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PREFACE

The 5th International Consultation on Inconti-
nence was held in Paris in February 2012, made 
possible by the generous support of the Euro-
pean Association of Urology. The four previ-
ous ICI Consultations were held as stand-alone 
meetings. However, by holding the 5th ICI dur-
ing the annual meeting of EAU this made pos-
sible the attendance of a wider range of partici-
pants than had previously occurred. 

The 23 committees included almost 200 experts 
from every corner of the globe: all selected ac-
cording to their pre-eminence in their topic 
area within the overall subject in incontinence. 
The committees prepared their chapters making 
full use of modern technology and in particular 
email discussions. Hence they arrived at the 5th 
ICI with their committees’ work in inal draft. 
The principle of the Consultation is to present 
the inal draft to a wider audience and then to 
inalize the chapter following the discussions at 
the Consultation. 

The 1st Consultation occurred in 1998 and since then the scope had gradually broadened so that, 
once again this year, the Consultation included faecal incontinence, pelvic organ prolapse, bladder 
pain syndrome and obstetric istula. 

Whilst some conditions aflict either men or women, many conditions affect both sexes. The ICUD 
also held a Consultation in 2012 on Male Urinary Tract Symptoms and consideration could be 
given to combining these Consultations in the next cycle. Both Consultations deal with functional 
pelvic disorders, usually of a benign nature, although some patient’s problems emanate from treat-
ment of malignancy, for example, stress incontinence after a radical prostatectomy for prostate 
cancer. However, the principles of management are similar in both men and women, in most condi-
tions. It is of interest that there is increasing discussion of a new speciality that combines female 
urology, urogynaecology and benign coloproctology. 

This book, produced by the huge efforts of the 23 committees has once again vigorously examined 
and summarised the latest scientiic evidence, and remains a unique publication and reference 
source. The reference source is invaluable to all those who commit their professional lives to men 
and women suffering from these often miserable conditions. The conditions we deal with are not 
“glamorous” medicine and remain “Cinderella” subjects. However, we have seen the emphasis 
move towards measuring outcomes by assessing improved quality of life. As the population ages 
then maintaining or improving quality of life in the latest stages of all our lives will attract greater 
attention. Hence the work of the ICI remains vitally important to the many millions of women and 
men who suffer from these conditions. 

Paul Abrams, Chairman of the 5th International Consultation on Incontinence.

November 2012

Paul Abrams
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INTRODUCTION

The International Consultation on Urological Diseases (ICUD) 
is a non-governmental organization registered with the World 
Health Organisation (WHO). In the last ten years Consultations 
have been organised on BPH, Prostate Cancer, Urinary 
Stone Disease, Nosocomial Infections, Erectile Dysfunction 
and Urinary Incontinence. These consultations have looked 
at published evidence and produced recommendations at 
four levels; highly recommended, recommended, optional 
and not recommended. This method has been useful but the 
ICUD believes that there should be more explicit statements 
of the levels of evidence that generate the subsequent grades 
of recommendations.

The Agency for Health Care Policy and Research 
(AHCPR)	 have	 used	 speciied	 evidence	 levels	 to	 justify	
recommendations for the investigation and treatment of a 
variety of conditions. The Oxford Centre for Evidence Based 
Medicine have produced a widely accepted adaptation of the 
work of AHCPR. (June 5th 2001 http://minerva.minervation. 
com/cebm/docs/levels.html). The ICUD has examined the 
Oxford guidelines and discussed with the Oxford group 
their applicability to the Consultations organised by ICUD. It 
is highly desirable that the recommendations made by the 
Consultations follow an accepted grading system supported 
by explicit levels of evidence.

The ICUD proposes that future consultations should use a 
modiied	version	of	the	Oxford	system	which	can	be	directly	
‘mapped’ onto the Oxford system.

1.  1st  Step: Deine the speciic questions or statements 
that the recommendations are supposed to address.

2.  2nd  Step: Analyse and rate (level of evidence) the 
relevant papers published in the literature. 

The analysis of the literature is an important step in preparing 
recommendations and their guarantee of quality.

2.1 What papers should be included in the analysis?

•		Papers	 published,	 or	 accepted	 for	 publication	 in	 the	 peer	
reviewed	issues	of	journals.

•		The	 committee	 should	 do	 its	 best	 to	 search	 for	 papers	
accepted	 for	 publication	 by	 the	 peer	 reviewed	 journals	 in	
the		relevant	ield	but	not	yet	published.

•		Abstracts	 published	 in	 peer	 review	 journals	 should	 be	
identiied.	 If	 of	 suficient	 interest	 the	 author(s)	 should	
be asked for full details of methodology and results. The  
relevant committee members can then ‘peer review’ the 
data,	 and	 if	 the	 data	 conirms	 the	 details	 in	 the	 abstract,	
then that abstract may be included, with an explanatory 
footnote. This is a complex issue – it may actually increase 
publication bias as “uninteresting” abstracts commonly do 
not progress to full publication.

•		Papers	 published	 in	 non	 peer	 reviewed	 supplements	 will	
not be included.

An exhaustive list should be obtained through:

I.  the major database s covering the last ten years (e.g. 
Medline, Embase, Cochrane Library, Biosis, Science 
Citation Index)

II.  the table of contents 	of	the	major	journals	of	urology	and	
other	relevant	 journals,	 for	 the	 last	 three	months,	 to	 take	
into account the possible delay in the indexation of the 
published papers in the databases.

It is expected that the highly experienced and expert 
committee members provide additional assurance that no 
important study would be missed using this review process.

2.2 How papers are analysed?

Papers	 published	 in	 peer	 reviewed	 journals	 have	 differing	
quality and level of evidence.

Each committee will rate the included papers according to 
levels of evidence (see below).

The level (strength) of evidence provided by an individual 
study depends on the ability of the study design to minimise 
the possibility of bias and to maximise attribution.

is	inluenced	by:
• the type of study
The hierarchy of study types are:

- Systematic reviews and meta-analysis of randomised

controlled trials

- Randomised controlled trials

- Non-randomised cohort studies

- Case control studies

- Case series

- Expert opinion

• how well the study was designed and carried out
Failure to give due attention to key aspects of study 
methodology increase the risk of bias or confounding factors, 
and thus reduces the study’s reliability.

The use of standard check lists  is recommended to insure 
that all relevant aspects are considered and that a consistent 
approach is used in the methodological assessment of the 
evidence.

The	objective	of	 the	check	 list	 is	 to	give	a	quality	 rating	 for	
individual studies.

• how well the study was reported
The ICUD has adopted the CONSORT statement and its 
widely accepted check list. The CONSORT statement and 
the checklist are available at

http: //www.consort-statement.org

2.3 How papers are rated?

Papers are rated following a «Level of Evidence scale» .

ICUD	 has	modiied	 the	Oxford	 Center	 for	 Evidence-Based	
Medicine levels of evidence.

The levels of evidence scales vary between types of studies 
(ie therapy, diagnosis, differential diagnosis/symptom 
prevalence study).

the Oxford Center for Evidence-Based Medicine Website: 
http://minerva.minervation.com/cebm/docs/ levels.html

3. 3rd Step: Synthesis of the evidence

After the selection of the papers and the rating of the level 
of evidence of each study, the next step is to compile a 
summary of the individual studies and the overall direction of 
the evidence in an Evidence Table .

4.  4th Step: Considered judgment (integration of 
individual clinical expertise)

Having	 completed	 a	 rigorous	 and	objective	 synthesis	 of	 the	
evidence	base,	 the	committee	must	 then	make	a	 judgement	
as to the grade of the recommendation on the basis of this 
evidence.	This	 requires	 the	exercise	of	 judgement	based	on	
clinical experience as well as knowledge of the evidence  and 
the methods used to generate it. Evidence based medicine 
requires the integration of individual clinical expertise with best 

EVIDENCE – BASED MEDICINE OVERVIEW OF THE MAIN STEPS FOR
DEVELOPING AND GRADING GUIDELINE RECOMMENDATIONS.
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available external clinical evidence from systematic research. 
Without the former, practice quickly becomes tyrannised 
by evidence, for even excellent external evidence may be 
inapplicable to, or inappropriate for, an individual patient: 
without current bestevidence, practice quickly becomes 
out of date. Although it is not practical to lay our “rules” for 
exercising	 judgement,	 guideline	 development	 groups	 are	
asked to consider theevidence in terms of quantity, quality, 
and consistency; applicability; generalisability; and clinical 
impact.

5. 5th  Step: Final Grading

The grading of the recommendation is intended to strike an 
appropriate balance between incorporating the complexity of 
type and quality of the evidence and maintaining clarity for 
guideline users.

The recommendations for grading follow the Oxford Centre 
for Evidence-Based Medicine.

The levels of evidence shown below have again been 
modiied	in	the	light	of	previous	consultations.	There	are	now	
4 levels of evidence instead of 5.

The grades of recommendation have not been reduced and a 
“no recommendation possible” grade has been added.

6.  Levels of Evidence and Grades of Recommendation 
Therapeutic Interventions

All	 interventions	should	be	 judged	by	 the	body	of	evidence	
for	their	eficacy,	tolerability,	safety,	clinical	effectiveness	and	
cost effectiveness. It is accepted that at present little data 
exists on cost effectiveness for most interventions.

6.1 Levels of Evidence

Firstly, it should be stated that any level of evidence may be 
positive (the therapy works) or negative (the therapy doesn’t 
work). A level of evidence is given to each individual study.

•		Level 1   evidence (incorporates Oxford 1a, 1b) usually 
involves meta-anaylsis of trials (RCTs) or a good quality 
randomised controlled trial, or ‘all or none’ studies in which 
no treatment is not an option, for example in vesicovaginal 
istula.

•	 Level 2  evidence (incorporates Oxford 2a, 2b and 2c) 
includes “low” quality RCT (e.g. < 80% follow up) or 
metaanalysis (with homogeneity) of good quality prospective 
‘cohort studies’. These may include a single group when 
individuals who develop the condition are compared with 
others from within the original cohort group. There can be 
parallel	cohorts,	where	those	with	the	condition	in	the	irst	
group are compared with those in the second group.

•		Level 3  evidence (incorporates Oxford 3a, 3b and 4) 
includes:

good quality retrospective ‘case-control studies’ where 
a group of patients who have a condition are matched 
appropriately (e.g. for age, sex etc) with control individuals 
who do not have the condition.

good quality ‘case series’ where a complete group of patients 
all, with the same condition/disease/therapeutic intervention, 
are described, without a comparison control group.

•		Level 4  evidence (incorporates Oxford 4) includes expert 
opinion were the pinion is based not on evidence but on 
‘irst	principles’	(e.g.	physiological	or	anatomical)	or	bench	
research. The Delphi process can be used to give ‘expert 
opinion’ greater authority. In the Delphi process a series of 
questions are posed to a panel; the answers are collected 
into a series of ‘options’; the options are serially ranked; 
if a 75% agreement is reached then a Delphi consensus 
statement can be made.

6.2 Grades of Recommendation

The ICUD will use the four grades from the Oxford system. 
As with levels of evidence the grades of evidence may apply 
either positively (do the procedure) or negatively (don’t do the 
procedure). Where there is disparity of evidence, for example 
if there were three well conducted RCT’s indicating that Drug 
A was superior to placebo, but one RCT whose results show 
no	difference,	then	there	has	to	be	an	individual	 judgement	
as to the grade of recommendation given and the rationale 
explained.

•  Grade A recommendation usually depends on consistent 
level 1 evidence and often means that the recommenda-
tion is effectively mandatory and placed within a clinical care 
pathway. However, there will be occasions where excellent 
evidence (level 1) does not lead to a Grade A recommenda-
tion, for example, if the therapy is prohibitively expensive, 
dangerous or unethical. Grade A recommendation can 
follow from Level 2 evidence. However, a Grade A recom-
mendation needs a greater body of evidence if based on 
anything except Level 1 evidence

•  Grade B recommendation usually depends on consistent 
level	2	and	or	3	studies,	or	‘majority	evidence’	from	RCT’s.

•  Grade C recommendation usually depends on level 4 stud-
ies	 or	 ‘majority	 evidence’	 from	 level	 2/3	 studies	 or	 Dephi	
processed expert opinion.

•  Grade D “No recommendation possible” would be used 
where	the	evidence	 is	 inadequate	or	conlicting	and	when	
expert opinion is delivered without a formal analytical pro-
cess, such as by Dephi.

7. Levels of Evidence and Grades of Recommendation 
for Methods of Assessment and Investigation

From initial discussions with the Oxford group it is clear that 
application of levels of evidence/grades of recommendation 
for diagnostic techniques is much more complex than for 
interventions.

The ICUD recommend, that, as a minimum, any test should 
be	subjected	to	three	questions:
1.  does the test have good technical performance, for 

example, do three aliquots of the same urine sample give 
the	same	result	when	subjected	to	‘stix’	testing?

2.  Does the test have good diagnostic performance, ideally 
against	a	“gold	standard”	measure?

3.  Does the test have good therapeutic performance, that is, 
does the use of the test alter clinical management, does 
the	use	of	the	test	improve	outcome?

For the third component (therapeutic performance) the same 
approach can be used as for section 6.

8.  Levels of Evidence and Grades of Recommendation 
for Basic Science and Epidemiology Studies

The	 proposed	 ICUD	 system	 does	 not	 easily	 it	 into	 these	
areas of science. Further research needs to be carried out, 
in order to develop explicit levels of evidence that can lead 
to recommendations as to the soundness of data in these 
important aspects of medicine.

CONCLUSION

The ICUD believes that its consultations should follow 
the ICUD system of levels of evidence and grades of 
recommendation, where possible. This system can be 
mapped to the Oxford system.

There are aspects to the ICUD system that require further 
research and development, particularly diagnostic 
performance and cost effectiveness, and also factors 
such as patient preference. 

P. Abrams, S. Khoury, A. Grant 19/1/04



10

Committee 1:  Epidemiology of Urinary Incontinence (UI) and other Lower Urinary Tract Symp -
toms (LUTS), Pelvic Organ Prolapse (POP) and Anal Incontinence (AI)   15

Ian MIlsoM (sweden), D. AltmAn (SweDen), R. CARtwRight (UK), m.C., lApitAn (the philippineS), R. nelSon 
(UK), U. Sillén (SweDen), K. tiKKinen (FinlAnD)

Committee 2: Cell Biology                    109
CH Fry (U.K), S ChACKo (USA), S De wAChteR (BelgUim), AJ KAnAi (USA), m tAKeDA (JApAn), JS YoUng (UK)

Committee 3: Neural Control                                179
l. BIrder (Usa), t. ChAi (USA), D. gRiFFithS (CAn), D. gRUnDY (UK), K. thoR (USA), R. VAlentino (USA), 
p. SADAnAnDA (UK)

Committee 4:  Pathophysiology of Urinary Incontinence, Faecal Incontinence and Pelvic Organ 
Prolapse                        261

H. KoelBl (GerMany), tY. igAwA (JApAn), S. SAlVAtoRe (itAlY), R.m. lAteRzA (geRmAnY), A. lowRY (USA), 
K-D. SieVeRt (geRmAnY), A. SUltAn ( U.K.)

Committee 5A:  Initial Assessment of Urinary Incontinence in Adult Male and Female Patients   361
davId stasKIn (Us), Con KelleheR (UK), RUUD BoSCh (nl), niKKi CotteRill (UK), KARin CoYne (USA), Con 
KelleheR (UK), zoe Kopp (USA), mAtthew RoSenBeRg (US), DAViD  StASKin (US), tARA SYmonDS (USA), 
CARA tAnnenBAUm (CAnADA), mASAKi YoShiDA (Jp), RAmAn BASRA (UK), pRASeethA CheRiAn (USA)

Committee 5B:  Patient-Reported Outcome Assessment (5B)                389
Con KelleHer (UK), DAViD StASKin (US), pRASeethA CheRiAn (USA), niKKi CotteRill (UK), KARin CoYne 
(USA), zoe Kopp (USA), tARA SYmonDS (USA)

Committee 6: Urodynamic Testing                          429
Peter F.w.M. rosIer (tHe netHerlands), hAnn-ChoRng KUo (tAiwAn), mARio De gennARo (itAlY), hiDehiRo 
KAKizAKi (JApAn), hAShim hAShim (UniteD KingDom), tom DAViD VAn meel (BelgiUm), philip tooSz hoBSon 
(UniteD KingDom)

Committee 7:  Imaging, Neurophysiological Testing and Other Tests               507
a. tUBaro (Italy), DAViD B. VoDUšeK (SloVeniA), g. AmARenCo (FRAnCe), SteRgioS K. DoUmoUChtSiS (UK), John 
o. l. DelAnCeY (USA), RUwAn FeRnAnDo (UK), ViK KhUllAR (UK), F. pUCCini (itAlY), S. poDnAR (SloVeniA)

Committee 8: Pharmacological Treatment of Urinary Incontinence                      623
Karl-erIK andersson (Usa), ChRiStopheR R ChApple (UK), linDA CARDozo, (UK), FRAnCiSCo CRUz, (poR-
tUgAl), ChRiStiAn gRAtzKe, (geRmAnY), KYU-SUng lee, (KoReA), CARA tAnnenBAUm, (CAnADA), AlAn J wein 
(USA)

Committee 9: Diagnosis and Management of Urinary Incontinence in Childhood              729
rIen nIjMan (tHe netHerlands), SeRDAR teKgUl (tURKeY), JAnet ChASe (AUStRAliA), An BAel (BelgiUm), pAUl 
AUStin (USA), AlexAnDeR Von gontARD (geRmAnY)

Committee 10: Neurologic Urinary and Faecal Incontinence                827
M.j. draKe (U.K.), A. ApoStoliDiS (gReeCe), A. emmAnUel (U.K.), J. gAJewSKi (CAnADA), S.C.w. hARRiSon 
(U.K.), J. heeSAKKeRS (netheRlAnDS), g. lemACK (U.S.A.), h. mADeRSBACheR (AUStRiA), J. pAniCKeR (U.K.), 
p. RADziSzewSKi (polAnD), R. SAKAKiBARA (JApAn), J.-J. wYnDAele (BelgiUm)

Committee 11: Incontinence in the Frail Elderly                  1001
adrIan s. waGG, (Canada), liAng KUng Chen (tAiwAn), RUth KiRSChneR – heRmAnnS (geRmAnY), geoRge A. 
KUChel (USA), theoDoRe JohnSon 2nD (USA), JoAn oStASzKiewiCz (AUStRAliA), AlAYne mARKlAnD, (USA)
mARY h. pAlmeR(USA), geoRge SzonYi (AUStRAliA)

Contents

PreFaCe              3
FaCUlty              4
level oF evIdenCe and Grades oF reCoMMendatIon         8



11

Committee 12: Adult Conservative Management                 1101
K. Moore (Canada), C. dUMoUlIn (Canada), C. BRADleY (USA), K. BURgio (USA), t. ChAmBeRS (CAnADA), S. 
hAgen (UK), K. hUnteR (CAnADA), m. imAmURA (UK), R. thAKAR (UK), K. williAmS (UK), l. VAle (UK)

Committee 13: Surgical Treatment of Urinary Incontinence in Men              1229
sender HersCHorn (Canada), homeRo BRUSChini (BRAzil), CRAig ComiteR (USA), howARD B. golDmAn 
(USA), philippe gRiSe (FRAnCe), tomAS hAnUS (CzeCh RepUBliC), ChRiStopheR wooDhoUSe (U.K.)

Committee 14: Surgery for Urinary Incontinence in Women              1307
roGer dMoCHowsKI (U.s.), StAVRoS AthAnASioU (gReeCe), FionA ReiD (U.K.), SteVen KRAUS (U.S.), ViCtoR 
nitti (U.S.), Alex gomelSKY (U.S.), DUDleY RoBinSon (U.K.), A.R.B. Smith (U.K.)

Committee 15: Pelvic Organ Prolapse Surgery                1377
CHrIstoPHer MaHer (aUst), KAVen BAeSSleR (geRmAnY), mAtthew BARBeR (USA),CeCiliA Cheon (hong 
Kong), ViViAnne Deitz ( netheRlAnDS),  RenAUD DetAYRAC (FRAnCe), RoBeRt gUtmAn (USA), loiC SentilheS 
(FRAnCe), miCKeY KARRAm (USA)

Committee 16:   Assessment and Conservative Management of Faecal Incontinence and Quality 
of Life in Adults                  1443

BlIss dZ (Usa), mellgRen A (USA), whiteheAD we (USA), ChiARioni g (itAlY), emmAnUel A (UK), SAntoRo 
gA (itAlY), zBAR A (iSRAel), peDen-mCAlpine C (USA), noRthwooD m (CAnADA), SlieKeR-ten hoVe m (neth-
eRlAnDS), BeRghmAnS B (netheRlAnDS), mimURA t. (JApAn)

Committee 17: Surgery For Faecal Incontinence                1487
r. d. MadoFF (USA), S. lAURBeRg (DenmARK), p. lehUR (FRAnCe), K. e. mAtzel (geRmAnY), A.F. mellgRen 
(USA), t. mimURA (JApAn), p. R. o’Connell (iRelAnD), m. g. VARmA (USA)

Committee 18: Fistula                   1527
dIrK de rIdder (BelGIUM), pAUl ABRAmS (UK), CAtheRine De VRieS (USA), SUzY elneil (UK), AliCe emASU 
(UgAnDA), gloRiA eSegBono (UK/nigeRiA), SeRigne gUeYe (SenegAl), RAhmAt mohAmmAD (nigeRiA), SheRiF 
moURAD (egYpt), mUlU mUletA (ethiopiA), non-oBstetrICal FIstUla, pAUl hilton (UK), SheRiF moURAD 
(egYpt), RoBeRt piCKARD (UK), eDwARD StAnFoRD (USA), eRiC RoVneR (USA)

Committee 19: Bladder Pain Syndrome                 1581
P. Hanno (Usa), p. DiniS (poRtUgAl), A. lin (tAiwAn), C. niCKel (CAnADA), J. noRDling (DenmARK), A. VAn 
ophoVen (geRmAnY), t. UeDA (JApAn)

Committee 20: Management Using Continence Products               1651
a. Cottenden (UK), D.z. BliSS (USA), B. BUCKleY (iRelAnD), m. FADeR (UK), C. gARtleY (USA), D. hAYDeR 
(geRmAnY), J. oStASzKiewiCz (AUStRAliA), m. wilDe (USA)

Committee 21: Continence Promotion, Education & Primary Prevention             1787
dIane K. newMan, (Usa), BRiAn BUCKleY (UK/iRelAnD), DeBoRAh goRDon (AUStRAliA), tomAS l. gRieBling 
(USA), leigh e. pettY (AUStRAliA), KeFAng wAng (ChinA), CheRYle gARtleY (USA), nAnCY noRton (USA)

Committee 22: Economics of Urinary & Faecal Incontinence, and Prolapse             1829
Kate H. Moore (aUstralIa), toDD h. wAgneR (USA), leSlee SUBAK (USA), SteFAn De wAChteR (netheR-
lAnDS), thomAS DUDDing (englAnD), teh-wei hU (USA)

Committee 23: Research Methodology                              1863
l. BrUBaKer (Us), i. nYgAARD (US), K. Bo (noRwAY), D.g. tinCello (UK), Y. hommA (JApAn), J. CooK (UK), 
m.S. Choo (KoReA), J. KUSeK (US), S. meiKle (US), C. pAYne (US)

Recommendations of the International Scientiic Committee:
Evaluation and Treatment of Urinary Incontinence, Bladder Pain Syndrome,Pelvic Organ Pro -
lapse and Faecal Incontinence.                  1895

Detailed Contents                  



12



13

INCONTINENCE

EDITORS

P. ABRAMS, L. CARDOZO,

S. KHOURY, A. WEIN



14



15

Committee 1

Epidemiology of Urinary 
Incontinence (UI) and other Lower 
Urinary Tract Symptoms (LUTS), 
Pelvic Organ Prolapse (POP) and 

Anal Incontinence (AI)

Chair

IAN MILSOM (SWEDEN)

Members

D. ALTMAN (SWEDEN)

R. CARTWRIGHT (UK)

M.C. LAPITAN (THE PHILIPPINES)

R. NELSON (UK)

U. SILLÉN (SWEDEN)

K. TIKKINEN (FINLAND)



16

CONTENTS

A. INTRODUCTION

B. BASIC EPIDEMIOLOGICAL 
CONSIDERATIONS

C. EPIDEMIOLOGY OF ENURESIS AND UI IN 
CHILDREN

I. GENERAL COMMENTS AND DEFINITIONS

II. PREVALENCE OF NOCTURNAL
ENURESIS (NE)

III. POTENTIAL RISK FACTORS FOR NE

IV. PREVALENCE OF FUNCTIONAL
INCONTINENCE IN CHILDREN

V. POTENTIAL RISK FACTORS FOR DAY
WETTING

VI. SUMMARY POINTS

I. GENERAL COMMENTS AND DEFINITIONS

D. EPIDEMIOLOGY OF UI IN WOMEN

II. PREVALENCE 

III. INCIDENCE AND REMISSION

IV. RISK FACTORS

V. SUMMARY POINTS

VI. FUTURE DIRECTIONS

E. EPIDEMIOLOGY OF UI IN MEN

I. GENERAL COMMENTS

II. PREVALENCE

F. EPIDEMIOLOGY OF OVERACTIVE 
BLADDER AND NOCTURIA

IV. FACTORS OF UNCLEAR ASSOCIATION WITH 
UI IN MEN

III. POTENTIAL RISK FACTORS FOR UI

I. OVERACTIVE BLADDER

V. SUMMARY POINTS

II. NOCTURIA

G. EPIDEMIOLOGY OF POP

I. GENERAL COMMENTS AND DEFINITIONS

II. PREVALENCE OF POP

III. INCIDENCE

IV. POTENTIAL RISK FACTORS

V. SUMMARY POINTS

I. FAMILY STUDIES

H. THE GENETIC EPIDEMIOLOGY OF UI AND 
POP IN ADULT WOMEN

II. TWIN STUDIES 

III. SEGREGATION ANALYSES

IV. LINKAGE STUDIES

V. GENE ASSOCIATED STUDIES

VI. SUMMARY POINTS

I. GENERAL COMMENTS AND DEFINITIONS

I. EPIDEMIOLOGY OF ANAL INCONTINENCE

II. PREVALENCE

III. INCIDENCE

IV. RISK FACTORS

V. PREVENTION

VI. SUMMARY POINTS

VII. FUTURE NEEDS

J. WHY DO PREVALENCE ESTIMATES 
DIFFER?

I. GENERAL PROBLEMS IN SURVEY RESEARCH

II. DIFFERENT DEFINITIONS AND MEASUREMENT

III. SUMMARY POINTS

I. URINARY INCONTINENCE

III. SUMMARY POINTS

II. FAECAL INCONTINENCE AND
PELVIC ORGAN PROLAPSE

I. WORLDWIDE ESTIMATES OF CURRENT AND 
FUTURE INDIVIDUALS (≥20 YEARS) WITH LOW-

ER URINARY TRACT SYMPTOMS INCLUDING 
URINARY INCONTINENCE AND OVERACTIVE 

BLADDER

K. HELP SEEKING BEHAVIOUR

L. EPIDEMIOLOGY AND CLINICAL WORK: FROM 
RESPONDENT TO PATIENT

II. SUMMARY POINTS

I. URINARY INCONTINENCE

M. RECOMMENDATIONS FOR FURTHER 
RESEARCH

II. FAECAL INCONTINENCE AND PELVIC ORGAN 
PROLAPSE

REFERENCES



17

here may have equally useful information, but lack of 
space precluded their inclusion.

Summary points:

•		This	review	includes	discussion	of	the	prevalence,	
incidence, natural history, and presence of racial 
and ethnic differences in the epidemiology of UI, 
OAB, nocturia, POP and AI.

•		Correlates	 and	 potential	 risk	 factors	 that	 have	
been revealed in epidemiological studies are 
also	reviewed.	

B. BASIC EPIDEMIOLOGICAL 
CONSIDERATIONS

Epidemiology	is	the	scientiic	study	of	the	distribution	
and determinants of disease in people. Descriptive 
epidemiology is the description of disease prevalence, 
incidence, (and mortality) by persons, place and time, 
while	the	term	analytical epidemiology describes the 
search	for	determinants	of	disease	risk.	The	discovery	
of risk factors and protective factors may then in turn 
lead to primary or secondary prevention.

In	order	 to	collect	knowledge	about	 risk	 factors	or	
natural history, observational studies are needed. 
Cohort	 studies	 and	 case-control	 studies	 are	 the	
most	common.	However,	caution	is	always	needed	
when	interpreting	the	results	from	such	studies,	as	
associations found in epidemiological studies may 
not be the same as causes. Longitudinal study de-
signs and appropriate control for confounding fac-
tors are preferred, as these increase the validity of 
epidemiologic studies. For practical and ethical rea-
sons, experimental designs are seldom used. 

Epidemiology of Urinary Incontinence 
(UI) and other Lower Urinary Tract 

Symptoms (LUTS), Pelvic Organ Pro -
lapse (POP) and Anal Incontinence (AI)

 IAN MILSOM

D. ALTMAN, R. CARTWRIGHT, M.C. LAPITAN, R. NELSON, U. SILLÉN, K. TIKKINEN

In	this	report	we	focus	on	the	epidemiology	(distri-
bution and determinants) of urinary incontinence 
(UI)	and	other	lower	urinary	tract	symptoms	(LUTS),	
pelvic organ prolapse (POP) and anal incontinence 
(AI). We also discuss important topics such as dif-
ferences	 between	 epidemiological	 and	 clinical	 ap-
proaches to health problems, help seeking behav-
iour, and methodological issues for this research. 

We have included a section on overactive bladder 
and	nocturia	which	are	commonly	occurring	LUTS.	
A	 worldwide	 estimation	 of	 the	 current	 and	 future	
number	of	 individuals	with	LUTS	[1,2]	 including	UI	
and overactive bladder (OAB) is also included at the 
end of this chapter. 

The	epidemiological	population	under	study	 for	 this	
review	will	mainly	be	community	dwelling	non-insti-
tutionalised	persons.	The	review	will	include	discus-
sion of the prevalence, incidence, natural history, and 
presence of racial and ethnic differences. We also 
review	correlates	and	potential	risk	factors	that	have	
been revealed in epidemiological studies. Progress 
has clearly been made during the 4 years since our 
previous	report	when	the	4th	International	Consulta-
tion	on	Incontinence	(4th	ICI)	was	published.	Some	
new	important	areas	have	been	studied	with	increas-
ing regularity and quality. We have searched the 
literature	for	relevant	new	articles,	 thus	reviewing	a	
large	 number	 of	 high-quality	 and	 population	 based	
studies,	as	well	as	clinical	trials	that	might	include	rel-
evant epidemiological data. Because of an abundant 
number of studies, only a small fraction can be pre-
sented in a text like this. Other studies not presented 

A. INTRODUCTION
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the	 odds	 in	 favour	 of	 having	 incontinence	 are	 2.5	
times	higher	among	those	with	the	risk	factor	than	
among	those	without.	

For	a	condition	with	high	prevalence,	like	UI	or	POP,	
OR	and	RR	will	not	be	identical,	but	in	practice	the	
results can be interpreted similarly. Results should 
always	be	given	with	a	95%	conidence	interval	(CI).

Words	like	well	established	and	established	may	be	
used	about	risk	factors	and	indings	with	a	high	level	
of evidence in the literature. For less documented 
indings	words	like	“	indications	of”	or	“	data	are	sug-
gestive”	may	be	used.

Summary points:

•		Descriptive	 epidemiology	 reports	 disease	 inci-
dence, prevalence (and mortality) by persons, 
place and time.

•		Analytical	epidemiology	searches	for	determinants	
of	disease	risk.	There	is	a	need	for	good	longitudi-
nal cohort studies.

•		Variations	 in	deinitions	and	measurement	 issues	
are	 fundamental,	 and	 lead	 to	 problems	 with	 as-
sessing	the	indings	in	epidemiological	studies.

•		There	is	a	need	for	more	advanced	epidemiologi-
cal analyses of risk factors and comorbidity using 
multivariable techniques, and strength of associa-
tions should be determined by relative risks and 
odds ratios.

The	 International	 Children’s	 Continence	 Society	
(ICCS)	has	issued	new	recommendations	regard-
ing	terminology	of	bedwetting	or	nocturnal enure-
sis	 (NE)	 [4].	 NE	 is	 now	 the	 term	 for	 all	 urinary	
incontinence during sleep taking place in dis-
crete episodes, regardless of the presence or ab-
sence of concomitant daytime symptoms. Mono-
symptomatic nocturnal enuresis (MNE) denotes 
bedwetting	 without	 any	 other	 LUTS	 symptoms,	
and non-monosymptomatic nocturnal enuresis 
(NMNE)	 should	be	used	 for	 those	with	any	 con-
comitant	LUTS.	

NE	 is	 caused	 by	 relative	 nocturnal	 polyuria	 [5]	
and/or	 nocturnal	 bladder	 over-activity	 [6],	 com-
bined	with	the	lack	of	arousal	at	the	time	when	the	
bladder	needs	to	be	emptied.	The	most	important	
cause	is,	of	course,	the	lack	of	arousal,	otherwise	
the	child	would	have	had	nocturia.	

C. EPIDEMIOLOGY OF ENURESIS 
AND UI IN CHILDREN

I. GENERAL COMMENTS AND 
DEFINITIONS

Recommendations	and	conclusions	should	always	
be	based	on	the	best	available	evidence.	Studies	of	
interventions, and studies of risk factors generally 
cannot be randomised because they relate to inher-
ent human characteristics or practices, and expos-
ing subjects to harmful risk factors is unethical. No 
uniform guidelines for assessing the results of ob-
servational studies exist, and the level of evidence 
for risk factors from observational studies should be 
judged on the soundness of the exclusion of alter-
native explanations by statistical and other controls. 
But	some	initiatives	for	how	to	report	meta-analyses	
of	observational	studies	have	been	taken	[3].

Studies	of	disease	frequency	should	rely	on	a	very	
speciic	 deinition	 of	 the	 condition	 under	 investi-
gation.	The	absence	of	 unifying	deinitions	 for	 the	
conditions	reviewed	here	is	a	fundamental	problem	
which	has	not	been	resolved.	Deinitions	used	and	
problems	associated	with	them	are	discussed	in	the	
subsections	for	the	particular	populations	below.

Prevalence	is	deined	as	the	probability	of	experienc-
ing a symptom or having a condition or a disease 
within	 a	 deined	 population	 and	 at	 a	 deined	 time	
point.	The	concept	 is	 important	 for	establishing	 the	
distribution of the condition in the population and for 
projecting the need for health and medical services.

Incidence	is	deined	as	the	probability	of	developing	
the	condition	under	study	during	a	deined	time	pe-
riod.	Incidence	is	usually	reported	for	one-,	two-	or	
ive-year	time	intervals.	

Even	in	many	of	the	recent	studies	reviewed	analy-
ses are very simple. Often only proportions or per-
centages are used to describe differences in differ-
ent subgroups. Many analyses do not control for 
confounders	(by	stratiication	or	multivariate	analysis	
techniques).	There	is	an	obvious	need	for	more	ad-
vanced epidemiological analyses of risk factors and 
comorbidity, and strength of associations should be 
determined by relative risks and odds ratios.

The relative risk (RR) estimates the magnitude of 
an	association	between	exposure	and	a	condition,	
and indicates the likelihood of having the condition 
in	the	exposed	group	relative	to	those	who	are	not	
exposed (e.g. do not have the risk factor). A RR of 
1.0	indicates	that	the	rates	in	the	exposed	and	non-
exposed groups are identical and thus that there is 
no	association	between	the	exposure	and	the	con-
dition	 in	that	speciic	dataset.	A	value	greater	than	
1.0	indicates	a	positive	association	or	an	increased	
risk.	A	RR	of	2.5	for	UI	indicates	that	there	is	a	2.5	
times increased risk or that the persons in question 
are	 150	 percent	 more	 likely	 to	 have	 incontinence	
than	those	without	the	risk	factor.

The odds ratio (OR) is the odds for having a risk fac-
tor	in	persons	with	a	condition	divided	by	the	odds	
among	those	without	the	condition.	An	OR	of	2.5	for	
UI my be interpreted as meaning that in this sample 
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As bladder control is something that develops over 
time,	longitudinal	studies	are	the	best	way	of	dein-
ing	the	dynamics	of	this	process.	Studies	giving	us	
the	prevalence	for	all	children	between	ive	and	15	
years of age, for example, are not appropriate, as 
all the developmental stages are clustered together. 
It is therefore better to give the prevalence for an 
age	cohort,	such	as	seven-year-olds.	Furthermore,	
random sampling should preferably be used in or-
der to be able to say anything about the population. 
These	 problems	 associated	 with	 understanding	
epidemiology	were	summarised	by	Krantz	[9],	who	
also	reviewed	the	epidemiological	studies	that	had	
been	published	by	1993.	

One explanation for the variation in prevalence in 
different studies is the fact that some studies include 
only	 monosymptomatic	 enuresis	 (MNE),	 whereas	
others	 also	 include	what	 is	 deined	 as	 non-mono-
symptomatic enuresis (NMNE). Another explana-
tory factor is that the frequency of enuretic episodes 
differs or is not taken into account in some studies. 
Moreover, most epidemiological studies link primary 
and secondary enuresis together.

1.  PREVALENCE OF ALL NIGHT WETTING 
(MNE+ NMNE) ACCORDING TO AGE

Longitudinal cohort studies should be the ideal 
when	analysing	epidemiology	 in	 childhood	NE,	as	
there is a successive reduction in prevalence. Only 
a	 few	 of	 these	 studies	 are	 available	 [10-15]	 and	
cross-sectional	 studies	 at	 different	 ages	 therefore	
have to be used. 

Most studies investigate cohorts of children in an age 
span	of	six	to	12	years	of	age,	for	example,	and	give	
the	prevalence	for	the	entire	group.	Some	of	them	also	
give	 the	age-related	prevalence	[13,	16-26]	which	 is	
summarised in Table 1 .	Cross-sectional	studies	of	a	
speciic	age	are	also	included	[27-31]	in	Table 1 .

In	most	studies	(Table	1),	the	prevalence	for	seven-	
year-olds	was	between	7%	and	10%.	In	two	studies,	
the	 prevalence	 was	 higher;	 15.1%	 and	 16.4%	 for	
Turkish	 [20]	and	Korean	[18]	children	respectively,	
despite	the	fact	that	the	inclusion	criteria	were	very	
similar	 in	 all	 the	 studies	 dealing	 with	 seven-year-
olds	(NE=night	wetting	once/month	or	more),	apart	
from	the	studies	by	Hellström	[27]	(once/3	months	
or	more)	and	Järvelin	[28]	(once/6	months	or	more).	
The	 prevalence	 of	 more	 frequent	 wetting	 (once/
week	or	more)	was	 lower	 compared	 to	 the	preva-
lence	for	all	wetting	(once/month	or	more)	by	age,	
which	have	been	illustrated	in	Figure 1 .

In	 nine	 studies	 at	 age	 seven	 years	 [12,16,19,21-
24,27-28],	(Table	1)	the	numbers	of	both	non-enuretic	
and	enuretic	children	were	given	and	the	deinitions	

II. PREVALENCE OF NOCTURNAL 
ENURESIS (NE)

Any other leakage of urine in children during both 
the day and night is referred to as UI, just as it is 
in	the	adult	population.	UI	with	no	obvious	cause,	
i.e.	without	neurological	or	congenital	anatomic	al-
terations,	is	often	seen	together	with	other	urinary	
symptoms such as frequency, urgency and infec-
tions. Altogether these symptoms are referred to 
as	 functional	LUT	dysfunction,	which	 is	 the	 term	
used to describe the entire spectrum of functional 
filling-voiding	 disturbances.	 Several	 sub-classifi-
cations	have	been	used	for	children	who	present	
with	varying	degrees	of	“functional”	urinary	symp-
toms.	 Some	 are	 based	 on	 urodynamic	 patterns,	
others on clinical presentation. 

According	 to	 recent	 definitions	 by	 the	 ICCS	 [4],	
based	 on	 symptoms	 and	 flow-residual	 studies	
rather than invasive urodynamic investigations, 
incontinence	 as	 a	 result	 of	 a	 filling-phase	 dys-
function,	 is	 in	most	cases	due	 to	an	OAB,	which	
can	 also	 be	 referred	 to	 as	 “urgency	 syndrome”	
and	 “urge	 incontinence”.	 Children	 with	 OAB	
usually have detrusor overactivity, but this label 
cannot	 be	 applied	 to	 them	 without	 cystometric	
evaluation. When incontinence is the result of a 
voiding-phase	dysfunction,	the	diagnosis	is	often	
dysfunctional	 voiding	 (DV),	 which	 is	 induced	 by	
increased activity in the sphincter and pelvic floor 
during voiding. It is subdivided into staccato and 
fractionated voiding, and the terms cannot be ap-
plied	 unless	 repeat	 uroflow	measurements	 have	
been	 performed.	 Voiding	 postponement	 (VD)	 is	
another	 common	 LUT	 dysfunction	 causing	 UI	 in	
children, but differs from the other since it is in-
duced by a habitual postponement of voiding and 
not	a	LUT	dysfunction	per	se.	

NE	and	UI	due	 to	 functional	LUT	dysfunction	are	
the	 wetting	 problems	 addressed	 in	 this	 chapter.	
Both can be either primary (the child has not been 
dry for more than six months) or secondary (the 
wetting	has	recurred	after	a	dry	period	lasting	more	
than six months). If the complaints are secondary, 
they may signify psychological, neurological or 
even structural anomalies and therefore require 
careful consideration.

The	 healthy	 infant	 is	 socially	 incontinent	 but	
physiologically continent, because micturitions 
(about once every hour) are discrete and there 
is	 no	 leakage	 of	 urine	 between	micturition	 [7].	
Bladder control develops during the first four to 
six years of life and is a highly complex pro-
cess,	 which	 is	 still	 not	 fully	 understood.	 Most	
children are toilet trained by the age of three 
years, although there is huge social and cultural 
variation. By the age of five years, the child is 
normally	 able	 to	 void	 at	 will	 and	 to	 postpone	
voiding	 in	a	socially	acceptable	manner	 [8].	By	
this	 age,	 night-time	 and	 daytime	 involuntary	
wetting	becomes	a	social	problem	and	a	cause	
for therapeutic intervention. 
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for	enuresis	were	similar	(MNE	and	NMNE,	wetting	
once/1-3	months	or	more).	A	prevalence	of	10%	was	
obtained	by	meta-analyses	of	 these	studies	(cohort	
of	 14372	 seven-year-old	 children,	 of	 whom	 1422	
were	enuretic).	Only	four	studies	included	groups	of	
children	that	were	chosen	at	random	from	the	popu-
lation	[16,21,24,28].

At	 age	 11-12	 years,	 the	 prevalence	 of	 NE	 had	
decreased	 and	 from	 the	 studies	 shown	 in Ta-
ble I the	 prevalence	 varied	 between	 1.7%	 and	
4.7%.	 In	 seven	 of	 the	 studies,	 the	 number	 of	

non-enuretics	 and	 enuretics	 were	 available	 and	
the	 definition	 of	 NE	 was	 similar	 (once/month	
or	 more),	 apart	 from	 Swithinbank’s	 [30]	 study	
(once/3	 months	 or	 more).	 In	 these	 studies,	 the	
total	number	of	children	included	was	8947,	while	
the	number	of	children	with	NE	was	278,	giving	a	
prevalence	of	3.1%.	So,	of	those	children	with	NE	
at	 age	 seven	 years,	 almost	 15%	 spontaneously	
grow	 out	 of	 the	 wetting	 every	 year.	 In	 a	 recent	
Japanese	study	a	higher	 resolution	rate	was	re-
ported	in	children	with	MNE	compared	to	NMNE	
in	children	7	 to	12	years	of	age	 (21%	and	15%,	
respectively)	 [22].	 Similar	 results	 were	 found	 in	
a	study	from	Hong	Kong	in	which	the	proportion	
of	 children	with	NMNE	was	 significantly	 greater	
in	adolescent	boys	than	in	boys	aged	5-10	years	
(32%	vs	 14.6%),	 even	 if	 the	 total	 prevalence	 of	
NE	was	decreasing	as	in	other	studies	[24].

The	 variation	 in	 the	 prevalence	 of	 NE	 at	 11-12	
years	between	 the	 studies	 is	 less	 than	 that	 seen	
at	 age	 seven	 years.	 The	 highest	 prevalence	 is	
no	 longer	 found	 in	 Turkey	 or	 Korea,	 as	 was	 the	
case at age seven years, but instead comes from 
a	non-randomised	cross-sectional	 study	of	 11-	 to	
12-year-old	 schoolchildren	 (n=1145)	 in	 the	 UK	
(4.7%).	It	can	therefore	be	suggested	that	the	high	
prevalence	 seen	 in	 the	 studies	 from	 Turkey	 and	
Korea	at	age	seven	is	not	due	to	differences	in	ge-
netic predisposition, but rather to phenotypic dif-
ferences, such as the age of toilet training and the 
subsequent	 attainment	 of	 bladder	 control,	 socio-
economic status, or cultural differences.

At	age	16-17,	 three	cross-sectional	 studies	show	
a	further	reduction	in	prevalence	to	0.5-1.7%.	Two	
of	 the	 studies	 re-investigated	 children	 who	 had	

Author and year                                            Prevalence of NE (%)

7 years                11-12 years           16-17 years  

Chiozza [16] 

Järvelin [28] 

Spee-van der Wekke [18] 

Cher [19] 

Hellström [27, 29] 

Ferguson [12] 

Kanaheswari [25] 

Serel [20] 

Lee [21] 

Swithinbank [30, 31] 

Soderstrom [23] 

Kajiwara [22] 

Yeung [24] 

Butler[15] 

Su [26] 

6.8 

8 

8 

9.3 

9.5 

10.3 

10.3 

15.1 

16.4 

 

7.0 

10.1 

10.1 

14.2 

2 

 

4.6 

1.7 

 

3.3 

4 

4.5 

4.7 

2.6 

3.7 

2.0 

 

1.9 

 

 

 

 

0.5 

 

 

 

 

1.1 

 

 

1.7 

Table 1. Prevalence of nocturnal enuresis (NE) ( = 
Monosymptomatic nocturnal enuresis (MNE) + Non-
monosymptomatic nocturnal enuresis (NMNE)  to -
gether) grouped according to age.

Figure 1. Prevalence of nocturnal enuresis (NE) by frequency of enuretic episodes and age. The data were 
obtained from metaanalyses of the epidemiological studies included in table III.1. NE>1 episode/6months: 
at 7 years [16, 19, 21-25, 27-28,], 11-12 years [16, 19, 21-24, 30] and 16-17 years [24, 29, 31]. NE>1 episode/
week: at age 7 years [23, 24, 27, 28], 11-12 years [23, 24, 30] and 16-17 years [24, 29].
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 Author and year
 

                               Prevalence of MNE (%) 

 Age 7 years  All ages included

Järvelin [28] 

Hellström [27] 

Kanaheswari [25] 

Lee [21] 

Yeung [17] 

Neveus [33] 

Bower [34] 

Kajiwara [22] 

6.4 

7.4 

9.0 

13.6 

 

 

 

6.2 

 

 

6.2 

9.4 

3.5 

6.9 

15.0 

3.5 

with	age	and	becomes	less	visible	and	less	proven	
among	older	children	[29,31,36]	(Figure 2).

4. PREVALENCE OF NE VERSUS ETHNICITY

In	 a	 study	 from	 The	 Netherlands	 [18],	 a	 higher	
prevalence	was	reported	 in	 the	Turkish/Moroccan	
group	(14%)	than	 in	 the	Dutch	children	(6%)	(OR	
3.76	 (95%CI	 1.98-7.12)).	An	 equally	 high	 preva-
lence	was	found	in	a	Turkish	study	of	children	with	
NE	 [20]	 at	 age	 seven	 years	 (15.1%).	 In	 a	 study	
from	Korea	[18],	the	same	high	prevalence	at	age	
7	 years	 was	 identiied	 (16.4%).	 However,	 other	
studies	 from	 South-East	 Asia	 had	 comparable	
[19,22,24]	 or	 even	 lower	 levels	 of	 prevalence	 to	
those	 in	 western	 countries.	 In	 fact,	 two	 Chinese	
studies	have	shown	a	low	prevalence	of	nocturnal	
enuresis	[17,37],	3.6%	and	4.3%	for	children	aged	
4-12	and	6-16	respectively,	which	they	attribute	to	
earlier	 nocturnal	 urinary	 control	 in	 Chinese	 chil-
dren, due to earlier toilet training. 

5.  PREVALENCE OF NE VERSUS FREQUEN-
CY OF WET NIGHTS AND AGE

Yeung	et	al	[24]showed	in	a	large	epidemiological	
study	 that	 the	 relative	proportion	of	 subjects	with	
frequent	 bed-wetting	 increased	 with	 age.	 Overall	
82%	 of	 the	 adolescents	 had	 >3	 wet	 nights/week	
versus	 enuretic	 children	 aged	 5-10	 (42%)	 (Fig -
ure 3 ).	 Such	 a	 relationship	 is	 also	 evident	 in	 ig	
1,	 in	which	 the	proportion	of	children	with	severe	
NE	increase	with	age,	even	if	the	total	number	de-
crease. Further support for severe NE to remain 
in a higher proportion as compared to children 
with	infrequent	bedwetting	was	shown	in	a	recent	
study	[15].	Findings	in	epidemiological	studies	also	
show	a	correlation	between	severity	of	the	NE	and	
NMNE	[15-16,38],	meaning	that	NE	in	adolescents	
often	are	combined	with	LUT	dysfunction.	

Several	risk	factors	have	been	established	or	sug-
gested by epidemiological studies and the most 
important	ones	will	be	discussed	here.

1. DAYTIME UI AND LUT DYSFUNCTION

Daytime	 UI,	 a	 symptom	 of	 LUT	 dysfunction,	 has	
in	 epidemiological	 studies	 been	 shown	 to	 be	 the	
strongest	 predictor	 for	 NE	 (OR	 4.8	 (2.9-7.9))	
and	 has	 been	 identiied	 in	 a	 third	 of	 the	 patients	
(NMNE)	[38].	However,	poor	concordance	was	re-
vealed	 (kappa	 0.25),	 which	 conirmed	 the	 two	 to	
be separate entities that should be evaluated and 
treated separately.

2. FAMILY HISTORY

NE is a hereditary disorder and this has been 
demonstrated in many studies (for example, 
[16,17,20,28,33,34,39].	The	mode	of	 inheritance	
appears	 to	be	autosomal	dominant.	Järvelin	 [28]	

previously	been	studied;	at	age	seven	years	 [29]	
and	11-12	years	[30]	respectively.	The	prevalence	
when	 the	cohorts	were	added	 together	was	1.3%	
(cohort=3819,	 NE=51)	 [24,29,31],	 which	 gives	 a	
spontaneous	cure	rate	of	11%	a	year	among	those	
who	wet	at	age	11-12	years.	

In	a	study	of	13,081	adults	randomly	sampled	 in	
the	Netherlands	[32],	an	overall	prevalence	of	NE	
of	0.5%	was	found.	There	was	no	significant	dif-
ference	between	age	groups.	Primary	NE	was	re-
ported	by	50%	of	the	men	and	19%	of	the	women,	
indicating that a small group of the enuretic chil-
dren remain enuretic as adults. 

2.  PREVALENCE OF MONOSYMPTOMATIC 
ENURESIS (MNE)

Very	few	studies	make	a	distinction	between	MNE	
and	 NMNE	 and	 it	 is	 therefore	 dificult	 to	 obtain	
relevant	igures	for	MNE	(Table 2).	In	two	studies	
from	Scandinavia	dealing	exclusively	with	 seven-
year-olds,	there	was	agreement	between	the	stud-
ies;	 6.4%	 [28]	 and	 7.4%	 [27].	 	Recently,	 a	 Japa-
nese	study	gave	similar	igures	for	MNE;	6.2%	at	
age	7	years.	In	this	latter	study	MNE	corresponded	
to	approximately	60%	of	all	NE	 in	ages	 from	7	 to	
12	years	[19].	When	it	comes	to	studies	in	which	all	
ages	were	mixed	 (5-12	 years),	 four	 studies	were	
identiied	 in	 which	 those	 without	 daytime	 voiding	
problems	could	be	identiied.	

However,	the	difference	in	prevalence	of	MNE	var-
ied	 in	 these	 studies;	 3.5%	 [17],	 6.9%	 [33],	 9.4%	
[21]	and	15%	[34].

3. PREVALENCE OF NE VERSUS GENDER

Almost all epidemiological studies of NE report a 
higher	prevalence	in	boys	than	in	girls,	with	a	ratio	
of	2:1	in	western	countries	[16-23,26-28,30,33-35].	
It appears that the gender difference diminishes 

III. POTENTIAL RISK FACTORS FOR NE

Table 2. Prevalence of Monosymptomatic nocturnal 
enuresis (MNE) at age seven years and overall (in -
cluding all ages).
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showed	 that,	 if	 both	 parents	 were	 enuretics	 as	
children,	 the	 RR	 (95%	 CI)	 for	 the	 child	 to	 have	
NE	was	16	 (6.3-20.1),	while	 if	 only	one	was	en-
uretic,	 the	RR	was	 7.8	 (5.1-9.8).	 It	 has	 recently	
been	shown	that	the	risk	for	the	child	to	have	he-
reditary	NE	 is	 increased	with	 the	 severity	 of	 the	
enuresis.	Children	with	severe	NE	(>2	episodes/
week)	were	combined	with	odds	ratio	for	maternal	
NE	 3.63	 (2.56-5.14),	 whereas	 mild	 and	 moder-
ate	NE	(<2	episodes/week)	had	2.14	(1.74-2-64)	
[40].	The	 association	with	 paternal	NE	was	 less	
pronounced, but a similar increased association 

to	 severe	 NE	 was	 observed.	 Using	 molecular	
genetic methods, foci have been found on chro-
mosomes	 13,	 12,	 8	 and	 22	 [41-42.	A	 picture	 of	
pronounced heterogeneity for both genotype and 
phenotype	emerges	[43].

3. PSYCHOPATHOLOGY

There	are	evident	 connections	between	 childhood	
enuresis	and	mental	well-being	13-14,37,39,44-47].	
Evidence	is	accumulating	to	show	that	psychologi-
cal consequences are probably caused by the en-
uresis	 and	 not	 a	 cause	 of	 primary	NE,	which	 has 

Figure 2. Prevalence of nocturnal enuresis (NE) >1 episode/6months, by gender and age. The prevalence 
data were obtained from metaanalyses of the following epidemiological studies: at age 7 [16, 22-24, 27, 28], 
age 11-12 [16, 22-24, 30] and age 16-17 [24, 29, 31].

Figure 3.  Prevalence of nocturnal enuresis by frequency of enuretic episodes and age. Data from [21].
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between	NE	and	OSA	was	found	(OR	5.1	(2.4-10.7)	
[59].	Removal	of	 large	adenoids	or	tonsils	causing	
upper	 airway	 obstruction	 in	 children	 with	 NE	 sig-
niicantly	 reduced	 or	 cured	 NE	 [60].	 Constipation	
(see	co-morbidity	below)	may	cause	secondary	NE	
or	make	 primary	 NE	 persist	 [58].	 Enkopresis	 was	
shown	as	a	risk	factor	for	NE	in	an	epidemiological	
study	(OR	2.7	(1.6-4.4)),	while	no	association	with	
constipation	could	be	identiied	[38].	Sexual	abuse	
must also be included among the factors that may 
lead	 to	NE	 [62].	Organic	 conditions	such	as	 infra-
vesical obstruction and neuropathic bladder may 
also	 present	 as	 NE.	 In	most	 cases,	 however,	 ad-
ditional symptoms are present to make detection 
possible.	Type1	diabetes	was	reported	to	be	a	risk	
factor for secondary MNE due to the polyuria seen 
at	presentation	[63].

In	children	with	functional	LUT	dysfunction,	OAB	is	
far more common than dysfunctional voiding. In a 
urodynamic	study	of	1,000	patients	with	 functional	
LUT	 dysfunction,	 approximately	 two-thirds	 had	 an	
OAB	and	one-third	had	dysfunctional	 voiding	 [64].	
Based on clinical information, another study com-
prising	 226	 children	 revealed	 that	 76%	were	 con-
sidered	to	have	an	OAB	and	only	1%	dysfunctional	
voiding.	The	 difference	 illustrates	 that	 different	 in-
clusion	criteria	inluence	the	rate	of	prevalence	[65].

When considering the total prevalence of UI (all 
frequencies of UI included) (Table 3 ),	 there	was	a	
variation	between	3.2%	and	9%	in	different	studies	
at the age of seven years. In the earliest studies 
the	 prevalence	 was	 lower	 (3.2%-5.0%),	 whereas	
in	 the	studies	performed	 later	 in	 the	2000	 [21,	23,	
66-68],	the	prevalence	was	higher	6.3%-9.0%.	One	
explanation	 for	 the	difference	was	probably	an	 in-
creased recognition of the problem in the population 
through	 information	 via	media	 etc.	At	 11-13	 years	
the	reported	prevalence	varied	between	1.1%	and	
12.5%.	Swithinbank’s	study	[30]	showed	a	very	high	
prevalence	(12.5%)	and	differed	most	from	the	rest	
(1.1%-4.2%).	The	 difference	 could	 probably	 partly	
be explained by different limits for frequency of UI 
(occasionally	[30]	vs	once/month	or	more).	The	fact	
that	 the	 studies	 were	 performed	 in	 different	 parts	
of	the	world	was	also	a	possible	explanatory	factor	
(UK	and	Korea).

The	frequency	of	UI	decreased	with	age	(Table 3 ), 
which	was	clearly	demonstrated	in	the	subjects	with	
frequent	episodes	of	UI	 (>1/week)	 (igure 4).	The	
prevalence	at	7	years,	11-13	years	and	15-17	years	
was	2.6%,	1.1%	and	0.3%	respectively.	There	were	
only	two	authors	who	investigated	the	same	cohort	
of	children	on	two	occasions;	Hellström	[27,	29]	 in	
Sweden	and	Swithinbank	[27,	28]	in	the	UK.	

been	thought	for	a	long	time	[45].	The	indings	pre-
sented	by	Feehan	[14]	support	this	latter	statement,	
as	he	only	 found	an	association	between	psycho-
pathology	 and	 secondary	 NE,	 while	 children	 with	
primary NE did not display a connection of this kind.

4. DEVELOPMENTAL DELAY AND ADHD

Children	with	developmental	 delay	and	mental	 re-
tardation	have	been	shown	to	have	a	higher	prev-
alence	 of	 NE	 [12,18,28,48].	 Spee-van	 der	Wekke	
[18]	found	that	children	who	were	given	special	edu-
cation	in	school,	including	both	those	with	and	with-
out	mental	retardation,	had	an	OR	of	3.74	(95%CI	
2.32-6.03)	for	NE.

Perinatal	 events	 such	 as	 toxaemia	 and	 low	 birth	
weight,	possibly	 involving	an	 increased	 risk	of	mi-
nor	neurological	dysfunction,	have	also	been	shown	
to	be	associated	with	NE	 [12,28,39].	A	connection	
between	NE	and	minor	neurological	dysfunction	of	
this	 kind	 has	 also	 been	 shown	 by	 Lunsing	 [49]	 in	
12-year-old	enuretic	children.	Furthermore,	children	
with	attention	deicit	hyperactivity	disorders	(ADHD)	
are more likely to have enuresis than the general 
child	population	[46,50-52].

5. SLEEP AND AROUSAL

The	main	pathology	behind	NE	in	children	is	the	in-
ability	to	wake	up	to	the	sensation	of	a	full	bladder.	
Parents	 often	 say	 that	 their	 enuretic	 child	 “	 sleeps	
very	deeply”.	Some	recent	studies	support	this	view.	
By	 using	 auditory	 signals	 [53],	 computerised	 EEG	
[54]	or	questionnaires	 [33],	a	defect	 in	arousal	has	
been	largely	validated.	In	the	study	by	Neveus	[33],	
the	 odds	 ratios	 were	 signiicantly	 high	 for	 a	 high	
arousal	 threshold	(2.7),	pavour	nocturnus	(2.4)	and	
confusion	when	awoken	from	sleep	(3.4).	Computer-
ised	EEG	energy	analysis	has	indicated	both	greater	
depth	of	sleep	and	impaired	arousal	in	enuretics	[55].	
Dificult	arousal	from	sleep	has	also	been	shown	in	
children	with	NE	compared	to	children	with	isolated	
day-wetting	problems	and	controls,	by	using	a	scor-
ing	system	in	a	questionnaire	[56].

6. SOCIO-CULTURAL FACTORS

Differences	 in	 the	 prevalence	 of	 NE	 [17,20-
21,37,57]	at	early	ages	in	different	parts	of	the	world	
are	probably	partly	due	to	socio-cultural	differences	
and	not	to	differences	in	genetic	predisposition	[18].	
It	 has	been	suggested	 that	 socio-economic	 status	
correlates	with	NE	in	some	studies	[16,46],	whereas	
in	others	no	correlation	was	found	[12].

7. OTHER RISK FACTORS

Obstructive	 sleep	 apnoea	 (OSA)	 has	 been	 asso-
ciated	 with	 enuresis	 in	 some	 patients	 [58].	 In	 an	
epidemiological	 study	 association	 between	 severe	
OSA	and	NE	in	girls	was	shown	[26],	but	when	in-
cluding	both	sexes	and	all	 forms	of	OSA	no	differ-
ence	was	seen.	In	another	study	dealing	with	OSA	
patients	 versus	 controls,	 a	 signiicant	 correlation	

IV. PREVALENCE OF FUNCTIONAL 
INCONTINENCE IN CHILDREN
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According to the studies by Hellström, the reduction 
from	seven	years	to	17	years	was	0.2%	per	year	in	
those	with	wetting	at	 least	once	a	week	and	0.3%	
when	including	all	kinds	of	wetting.	Swithinbank	re-
ported	a	far	higher	frequency	for	all	kinds	of	wetting	
at	age	11-12	years	but	not	at	15-16	years	and	the	
reduction	in	his	cohort	of	children	was	therefore	ap-
proximately	2%	per	year.

UI	was	more	common	 in	girls	 in	most	studies,	es-
pecially in the older age groups (Table 3, igure 
4). From the prevalence found in the different stud-

ies, daytime	UI	could	be	suggested	to	be	1.5	times	
more common in girls than in boys at age seven 
years,	whereas	at	age	16	years	the	difference	was	
even	more	pronounced:	5-10	 times	more	common	
in girls than in boys (Table 3 ). Overall in a popula-
tion	based	study	of	2856	children	between	4.8-12.8	
years,	female	gender	was	an	independent	risk	fac-
tor	for	UI	(OR	5.4	(2.6-11.1),	[69].

1.  PREVALENCE OF OVERACTIVE BLADDER 
(OAB)

In	 a	 Japanese	 study	 [66],	 the	 prevalence	 in	 chil-
dren	 between	 7	 and	 12	 years	 of	 age,	 OAB	 was	
seen	 in	 17.8%,	 with	 no	 signiicant	 difference	 be-
tween	 boys	 and	 girls.	 There	 was	 a	 gradual	 de-
crease	 in	prevalence	 from	19.8%	at	 the	age	of	7	
years	to	12.8%	at	12	years.	

2. COMORBIDITY: 
a) Prevalence of NE

NE	in	combination	with	UI	 is	denoted	as	NMNE	as	
mentioned	above.	NE	has	been	 identiied	as	an	 in-
dependent	risk-factor	for	day-UI	(OR	7.2	(3.4-15.2))	
[69].	Association	 of	 NE	 to	 day	 UI	 was	 more	 often	
reported	 in	children	with	 frequent	UI	(≥	2	episodes/
week),	as	compared	to	infrequent	UI	(<	2	episodes/
week)	at	7.5	years	[68].	In	boys	NE	was	seen	in	70-
80%	of	those	with	frequent	day	UI	compared	to	about	
50%	in	those	with	infrequent.	Corresponding	igures	
for	girls	was	about	55%	and	30%,	respectively.

b) Prevalence of Bowel problems

Urinary and faecal incontinence often coexist in 
different	 combinations.	 Constipation	 in	 childhood	
is	 a	 very	 common	 condition	 and	 when	 functional	
faecal incontinence is seen, constipation is of-
ten	 the	 cause.	 The	 term	 encopresis	 can	 be	 used	
synonymously	 with	 functional	 faecal	 incontinence.	
An increasing number of epidemiological studies 
reporting	 the	frequency	of	bowel	problems	are	ac-
cumulating, either in terms of constipation or func-
tional	 faecal	 incontinence,	 in	children	with	daytime	
wetting.	Table 4 	shows	that	the	prevalence	of	bowel	
problems	 in	 day-wetting	 children	 approximately	
corresponded	to	a	third	of	 the	children	(21%-35%)	
[23,56,66-67,69-70],	with	even	higher	prevalence	in	
the	subgroup	with	dysfunctional	voiding	(43%)	[70].	
A	 signiicant	 association	 between	 day-wetting	 and	
bowel	problems	was	shown	[23].	These	results	sup-
port	the	new	treatment	concept	of	day-wetting	chil-
dren,	with	treatment	of	bowel	problems	as	the	irst	
step.	MNE,	on	the	other	hand,	seldom	have	bowel	
problems	 (0%-1%),	 whereas	 in	 NMNE	 it	 is	 more	
common	(16%-24%)	[56,70].	

In an epidemiological study from Japan including 
5282	 children,	 ages	 between	 7-12	 years,	 81.5%	
were	 reported	 to	 have	 daily	 bowel	 movements.	A	
signiicant	 higher	 prevalence	 of	NMNE	was	 found	
in	 those	with	 constipation,	 compared	 to	 hose	with	
regular	daily	bowel	movements	(3.4%	vs	2.2%)	[22].

Author (ref) Sample size Prevalence (%) 
 

<1/
week

 >1/
week

           Total  
day+
night

 day 
only

Children 7 years: 
 

Järvelin [28] Total: 2892
Boys: 1444
Girls: 1445

  3.21 
2.7 
3.7 

1.8 
1.3 
2.3 

Hellström [27] Total: 3555
Boys: 1834
Girls: 1721

2.3 
1.7 
2.9 

2.5 
2.1 
3.1 

4.92 
3.8 
6.0 

2.7 
1.7 
3.7 

Lee [21] Total: 1325   6.73 3.9 

Kajiwara [66] Total: 984
Boys: 532
Girls: 452

  9.03 
9.2 
8.9 

9.0 
9.2 
8.9 

Söderstrom [23] 
 
Joinson [67] 
 
 
Swithinbank [68] 

Total: 715
Boys: 367
Girls: 348

Total: 8213
Boys: 4222
Girls: 3991

Total: 13973  
Boys: 7217
Girls: 3991

 
3.0 
3.2 

 
 
 

6.4 
6.0 
7.0 

 
3.8 
2.6 

 
 
 

0.9 
0.7 
1.2 

6.33 
6.8 
5.8 
7.83 
6.9 
8.8 
7.3 
6.8 
8.8 

 

 
 
 
 
 
 
 
3.3 
5.8 

Children aged 11-13 years:     

Swithinbank [27] Total: 1171
 

Boys: 510
Girls: 661

11.9
 

7.0 
15.7  

0.6 
0.2 
0.9 

12.55

7.2 
16.6 

Lee [21] Total: 913   1.13 0.9 

Kajiwara [66] Total: 761
Boys: 366
Girls: 395

  2.53 
1.0 
3.9 

 

Söderstrom [23] Total: 763
Boys: 398
Girls: 365

 
1.8 
3.0 

 
2.3 
1.3 

4.23 
4.1 
4.3 

 
Children aged 15-17 years: 

   

Hellström [29] Total: 651
Boys: 344
Girls: 307

1.5  
0.3  
2.9  

0.3 
0.0 
0.7 

1.82 
0.3 
3.6 

1.8 
0.3 
3.6 

Swithinbank [31] Total: 940
Boys: 411
Girls: 529

  3.02 
0.9 
4.7 

 

Table 3. Day urinary incontinence (UI) (including 
mixed day/night)

Episodes of UI: 1>1/6 months, 2>1/3 months, 3> 1/ month, 
4>1/2 weeks, 5 occasionally
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1. FAMILY HISTORY

Day	wetting,	also	including	those	subjects	with	mixed	
day	 and	 night	wetting,	 has	 been	 shown	 to	 be	 cor-
related	with	hereditary	factors,	 in	parallel	 to	what	 is	
known	about	children	with	NE.	However,	the	number	
of studies is limited (Table 5 ). Like for NE hereditary 
factors	have	been	shown	to	be	more	pronounced	in	
those	with	severe	UI	(>2	episodes/week),	especially	
when	paternal	day	UI	is	present	(table 5 )	[40].

2. PSYCHOPATHOLOGY

Children	under	stress	as	a	result	of	marital	separa-
tion, for example, have a higher incidence of diurnal 
or	mixed	UI,	according	 to	some	authors	 [16,39,71].	
Moreover, psychopathology investigated by Järvelin 
[39]	using	the	Children’s	Apperception	Test	(CAT)	re-
vealed	a	signiicant	 increase	in	the	signs	of	repres-
sion,	including	an	inability	to	express	one’s	emotions	
and	feelings	(p=0.027),	when	comparing	day	wetting	
children	with	 controls.	Neveus	 [33]	 found	 that	 day-
wetting	 children	 had	 more	 dificulty	 falling	 asleep	
(OR	2.4,	CI	1.4-4)	and	he	interpreted	them	as	“anx-
ious	 children”.	 Lettgren	 [72]	 found	 a	 signiicant	 in-
crease in attention problems and delinquent behav-
iour	in	a	certain	form	of	day-wetting	children	(voiding	
postponement)	using	the	Child	Behaviour	Check	List	
(CBCL,	Achenbach).	 In	 a	 recent	 paper	 [73]	 similar	
results	were	 found	with	 the	 highest	 rate	 of	 psychi-
atric	 comorbidity	 in	 children	with	UI	 due	 to	 voiding	
postponement	and	the	lowest	in	children	with	MNE.	
In	 the	group	with	encopresis	65%	were	considered	
to	have	severe	behavioural	problems	[70],	meaning	
that	children	with	both	wetting	and	bowel	problems	
are at the highest risk for psychopathology.

In	a	population-based	study	investigating	psycholog-
ical	problems	associated	with	day	UI,	8213	children	
were	 included	 of	whom	643	 suffered	 from	 daytime	
wetting	at	median	age	7.5	years	[67].	Overall	the	re-
sults indicated a rate of psychological problems that 
was	twice	the	rate	reported	for	children	with	no	day-
time	wetting,	particularly	notable	was	the	increase	in	
externalising problems. After adjustment for develop-
mental delay, gender, stressful life events, variables 
associated	 with	 family	 socio-demographic	 back-
ground	and	soiling,	there	was	still	an	independent	as-
sociation	of	daytime	wetting	and	behaviour	problems	

 Figure 4. Prevalence of day UI (including mixed day/night) >1 episode/week by age and gender. Data are 
from: at age 6 years [71], 7 years [23, 27], 11-12 years [23, 30] and 16-17 years [29].

V. POTENTIAL RISK FACTORS FOR 
DAY WETTING

Aut hor  OR (95%CI)  

 

OR (95%CI) 

35% 
 
 

33% 

 
25%4  

24%

 

 33%

 

 
21%

 

7.2 (4.1-12.7) 
 
 
 
 
 
 
 
 
 

 
3.3 (1.4-7.7) 2

 

 

 
 

 
 
 

0%-16%1

 

 
1%-24%1

 

1.2 (0.6-2.5)2 

2.0 (0.6-6.3)3 

 
 
 

Number 
children 
bowel

problems 
in NE

Number 
bowel 

problems in 
day-wetting

group

Söderstrom 
2004 [23]

Kajiwara 
2004 [66]

Von Gontard
2004 [70]

Chandra
2004 [56]

Joinson
2006 [67]

Sureshkumar
2009 [69]

Episodes of UI: 1>1/6 months, 2>1/3 months, 3> 1/ month, 
4>1/2 weeks, 5 occasionally

Table 4. Comobidities. The prevalence of concom -
mittant bowel problems in children with day-wetting 
and nocturnal enuresis.
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(OR	2.04,	CI	1.67-2.51).	In	another	epidemiological	
study	UI	was	found	to	be	associated	with	parenteral	
concerns	about	the	child’s	social	behaviour	(OR	3.4	
(1.4-8.3)),	[69].	It	is	not	clear	whether	the	behavioural	
problems described in these studies are a cause or a 
consequence	of	daytime	wetting.

3.  MINOR NEUROLOGICAL DYSFUNCTION 
AND DEVELOPMENTAL DELAY

Children	 with	 minor	 neurological	 dysfunction	 have	
also	been	shown	 to	have	an	 increased	 rate	of	day	
wetting.	Duel	[50]	found	that	children	with	ADHD	are	
three times more likely to have day UI than controls 
(p<0.0005).	Also	in	children	with	delayed	maturation	
or	with	mental	retardation,	the	risk	of	day	wetting	is	
increased	 (OR	 1.9	 and	 4	 respectively),	 according	
to	 studies	 by	 Järvelin	 [28].	 Perinatal	 events,	which	
can also be suggestive of minimal brain dysfunc-
tion,	have	also	been	shown	to	be	over-represented	
in	 day-wetting	 children.	 For	 example,	 Järvelin	 [39]	
found	that	the	children	of	mothers	who	had	suffered	
from	toxaemia	had	RR	of	8.5	(CI1.4-51.9)	for	day	UI.

4. OTHER RISK FACTORS FOR DAY UI

Sometimes,	functional	day	UI	is	dificult	to	distinguish	
from	UI	due	to	organic	anomalies.	The	most	promi-
nent examples are the adolescent form of posterior 
urethral valves in boys and epispadias in girls.

In	 many	 papers,	 UTI	 is	 regarded	 as	 a	 risk	 factor	
for	day	UI.	Järvelin	[39]	found	RR	of	8.6	(2.3-32.3)	
for	UTI	in	day	UI	children.	Neveus	[33]	was	able	to	
demonstrate	similar	 connections;	OR	2.3	 (1.3-3.9)	
and	similar	 results	were	seen	 in	 the	Sureshkumar	
study	 [69];	 OR	 5.6	 (2.0-15.6).	 However,	 these	 in-
fections should probably be regarded as a conse-
quence	 of	 the	 functional	 bladder	 disturbance	 with	
UI	and	not	the	other	way	round	as	a	cause	of	the	UI.

Nocturnal enuresis (NE)

•		The	prevalence	of	NE	at	age	7	seems	to	be	around	
10%	for	most	countries,	at	age	11-12	years	around	
3%	and	at	age	16	around	1.3%.

•		The	 spontaneous	 resolution	 rate	 seems	 to	 be	
around	 15%	 annually	 between	 7	 and	 12	 years,	
and	between	12	and	17	years	11%.

•		In	an	adult	population	the	prevalence	of	NE	seems	
to	be	0.5%.	The	prevalence	was	0.1%	when	includ-
ing	only	those	with	a	history	of	NE	during	childhood.	
Thus	the	risk	for	NE	as	adult	if	having	the	condition	
at	7	years	of	age	can	be	calculated	to	1%.

•		Potential	 risk	 factors	 for	 NE	 in	 children	 include	
OAB, polyuria, family history, psychopathology, 
developmental	 delay,	 mental	 retardation,	 socio-
cultural factors, sleep and arousal problems, sleep 
apnoea, constipation, sexual abuse and organic 
conditions such as infravesical obstruction.

•		Functional incontinence

•		Children	who	are	and	remain	dry	in	the	day	seem	
to	 attain	 their	 diurnal	 continence	 between	 age	 4	
and	5	years.

•		Diurnal	UI,	or	combined	diurnal	and	nocturnal	UI,	
in children is caused by overactive bladder in the 
great majority of cases.

•		Prevalence	 of	 functional	 UI	 decreases	 with	 age.	
At	 age	 7	 years	 prevalence	 igures	 vary	 between	
3.2%	and	9%,	with	 the	highest	prevalence	 in	 re-
cent	studies.	At	age	15-17	years	the	correspond-
ing	prevalence	is	1.2-3%.

•		Variation	 in	 prevalence	 igures	 is	 mainly	 depen-
dant on differences in frequency of incontinence 
episodes in the studies.

•		Potential	risk	factors	for	diurnal	UI	in	children	in-
clude	bowel	problems	such	as	constipation	and	
functional faecal incontinence, family history, 
psychopathology,	 socio-cultural	 factors,	 minor	
neurological dysfunction, developmental delay, 
organic anomalies such as infravesical obstruc-
tion in boys and sexual abuse.

VI. SUMMARY POINTS

Aut hor RR (95%CI) OR (95%CI) Positi ve 
history (%)  

 
Järve lin [39] 
-enuresis in mother 
-enuresis in father 
 
Sureshkumar [71] 
daytime wetting in                   
-male sibling                                                               
-paternal lineage 

 

Chio zza [16]*                       
-enuresis in parents 

 

Bower [34]                            
-family history of enuresis 

 

Neveus  [33]                          
-family history 

 

Von Gontard [40] <2 
episodes/week 

-maternal NE 
-paternal NE 
-maternal day UI 
-paternal day UI 
>2 episodes/week 
-maternal NE 
-paternal NE 
-maternal day UI 
-paternal day UI 

 
10.1 (3.4-29.3) 
5.9 (1.9-17.8) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

5.3 (1.6-18.2) 
9.3 (3.2-27.3) 

 
 
 

12.3 
 
 
 
 
 
 

 
2.0 (1.1-3.7)

 
 
 
 
 

 
1.2 (0.9-1.6 
1.3 (0.9-1.8) 
2.6 (1.4-5.1) 

5.5 (2.4-12.5)
 

 
2.1 (1.2-4.0) 
2.1 (1.0-4.3) 

3.3 (0.8-13.7)
 

10.1(2.3-44.1)
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

70**

 

Table 5. Day wetting vs family history (including 
mixed day/night  wetting).

*Only children with mixed day and night wetting, **compared 
with 45% in dry children
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In	 this	 section	 we	 address	 the	 epidemiology	
of female UI, including its common subtypes, 
stress	 UI,	 urgency	 UI,	 and	 mixed	 UI.	 Current	
terminology	 for	 female	 UI	 is	 drawn	 from	 the	
2010	 IUGA/ICS	 joint	 terminology	 report	 [2]	 but	
in	 most	 instances	 is	 entirely	 compatible	 with	
current	 terminology	 for	 men	 [1]	 ,	 and	 children	
[4]	 In	 considering	 the	 epidemiology	 of	 female	
UI,	we	mainly	address	 the	epidemiology	of	 the 
symptom of UI, defined as complaint of invol-
untary	loss	of	urine.	There	remains	a	paucity	of	
work	at	a	population	level	concerning	either	the 
sign of UI, defined as observation of involuntary 
loss of urine on examination, or on the formal 
diagnoses of urodynamic stress incontinence or 
detrusor overactivity.

A large majority of epidemiological studies have 
either not considered subtypes of UI, or only 
reported on stress UI (complaint of involuntary 
loss of urine on effort or physical exertion or on 
sneezing	 or	 coughing),	 urgency UI (complaint 
of	 involuntary	 loss	 of	 urine	 associated	 with	 ur-
gency), and mixed UI (complaint of involuntary 
loss	 of	 urine	 associated	 with	 urgency	 and	 also	
with	effort	or	physical	exertion	or	on	sneezing	or	
coughing). A small number of studies have re-
ported prevalence and risk factors for adult noc-
turnal enuresis (complaint of involuntary urinary 
loss	 of	 urine	 which	 occurs	 during	 sleep).	 With	
a lack of validated questionnaire items for less 
common subtypes, the current literature is al-
most silent regarding the population prevalence 
and risks for postural incontinence, continuous 
incontinence, insensible incontinence, and co-
ital incontinence, although they are sometimes 
grouped	as	“other	incontinence”.

The	 validity	 of	 urinary	 symptom	 questionnaires	
employed in epidemiological research is consid-
ered	 in	 detail	 in	Chapter	 5.	Most	 questionnaires	
were	 initially	 developed	 using	 secondary	 care	
samples,	 with	 criterion	 validity	 demonstrated	 in	
comparison to bladder diaries, pad tests, or uro-
dynamic	 diagnoses.	 Quite	 widely	 varying	 termi-
nology is used in the items assessing stress in-
continence and urgency incontinence in different 
questionnaires and some items do not capture 
all aspects of the standardised definitions. Even 
the	 surrounding	 context	 for	 the	 items	 is	 known	
to	strongly	affect	prevalence	estimates	 [74],	and	

small variations in terminology from different 
questionnaires may have similar effects. 

The	optimal	assessment	of	incontinence	subtype	
remains	controversial	 [75-76],	but	 it	 is	 clear	 that	
self-report	 of	 symptoms	 differs	 systematically	
from detailed clinical evaluation. In particular, 
for	women	mixed	 incontinence	 is	more	 common	
than	 would	 be	 expected	 by	 chance	 using	 ques-
tionnaire	evaluation	 [77],	and	 is	 reproduced	 less	
frequently	using	urodynamics	[78-79].	Stress	and	
urgency incontinence have different treatment 
options, and are presumed to have different un-
derlying	 pathophysiology.	 Caution	 is	 therefore	
needed	when	comparing	epidemiological	studies	
that either do or do not report a separate mixed 
incontinence	 subgroup,	 and	 when	 generalising	
from population level data on mixed incontinence 
to clinical practice.

Self-report	 of	 incontinence	 symptoms	 should	 re-
flect	the	woman’s	own	experience	of	incontinence,	
but may bear little relationship to expressed need 
for treatment. Across multiple measures, inconti-
nence	 severity	 is	 shown	 to	 be	 only	 a	 moderate	
predictor of incontinence specific quality of life im-
pairment	[80-81].	It	is	important	therefore	to	char-
acterise both the severity of symptoms, through 
frequency of leakage and/or quantity of loss, and 
the perceived bother or impact on activities. Most 
questionnaires in contemporary use, including the 
ICIQ-SF,	 ICIQ-FLUTS	 and	 DAN-PSS,	 therefore	
ask patients to report both the frequency of UI, 
and	 its	perceived	bother.	Cautious	 interpretation	
should be made of high prevalence rates obtained 
with	 case	 definitions	 that	 do	 not	 incorporate	 a	
measure of symptom bother. 

Incontinence is a stigmatising condition in many 
populations	[82],	which	creates	a	high	risk	for	re-
spondent	bias	in	incontinence	epidemiology	[83-
84].	Perhaps	because	of	stigma,	incontinence	is	
also	 associated	 with	 low	 rates	 of	 presentation	
for	 care.	 Surveys	 assessing	 incontinence	 may	
therefore also be highly prone to both medical 
surveillance bias and Berksonian bias. In this 
section	 we	 therefore	 focus	 on	 community	 or	
population	 based	 samples	 with	 high	 response	
rate.	 To	 further	 minimise	 differential	 effects	 of	
such	biases,	where	possible	we	report	outcomes	
stratified by age, by type of incontinence, and by 
major subgroups of interest.

The	majority	of	work	 reviewed	 in	previous	edi-
tions of this chapter, originated from developed 
countries.	There	 have	 been	many	 recent	 stud-
ies from both developing and developed coun-
tries	[85],	which	are	now	reviewed.	Subsequent	
discussion	excludes	however	 the	epidemiology	
of	obstetric	vesico-vaginal	fistula,	which	is	cov-
ered in a later chapter.

I. GENERAL COMMENTS AND 
DEFINITIONS

D. EPIDEMIOLOGY OF UI IN 
WOMEN
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Among general population studies included 
in	 previous	 ICI	 editions,	 crude	 prevalence	 es-
timates for the most inclusive definitions of 
UI	 (‘ever’	 ‘any’	 or	 ‘at	 least	 once	 in	 the	 past	 12	
months’)	have	ranged	from	5%	to	69%,	with	most	
studies reporting a prevalence of any UI in the 
range	of	25%	 to	45%	(Table 6 ).	This	enormous	
variation	between	studies	is	seen	both	within	and	
between	 countries,	 with	 few	 studies	 reporting	
age standardised rates, largely precludes mean-
ingful	comparison	between	countries.	 If	 there	 is	
variation	in	true	prevalence	rates	between	coun-
tries, it is obscured by cultural differences in the 
perception	of	UI	and	willingness	to	report	UI,	as	
well	 as	methodological	 differences	 [86],	 includ-
ing	in	the	wording	of	questionnaire	items,	in	the	
method of administration of questionnaires, and 
perhaps	 most	 importantly,	 with	 differences	 in	
case	definitions	employed	[87-88].

Only four studies have used the same survey 
tools and methods to report female UI general 
population prevalence in more than one country 
(Table 7 ).	 Three	 studies	 have	 attempted	 to	 as-
sess	 the	 relative	 prevalence	 in	 western	 nations	
[89-91].	Across	all	 countries	 surveyed,	all	 these	
three	 studies	 find	 that	SUI	 is	 the	most	 common	
subtype,	 followed	 by	 MUI,	 and	 then	 UUI.	 Hun-
skaar	 and	 colleagues	 surveyed	 29,500	 women	
in	 France,	 Germany,	 the	 UK	 and	 Spain	 [89].	
By demonstration of similar age trends across 
all	 countries,	 they	 suggested	 both	 lower	 overall	
prevalence	of	 incontinence	in	Spain,	and	a	rela-
tive excess of urgency incontinence in France. 
The	 EPIC	 and	 EpiLUTS	 studies	 [90-91],	 used	
similar questionnaire items explicitly based on 
standard	 definitions.	However,	 there	was	 incon-
sistency	 between	 studies.	 The	 EpiLUTS	 study	
found similar prevalence of each UI subtype in 
the	US,	UK,	and	Sweden,	while	 the	EPIC	study	
reported	 a	 more	 than	 3-fold	 variation	 in	 preva-
lence	 between	 countries,	 with	 Sweden	 having	
a	prevalence	of	29.5%	and	 Italy	only	9.3%.	The	
disparity in results could be explained by differ-
ences in sampling methods, or different response 
rates	 (58%,	 33%	 and	 59%	 respectively).	 A	 fur-
ther	recent	study	set	in	Senegal,	Mauritania,	and	
Chad,	reports	substantial	variation	in	prevalence	
across countries, even after age stratification 
[92]	 The	 lack	 of	 consistency	 in	 between	 coun-
try comparisons, even for large surveys set in 
western	 nations,	makes	 it	 impossible	 to	 assess	
the	extent	of	 true	variation	between	countries.	 It	
remains difficult to establish stable, meaningful 
prevalence	rates	for	female	UI,	when	there	is	no	
consensus	about	what	constitutes	significant	UI.	
Again, extreme caution is needed in making di-
rect comparison of crude prevalence rates.

Although	 between	 study	 comparisons	 of	 female	
UI	 prevalence	 are	 largely	 unrewarding,	 we	 can	
meaningfully	compare	within	study	distributions	of	
UI by age and UI subtype. Table 8  summarises 
prevalence estimates by age for female UI from 
community	 or	 population	 based	 studies	 with	 re-
sponse	rate	>60%,	over	the	period	January	2008	
through	December	2011.		Again	a	10	fold	variation	
in	 crude	 prevalence	 is	 evident	 between	 studies,	
so	where	 available,	 overall	 prevalence	 rates	 are	
given	by	UI	subtype,	while	age	trends	are	depicted	
with	sparklines.	

As	in	the	studies	comparing	prevalence	between	
countries, although absolute prevalence rates 
vary	 widely	 in	 recent	 cross-sectional	 work,	 the	
distribution of UI subtypes is consistent. Isolated 
stress incontinence accounts for approximately 
half	 of	 all	 incontinence,	 with	 most	 studies	 re-
porting	10-39%	prevalence.	With	 few	exceptions	
mixed incontinence is found to be next most com-
mon,	 with	 most	 studies	 report	 7.5-25%	 preva-
lence. Isolated urgency incontinence is uncom-
mon,	with	1-7%	prevalence,	and	where	recorded	
at	all,	other	causes	of	incontinence	occur	with	ap-
proximately	0.5-1%	prevalence.

In summary, current data provide very dispa-
rate estimates of population prevalence for UI in 
women.	 Approximately	 10%	 of	 all	 adult	 women	
report	 leakage	at	 least	weekly.	Occasional	 leak-
age	 is	 much	 more	 common,	 affecting	 25%-45%	
of	all	adult	women.	Prevalence	rates	from	cross-
sectional studies uniformly demonstrate an asso-
ciation	with	age,	which	is	explored	in	more	detail	
in the section on risk factors.

Many prospective longitudinal studies have exam-
ined	UI	in	women,	either	in	the	general	population,	
or focused on pregnancy, menopause or old age. 
However,	 interpretation	 and	 comparison	 of	 inci-
dence	and	remission	rates	 is	 fraught	with	dificul-
ties.	Incontinence	is	not	intuitively	a	condition,	with	
luctuating	severity,	indeed	the	popular	perception	
in both the medical community and the laity, is of 
a	chronic	condition.	However	misclassiication	due	
to the unreliability of symptom assessment tools 
may	 cause	 the	 appearance	 of	 symptom	 luctua-
tion.	Measuring	the	short	term	test	re-test	reliability	
for	the	BFLUTS	questionnaire	[116],	the	DAN-PSS	
[117],	 the	 IIQ[118],	or	any	of	 the	other	commonly	
used	questionnaires	suggests	that	only	80-85%	of	
item responses are stable over even a brief retest 
period.	Thus	even	when	a	longitudinal	study	is	able	
to use the exact same item for assessment across 
even	 relatively	 long	 periods	 of	 follow	 up,	 the	 ef-
fect	 of	 misclassiication	 due	 to	 questionnaire	 un-
reliability may obscure a true effect of incidence or 

II. PREVALENCE 

III. INCIDENCE AND REMISSION
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Reference  Method  Age  Country  Sample  Overall Prevalence % 

Postal  18+  France 3,881 All UI 
SUI 
UUI 
MUI 

Other UI 

44 
13.6 
11.9 
15.0 
4.0 

Germany
 

3,824  All UI
 

SUI 
UUI 
MUI 

Other UI 

41
 

16.4 
6.6 

15.6 
2.9 

Spain 6,444  All UI 
SUI 
UUI 
MUI 

Other UI 

23 
9.0 
4.8 
6.0 
3.5 

UK  2,931 All UI 
SUI 
UUI 
MUI 

Other UI 

42 
17.2 
6.7 

14.3 
3.8 

Postal  16+   Age Groups  
 

60+  

Senegal 682 All UI   25.0  

Mauritania
 

740 All UI   22.7  

Chad
 

648 All UI  95.0  

 
18+

 
Sweden

 
19,165 All UI 29.5 

Italy All UI
 

9.3 

Canada All UI 13.0 

Germany  All UI 11.4 

UK  All UI 14.9 

Web Based  40+  US 10,584 All UI 
SUI 
UUI 
MUI 

Other UI 

67.0 
23.1 
6.7 

21.1 
5.3 

UK  3,983 All UI 
SUI 
UUI 
MUI 

Other UI 

69.0 
28.6 
7.1 

19.6 
4.9 

Sweden 1,293 All UI 
SUI 
UUI 
MUI 

Other UI 

67.1 
26.9 
7.9 

16.9 
5.0 

Irwin (90) Direct or telephone 
interview

Niang (92)

Hunskaa (89)

Coyne (93)

30-59

30.9

13.2

17.5

<30

31.4

8.0

8.0

Table 6. Population prevalence rates for female UI from studies assessing more than one country.
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Reference Coun try Sample 
Size 

Survey Method  Age 
Range 

Overa ll  
Prevalen ce (%) 

Age Trend  

Espuna-Pons(94) Spain 9,063 Postal 15+ All UI  
 

12.2  

Herschorn (95) Canada 518 Telephone 18-90 SUI  
UUI  

25.5 
9.3 

 
Tahtinen  (96) Finland 2,002 Postal 18-79 SUI  

UUI  
11.2 
3.1 

 
Tennstedt (97) US 3,205 Direct Interview 30-79 All UI 

SUI 
UUI 
MUI 

Other UI
 

 

10.4 
2.8 
1.1 
5.9 
0.7 

 

 

Lee (98) South Korea
 

13,484
 

Direct Interview
 

19+ All UI 
SUI 
UUI 
MUI 

Other UI 
 

24.4 
11.9 
1.9 

10.2 
0.5 

 
Zhu (99) China 5,300 Direct Interview

 
20+ All UI 

SUI 
UUI 
MUI 

 

38.5 
22.9 
2.8 

12.4 
 

Nygaard (100) US 1,961 Direct Interview 20+ All UI 
 

15.7  

Martinez-Agullo (101) Spain 3,090 Direct Interview 25-64 All UI  4.0 
 

Bodhare (102) India 552
 

Direct Interview 35+ All UI  9.6  

Ojengbede (103) Nigeria 5,001 Direct Interview 15+ All UI  

SUI 

UUI 

MUI 

 

2.8 
2.3 
1.0 
0.6  

Ahmadi (104) Iran 800 Direct Interview
 

40-95 All UI  
 

38.4 
 

Liapis (105)
 

Greece 2,000 Direct Interview
 

20-80 All UI 
SUI 
UUI 
MUI 

Other UI  

27.0 
11.9 
3.0 

11.1 
1.1 

 

 

Amaro (106) Brazil 685 Postal 22-96 All UI  
 

27.0 
 

Lopez (107) Puerto Rico 276 Direct Interview 21-64 All UI 
SUI 
UUI 
MUI 

34.8 
16.7 
4.0 

14.1 
  

Correia (108)
 

Portugal 1,483 Telephone 40+ All UI  21.4 
 

Slieker-ten Hove (109)
 

Netherlands
 

1,397 Postal 45-84 All UI 
SUI 
UUI 
MUI 

58.8 
30.6 
6.1 

23.2 

 
Ge (110) China 3,058 Direct Interview

 
20-96

 

  
 

All UI 
SUI 
UUI 
MUI 

22.1 
12.9 
1.7 
7.5 

 
Botlero (86) Aus 504 Postal 24-80

 
All 

SUI 
UUI 
MUI 

6.8 
4.8 
0.7 
1.3  

Wennberg (111)
 

Sweden 1,023
 

Postal
 

20+
 

1991 All
 

2007 All
 14.7

 

27.8
  

Franzen (112) Sweden 4,609 Postal 18-79 All  28.9  

Zhu (113) 
 

China 19,024 Direct Interview
 

20-99
 

All 
SUI 
UUI 
MUI 

30.9 
18.9 
2.6 
9.4  

Lasserre (114) France 2,183 Direct Interview
 

18+ All 
SUI 
UUI 
MUI 

26.8
 

12.1
 

2.9 
11.2

 
 

 Onur (115) 
 

Turkey
 

2,275 Direct Interview
 

17-80 All 
SUI  
UUI  
MUI  

46.3 
21.3 
19.9 
16.7 

 

 

 
 

Table 7. Population based studies with response rate >60%, reporting prevalence of female UI by age.
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remission.	 Even	 non-differential	 misclassiication	
bias, can have devastating consequences both for 
estimates of absolute cumulative incidence, and 
relative incidence risk, and such effects are largest 
for	conditions	such	as	UI,	with	high	prevalence	and	
low	incidence	[119].

Other methodological differences may also cause 
wide	variation.	Questionnaires	that	use	different	
recall	 periods	 (e.g.	 any	 leakage	 in	 last	 week,	
any	leakage	in	last	year,	any	leakage	ever),	will	
produce different estimates of incidence and re-
mission.	Due	to	changes	in	standard	definitions,	
many studies also use different case definitions 

at	baseline	and	follow-up.	Finally,	although	 loss	
to	follow	up	itself	 is	very	variable	between	stud-
ies,	 differential	 loss	 to	 follow-up	 is	 observed	 in	
almost all studies, and must substantially de-
crease generalisability.

Annual	 incidence	 rates	 for	broad	deinitions	of	UI	
(“monthly”	 or	 “any”)	 range	 from	 0.9%	 to	 18.8%,	
while	 rates	 for	 weekly	 UI	 show	 less	 variation	 at	
1.2-4.0%	(Table 8 ).	There	is	a	signiicant	negative	
correlation	between	the	length	of	a	study	and	its	re-
ported annualised incidence rate, suggesting that 
short	studies	of	1-2	years	overestimate	 incidence	
due	 to	 a	 dominating	 effect	 of	 misclassiication.	

Study
 

Coun try
 Period  

(yr) 
Sample 
Size 

Loss  to 
Follow 
Up (%) 

Baseline 

Age 
Case 

Definition 

Prevalen ce 
at base line 

(%) 

Prevalen ce 
at fo llow up 

(%) 

Annu al 
Inciden ce 

(%) 

Annu al 
Remiss ion 

(%) 

Samuelsson (121) Sweden
 

5 457 16.4 20-59 Any UI
 

23.5 27.5 2.9 5.9 

Hagglund (122)
 

Sweden
 

4 338 26.6 20-50 Any UI
 

45.6 47.5 4.2 4.0 

Wehrberger (123)
 Austria 6.5 925 52.3 20+ Any UI 

Weekly UI 
32.0 
n/a 

43.3 
n/a 

3.9 
2.1 

2.9 
n/a 

Townsend (124)
 

 
US 2 64,650 18.4 36-55 Monthly UI 

Weekly UI 
52.5 
n/a 

48.3 
n/a 

6.9 
1.9 

7.0 
n/a 

Dallosso (125) UK 1 6,424 48.9 40+ Monthly SUI
 

17.3 n/a 8.3 n/a 

McGrother (126)
 

UK 1 12,036
 

20.2 40+ Any UI 34.2 n/a 8.8 25.2 

Donaldson (127)
 

UK 3 12,750 33.0 40+ Any SUI 16.9 n/a 6.1-7.3 33.7-34.9 

Waetjen (128) 

 

US 5 3,301 18.1 40-55 Monthly UI 
Weekly UI 

Monthly SUI 
Monthly UUI 
Monthly MUI 

Other UI 

46.7 
15.3 
32.2 
9.2 

13.8 
2.7 

n/a 11.1 
1.2 
5.0 
3.2 
2.4 
0.5 

n/a 

Liu 
(129) 

Australia
 

2
 

2,272 
( & ) 

13.9
 

65+
 

Any SUI
 

Any UUI
 

12.1
 

38.4
 

15.4
 

37.4
 

15.4
 

18.8
 

n/a
 

n/a
 

Goode (130)
 

US 3 490 5.0 65+ Monthly UI 0.41 n/a 9.7 13.0 

Ostbye (131) 
 

Canada 10 5,332 60.2 65+ Any UI 19.5 28.8 1.8 n/a 

Wennberg (120) 
Sweden 16 2,911 51.6 20+ Any UI 14.6 27.8 1.3 2.1 

Moller (132) Denmark
 

1 2,860
 

20.1 40-60
 

Weekly SUI 
Weekly UUI 

13.1 
7.3 

11.0 
6.7 

4.0 
2.7 

41.4 
42.0 

Hotledahl (133)
 

Norway 1 507 3.6 50-74 Monthly UI 30.6 29.8 0.9 1.4 

Byles (134) Australia 9 12,432 42.4 70-75 Sometimes 
UI 

20.7 27.3 1.62 n/a 

Lifford 
(135) 

US 2 58,703 10.4 54-79 Monthly UI 
Weekly UI 

45.2 
n/a 

51.6 
n/a 

4.6 
1.8 

6.6 
4.4 

Jackson (136) US 2 1,017 19.0 55-75 Any UI 66.0 63.1 9.6 7.1 

Nygaard (137) US 6 2,025 n/a 65+ Any SUI 
Any UUI 

40.3 
36.3 

n/a 
n/a 

4.77 
4.75 

5.02 
3.68 

Gavira Iglesias
 

(138) 
Spain 5 486 34.9 65+ Any UI 41.0 54.0 7.2 2.8 

Herzog 
(139) 

US 2 1,154 30.2 60+ Any UI 37.7 52.7 15.8 7.5 

Burgio (140) US 3 541 61.9 42-50 Monthly UI 30.7 n/a 2.7 n/a 

Melville (141) US 6 5,820 18.1 57-67 Monthly UI 13.5 n/a 3.5 n/a 

Jahanlu (142) Norway 10 2331 13.0 40-44 Any UI 38.9 43.9 4.9 n/a 

Botlero (143) Australia 2 506 12.6 26-82 Any UI 41.6 44.6 8.5 8.4 

Table 8.  Studies reporting incidence and/or remission for UI in women.
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Limiting	 comparisons	 to	 studies	 with	 >5yr	 follow	
up	suggests	incidence	of	1.3-4.9%	even	for	inclu-
sive	deinitions	of	UI.	Fewer	studies	have	reported	
remission	 rates,	 and	again	 estimates	 vary	widely	
between	1.2	and	42%.	Again	limiting	comparisons	
to	longer	studies	of	>5yrs	suggests	rates	of	2.1	to	
5.0%.	 Overall	 these	 results	 are	 compatible	 with	
indings	from	cross-sectional	studies,	with	modest	
increases	 in	 UI	 prevalence	 across	 the	 whole	 fe-
male	population	of	0.5-1%	per	year.	Although	 the	
extent of cohort effects has rarely been reported, 
current data suggests that earlier cohorts are less 
likely	 to	 report	 incontinence,	 consistent	 with	 evi-
dence of increased care seeking among later co-
horts[111,120],

In	this	section	we	summarise	the	most	 important	
reported demographic, social, environmental, 
and lifestyle correlates of urinary incontinence 
in	 women.	 Genetic	 risk	 factors	 for	 incontinence	
and prolapse are considered together in a later 
section. While a majority of previously cited stud-
ies	have	reported	associations	with	incontinence,	
some	caution	is	again	needed	in	judging	whether	
these may be causal risk factors.

As already seen, a large majority of studies are 
cross-sectional	 in	 design,	 providing	 limited	 evi-
dence of causation, since the temporal association 
of the putative risk factor and the onset of incon-
tinence	 cannot	 be	 assessed.	Where	 possible	 we	
therefore try to focus on risk factors for incident 
UI,	 from	 longitudinal	 studies.	 Again	 though,	 with	
the exceptions of mode of delivery, menopause 
hormone	 therapy,	and	weight	 loss,	 there	 remains	
a dearth of interventional studies. Even the high-
est quality observational studies may suffer from 
residual or unmeasured confounding.

1. AGE 

The	age	distribution	for	incontinence	of	all	causes	
reported	in	the	widely	cited	EPINCONT	study[144],	
depicts a steady increase in moderate and severe 
incontinence	throughout	the	adult	lifespan,	but	with	
a distinct peak in slight incontinence around the 
time of the menopause. Other large studies have 
however,	reported	a	steady	increase	in	prevalence	
for	 both	 slight	 and	 severe	 UI,	 without	 a	 distinct	
menopausal	peak[145].	The	timing	and	causes	of	
a	ifth	and	sixth	decade	peak	have	been	explored	
in a number of high quality longitudinal studies of 
menopausal transition, discussed subsequently. 
Where	 such	 a	 peak	 is	 identiied	 from	 cross-sec-
tional studies, it is most pronounced for stress in-
continence[89,146].	 Across	 most	 cross-sectional	
studies isolated stress incontinence declines into 
old age, as mixed incontinence becomes relatively 
more	 common[144,147].	 Besides	 methodologi-

cal differences, disparity in age ranges, severity 
thresholds, and proportion of each subtype of in-
continence probably therefore explains the differ-
ences in age trends seen in Table 3 .	These	 age	
trends	 from	 cross-sectional	 studies	 may	 in	 any	
case be biased by cohort or period effects.

While	 most	 cross-sectional	 studies	 find	 an	 in-
crease in crude prevalence into old age, some 
recent studies identify a peak in all causes of in-
continence,	with	a	decline	in	the	eighth	and	ninth	
decade.	Such	a	large	disparity	might	be	explained	
by sampling strategies that include or exclude 
institutionalised	 adults.	 The	 epidemiology	 of	 UI	
in this vulnerable group deserves special atten-
tion. Only one study provides data from more 
than	 one	 country,	 allowing	 cross-border	 com-
parisons.	 From	 a	 population	 of	 279,191	 elderly	
people	 in	 care	 homes,	 from	 Denmark,	 France,	
Iceland,	 Italy,	 Japan,	 Sweden,	 and	 the	US,	 the	
prevalence	 of	 female	 urinary	 incontinence	 was	
relatively	 stable	 at	 42.0-72.5%[148],	 with	much	
of that variation accounted for by differences in 
age	 structure,	 and	 proportion	 of	 residents	 with	
functional or cognitive impairment. Indeed vari-
ability in prevalence estimates for female care 
home residents across the entire literature is 
much	 less	 than	 for	 the	general	population[149],	
ranging	 from	 42.0%	 in	 Japan	 [78]	 through	 to	
78.4%	 in	 the	US	 (using	 a	much	more	 inclusive	
definition)	[150].	Urinary	 incontinence	is	associ-
ated	with	nursing	home	admission	from	the	com-
munity	[151].	This	may	in	part	explain	the	appar-
ent	 steeper	 increase	 in	 prevalence	 with	 age	 in	
nursing	homes	compared	to	community	dwelling	
samples	 [150].	Loss	 to	 follow	up	certainly	 limits	
our ability to accurately assess age trends in the 
elderly	from	cross-sectional	studies.

Given	 the	 difficulties	 in	 establishing	 robust	 inci-
dence estimates, most longitudinal studies do not 
provide good evidence of age trends in incidence. 
Many studies have either reported no change in 
incidence	with	age,	or	a	stable	incidence	in	middle	
age,	with	a	sharp	 increase	 in	old	age.	However,	
the	large	Nurse’s	Health	Study	cohort	[145],	pro-
vided good evidence of a decrease in incidence 
of	stress	UI	following	the	menopause,	which	has	
more recently been explored in analyses of the 
SWAN	 study[152],	 the	 1946	 British	 Birth	 Co-
hort[146],	 and	 the	 Hordaland	 Women’s	 Cohort	
[142,153].	All	these	studies	provide	consistent	ev-
idence of a peak in incontinence at the time of the 
menopause,	with	pre	and	peri-menopausal	status	
being	 associated	with	 increased	 incidence	 of	UI	
and	decreased	remission	of	UI	compared	to	post-
menopause.	As	 will	 be	 discussed	 in	 the	 section	
on menopausal replacement therapy, part of this 
peak	may	be	iatrogenic.	Consistent	with	evidence	
from	cross-sectional	studies	[89,144],	the	peak	is	
attributable mainly to slight stress incontinence.

IV. RISK FACTORS
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While	 the	 association	 between	 age	 and	 female	
UI is clearly important for planning healthcare re-
source allocation, in many studies this is not an 
independent association. Other risk factors asso-
ciated	 with	 age,	 including	 parity,	 co-morbidities,	
and	 BMI	 attenuate	 the	 association	with	 UI	 [145],	
and	 additional	 adjustment	 for	 relevant	 co-mor-
bidities	 typically	 eliminates	 the	 association	 [97].	
Confounding	factors	adequately	explain	the	asso-
ciation	 between	 age	 and	 UI,	 and	 therefore	 UI	 in	
women	 should	 not	 be	 considered	 as	 an	 intrinsic	
consequence of the aging process itself. 

2. OBESITY AND ADIPOSITY

Perhaps even more than age, obesity is the most 
clearly	 established	 risk	 factor	 for	 UI	 in	 women.	
There	 is	a	wealth	of	cross-sectional,	 longitudinal,	
and interventional data demonstrating a posi-
tive	 association	 between	 BMI	 and	 UI,	 which	 has	
recently	 been	 subject	 to	 two	 systematic	 reviews	
[154-155].	Across	 a	wide	 range	 of	 studies	 obese	
women	have	approximately	double	the	risk	of	UI.	A	
typical pattern of association, taken from the large 
Nurses’	Health	Study	II	 [156].	 (n=83,355)	 is	dem-
onstrated in igure 5.	The	ORs	 for	UI	by	severity	
are	plotted	against	BMI,	from	underweight	through	
to	obese.	Although	 the	Nurses’	Health	Study II is 
limited	 to	middle	 aged	women,	 such	 indings	 are	
consistent	across	all	age	groups,	both	within	stud-
ies[157],	and	between	studies[154].	This	associa-
tion is quite minimally attenuated by adjustment for 
other risks for UI. 

Data	 from	 the	 EPINCONT	 survey	 also	 demon-
strate	 the	 same	 positive	 association	 between	
BMI and more severe incontinence. Additionally 
they indicate that such associations hold for the 
major subtypes of incontinence (Figure 6 ), but 
are most pronounced for mixed UI, and relatively 
modest	 for	 UUI.	 Similar	 findings	 were	 reported	
for	data	 from	HERS	 [158].	and	 the	1946	British	
Birth	Cohort[159].	with	the	associations	with	BMI	
being greater for stress or mixed UI compared 
with	urgency	UI.

The	temporal	association	between	BMI	and	UI	is	
also	 established	with	 data	 from	 the	 1946	British	
Birth	 Cohort	 [161].,	 SWAN	 [128].,	 MRC	 Incon-
tinence	 [125].	 and	 the	 Nurses’	 Health	 II	 studies	
[162].	demonstrating	that	earlier	onset	of	obesity	
is	associated	with	increased	risk	for	UI	in	middle	
age[161],	 and	 that	 both	 higher	 BMI	 and	 greater	
weight	 gain	 are	 associated	 with	 increased	 risk	
of	 incident	UI	 [125,128,162].	Although	again	 it	 is	
hard	to	compare	between	studies,	it	appears	that	
BMI may be a greater risk factor for incident UI 
than for prevalent UI adding credence to its caus-
al	association	 [128].	As	 for	 cross-sectional	 stud-
ies, the association is stronger for incident stress 
UI	and	mixed	UI,	compared	with	incident	urgency	
UI	[125,	128].

There	is	adequate	evidence	[163-164],	that	obe-
sity increases intraabdominal pressure, predis-
posing	 to	 stress	 incontinence,	 while	 coexisting	

Figure 5. Associations between BMI and UI severity from [156].
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metabolic syndrome predisposes to urgency 
incontinence	 [165-168].	Consistent	with	 this	hy-
pothesis	 waist	 circumference	 and	 waist	 to	 hip	
ratio	appeared	to	be	associated	only	with	stress	
UI,	 and	not	with	 urgency	UI	 in	 the	SWAN	 [128]	
and	HERS	 studies[158].	More	 recent	 data	 from	
BACH	 [159]	 and	 KNHNES	 [170].	 indicate	 that	
measures of central adiposity are also correlated 
with	urgency	UI.

Finally,	 intervention	 studies	 for	 weight	 reduc-
tion	 have	 reported	 that	 even	 modest	 weight	
loss	 is	 associated	 with	 improvement	 or	 reso-
lution	 of	 both	 stress	 and	 urgency	UI,	with	 the	
probability of resolution correlated to the de-
gree	of	weight	loss	[163,171-174].	Despite	the	
complex	 interplay	 between	 weight	 and	 other	
risk	 factors	 for	UI,	we	 therefore	have	 very	 ro-
bust evidence to support a causal role of BMI 
in the development of UI.

3.  PARITY, PREGNANCY AND MODE OF DE -
LIVERY 

Parity is considered by the laity as among the 
most	 important	 risk	 factors	 for	 UI.	 This	 is	 re-
flected	 in	 almost	 all	 large	 cross-sectional	 sur-
veys (Figure 7 ).	 Some	 early	 studies	 reported	
a threshold effect at one delivery and little or 
no	 additional	 risk	 with	 increasing	 parity	 [175-
177],	 but	 in	most	 subsequent	work,	 increasing	

parity	is	associated	with	increased	risk	of	UI.	A	
single	 delivery	 is	 typically	 associated	 with	 ad-
justed	OR	of	around	1.3-1.6	 for	UI,	and	 further	
deliveries linearly increasing the risk up to an 
adjusted	 OR	 of	 1.5-2.0	 [128,145,156,178].	 As	
expected these effects are strongest in the third 
and	 fourth	 decades,	 with	 substantial	 attenua-
tion through middle age, and in many studies 
no	persistent	effect	in	old	age	[157,178-180],	as	
other risk factors come to dominate. Although 
the	 EPINCONT[178]	 and	 SWAN	 [128]	 studies	
reported	 only	 association	 between	 parity	 and	
stress or mixed UI, other studies have suggest-
ed,	 a	 reduced	 but	 significant	 association	 with	
urge	UI	also	[181-182].

There	is	a	substantial	difference	in	effect	be-
tween	 vaginal	 delivery	 and	 caesarean	 deliv-
ery, that has also been subject of a system-
atic	 review	 [183].	 Meta-analysing	 data	 from	
four	 large	 cross-sectional	 studies	 [184-187],	
suggested a significant protective effect of 
caesarean	on	stress	UI	(OR	0.56)	and	mixed	
UI	 (OR	0.70),	consistent	with	data	both	 from	
more	 recent	 cross-sectional	 [179,181],	 and	
longitudinal	 studies	 [188-191].	While	 the	ex-
isting interventional studies remain signifi-
cantly	 underpowered,	 even	 in	 aggregate,	 a	
trend	 towards	protective	effect	 of	 caesarean	
is	sti l l 	seen	[192].

Figure 6. Associations between BMI and UI subtype from [160].
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Pregnant	 women,	 and	 those	 in	 the	 early	 post-
partum period are typically excluded from pop-
ulation-based	 studies	 of	 UI,	 but	 a	 large	 body	 of	
work	considers	the	specific	epidemiology	of	UI	in	
and	around	pregnancy.	A	recent	systematic	review	
including	33	population	based	studies,	each	with	
response	rate	over	50%	[193],	concluded	that	the	
prevalence	 of	 UI	 in	 the	 first	 three	 months	 post-
delivery	 was	 30%,	 and	 with	 infrequent	 stress	 UI	
being most common. As demonstrated in Table 
9, there is a gradual decrease in prevalence dur-
ing	 the	 first	 post-partum	 year.	 The	 difference	 in	
UI	rates	between	women	delivering	vaginally	and	
those delivering by caesarean is evident immedi-
ately after delivery.

Despite	 the	 protective	 effect	 of	 caesarean,	 for	
many	women	 the	 onset	 of	 incontinence	 is	 during	
pregnancy	 itself.	Point	 prevalence	of	UI	 is	 low	 in	
the	irst	 trimester,	 rising	 rapidly	 in	 the	second	 tri-
mester	 and	 increasing	 slightly	 in	 the	 3rd	 trimes-
ter	 [204-205].	 In	 the	population	based	Norwegian	
Mother	 and	 Child	 Cohort	 Study,	 (n=43,279),	 the	
prevalence of stress incontinence from before to 
during	 pregnancy,	 rose	 from	 9%	 to	 31%	 in	 nul-
liparous	women,	and	 from	24%	to	42%	 in	parous	
women.	In	contrast,	mixed	incontinence	showed	a	
similar	 rise	 in	 both	 groups	 (from	6%	 to	 16%	and	
from	8%	to	20%,	respectively).	Urge	incontinence	
remained virtually unchanged in both groups at 
less	 than	 5%.	 In	 follow	 up	 of	 these	 women,	 on-
set	of	incontinence	during	pregnancy	was	strongly	
predictive	of	post-partum	UI,	with	little	modiication	
by	mode	of	delivery.	Such	an	effect	seems	to	per-
sist	 even	 into	 long	 term	 follow	up	 [189-190,	 206-

207],	even	for	women	who	return	to	full	continence	
in	the	immediate	post-partum	period.	It	seems	that	
the temporary physiological changes during preg-
nancy	may	reveal	women	with	a	predisposition	to	
incontinence in later life, in a manner analogous to 
gestational diabetes.

There	 are	 other	 suggested	 potentially	 modiiable	
obstetric risk factors, including induction of labour, 
forceps delivery, and use of episiotomy. Regard-
less	 of	 conlicting	 observational	 evidence	 of	 an	
effect	 of	 episiotomy	 (for	 example	 [195,203,208-
209]),	 there	 are	 a	 large	 number	 of	 interventional	
studies	that	have	not	shown	either	harm	or	beneit	
[210].	Similarly	while	forceps	delivery	has	conlict-
ing evidence from observational studies (for ex-
ample	[199,209,211-212]),	within	the	context	of	the	
second stage of labour, maternal urinary inconti-
nence is of secondary importance in decision mak-
ing	 regarding	choice	of	delivery	 instrument	 [213].	
In	a	similar	vein,	while	induction	and	augmentation	
of labour, and use of epidural anaesthesia have 
each	been	identiied	as	being	associated	with	both	
early	postpartum	and	persistent	UI	[198,214-216],	
it	is	doubtful	whether	this	should	have	any	effect	on	
current obstetric practice.

Many other suggested obstetric risk factors, includ-
ing	age	at	 irst	delivery,	and	birth	weight,	are	per-
haps	 not	meaningfully	modiiable.	 Several	 studies	
have	suggested	that	older	age	at	either	irst	or	last	
birth	 is	associated	with	UI	[159,217-219],	although	
more	recent	data	from	the	RRISK	study	suggested	
a	U	shaped	distribution	[216],	with	very	young	moth-
ers also at increased risk. Inadequate adjustment for 

Figure 7. Adjusted OR for UI from large cross-sectional surveys grouped according to number of deliver -
ies(128,145,156,178)



36

Prevalen ce (%) by m onths 
post- pa rtum  

Reference Coun try Type of 
delivey  N Type of UI  Freq . of 

UI 
1 to 3 

months 
4 to 6 

months  
7 to 12 
months  

Chaliha 
(194) 

UK VD 289
 

All 
Stress

 Any
 

15 
13 

  

CS 131 All 
Stress

 Any 9 
8 

  

Eason
 

(195) 
Canada

 
VD

 
467 All Any 

>weekly  
Daily 

31 
10 
3 

  

CS 104 All Any 
>weekly

 

Daily 

12 
2 
1 

  

Eftekhar(196) Iran VD 357 Stress Any 
 

16* 
 

CS 
ECS 
CSL 

345
 

Stress Any 
 12* 

11* 
25* 

 

Ekstrom 
(197) 

Sweden
 

VD 197
 

Stress
 

Urge 
Any

 
20 
4 

 
15 
6 

CS 192 Stress
 

Urge
 Any 4 

3 
 5 

5 

Pregazzi 
(198) 

Italy
 

VD
 

379 Stress
 

Urge 
Any 8 

6 

  

SVD
 

218
 

Stress
 

Urge 
Any 16 

1 

  

Farrell 
(199) 

Canada SVD 313 All
 

Any 23* 22* 
 

CS 
ECS 
CSL 

125 
27 
98 

All Any 
8*

 4*
 9*
 

10* 
5* 

12*  

Groutz 
(200) 

 

Israel SVD 145 Stress 2+/mo.   10* 

ECS 
CSL 

118 
100 

Stress 2+/mo.   
3* 

12* 

Glazener(201)

 

New 
Zealand, 

UK 

VD 
SVD 
IVD 

2805  
1954
851 

All Any 32, 29* 
31, 28* 
33, 30* 

  

CS 569 All Any 16, 12*   

Schytt 
(202) 

Sweden

 

VD 
SVD 
IVD 

750 
617 
133 

SUI
 

Any
 

  

20 
19 
22 

CS 
ECS 
CSL 

165 
43 

122 

Stress
 

Any 

  

9 
0 
11 

Borello-France

 

(203) 
USA

 

VD

 

356

 

All 
Stress 
Urge 
Mixed 

Any

 

35 
17 
4 

15 

31 
14 
3 

14 
 

ECS 116 

All 
Stress 
Urge 
Mixed 

Any 

25 
11 
4 

10 

23 
14 
1 
8 

 

 

Table 9. Prevalence of urinary incontinence in the irst post-partum year among primiparous women by 
type of delivery 

*  Restricted to women with no UI prior to pregnancy
VD=all vaginal deliveries; SVD=spontaneous vaginal delivery; IVD=instrumental vaginal delivery (forceps and/or vacuum); 
CS=all Cesarean sections; ECS=elective Cesarean section (prior to labour); CSL=Cesarean section after onset of labour
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socio-economic	class	may	explain	all	these	effects.	
Numerous studies have suggested that greater birth 
weight	at	 a	 single	delivery,	 or	maximum	weight	of	
infant across all deliveries may also be associated 
with	UI	 [177,179,201,216,220],	 but	 again	 random-
ized	 interventional	 trials	 of	 elective	 caesarean	are	
needed before making clinical recommendations.

4. ETHNICITY AND RACE 

With	wide	variations	in	UI	prevalence	between	stud-
ies, comparison by race and ethnicity can be made 
only	 where	 such	 data	 have	 been	 reported	 within	
one	 study.	 Almost	 all	 population-based	 studies	
comparing	the	prevalence	of	UI	among	women	from	
one or more racial or ethnic groups originate from 
the	US,	which	may	 limit	generalisability	of	conclu-
sions.	Results	are	summarised	in	Table	10.	In	gen-
eral,	across	all	studies,	white	women	have	a	higher	
prevalence of UI, and in particular stress UI than all 
other groups. 

The	 starkest	 and	 most	 consistent	 contrast	 is	 in	
rates	 of	 stress	 UI	 for	 black	 and	 white	 women.	 In	
most	 studies,	 black	 women	 have	 half	 the	 preva-
lence	of	stress	UI	compared	to	white	women,	with	
differences persisting after adjustment for age, par-
ity and BMI. In comparing prevalence of mixed and 
urge	UI	 for	 white	 and	 black	 women,	 there	 is	 less	
consistency. Most studies suggest similar preva-
lence	of	urge	UI	and	mixed	UI,	however,	the	recent	
BACH	survey	found	very	high	rates	of	mixed	UI	[27]	
among	black	women,	while	the	EPI	study	reported	
very	high	rates	of	pure	urgency	UI	[221].(Table 10) 
These	 cross-sectional	 data	 are	 supplemented	 by	
longitudinal	studies.	 In	SWAN	 [128],	black	women	
were	at	half	the	risk	of	incident	stress	UI,	but	nearly	
double the risk of incident urgency UI. In the Nurses 
Health	Studies	[222],	black	women	had	lower	risk	of	
both	overall	UI,	and	stress	UI	after	adjustment.	The	
consistency	 of	 this	 difference	 across	 both	 cross-
sectional and longitudinal studies, employing dif-
ferent	case	deinitions	suggests	a	real	difference	in	
prevalence rather than simply reporting bias. 

Typically	 smaller	 groups	 of	 east	Asian	 or	 Hispanic	
women	have	been	included	 in	these	studies,	which	
precludes clear conclusions. Broadly though, Asian 
women	 report	 lower	 prevalence	of	 both	 stress	 and	
urgency	UI.	There	is	less	consistency	in	comparisons	
of	 Hispanic	 and	 non-Hispanic	 white	 women,	 with	
some	studies	reporting	higher,	and	others	lower	over-
all	prevalence.	This	heterogeneity	may	be	explained,	
at least in part, by differences in prevalence among 
sub-populations,	with	Mexican-American	women	be-
ing	at	higher	risk	than	other	Hispanic	women	[226],	
or differences in extent of adjustment for covariates.

5. MENOPAUSAL REPLACEMENT THERAPY 

Menopausal	 oestrogen	 replacement	 therapy	 was	
widely	prescribed	as	a	treatment	for	urinary	incon-
tinence during or after menopause, on the basis of 

rather	 heterogenous	 data	 from	 clinical	 trials	 [231]	
and	 inconsistent	 associations	 in	 cross-sectional	
studies	 [215,232].	 While	 current	 evidence	 overall	
continues to support prescribing of topical oestrogen 
[233],	the	Nurse’s	Health	Study[234],	the	Heart	Es-
trogen/Progestin	Replacement	Study	(HERS)	[235],	
and	Womens’	Health	Initiative	(WHI)	Hormone	Re-
placement	Trial	 [165]	all	provided	strong	evidence	
that	oral	oestrogens,	with	or	without	combined	pro-
gestogens	were	associated	with	increased	incident	
UI.	 In	 the	 placebo	 controlled	 HERS	 trial,	 women	
randomized	to	conjugated	oral	oestrogen	plus	me-
droxyprogesterone	were	more	 likely	 to	experience	
worsening	of	their	 incontinence	over	4	years	(39%	
vs	27%,	p<.001)[164].	In	the	randomized	WHI	trial,	
continent	women	receiving	oestrogen,	with	or	with-
out	progestogen,	were	approximately	twice	as	likely	
to	 have	 developed	 stress	 incontinence	 at	 1	 year	
(16%	vs	9%,	p<.0001)	[236].	The	risks	of	mixed	and	
urge	incontinence	were	also	signiicantly	increased,	
though more modestly. Further trials including 
oestrogen arms have subsequently been reported 
during development of selective oestrogen recep-
tor	modulators	(SERMs),	conirming	these	indings	
[237].	Some	SERMs,	have	themselves	been	asso-
ciated	with	 an	 increased	 risk	 of	UI	 [238]	 although	
raloxifene appears safe.

6. HYSTERECTOMY 

Hysterectomy is among the most common major 
procedures	 performed	 for	 women	 in	 Western	 na-
tions.	Many	women	date	the	onset	of	incontinence	
to a hysterectomy, but uncontrolled case series and 
small	randomised	trials	produced	conlicting	results.	
Evidence from large population based observation-
al studies has increasingly suggested a causal link, 
although the underlying pathophysiological mecha-
nism is poorly understood.

Among	a	sample	of	1,517	Taiwanese	women	aged	
65+,	hysterectomy	was	associated	with	OR	1.8	 for	
UI,	with	no	difference	by	hysterectomy	 route	 [239].	
Earlier	trials	had	however	suggested	either	no	effect	
[121,135]	or	rather	more	modest	effects	[240].	Where	
an	 association	 is	 found,	 it	 is	 strongest	 with	 case	
deintions	consistent	with	“severe	UI”	[136,156,185],	
perhaps	 relecting	high	 rates	of	mild	UI	 in	controls.	
Using	a	sample	of	more	than	900,000	women	from	
the	 Swedish	 Population	 Register,	 abdominal	 hys-
terectomy	 for	 benign	 disease	 was	 associated	 with	
hazard	 ratio	 2.1	 for	 subsequent	 stress	 UI	 surgery,	
while	vaginal	hysterectomy	for	prolapse	was	associ-
ated	with	hazard	ratio	6.3	[241].	Similar	results	were	
observed comparing hysterectomy and endometrial 
ablation	 in	 the	Scottish	Morbidity	Returns	database	
[242].	Recent	data	 from	a	 randomised	 trial	of	 levo-
norgestrel-IUS	versus	hysterectomy	[243]	does	con-
irm	this	effect.	In	follow	up	of	236	women,	increased	
incidence	of	both	stress	UI	 (OR	1.83)	and	urgency	
UI	(OR	1.48)	was	irst	noticed	only	at	10	years,	with	
corresponding higher rates of treatment.
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Reference
 

Age Sample
 

Case Definition
 

White
 

Hispan ic
 

Black
 

Asian
 

Fultz (223) 70+ 3,991 Any UI 23 - 16 - 

Nygaard (224)
 

50-69 5,701
 

Any UI
 

17
 

10
 

10 - 

Nygaard (100) 20+ 1,961 Monthly UI
 

16 16 14 - 

Burgio (140) 42-50
 

541
 

Monthly UI 32 - 18 - 

Grodstein (145) 50-75 82,936 Monthly UI 
Weekly UI 

35 
18 

28 
16 

21
 

10
 26 

13 

Danforth (156) 37-54 85,670 Monthly UI 
Weekly UI 

18 
26 

19 
26 

14 
22 

14 

18 

Sampselle (225) 42-52 3,258 Any UI 66 42 50 52 

Waetjen (128) 42-52

 

3,002 Monthly UI 
Weekly UI 

Monthly SUI 
Monthly UUI 
Monthly MUI 

57 
20 
32 
8 

16 

28 
11 
21 
1 
5 

39 
13 
13 
12 
13 

39
 

9 

27
 

4 

7 

Anger (226) 

 

60+ 23,477,726
 

Any UI 
Monthly UI 
Weekly UI 
Daily UI 

41 
35 
25 
15 

31 

27 

25 

8 

20 
17 
15 
11 

- 

Jackson (227) 70-79 1,558 Weekly UI 
Weekly SUI 
Weekly UUI 

27 
12 
11 

- 
14 
5 
7 

- 

Dooley (228) 20+ 4,229 Any UI 
Any SUI 
Any UUI 
Any MUI 

53 
27 
8 

19 

50 
26 
8 

17 

38 
12 
11 
15 

- 

Fenner (221) 35-64

 

2,814 Monthly UI 
Weekly UI 

Monthly SUI 
Monthly UUI 
Monthly MUI 

33 
21 
13 
4 
7 

- 

15 
9 
4 
4 
4 

- 

Thom (83) 40-69 2109 Monthly UI 
Weekly UI 
Daily UI 

Weekly SUI 
Weekly UUI 
Weekly MUI 

45 
30 
12 
15 
9 
3 

51 
36 
17 
18 
10 
5 

37 
25 
12 
8 

14 
2 

34 
19 
9 
8 
7 
3 

Markland (229) 65+ 421 Any UI 45 29 - - 

Markland (230)
 

65+ 490 Monthly UI 41  25  

Tennstedt (97) 30-79 3,205 Weekly SUI 
Weekly UUI 
Weekly MUI 

Weekly Other UI 

35 
13 
44 
7 

14 
11 
69 
6 

9 
3 

82 
5 

- 

Table 10. Prevalence of UI by Race/Ethnicity in Population-based Studies.
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Overall hysterectomy by any route appears to be 
associated	with	development	of	subsequent	incon-
tinence	 symptoms,	 and	 particularly	 with	 need	 for	
stress	UI	surgery.	The	data	from	observational	stud-
ies	should	still	be	considered	cautiously,	as	indings	
may	be	 inluenced	by	both	healthy	responder	bias	
and	 medical	 surveillance	 bias,	 the	 latter	 of	 which	
may also affect unblinded interventional studies. 

7. DIET 

Studying	diet	 as	a	 risk	 factor	 for	UI	 remains	 chal-
lenging. While some dietary constituents such as 
coffee, alcohol or carbonated beverages have been 
suspected	as	worsening	UI,	 there	 is	 little	 theoreti-
cal reason to suspect other dietary constituents as 
causing,	 or	 protecting	 from,	 UI.	 Dietary	 data	 are	
dificult	to	obtain	reliably.	Studies	of	dietary	factors	
must adjust for confounders, notably age and body 
mass,	and	should	consider	the	trade-offs	made	with	
other	constituents.	Finally,	women	may	change	di-
etary	 intake	 in	response	to	UI,	making	cross-	sec-
tional	studies	of	diet	and	UI	dificult	to	interpret.

Several	studies	have	examined	the	consumption	of	
coffee as a risk factor for UI. While some studies 
report	a	positive	association	with	an	increased	risk	
of	UI	[131,244-245],	others	have	either	reported	no	
association	 [246],	 or	 a	 protective	 effect	 [125,247].	
Even	within	 the	 large	 EPINCONT	 study	 there	 ap-
peared	to	be	conlicting	indings	with	a	positive	as-
sociation	with	mixed	UI,	but	a	negative	association	
with	stress	UI	 [160].	The	WHI	study	demonstrates	
a	 dose-dependent	 positive	 association	 between	
caffeinated coffee and urgency UI, but not for de-
caffeinated	coffee	or	other	UI	subtypes	 [248].	The	
overall picture is therefore unclear.

The	EPINCONT	study	suggested	a	positive	associa-
tion	between	tea	drinking	and	stress	UI	or	mixed	UI	
[160],	 while	 analysis	 of	 the	 Swedish	Twin	Registry	
Cohort	 showed	an	association	only	with	overactive	
bladder	[247].	The	Leicester	MRC	Incontinence	study	
is	 one	of	 two	studies	 to	have	used	 food	 frequency	
questionnaires,	 and	 found	 no	 association	 with	 tea	
[125].	It	is	unclear	whether	tea	consumption	contrib-
uted	signiicantly	to	the	overall	association	between	
UI	and	dietary	caffeine	in	the	WHI	study	[248].	A	posi-
tive	association	between	alcohol	consumption	and	
UI	 has	 been	 reported	 by	 some	 studies	 [249],	 but	
is	 found	 to	be	either	protective	 [125,250],	or	of	no	
signiicance	[160]	in	other	studies.	

The	most	comprehensive	assessment	of	diet	as	a	
risk	 factor	 for	 UI	 comes	 from	 the	 Leicester	 MRC	
study	 [125].	 Besides	 effects	 reported	 above,	 this	
study also found an increased incidence of stress 
UI	with	 carbonated	 drinks,	 and	 reduced	 incidence	
of	 overactive	 bladder	with	 bread,	 potato	 and	 veg-
etable consumption. While these effects certainly 
provide interesting avenues for further research, 
there is a concern that they may be surrogates for 

other	unidentiied	socioeconomic	risks,	rather	than	
truly causal. Overall there is a lack of consistency 
in	reports	of	dietary	associations	with	UI	that	most	
likely	relects	methodological	limitations	rather	than	
differences	between	populations.

8. SOCIOECONOMIC STATUS 

Socio-economic	status	(SES)	is	strongly	correlated	
with	many	of	 the	other	 risk	 factors	 for	UI	 including	
parity, BMI, diabetes, depression, smoking and tim-
ing	of	menopause.	Higher	SES	is	consistently	asso-
ciated	with	increased	care	seeking	for	UI,	but	there	
is	conlicting	evidence	of	association	between	SES	
and UI prevalence, or bother. While many studies do 
include	 some	measure	of	SES	as	a	potential	 con-
founder, its effect is frequently not reported. Table 
11 summarises some of the major studies that have 
reported associations, to highlight inconsistencies 
both	by	SES	deinition	and	UI	deinition.	In	the	table	
a	positive	association	is	cited	where	women	of	high-
er	SES,	i.e.	higher	income,	more	education,	report	a	
greater prevalence of UI. 

9. SMOKING 

Data	 from	 observational	 studies	 on	 smoking	 are	
again quite inconsistent. It has been reported to be 
an	independent	risk	factor	for	UI	in	women	in	some	
cross-sectional	studies	[108,156,160,225,256]	but	
not	in	many	others	[96-97,110].	Within	studies	that	
do	ind	an	association,	former	smokers	have	a	risk	
intermediate	between	never	 smokers	and	current	
smokers, and some dose response effect is evi-
dent, adding plausibility.

However,	 with	 one	 exception	 longitudinal	 stud-
ies	 have	 consistently	 failed	 to	 ind	 a	 signii-
cant	 association	 between	 either	 past	 or	 current	
smoking and incident UI in multivariate analysis 
[121,128,131,135,257].	Only	in	the	Leicester	MRC	
study	 [125]	was	 current	 smoking	 associated	with	
increased	risk	for	incident	stress	UI.	The	conlicting	
data	 from	cross-sectional	 studies	and	 lack	of	 as-
sociation	between	smoking	and	incident	UI	in	most	
prospective studies suggests that smoking is prob-
ably not a causal risk factor for UI.

10. PHYSICAL ACTIVITY 

Evaluating	associations	between	physical	 activity	
and incontinence remains complex. It is clear that 
high	 impact	 exercise	 such	 as	 gymnastics	 [258-
259]	 or	 trampolining	 [260-261].	 is	 a	 direct	 cause	
of	 stress	 UI,	 with	 a	 dose	 dependent	 deleterious	
effect.	 However,	 women	who	 suffer	 from	UI,	 and	
particularly stress UI, may feel less able to engage 
in	such	sports	 [262].	Furthermore	with	 increasing	
interest	in	core	training	as	a	treatment	for	UI	[263],	
there	 are	 theoretical	 reasons	 to	 believe	 that	 low	
impact exercise might have a direct therapeutic 
effect. With these competing mechanisms at play, 
unsurprisingly	 cross-sectional	 studies	 have	again 
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produced	 conlicting	 evidence	 (see	 for	 example	
[97,264-265]).	 However,	 among	 cross-sectional	
studies,	comparison	of	low	impact	and	high	impact	
exercise is suggestive that, as hypothesised, high 
impact	sports	might	be	harmful,	while	 low	 impact	
sports	might	be	protective	[160,266].

Evidence from longitudinal studies overall suggests 
that exercise does have a protective effect against 
incident UI, but perhaps only mediated via an effect 
on	weight.	In	the	Leicester	MRC	study,	women	who	
reported	that	they	exercised	less	frequently	were	at	
increased risk for both incident stress UI and OAB 
in a model that adjusted for physical functioning, al-
though	notably	this	association	was	eliminated	in	a	
full	model,	adjusting	for	obesity[125].	 In	a	study	of	
4,291	older	women	exercise	at	baseline	was	not	as-
sociated	with	incident	UI	at	10	year	follow	up	after	
multivariate	 adjustment	 [131].	 Perhaps	 the	 stron-
gest	evidence	comes	from	the	Nurses’	Health	Study	
[267].	 In	this	population	of	US	nurses	aged	54-79,	
a	 higher	 level	 of	 physical	 activity	 across	 14	 years	
of	follow-up,	was	associated	with	a	reduced	risk	of	
UI	overall,	and	speciically	stress	UI,	although	after	
adjustment for BMI and other factors, the overall ef-
fect	was	small.	

11.  COMORBIDITIES: DIABETES, UTI, COG -
NITIVE IMPAIRMENT, ISCHAEMIC HEART 
DISEASE, PHYSICAL IMPAIRMENT AND 
DEPRESSION 

In	cross-sectional	studies	many	different	comorbidi-
ties	have	been	associated	with	UI	in	univariate	anal-
ysis	 [232,255,268].	However,	 in	most	 cases	 these	
have	 no	 explicatory	 power,	 being	 neither	 a	 cause	
nor	 consequence	 of	 UI,	 but	 only	 associated	 with	
other	known	or	unknown	mediators	of	UI,	or	differ-
entially diagnosed due to medical surveillance bias. 
In	this	section,	we	therefore	concentrate	on	studies	
that	are	able	to	adjust	for	a	wide	range	of	confound-
ers, and give priority to associations of incident UI.

Many, though not all, cross sectional studies have 
reported urinary incontinence to be more com-
mon	 in	women	with	 either	 type	 1	 or	 type	 2	 diabe-
tes	 than	among	women	with	normal	glucose	 levels	
even	after	extensive	adjustment	 for	known	risk	fac-
tors	 [128,135,185,258,269-271].	 There	 are	 conlict-
ing data regarding a dose dependent association 
[270,272].	 Longitudinal	 evidence	 is	 also	 conlict-
ing.	 In	 the	 Nurses’	 Health	 Study	 cohort,	 diabetes	
was	 a	 slight	 but	 signiicant	 predictor	 of	 incident	 UI	

Reference
 

Coun try
 

Sample SES Measure  Incontinen ce 
Definition 

Association  

Huang (251) US 2,109 Educational level
 

Bothersome UI
 

Negative 

Sampselle (225) US 3,302 Educational level
 

Financial strain 
Any UI 

Bothersome UI
 Positive 

Negative 

Waetjen (128) US 2,702 Educational level
 

Social Support 
Monthly UI 

Monthly UUI 
Negative

 

Positive
 

Kraus (252)
 

US
 

654 Occupation Bothersome UI
 

Negative
 

Tennstedt (97) US 3,205 Composite Index
 

Weekly UI Nil 

Melville (185)
 

US 3,506 Educational level
 

Income 
Monthly UI 
Monthly UI 

Negative 
Negative 

Saadoun (253)
 

France
 

2,640
 

Educational level
 

Occupation 
Monthly UI 
Monthly UI 

Nil 
Nil 

Roe (254) UK
 

2,699
 

Occupation
 

Monthly UI
 

Nil 

Kuh (159) UK 1,333 Educational level
 

Educational level
 Monthly SUI 

Monthly UUI 
Positive

 

Nil 

Coyne (255) US/UK/ 
Sweden 

15,861
 

Educational level
 

Occupation 
Monthly UI 
Monthly UI 

Negative 
Negative 

Ge (110) China
 

3,058 Educational level
 

Occupation 
Monthly UI

 

Monthly UI
 Negative

 

Negative
 

Table 11. Selected studies reporting associations between socioeconomic status and UI in women.



41

(RR=1.21),	and	the	strength	of	 the	association	was	
seen	to	increase	both	with	duration	of	diabetes	and	
with	severity	of	incontinence.	Despite	strong	associ-
ations	with	prevalent	UI	in	the	SWAN	study,	no	asso-
ciation	with	either	 incident	UI[128],	or	worsening	UI	
was	found	[128].	Despite	a	host	of	plausible	patho-
physiological	mechanisms	by	which	diabetes	might	
induce	 incontinence,	 it	 remains	 unclear	 whether	 it	
truly has a causal role.

Acute	urinary	tract	infection	(UTI)	is	a	direct	cause	
of	transient	UI	[273],	but	caution	is	required	regard-
ing	a	causal	association	with	chronic	UI.	UTIs	are	
often diagnosed and treated based on symptoms 
alone, and there may therefore be a risk of misclas-
siication	 between	 exposure	 and	 outcome.	 Many	
cross-sectional	studies	have	found	that	women	with	
UI are more likely to report having had one or more 
lifetime	 UTIs	 [221,246,274-275],	 and	 longitudinal	
data	suggest	both	that	UI	can	cause	UTI,	and	that	
UTI	can	lead	to	UI.	Two	recent	prospective	studies	
found	 that	 baseline	UI	was	a	 risk	 for	 incident	UTI	
[273,276],	among	middle	aged	and	elderly	women,	
and	in	the	Leicester	MRC	study,	a	history	of	cysti-
tis	was	associated	with	both	incident	stress	UI	(OR	
1.9)	and	incident	OAB	(OR	2.1)	in	women	aged	>40.	

Prevalent UI has a clear dose dependent asso-
ciation	 with	 dementia	 [277-278],	 but	 until	 recently	
longitudinal studies did not identify an association 
with	 incident	 UI.	 One	 longitudinal	 study	 of	 6,349	
community	dwelling	women	found	that	a	decrease	
in	mental	functioning	as	measured	by	the	modiied	
mini	mental	status	exam	(MMSE)	was	not	associat-
ed	with	increased	frequency	of	UI	over	6	years,	but	
did	 predict	 a	 greater	 impact	 [279].	 Despite	 strong	
associations	with	baseline	UI	in	the	Canadian	Study	
of Health and Aging, moderate or severe cognitive 
impairment,	again	deined	by	 the	modiied	MMSE,	
was	not	associated	with	 incident	UI	over	10	years	
[131].	However,	in	a	sample	of	12,432	women	aged	
70-75,	followed	up	for	9	years,	the	Australian	Longi-
tudinal	Survey	of	Women’s	Health	did	demonstrate	
a	strong	longitudinal	association	with	diagnosed	de-
mentia	(OR	2.34)	[134].	In	9	year	follow	up	of	1,453	
women	aged	65+	enrolled	in	a	US	HMO	diagnosed	
dementia	 was	 strongly	 associated	 with	 incident	
diagnosis	of	UI	 (RR	3.0)	 [280].	Given	 the	strength	
and	consistency	of	associations	with	prevalent	and	
incident UI, and given that treatment for reversible 
dementias	can	improve	UI	[210,211],	a	causal	role	
seems certain.

Ischaemic	 heart	 disease	 is	 associated	 with	 many	
risk factors for UI, but perhaps because of Ney-
man’s	 bias,	 cross-sectional	 studies	 have	 often	
failed	 to	 identify	an	association	with	UI	 itself	even	
in	 univariate	 analysis	 [227,232].	 The	 BACH	 study	
reported a strong association only among Black 
participants	(OR	2.52)	in	multivariate	analysis	[97].	
In	the	Leicester	MRC	study	[268],	a	history	of	isch-
aemic	heart	disease	was	associated	with	baseline	

stress UI and OAB only in univariate analysis, and 
with	no	association	with	incident	symptoms.	In	con-
trast,	the	Nurses’	Health	Study	found	that	coronary	
heart	disease	was	associated	with	incident	weekly	
UI	 (OR	 1.46),	 and	 incident	 severe	 UI	 (OR	 1.79)	
[135].	If	ischaemic	heart	disease	is	a	risk	factor	for	
incident UI, its effects might be mediated by cardiac 
failure	[280],	or	polypharmacy	[283-284].

Several	 cross-sectional	 studies	 have	 documented	
an	 association	 between	 depression	 and	 inconti-
nence	 [128,185,224,229,240,285].	 It	 seems	 plau-
sible both that the stigma of UI leads to depression 
(for	example	by	reducing	a	woman’s	social	network),	
and depression is likely to increase the bother of UI 
symptoms.	In	the	SWAN	study,	depression	was	not	
associated	with	incident	UI,	but	in	the	UAB	Study	of	
Aging,	in	a	sample	of	490	women	aged	65+,	base-
line	 depression	 was	 weakly	 associated	 with	 inci-
dent	 UI	 (OR	 1.2)	 over	 3	 years	 of	 follow-up	 [130].	
Similarly	 in	 the	Health	and	Retirement	Study	con-
founders	(n=5,820),	major	depression	was	a	mod-
est predictor	of	incident	UI	(OR	1.46)	over	six	years	
of	follow-up,	and	including	extensive	adjustment	for	
confounder. Baseline incontinence did not predict 
incident	depression	in	the	same	study.	Follow	up	of	
women	 aged	 65+	 enrolled	 in	 an	HMO,	 diagnosed	
depression	was	also	associated	with	incident	diag-
nosed	UI	over	9	years	(OR	1.6)	[280].

Functional impairments, particularly mobility limi-
tations,	 a	 history	 of	 falls,	 arthritis,	 dizziness,	 need	
to	 use	 walking	 aids,	 and	 poor	 lower	 extrem-
ity	strength,	have	been	correlated	with	UI	 in	many	
community-based	 and	 nursing	 home	 studies	
[97,224,229.230,278].	 In	 the	Nurse’s	Health	Study	
osteoarthritis	 and	 functional	 limitations	were	 plau-
sibly	associated	only	with	 incident	urgency	UI	(RR	
1.86	and	2.10),	not	with	incident	stress	UI	or	mixed	
UI	[135].	In	a	study	of	2,025	older	women	improve-
ment	 in	 ADLs	 was	 associated	 with	 remission	 of	
urge	UI	at	3	year	follow	up	[224].	Other	longitudinal	
studies	have	shown	similar	indings	[130,279].	It	re-
mains	unclear	whether	UI	 is	a	direct	consequence	
of	dificulties	 in	getting	 to	 the	bathroom	and/or	 re-
moving	clothing,	or	whether	mobility	limitations	and	
UI may both be consequences of general frailty in 
older age or of an underlying systemic illness. 

1.		The	 estimated	 prevalence	 of	UI	 in	middle-aged	
and	 older	women	 in	 the	 general	 population	 ap-
pears	to	be	in	the	range	of	30%	to	60%	(increas-
ing	 with	 age);	 while	 the	 prevalence	 of	 daily	 UI	
ranges	 from	 5%	 to	 15%,	 rising	 to	 over	 15%	 in	
women	 over	 age	 70	 who	 are	 institutionalised.	
Some	 studies	 have	 found	 prevalences	 outside	
theses ranges, demonstrating that there remains 
a large variation in the estimated prevalence of 

V. SUMMARY POINTS
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13.		Data	from	twin	studies	suggests	that	there	is	a	
substantial	genetic	component	to	UI.	(LE	1)

14.		Other	 potential	 risk	 factors,	 including	 smok-
ing,	diet,	depression,	constipation,	UTIs,	and	
exercise,	while	 associated	with	UI,	 have	 not	
been established as aetiological risk factors 
and	 are	 in	 fact	 difficult	 to	 study	 with	 obser-
vational data because of the potential for 
unmeasured confounding and questions of 
direction	of	the	association.	(LE	3).

Since	 the	4th	 ICI	 in	2009,	 the	quantity	and	quality	
of epidemiological studies of UI has continued to 
increase. Most notable are the availability of pro-
spective data from several studies that can examine 
risk	factors	for	incident	incontinence	and	a	growing	
number of studies comparing the prevalence and 
incidence	of	UI	among	Caucasian,	Black,	Asian	and	
Hispanic	 women	 using	 population-based	 samples	
and	multivariate	 analysis.	 Below	 are	 several	 sug-
gestions	for	research	over	the	next	5	years.

•		Obesity	 is	 now	 an	 established,	 modiiable	 risk	
factor for UI. Investigation and dissemination of 
strategies	to	reduce	the	risk	of	UI	through	weight	
control or reduction should be a priority.

•		Poor	physical	function	is	a	consistent	risk	factor	for	
incontinence, particularly in the elderly. Whether or 
not	it	is	modiiable	is	not	clear.	Intervention	studies	
are needed to assess the impact of improvement 
of physical function on prevention or reduction of 
UI in frail elderly.

•		Moderate	 to	 severe	 dementia	 is	 also	 a	 consis-
tent	risk	factor	for	incontinence.	Studies	aimed	to	
maintain or improve cognitive functioning should 
assess change in UI as an outcome variable.

•		The	 higher	 prevalence	 and	 incidence	 of	UI,	 par-
ticularly	 stress	 UI,	 among	 Caucasian	 women,	
compared	to	Black	or	Asian	women	remains	unex-
plained. Further studies are needed to identify ad-
ditional exposures or biological factors that could 
explain these differences. 

•		Determining	the	role	of	genes	and	identifying	spe-
ciic	genes	that	increase	the	risk	of	UI	is	a	daunting	
challenge. Nonetheless, laboratory and epidemio-
logical studies are needed to investigate this area.

•		While	the	role	of	oestrogen	in	the	aetiology	of	UI	
has been rendered largely moot due to the move 
away	 from	 estrogen	 use	 because	 of	 concerns	
about increased risk of breast cancer and cardio-
vascular disease, the use of other medications 
for control of menopausal symptoms and the in-
troduction of selective oestrogen receptor modu-
lators	 (SERMs)	 is	 growing.	 Their	 impact	 on	 UI	

VI. FUTURE DIRECTIONS

urinary	incontinence	in	women,	even	after	taking	
into	account	differences	in	deinitions,	ascertain-
ment, and demographic characteristics. At least 
part of this variation is likely to be due to the sen-
sitivity of the subject and subtle differences in the 
conduct	of	studies.	(LE	1)

2.		Multiple	 observational	 studies	 have	 conirmed	
that	White,	non-Hispanic	women	have	a	substan-
tially higher prevalence of stress UI than Black or 
Asian	women	that	is	not	explained	by	differences	
in	known	risk	factors	for	UI.	(LE	1)

3.		Pregnancy,	labour	and	vaginal	delivery	(vs	Cae-
sarean	 section)	 are	 signiicant	 risk	 factors	 for	
later UI, but the strength of this association di-
minishes	substantially	with	age.	(LE	1)

4.		While	several	speciic	parturition	factors	such	as	
instrumental	delivery	and	birth	weight	are	risk	fac-
tors	for	UI	in	the	post-partum	period,	their	asso-
ciation	with	UI	in	later	life	is	weak	or	non-existent,	
suggesting that changes in birthing practices in 
developed countries are unlikely to affect UI in 
older	age.	(LE	2)

5.		Additional	evidence	has	now	established	body	
mass as an important, modifiable risk factors 
for	UI.	(LE	1)

6.		Physical	function	also	appears	to	be	an	indepen-
dent	 risk	 factor	 for	UI	 in	older	women.	Whether	
improvement in physical function leads to a re-
duction	in	UI	remains	to	be	established.	(LE	2)

7.		Evidence	from	2	blinded,	 randomised	controlled	
trials	indicate	that	oral	oestrogen,	with	or	without	
progestogen,	 is	a	signiicant	 risk	 factor	 for	UI	 in	
women	age	55	and	older	(LE	1).

8.		Diabetes	 is	 a	 risk	 factor	 for	UI	 in	most	 studies.	
While diabetic neuropathy and/or vasculopathy 
are	 possible	 mechanisms	 by	 which	 diabetes	
could lead to UI, no mechanism has been estab-
lished,	nor	is	it	clear	whether	prevention	or	treat-
ment	 of	 diabetes,	 separate	 from	 weight	 reduc-
tion,	will	reduce	the	risk	of	UI.	(LE	2)

9.		Menopause,	as	generally	deined,	does	not	appear	
to	be	an	independent	risk	factor	for	stress	UI.	(LE	2)

10.		Hysterectomy	remains	a	possible	risk	factor	for	
later	UI,	but	the	evidence	is	inconsistent.	(LE	2)

11.		Moderate	 to	 severe	 dementia	 in	 older	 women	
is a moderate to strong independent risk factor 
for	UI	(LE	2).	Whether	interventions	to	maintain	
or improve cognitive functioning also reduce UI 
has not been evaluated.

12.		Mild	loss	of	cognitive	function	in	community-dwell-
ing	women,	separated	from	physical	function	and	
other factors, increases the risk of UI slightly if at 
all,	but	may	increase	the	impact	of	UI.	(LE	2)
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needs to be studied. Add something about the role 
of vaginal oestrogens.

•		More	 is	now	understood	about	 the	prevalence	of	
and factors affecting treatment seeking among 
women	with	UI.	However,	more	work	needs	to	be	
done	 to	 identify	 women	 who	 would	 beneit	 from	
treatment,	but	who	do	not	seek,	or	who	do	not	re-
ceive, treatment and to develop interventions to 
help	these	women.

The	epidemiology	of	UI	in	men	has	not	been	inves-
tigated	 to	 the	 same	 extent	 as	 women.	 However,	
progress has been made during recent years, par-
ticularly	 in	 the	 reporting	of	 population-based	 stud-
ies of urinary incontinence among men and more 
speciically,	of	urinary	incontinence	associated	with	
prostatectomy. In addition, more reports have been 
published on the risk factors for the development of 
UI in men. 

In almost all community based studies, the preva-
lence rates of UI continue to be reported to be less 
in	men	than	in	women	by	a	1:2	ratio.	The	type	and	
age	distribution	of	UI	appear	to	be	different	between	
the sexes, and risk factors, although less investi-
gated	in	men,	seem	to	be	different	from	women.	It	
is also important not to consider UI as an isolated 
problem in men, but rather as a component of a 
multifactorial problem. Often other urogenital symp-
toms	(LUTS)	such	as	weak	stream,	hesitancy,	and	
dribbling, or erectile dysfunction, coexist.

Post-prostatectomy	incontinence	has	been	studied	
and	 reported	 with	 increasing	 regularity	 in	 the	 last	
few	years.	Since	radical	prostatectomy	is	being	per-
formed	with	increased	frequency,	and	incontinence	
is one of the main complications of the procedure, 
a	speciic	review	of	UI	in	the	postprostatectomy	pa-
tient population is presented in this section. In addi-
tion	to	epidemiological	studies,	we	included	clinical	
trial data on postprostectomy incontinence.

Several	 surveys	 from	 the	general	population	have	
been conducted to determine the prevalence of UI 
in men (Table 12).	 Prevalences	 ranging	 from	 1	 –	
39%	have	been	published.	The	wide	span	of	results	
may be explained by the variation in the population 
studied,	the	deinition	of	incontinence	used	and	the	
methods	used	 in	 the	surveys.	A	systematic	 review	
of	21	studies	 reported	a	prevalence	of	UI	 in	older	

men	 ranging	 from	 11-34%	 (median	 =	 17,	 pooled	
mean	=	22%),	while	 that	 among	middle-aged	and	
younger	men	was	 from	3%	to	5%	(median	=	4%	,	
pooled	mean	=	5%).	In	the	same	review,	the	preva-
lence	 of	 daily	UI	 in	men	 ranged	 from	2-11%	 (me-
dian	=	4%,	pooled	mean	=	5%)	[286].	A	more	recent	
systematic	 review	 of	 69	 prevalence	 studies	 on	UI	
in	community-dwelling	men	showed	pooled	overall	
prevalence	rates	from	4.81%	to	32.17%,	with	preva-
lence	increasing	with	age.	[333].	A	wide	deinition	of	
UI, older age, inclusion of institutionalised men, and 
the	use	of	 self-reporting	methods	 tend	 to	 result	 in	
higher	prevalence	rates	[286-287].

For	any	deinition	of	UI,	there	is	a	steady	increase	in	
prevalence	with	increasing	age	(Table 13 ).

1. TYPES OF INCONTINENCE

Due	to	differences	in	anatomy	and	pathophysiol-
ogy	 of	 UI	 in	 men	 and	 women,	 there	 is	 a	 differ-
ent distribution in incontinence subtypes. Recent 
studies confirmed our previous reports of the pre-
dominance	of	urgency	incontinence	(40-80%),	fol-
lowed	by	mixed	forms	of	UI	(10-30%),	and	stress	
incontinence	 (<10%)	 [322].	 The	 pooled	 preva-
lence	 rates	 in	 a	 systematic	 review	 confirmed	
that such distribution pattern across the different 
types of UI is consistent across the different age 
groups	[333].	(Table 14 ).

The	 higher	 percentages	 of	 urgency	 and	 mixed	
types of incontinence are more significant in stud-
ies involving older people. In fact, the increasing 
prevalence of any UI by age in men is largely 
due to the contribution of urgency incontinence 
rather than stress incontinence. One study dem-
onstrated	an	increasing	rate	of	urge	UI	from	0.7%	
between	 age	 50-59,	 2.7%	 between	 60-69	 and	
3.4%	for	70	years	and	older	respondents.	Stress	
UI	 was	 steady	 at	 0.5%,	 0.5%	 and	 0.1%	 for	 the	
above	 groups	 respectively	 [295].	A	 similar	 trend	
of	 increasing	proportions	of	urgency	and	UI	with	
increasing age is demonstrated in a large popu-
lation-based	study	in	the	US	[313],	and	a	smaller	
population-based	 Canadian	 study	 [336].	 On	 the	
other	 hand,	Maral	 and	 coworkers	 [292]	 reported	
increasing	prevalence	also	of	SUI	with	age,	from	
0.9%	 between	 age	 35-44,	 to	 1.2%	 between	 45-
54,	3.8%	between	55-64,	and	4.9%	at	age	65	and	
older	[292].	

Most	studies	report	a	signiicant	fraction	of	other/un-
classiied	types	of	urinary	incontinence.	One	study	
reported	that	a	majority	of	men	with	UI	had	overlow	
and	functional	types	of	incontinence	[293],	while	an-
other	found	constant	dribbling	in	7%	of	their	respon-
dents	[319].	Terminal	dribbling	or	postvoid	dribbling	
is	another	type	of	leakage	in	men	that	is	dificult	to	
assign to the conventional subtypes of UI. In an 
Australian	survey,	12%	of	respondents	reported	fre-
quent	terminal	dribbling	[337].

E. EPIDEMIOLOGY OF UI IN MEN

I. GENERAL COMMENTS

II. PREVALENCE
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Author and year [ref]  N Response
rate (%)

 Country  Population 
(age) 

Definition of UI used  Method of assessment

 

Prevalence (%)

 

Boyle 2003 [288]    
 

4 979 28-72% France,  Netherlands, 
UK, Korea 

40-79 Lack of control over bladder function 
which caused urine leakage at times 

Self-administered questionnaire
 

7 (France), 16 (The Netherlands),  
14 (UK), 4 (Korea) 

Engstrom 2003 [289]    
 

? 86 
 

40-80 
 

Self-administered questionnaire 2 (SUI)  

Van Oyen 2002
 
[290]    

 
7 266

 
-
  

> =15 
  

1.4
 

Schmidbauer 2001 [291]    
 
1 236

 
- 

 
Mean 49 

  
5

Maral 2001 [292]    
 

1 000
 

90 
 

> = 15 
  

1 (SUI), 3 (UUI)  

Bortolotti 2000 [293]    

 

2 721

 

- 

 

> 50 Any urine loss in the last year Telephone interview 332 (last year), 14 (weekly)  

Smoger 2000 [294]    
 

840
 

85
  

25-93, VA clinic
 

Incontinence in the past 12 months
 

Self administered questionnaire
 

32.3  

Ueda 2000 [295]    

 

3 500 52.5 Japan > 40 

 

Mailed self-administered 
questionnaire 

10.5 (UUI)  

Roberts 1999 [296]     778 - 

 

> 50 

  

25.6 (95CI 22.5-28.8) 

Roberts 1998 [297]    
 

2 150
 

- 
 

> 40 Urinary leakage in the previous 12 months
 

self 18  

Schulman 1997 [298]    
 

2 499 - 
 

> 30 
  

5.2 

Malmsten 1997 [299]    
 

10 458
 

74 
 

> 45 
  

9  

Brocklehurst 2003 [300]    

 

1883

 

- 

 

>=30 Ever suffered from bladder problems such 
as leaking, wet pants, damp pants 

Interview 6.6% overall, 3.8% incontinent in the 
previous year, 2.8% in the previous 

2 months 

Irwin 2006 [301]    
 

19165 33% 
 

>=18
 

ICS 2002 definition
 

Telephone interview
 

5.4 (1.9-5.9) 

Legace 1993 [302]    
 

2830
 

86% 
 

>-20 Any urine loss in the past 12 months
 

Self-administered questionnaire 11 (9-13) 

McGrother 2004 [303]    
 

92491 60.2 
 

>=40 In the last year, did you ever leak urine 
when you don’t mean to? 

Postal questionnaire 14.2  

Obrien 1991 [304]     2496
 

79 
   

Self administered questionnaire
 

7.4 (95CI 6.4 – 8.4) 

Parrazzini 2002 [305]    
 

9613
 

97.5
  

>=50 Involuntarily leaked in the past 3 months 
 

8.3 (7.7-8.9) 

Roe 1999 [306]    
 

12529
 

53 US 
   

5.3  

Markland 2011 [307]    
 

9071 - US >=20 Positive response to SUI/UUI/Other
 

Personal interview 13.9% 
SUI = 

UUI = 8.3% (7.6-9.0) 

Markland 2010 [308]    
 

5297 - US >=20 Score of 3 or greater on a validated 
incontinence severity index (moderate to 

severe leakage) 

interview 4.5 (3.8-5.4) 
 

De Souza 2010 [309]    
 

? 
 

Brazil >=18 
  

6.2% 

Malmsten 2010 [344]    
 

4072 80 Sweden 45-103 
   

Finkelstei2002 [310]     25400
 

88.7 Canada >=30 urinary incontinence diagnosed by a 
health professional 

interview 1.4 (per 100 population) 

Diokno 2007 [311]     21,590
 

66.5 US >=18 Involuntary leakage or loss of urine in the 
past 30 days 

Postal questionnaire 12.7% 

Lee 2011 [312]    
 

888 22.% Korea >=18 Involuntary urinary leakage Telephone interview using a 
questionnaire 

2.9% 
(other UI = 1.3, SUI = 0,9) 

Espuna-Pons 2009 [313]    
 
15,929 

 
Spain

 
>=15 

 
questionnaire

 
3.6% 

Table 12.  Examples of prevalence studies of UI among men
A. General Population Sampling, all adult age groups
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2. SEVERITY OF INCONTINENCE

When it comes to severity, the distribution in men 
follows	that	of	the	women.	Estimates	for	severe	UI	
in	older	women	tend	to	be	about	twice	as	high	as	for	
older	men	[322].

3. RACE/ETHNICITY

Very	few	studies	have	included	the	impact	of	race	or	
ethnicity	on	the	prevalence	of	UI	among	men.	A	four-
country	 study	 presented	 lower	 prevalences	 of	 re-
ported	UI	among	men	from	Korea	(4%)	and	France	
(7%)	than	in	men	from	Britain	(14%)	and	Denmark	
(16%)	 [288].	On	 the	other	hand,	unpublished	data	
from	 the	MESA	 study	 did	 not	 indicate	 differences	
in	prevalence	among	white	male	respondents	com-
pared	 to	African	American	 respondents.	 Similarly,	
the	National	Health	and	Nutrition	Examination	Sur-
vey	did	not	ind	any	difference	in	prevalence	of	UI	by	
racial/ethnic	group	[308].

4. INCIDENCE AND REMISSION 

Literature on the incidence of male UI is very 
scarce.	The	MESA	study	[322]	found	a	one-year	in-
cidence	rate	for	men	older	than	60	years	of	9-10%.	
In	a	population-based	survey	in	the	UK	among	men	
over	40	years	of	age,	the	one-year	incidence	of	UI	
was	 noted	 to	 be	 3.8%	 [303].	A	 review	of	 a	 health	
organisation	database	of	males	at	least	65	years	old	
revealed	an	UI	 incidence	of	23.8	per	1000	person	
years.	Malmsten	[299]	analysed	the	age	of	onset	of	
UI for each age cohort. Mean debut age for all men 
was	63	years.	The	mean	duration	was	about	8-10	
years in the cohorts. A longitudinal population based 
study	 in	 Sweden	 showed	 that	 8.6%	 [212/2471]	 of	

B. General Population Sampling, Older Group
Author and year [ref]

 
N Response 

rate (%) 
Country  Population (age)

 
Definition of UI used

 
Method of assessment

 
Prevalence (%)

 

Dios-Diz 2003 [315]    
 

350 - 
 

> 64 - - ? (95CI: 15-28)
 

Stoddart 2001 [316]    
 

1 000 79 
 

> 65 Incontinence in the previous month 
 

23 

Aggazzotti 2000 [317]     893 90  > 65, Community and 
residential homes 

Involuntary loss of urine at least 2x/month Questionnaire, review of clinical record 39.2 

Gavira-Iglesias 2000 [318]    
 

827 - 
 

> 65 - - 29 (25-38 95CI)
 

Smoger 2000 [294]    
 

840 85
  

25-93, VA clinic Incontinence in the past 12 months Self administered questionnaire
 

32.3 

Damian 1998 [319]     589 (iincluding 
women) 

78  > 65 Current experience of difficulty in controlling 
urine or urine escaping involuntarily 

Interview 15 

Umlauf 1996 [320]     1 490 53  Elderly Uncontrolled urinary leakage of any amount 
the month before 

Mailed self administered questionnaire 29 

Nuotio 2003 [321]     171 -  > 70   24 (UUI) 

Herzog 1990 (MESA 
study) [322]     

 66% - 72%  >=60 In the past 12 months about on how many 
days have you lost any urine, even a small 

amount beyond control 

Interview 18.9% 

Janssen 2007 [323]      57%  >= 65 Leaked or lost control of urine in the past year Interview 13.1% 

Landi 2003 [324]     5372   >= 85 MDS urinary incontinence scale of >=1 Health care professional assessment 49% 

Thom 1997 [325]     1420 NA  >=65  Review of database 5.3 

Diokno 1986 [314]     805 65.1 US 60 older    

Kwong 2010 [326]     1705 47 Australia >=70 Urinary leakage at least 2x/week over the 
past 4 weeks 

Self administered questionnaire 14.8% 

Smith 2010 [327]     572  US (Latino) older   26.9% 

Yu 2009 [328]     743 
 

China (rural)
 

>=60
  

Face to face interview
 

33.38% 

those	without	UI	at	the	initial	survey	were	found	to	
have	UI	at	the	survey	done	11	years	later	[344].	

Substantial	 remission	 rates	 for	 UI	 in	 males	 were	
noted	by	the	MESA	study,	higher	among	men	(27-
32%)	 than	women	(11-13%)	 [322].	A	similarly	high	
one-year	remission	rate	of	39.6%	was	noted	among	
British	 males	 [303].	 In	 the	 Swedish	 longitudinal	
study,	47.8%	(55/115)	of	those	found	to	have	UI	at	
the	initial	survey	did	not	present	with	the	problem	at	
the	time	of	the	follow	up	survey	11	years	later	[344].

One possible explanation for the difference in the 
published incidence and remission rates in men com-
pared	to	women,	is	the	predominance	of	urgency	type	
incontinence among men, and its close relation to 
overactive	bladder	with	and	without	incontinence.	An-
other	factor	is	the	close	association	between	urgency	
UI	 and	 prostate	 gland	 disease,	 infections,	 or	 bowel	
dysfunction,	 all	 of	 which	 are	 relatively	 amenable	 to	
treatment	or	may	improve	even	without	treatment.

There	is	relatively	little	research	concerning	conditions	
and	factors	that	may	be	associated	with	UI	in	men,	and	
clear	risk	factors	are	more	seldom	scientiically	docu-
mented.	However,	a	few	available	studies	have	identi-
ied	potential	risk	factors,	which	are	described	below.

1. AGE

As	 in	 women,	 increasing	 age	 is	 correlated	
with	 increasing	 prevalence	 of	 UI.	 Multivariate	
analysis	 in	 several	 studies	 has	 shown	 that	 age	

III. POTENTIAL RISK FACTORS FOR UI

Table 12.  Examples of prevalence studies of UI among men (continued)
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is an independent risk factor for incontinence 
[288,311,324,338-339]	Compared	to	women,	how-
ever, there seems to be a more steady increase 
in	 prevalence	 in	 men	 with	 increasing	 age.	 The	
National	Health	and	Nutrition	Examination	Survey	
in	 the	US	 reported	an	odds	 ratio	 for	moderate	 to	
severe	UI	of	1.8	(95%CI	1.6-2.0)	for	every	10-year	
increase	in	age	in	a	cohort	of	5,297	men	20	years	
or	older	[308].

2.  LOWER URINARY TRACT SYMPTOMS 
(LUTS) AND INFECTIONS

In	postal	and	telephone	surveys	of	community-living	
incontinent men, a majority had experienced a vari-
ety	of	other	medical	conditions,	many	of	which	may	
cause	or	aggravate	UI.	LUTS	like	urgency,	nocturia,	
feeling	of	incomplete	voiding	and	reduced	low	are	
typically	associated	with	UI	 [291,314,320,	343].	 In	
one	 study,	 UI	 was	 reported	 by	 15%	 of	 men	 with-
out voiding symptoms, frequency or urgency and by 
34%	of	those	with	such	symptoms	[314].

Studies	have	also	reported	that	urinary	tract	 infec-
tions	and		cystitis	are	strongly	associated	with	male	
UI	[295,319],	with	an	odds	ratio	of	3.7	for	UI	in	men	
reporting	 cystitis	 [295]	 and	 an	 odds	 ratio	 of	 12.5	
among	 men	 with	 recurrent	 infections	 [293].	 The	
metaanalysis	 of	 5	 studies	 including	 the	previously	
mentioned	studies	showed	a	signiicantly	higher	risk	
of	UI	among	men	with	UTI,	with	a	pooled	odds	ratio	
of	3.6	(95%	CI	2.17-6.00)	[333].	It	should	be	noted	
that most reports indicating a positive association 
between	UTI	and	 incontinence	 involved	men	aged	
older	than	60	years.

3.  FUNCTIONAL AND COGNITIVE IMPAIR -
MENT, PHYSICAL ACTIVITY

Mobility	problems	such	as	use	of	a	wheelchair	or	
aids	to	walking,	as	well	as	diagnosed	arthritis	or	
rheumatism	 or	 having	 a	 fall	 the	 last	 year,	 were	

Table 13. Examples of prevalence of UI across age 
spectrum in men 

1 – Crude prevalence, unless otherwise speciied
2 – prevalence estimated using survey sampling weights

Table 14. Relative proportion of types of urinary 
incontinence in men.

CITATION Population Age group UUI SUI MUI Others 

Diokno 1986 [314]      >= 60 y 34.9 7.9 28.9 28.3 

Damian  1998 [319]     589 >=65 y 52.2 10.6 16.1 21.1 

Chaojie 2002 [334]     2087 (total) >=70 y 17.4 11.9   

   30.4 20.7   

Nuotio 2003 [285]     171 >70 70.8 8.3 25.0  

Irwin 2006 [301]     19,165 >=18 y 22.2 11.1 11.1 53.7 

Herschorn 2007 [336]     482 >=18 y  58 27 15 - 

Shamliyan 2009 [333]     * 19-44 y 
45-64 
65+ 
80+ 

68.2 
59.3 
54.2 
65.9 

16.3 
28.9 
8.0 
0 

15.5 
11.7 
17.9 
34.1 

- 

Diokno 2007 [311]     21,590 >=18 
18-34 
35-44 
45-54 
55-64 
65-74 
75+ 

44.6 
30.0 
35.4 
38.9 
46.8 
53.8 
56.3 

24.5 
38.1 
35.8 
30.8 
19.3 
16.7 
13.2 

18.8 
14.8 
12.6 
16.5 
21.0 
22.6 
22.4 

12.1 
17.1 
16.2 
13.8 
13.0 
6.9 
8.1 

       

Aut hor and year [ref]  N Distri bu tion  
by age 

Prevalen ce 1 (%) 
(95%CI) 

Yarnell, 1979 [329]     169 65 
70 – 80 

80+ 

9 
8 

22 

Thomas, 1980 [330]     ? 45 – 54 
55 – 64 
65 – 74 

75+ 

5 
9 

15 
18 

Diokno,1986 [314]     805 60+ 19 

Malmsten, 1997 [299]     10458 45 
50 
55 
60 
65 
70 
75 
80 
85 

90+ 

3.6 
4.1 
3.3 
5.1 
6.1 
7.3 
9.6 

19.7 
21.8 
28.2 

Schulman, 1997 [298]     2499 50 – 54 
60 – 64 

70+ 

5 
6 

14 

Bortolotti, 2000 [293]     2721 51 – 60 
61 – 70 

70+ 

2 
3 
7 

Ueda, 2000 [295]     3500 40 – 59 
60 – 69 

70+ 

2 
4 
4 

Aggazzotti, 2000 [317]     839 <65 
65 – 74 
75 – 84 

85+ 
>= 95 

19 
23 
52 
53 
57 

Temml, 2000 [331]     1236 20 – 39 
40 – 59 
60 – 69 

70+ 

2 
4 
8 

12 

Smoger, 2000 [294]     840 <40 
41 – 50 
51 – 60 
61 – 70 
71 – 80 

>80 

25.4 
30.9 
31.4 
36.3 
33.2 
20.0 

Mariappan 2006 [332]     353 40-49 
50-59 
60-69 
>=70 

6.6 
7.9 

10.6 
10.3 

McGrother 2004 [303]     92491 40-49 
50-59 
60-69 
70-79 
>=80 

7.4 
11.1 
16.8 
23.2 
30.5 

O Brien 1991 [304]     2496 35-44 
45-54 
55-64 
65-74 
>=75 

2.4 
5.5 
5.7 

12.1 
15.4 

Thom 1997 [325]     1420 65-74 
75-79 
>=80 

2.8 
5.6 
7.6 

Shamliyan 2009 [333]      19-44 
45-64 
65+ 
80+ 

4.81 (3.69-5.94) 
11.2 (10.14-12.26) 
21.13 (19.9-22.35) 

32.17 (29.62-34.73) 

Finkelstein 2002 [310]     25400 30-39 
40-49 
50-59 
60-69 
70-79 
80+ 

0.2 
0.4 
1.1 
2.7 
5.7 
6.4 

Diokno 2007 [311]     21590 18-34 
35-44 
45-54 
55-64 
65-74 
75+ 

7.25 
7.17 

10.98 
15.58 
23.82 
30.19 

Kwong 2010 [326]     1,705 70-74 
>=90 

12.0 
16.3 

Espuna-Pons 2009 
[313]     

15929 
(men and 
women) 

45-64 
65-74 
>=75 

2.8% 2 
10.2% 2 
22.7%2 
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signiicantly	greater	among	incontinent	than	conti-
nent men	[319,345].	The	Canadian	National	Popu-
lation	Health	Study	involving	25,400	men	found	that	
those	aflicted	with	arthritis	were	more	likely	to	have	
UI	 with	 an	 odds	 ratio	 of	 1.59	 (95%	CI	 1.07-2.38)	
[310].	The	same	study	demonstrated	that	men	with	
back	problems	were	2x	more	likely	to	have	UI	(OR	
2.1,	95%CI	1.50-2.93).	A	Japanese	study	on	com-
munity	 dwelling	 men	 noted	 that	 UI	 is	 more	 likely	
among	 men	 whose	 activities	 of	 daily	 living	 (ADL)	
are	 impaired,	speciically	 those	who	are	unable	 to	
change	 clothes	 and	 unable	 to	 walk	 outside,	 with	
odds	 ratio	 of	 17.4	 and	 4.36	 respectively	 [295].	 A	
Canadian	 study	 found	 odds	 ratios	 of	 1.8	 and	 6.4	
for	partially	and	totally	immobile	men	aged	65+,	re-
spectively,	for	daily	UI	compared	to	those	with	nor-
mal	ambulatory	 function	 [343].	Similarly,	 the	Silver	
Network	Home	Care	 project	 among	 the	 frail	 older	
persons	 in	 Italy	showed	that	 those	with	higher	ADL	
scores	(i.e.,	greater	functional	impairment)	had	2-4x	
higher odds of having UI. A survey of nursing home 
residents	in	Wisconsin	identiied	dementia	and	poor	
ADL	as	risk	factors	for	the	occurrence	of	UI	[339].	In	
general,	most	studies	ind	similarities	between	men	
and	 women	 (see	 subsection	 on	 women)	 for	 func-
tional and cognitive impairment as risk factors for UI.

Corollary	to	this,	the	association	between	physical	
activity	 and	 UI	 has	 been	 studied	 by	 Kikuchi	 and	
co	 workers	 among	 the	 elderly,	 community-based	
population	in	Japan	[340].	They	found	that	middle	
level	physical	activity	 in	men	was	associated	with	
a	lower	UI	prevalence	compared	to	those	with	low	
level	 physical	 activity,	 with	 as	 odds	 ratio	 of	 0.38	
(0.17-0.78).	 High	 level	 physical	 activity	 showed	
similar	relations	but	was	not	statistically	signiicant.

4. NEUROLOGICAL DISORDERS

Many	speciic	neurological	diseases	may	lead	to	UI	
[341].	Detrusor	hyper-relexia	is	seen	commonly	in	
mengingo-myelocele	patients	and	in	spinal	injuries,	
Parkinson’s	disease	and	multiple	sclerosis.	Arelex-
ic bladder dysfunction due to a cauda equina lesion 
or	 diabetes	 might	 cause	 overlow	 or	 a	 paralysed	
pelvic	loor	and	hence	stress	incontinence.	A	meta-
analysis	of	5	studies	showed	that	men	who	suffered	
stroke	were	at	an	increased	risk	for	UI	with	a	pooled	
odds	 ratio	 of	 2.68	 (95%	CI	 1.31-5.45)	 [333].	Men	
who	had	suffered	a	stroke	were	at	increased	risk	for	
incontinence	with	an	odds	ratio	of	7.1	[295].	The	Ca-
nadian	National	Population	Health	Survey	showed	
that stroke in men increased their odds of having 
UI	by	8x	(OR	=	8.26,	95%CI	3.63-18.8)	[310].	In	a	
study	of	235	stroke	patients,	 the	occurrence	of	UI	
correlated	with	motor	weakness	(OR	5.4),	visual	de-
fects	(OR	4.8,	and	dysphagia	(OR	4.0)	[342].

5. DIABETES

Several	 reports	 have	 not	 found	 diabetes	 to	 be	
a	 factor	 significantly	 associated	 with	 UI	 in	men.	

This	 includes	 the	 Canadian	 population-based	
study	 involving	 more	 than	 25,000	 men	 showing	
no	increased	risk	for	UI	among	men	with	diabetes	
[310].	However	 the	 pooled	 analysis	 of	 6	 studies	
showed	that	diabetic	men	were	significantly	more	
likely	to	have	UI	with	an	odds	ratio	of	1.36	(95%CI	
1.14-1.61)	[333].

A	 9	 year	 study	 of	 Janssen	 [323]	 showed	 increas-
ing	rates	of	UI	with	increasing	BMI	among	the	older	
men	 and	 women.	 However,	 multivariate	 analy-
sis	 failed	 to	 show	 increased	BMI	 (overweight	 and	
obese levels) as an independent risk factor for the 
development of UI. 

In a study including a younger population in Aus-
tralia,	obesity	was	noted	to	be	associated	with	UI	
with	 an	 odds	 ratio	 of	 3.2	 (1.2-9.0)	 [338].	 In	 this	
study,	however,	being	merely	overweight	was	not	
associated	with	UI.

Several	 studies	 in	 older	 persons	 have	 shown	
an	 association	 between	 physical	 activity	 and	
UI among women	 that	 is	 not	 seen	 among	men	
[288,340].	

•		The	 epidemiology	 of	 UI	 in	men	 has	 not	 been	 in-
vestigated	 to	 the	 same	extent	 as	 for	women.	But	
it	appears	 that	UI	 is	at	 least	 twice	as	prevalent	 in	
women	as	compared	to	men.	There	seems	to	be	a	
more	steady	increase	in	prevalence	with	increasing	
age	than	for	women.

•		Most	studies	ind	a	predominance	of	urgency	 in-
continence,	 followed	 by	 mixed	 forms	 of	 UI	 and	
stress incontinence the least. Most studies have a 
large	fraction	of	other/unclassiied	types.

•		Literature	on	 incidence	and	remission	of	male	UI	
is still very scarce.

•		Clear	 risk	 factors	are	more	seldom	scientiically	
documented, but several medical correlates have 
been reported. Established risk factors predis-
posing men to UI include increasing age, pres-
ence	 of	 lower	 urinary	 tract	 symptoms	 (LUTS),	
urinary tract infections, functional and cognitive 
impairment, diabetes, neurological disorders, 
and prostatectomy. 

•		Substantial	 gains	 have	 been	 achieved	 on	 the	
study of the epidemiology of UI in men compared 
to	the	previous	years.	The	conduct	of	more	popu-
lation-based	prevalence	studies	permitted	a	better	
understanding of the problem of UI among men.

IV. FACTORS OF UNCLEAR ASSO-
CIATION WITH UI IN MEN

V. SUMMARY POINTS:
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1. GENERAL COMMENTS AND DEFINITIONS

Overactive bladder (OAB) and nocturia have been 
neglected	topics	in	the	medical	literature	[392-394],	
with	 early	 epidemiological	 research	 on	 urinary	
symptoms	 focused	 either	 on	 lower	 urinary	 tract	
symptoms	 (LUTS)	 suggestive	 of	 benign	 prostatic	
hyperplasia (BPH) in men or on urinary inconti-
nence	 in	women	 [4].	However,	 there	has	been	 in-
creased research interest in OAB and nocturia dur-
ing	the	last	decade	[393-396].

OAB	 can	 be	 bothersome	 [397-399],	 and	 is	 asso-
ciated	 with	 increased	 comorbidity	 [400],	 impaired	
quality	of	life	[8],	and	reduced	emotional	well-being	
and	work	productivity	[401].	Nocturia	 is	a	common	
cause	 of	 sleep	 maintenance	 insomnia	 [402-404].	
Nocturia	 can	 be	 bothersome	 [405-412]	 and	 is	 as-
sociated	with	 impaired	mental	and	physical	health	
[413]	 and	 impaired	 quality	 of	 life	 [412,	 414].	 Both	
OAB and nocturia have been reported to be associ-
ated	with	increased	risk	of	falls	and	fractures	[415-
422]	and	nocturia	also	with	mortality	[421,423-425].

Generally,	the	deinition	of	any	condition	is	a	critical	
factor in evaluating its epidemiology, and OAB and 
nocturia	are	no	exception	to	this	rule	[394,	426].	To	
facilitate	discussion	and	research	related	to	LUTS,	
the	 International	 Continence	 Society	 (ICS)	 has	
produced	 standardisation	 reports	The	 ICS	 revised	
and	 re-revised	 its	Standardisation	Report	 of	 lower	
urinary	tract	function	terminology	in	2002	[427]	and	
2009	 [428].	We	will	use	 the	 ICS	deinitions	as	ba-
sis	of	 this	chapter.	However,	we	acknowledge	that	
these	deinitions	are	not	perfect	and	we	encourage	
further	discussion	[396,428-431].

OAB is a term to describe the clinical problem of 
urgency and urgency incontinence from a symp-
tomatic rather than from a urodynamic perspective. 
Previously	various	terms,	such	as	‘irritable	bladder’	
or	 ‘unstable	 bladder’	 have	 been	 used.	 According	
to	 the	 ICS,	 OAB	 is	 a	 symptom-deined	 condition	
characterised	by	urinary	urgency,	with	or	without	ur-
gency	urinary	 incontinence,	usually	with	 increased	
daytime	frequency	and	nocturia	[427,428].	The	ICS	
deines	urinary urgency as sudden compelling de-
sire to pass urine, and the term OAB is appropri-
ate if there is no proven infection or other obvious 
pathology	[427].	

For	 a	 long	 time,	 it	 has	 been	 known	 that	 among	
healthy	people	urine	production	is	lower	during	the 

night	than	during	the	day	[432].	Urologists	have	tra-
ditionally	deined	nocturia	as	frequency	of	urination	
at	 night	 without	 reference	 to	 urine	 amount,	 while	
internists have assumed that nocturia results from 
an	 increased	 amount	 of	 urine	 produced	 with	 less	
focus	on	other	urinary	symptoms	[433].	By	the	ICS	
deinitions,	 nocturia	 refers	 to	 waking	 at	 night	 one	
or more times to void, and nocturnal polyuria (NP) 
to the production of an abnormally large volume of 
urine	 during	 sleep	 [434].	Nocturnal urinary incon-
tinence	 or	 nighttime	 bed	wetting	 (enuresis)	 differs	
from nocturia. 

According	 to	 the	 ICS,	as	stated	earlier,	nocturia	 is	
also	a	component	of	OAB.	However,	there	is	an	on-
going	debate	on	the	deinitions,	especially	regarding	
urinary	urgency	and	OAB	[396,	430-431,	435-445].

Sometimes	OAB	has	 been	 divided	 into	 ‘OAB	wet’	
(OAB	with	urgency	urinary	incontinence)	and	‘OAB	
dry’	(OAB	without	urgency	urinary	incontinence).	In	
this	part	of	the	chapter	we	focus	on	the	epidemiol-
ogy	of	OAB	–	without	distinction	between	OAB	‘wet’	
and	 ‘dry’	 –	 and	 nocturia.	 ‘OAB	 wet’	 (i.e.,	 urgency	
urinary incontinence) is covered separately in uri-
nary incontinence sections (Epidemiology of UI in 
Women and Epidemiology of UI in men). 

2. PREVALENCE OF OVERACTIVE BLADDER 

Prevalence	estimates	 from	as	 low	as	2%	[446]	up	
to	53%[447]	have	been	 reported.	Most	 studies	on	
OAB	have	reported	prevalence	estimates	between	
10%	and	20%	[448-455],	and	the	most	cited	articles	
estimate	 a	 prevalence	 of	 between	 12%	 and	 17%	
%,[448,450,	455].	

In Table 15 ,	 we	 have	 reviewed	 all	 population-
based studies assessing prevalence of OAB in 
adults	 of	 both	 sexes.	 To	 identify	 these	 studies	
[398,	 448,	 450,	 452,	 455-465],	 a	Medline	 search	
[English-language	articles	published	before	Janu-
ary	 2012]	 was	 carried	 out	 on	 with	 the	 search	
strategy (((Overactive bladder.mp) or (OAB$.mp)) 
and	 ((prevalence.mp).	Non-population-based	 (i.e.	
based on doctor attendances or similar) studies or 
studies not conducted among both sexes are not 
included in Table 15 .

Among	 these	 population-based	 studies	 identiied,	
different populations, different sample selection and 
different	 data	 collection	methods	were	 often	 used	
(Table 15 ).	 Sample	 size	 varied	 between	 913	 and	
162,906,	 median	 being	 2,005	 individuals.	 Three	
(20%)	out	of	15	studies	did	not	report	any	response	
proportion.	Among	 those	which	 reported,	as	many	
as	 seven	 (58%)	 studies	 had	 response	 proportion	
less	 than	 50%.	There	was	 signiicant	 heterogene-
ity in symptom assessment, exclusion criteria, case 
deinitions	(some	studies	used	grading	of	symptom	
severity	whereas	others	did	not),	and	in	the	time	pe-
riod	during	which	the	occurrence	of	symptoms	was	
asked (Table 15 ). Hence, dissimilarities in study 

F. EPIDEMIOLOGY OF 
OVERACTIVE BLADDER AND 

NOCTURIA

I. OVERACTIVE BLADDER
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procedures likely explain the differences in preva-
lence estimates. Overall, prevalence rates varied 
between	 6%	 and	 32%	 (Table	 15).	 However,	 esti-
mates of the prevalence of OAB have actually been 
smaller in many recent studies compared to earlier 
estimates (Table 15 ). 

Only	very	few	population-based	studies	have	evalu-
ated	OAB	prevalence	using	 the	 ICS	deinition	and 
reported bother. Assessing perceived bother asso-
ciated	 with	 OAB	 drastically	 decreases	 the	 preva-
lence	 estimates.	 In	 the	 FINNO	 Study	 (conducted	
in	 Finland	 among	 people	 aged	 18-79)	 [399],	 as	
many	 as	 54%	 of	 men	 and	 57%	 reported	 any (at 
least	 rarely)	urinary	urgency.	However,	prevalence	
of	at	 least	moderate	bother	 from	urgency	was	7%	
for	 men	 and	 9%	 for	 women.	 Overall,	 more	 than	
96%	 of	 individuals	 with	 rare	 urgency	 reported	 no	
or	small	bother	from	it	whereas	65%	of	 individuals	
with	urgency	often	and	more	than	70%	with	urgency	
always	 reported	moderate	 or	major	 bother	 (scale:	
none-small-moderate-major)	 [399].	 These	 results	
are	 in	 concordance	 with	 two	 international	 studies	

[397-398].	In	the	EpiLUTS	study	(conducted	in	the	
US,	 UK	 and	 Sweden	 among	 people	 aged	 40–99)	
[398],	22.4%	of	men	and	35.7%	of	women	reported	
urinary	urgency	at	 least	sometimes	(in	scale:	nev-
er	 -	 rarely	 -	 sometimes	 -	often	 -	almost	 -	always).	
However,	 prevalence	 estimates	were	 substantially	
lower	when	bother	was	taken	into	account.	Only	6%	
of	 men	 and	 12%	 of	 women	 reported	 “quite	 a	 bit”	
or	more	 bother	 from	 urgency	 (in	 scale:	 not	 at	 all-
a	little	bit-somewhat-quite	a	bit-a	great	deal)	[398].	
Bother	analysis	from	the	EPIC	Study	[397]	showed	
also that infrequent urinary urgency is not consid-
ered as very bothersome by most individuals. Out 
of	OAB	cases,	46%	did	not	report	symptom	bother	
from	 it	 [397].	All	 these	 results	 suggest	 that	bother	
measurement is essential in estimating the clinically 
relevant	prevalence	of	OAB	[396-398].	

3. INCIDENCE OF OVERACTIVE BLADDER 

The	 natural	 history	 of	 OAB	 has	 been	 systemati-
cally	 reviewed	 quite	 recently	 [English	 articles	 pub-
lished	between	January	1,	1990,	and	September	20,	
2009]	[466].	Authors	identiied	7	longitudinal	studies	

Origin Data co llection 
method 

Sample s ource Responden ts 
(respon se 

propo rt ion , %) 

Age ra nge 
(years) 

2002 ICS 
Consensus  

Deiniti on  of OAB 

Deiniti on  of normal - 
abno rmal occu rrence 

Time period Prevalen ce, %: 
Men/women 

 

European [448] Telephone interview / 

in person interview 

Telephone registry / 

electoral census 

16,776 (unreported) 40 – 75+ N/A N/A Undeined 16 / 17 

USA [450] Telephone interview Telephone registry 5,204 (44.5) 18 – 75+ N/A N/A Past 4 weeks 16 / 17 

Canada [456] Telephone interview Telephone registry 3,249 (43.4) 35 – 75+ N/A N/A Past month 15 / 21 

Japan [452] Mailed questionnaire Not reported 4,570 (45.3) 40 – 100 N/A N/A Past month 14 / 11 

Brazil [457] Unreported Not reported 913 (unreported) 15 – 55 Yes Unreported Undeined 14 / 23 

Taiwan [458] Questionnaire 
administered by nurse 

Population registry 1,921 (67.0) 30 – 79 No N/A Past 4 weeks 16 / 18 

International [455] Telephone interview Telephone registry 19,165 (33.0) 18 – 70+ Yes No – Yes Undeined 11 / 13 

Finland [459] Mailed questionnaire Population registry 3,727 (62.4) 18 – 79 Yes Rarely – often Past 2 weeks 7 / 9 

Korea [460] Telephone interview Telephone registry 2,005 (13.8) 40 – 89 No N/A Past 4 weeks 21 / 31 

Canada [461] Telephone interview Telephone registry 1,000 (unreported) 18 – 90 No N/A Undeined 13 / 15 

USA [462] Mailed questionnaire / 

Telephone interview 

Consumer panel 162,906 (62.7) 18 – 85+ No N/A Undeined 24 / 29 

Portugal [463] Telephone interview Telephone registry 1,934 (59.6) 40 – 80+ No N/A Past 4 weeks 35 / 29 

International [398]  Web-based interview Consumer/ voter 

panel 

30,000 (49.5) 40 – 99 Yes Rarely – sometimes 

(Sometimes – often) 

Past 4 weeks 22 / 36 

(5 / 11) 

Korea [464] Telephone interview Telephone registry 2,000 (22.1) 18 – 96 Yes Unreported Undeined 10 / 14 

China [465] Interviewer assisted Unreported 14,844 (69.0) 18 – 70+ Yes <1 a week – 1 a week Past week 6 / 6 

Table 15.  Overview of published population-based studies assessing prevalence of OAB in both sexes 
(PubMed indexed English-language articles before January 2012 in chronological order).

a  In the European study, in ive out of six countries, telephone interview was used (excluding Spain, where direct interviews 
were conducted due to lower  proportion of households with telephone). Study sample was obtained from telephone 
number listings (except Spain, where electoral census data was used).

b  Out of 11,740 participants (of 17,231 households contacted), 5,539 were considered ineligible. To calculate response rate, 
the number of  respondents was divided by eligible participants (the former response rate). If same proportion of non-
participants, as there were ineligible among  participants (47%), were also considered ineligible, response rate was greater 
(the latter response rate).

c Out of 7487 individuals, 3239 completed the questionnaire (response proportion 43.4%). 
d  Invitation to complete email survey was sent to 88,150 members of the Internet-based panel. Of the members, 51,546 

responded but 7,947 were excluded  due to high rates of missing or inconsistent data, or discontinuation of the survey. 
Finally, 30,000 participants were randomly selected from the pool of  respondents with completed surveys. 

e ICS, International Continence Society; OAB, overactive bladder; UTI, urinary tract infection.
f  Cut-off point (threshold) used for normal vs. abnormal symptom occurrence.  Reviewed only for studies using current ICS 
deinition of OAB.1

g Time period during which the occurrence of symptoms was asked.
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of	OAB.	OAB	 incidence	varied	between	3.7%	and	
8.8%;	 and	 included	 studies	 provided	 evidence	 for	
dynamic	 nature	 of	 OAB	 [466].	 The	 authors	 also	
noted	 that	 the	 variations	 in	 symptom	 deinitions	
and methods used across studies prevent statisti-
cal determinations of overall incidence rates. Over-
all,	 longitudinal	 studies	 have	 conirmed	 that	 OAB	
prevalence	 increases	 with	 age	 but	 also	 that	 OAB	
is	 a	dynamic	 condition	 [467-471].	 In	 a	population-
based	study	(conducted	between	1991	and	2007	in	
Gothenburg,	Sweden)	[469],	the	number	of	women	
with	OAB	with	urgency	incontinence	(“OAB	wet”)	in-
creased	 from	6%	 to	16%,	however,	 the	proportion	
of	women	with	OAB	without	UUI	(OAB	dry)	did	not	
differ	 signiicantly	 (11%	 vs.	 10%).	 Among	 women	
with	OAB	dry	in	1991,	23%	remained	OAB	dry,	28%	
reported	 symptom	 progression	 to	 OAB	 wet	 and	
approximately half reported remission of OAB by 
2007,	supporting	the	concept	of	the	dynamic	nature	
of	OAB.	The	rate	of	remission	OAB	symptoms	was	
greater	for	women	who	were	OAB	dry	(49%)	com-
pared	with	those	who	were	OAB	wet	(26%).	Similar	
indings	were	recently	reported	in	an	Austrian	study.	
The	authors	concluded	that	“OAB	is	a	dynamic	dis-
ease	 with	 long-lasting	 stable	 disease	 courses	 as	
well	as	remissions	and	progressions”	[471].

4. RISK FACTORS FOR OVERACTIVE BLADDER 

The	 causes	 and	 risk	 factors	 of	 urinary	 urgency	
and/or	OAB	are	not	well	studied.	Available	studies,	
that	have	 identiied	potential	 risk	 factors,	are	sum-
marised	below.

a) Age

In	numerous	cross-sectional	studies	older	individ-
uals	reported	more	OAB	than	younger	ones	[448,	
450,	 452,	 455-456,	 458-462,	 464].	 Furthermore,	
longitudinal studies have confirmed that OAB 
increases	 with	 age	 [466].	 However,	 while	 OAB	
is	 age-related,	 it	 may	 not	 be	 age-dependent.	 In	
some	studies,	OAB	was	not	associated	with	age	
after adjustment for other factors/ confounders 
[400,	472-473].	Besides	increasing	age,	also	hav-
ing urgency in childhood predicts having urgency 
in	later	life	[474-475].

b) Gender 

In Table 15 ,	we	summarised	population-based	stud-
ies assessing prevalence of OAB among both sexes. 
In	 most	 studies	 OAB	 was	 more	 common	 among	
women	 [398,	 448,	 450,455-462,	 464-465].	 In	 only	
two	(13%)	out	of	15	studies,	men	reported	more	OAB	
than	women.	However,	these	two	studies	[452,	463]	
did not include younger age groups, and typically 
OAB	 is	more	common	among	women	especially	 in	
younger	ages	[448,	455-456,	458-462,	464].

c) Obesity

In	a	British,	prospective	study,	obesity	was	a	risk	fac-
tor	for	the	onset	of	OAB	(OR	1.5,	1.0-2.1)	in	women	

[400]	 but	 not	 among	 men	 [468]).	 In	 a	 Kaiser	 Per-
manente	study	among	women	aged	25-84,	obesity	
was	associated	with	three-fold	risk	of	OAB	[476].	In	
a	population-based	study	conducted	among	women	
in	Southern	Sweden	[477]	and	in	a	Japanese	study	
among	 elderly	 people	 [478],	 OAB	 was	 associated	
obesity.	Similarly,	among	obese	women,	 increasing	
obesity	was	associated	with	OAB	after	adjustment	for	
age,	mode	of	delivery,	and	parity	[479].	Furthermore,	
among	type	2	diabetic	patients,	increased	waist	cir-
cumference	was	associated	with	prevalence	of	OAB	
[480].	Among	non-care	seeking	women	(enrolled	at	
one	site	in	a	randomised	trial)	[481],	obesity	was	as-
sociated	with	 increased	OAB	in	univariate	analysis,	
but	 the	 association	 did	 not	 remain	 signiicant	 after	
adjustment for confounders. Although OAB seems 
obesity-related,	 in	many	studies,	 incomplete	adjust-
ment	for	all	relevant	confounders	was	possible.

d) Life style

In	a	prospective	 study	among	British	women,	nei-
ther	alcohol,	coffee	nor	 tea	consumption	were	risk	
factors	for	the	onset	of	OAB	(deined	as	having	ei-
ther urgency, UUI, or a combination of these) but 
drinking	carbonated	drinks	was	[400].	Among	men,	
neither	 tea,	coffee	nor	wine	consumption	were	as-
sociated	with	 onset	 of	OAB	onset,	 but	 a	 negative	
association	 between	 beer	 intake	 at	 baseline	 and	
subsequent	OAB	onset	was	found	[468].	However,	
this may be explained by a systematic misclassii-
cation error (individuals decrease or cease alcohol 
consumption	 due	 to	 ill	 health)	 [482-483],	 residual 
confounding (moderate drinkers have many other 
favouring	 lifestyle	 factors)	 [484-485],	or	direct	bio-
logical	effects.	In	a	Swedish	population-based	study	
in	 young	 female	 twins	 [486],	 tea	 (but	 not	 coffee)	
drinking	was	associated	with	an	 increased	 risk	 for	
both	OAB	and	nocturia.	However,	 after	 controlling	
for	confounders	(including	zygosity	of	 twins)	 these	
associations	did	not	remain	signiicant.	Concurring	
with	these	studies,	among	non-care	seeking	wom-
en	 [481],	 coffee	 or	 alcohol	 consumption	 was	 not	
associated	with	OAB.	 In	a	population-based	study	
among	women	in	Southern	Sweden	[477],	OAB	was	
not	associated	with	alcohol	consumption.	

In	a	prospective	British	study,	smoking	was	a	risk	fac-
tor	 for	 the	 onset	 of	OAB	 (deined	 as	 having	 either	
urgency,	UUI,	or	a	combination	of	 these)	 in	women	
[468]	 but	 not	 in	 men	 [468].	 In	 a	 population-based	
study	among	Finnish	women	aged	18-79	 [487],	ur-
gency	was	approximately	three	times	more	common	
among	current	and	twice	as	common	among	former	
than never smokers. Parallel associations for ur-
gency	with	smoking	 intensity	suggested	a	dose–re-
sponse	relationship	[487].	Other	supporting	indings	
have	 also	 been	 reported	 [473,	 488-490].	 However,	
some	other	studies	did	not	ind	smoking	to	be	a	risk	
factor	for	urgency	[463,	478,	486].	

A prospective study among British men did not pro-
vide	 evidence	 of	 any	 speciic	 dietary	 patterns	 as 
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a	 risk	 factor	 for	 onset	 of	OAB	 [468].	Furthermore,	
physical	 activity	 was	 not	 signiicantly	 associated	
with	OAB	onset	in	men	[468].	Contradictory	results	
were	found	among	non-care	seeking	women	[481]	
where	 physical	 activity	 was	 associated	 with	 de-
creased OAB.

e) Race/ethnicity and socioeconomic status 

Evidence regarding the role of race/ethnicity on 
OAB	 prevalence	 is	 limited.	 In	 a	 small	 Taiwanese	
study	 [491],	 higher	 prevalence	 of	 urgency	 (7.7%	
vs.	 4.3%,	p=0.02),	was	 found	 in	 indigenous	wom-
an	 than	 in	non-indigenous	women.	 In	 the	US	part	
of	 the	EpiLUTS	study	[473],	OAB	was	reported	by	
26%	of	White,	33%	of	Black,	27%	of	Asian	and	28%	
of Hispanic men. In the multivariate analysis, OAB 
was	 signiicantly	 more	 common	 among	 African-
American	(OR	2.0,	p<.001)	and	Hispanic	(OR	1.7,	
p<.001)	male	participants.	The	authors	reported	no	
statistically	 signiicant	 differences	 among	 women	
after	multivariate	analysis,	despite	wide	variation	in	
crude	prevalence	 (27%	 for	Asian	women,	43%	 for	
White,	46%	for	African-American	and	42%	for	His-
panic)	[473].	Hospital-based	studies	have	reported	
no difference in the prevalence of OAB by race/eth-
nicity	[492-493].	

f) Reproductive factors and pelvic surgery 

Urinary urgency is a common symptom during preg-
nancy	[494].	In	a	Taiwanese	study	[495],	only	1%	of	
women	reported	having	urgency	before	pregnancy,	
whereas	corresponding	estimates	were	16%	in	the	
irst,	 25%	 in	 the	 second,	 and	 31%	 in	 the	 third	 tri-
mester. Other studies have also found increasing 
prevalence	 of	 urgency	 with	 advanced	 gestational	
age	[496-497].	However,	in	a	Nigerian	study,	wom-
en	in	3rd	trimester	did	not	report	more	urgency	than	
women	in	2nd	trimester	[498].	Although	one	quarter	
of	pregnant	women	reported	urgency,	it	was	associ-
ated	with	moderate	or	severe	bother	for	only	5%	of	
symptomatic	women	[498].

The	association	between	parity	and	urinary	urgency	
is	controversial.	Some	studies	reported	no	associa-
tion	for	parity	with	urgency	or	OAB	[400,	481,	499-
500],	 whereas	 others	 found	 increased	 prevalence	
of	 urgency	among	parous	women	 [472,	 491,	 501-
503].	 However,	 there	 were	 substantial	 differences	
in	methods	between	 these	studies.	Regarding	de-
livery mode, most studies demonstrated no effect 
on prevalence of urgency, urgency incontinence or 
OAB	[463,	499	502-505].	On	 the	other	hand,	con-
trary	indings	have	also	been	reported	[506-507].	In	
a	Swedish	prospective	study,	weekly	urgency	was	
reported	in	late	pregnancy	by	2.6%	of	women	in	the	
elected	vaginal	delivery	and	by	2.7%	of	the	women	
in	the	elected	cesarean	section	group	[506].	Corre-
sponding	igures	were	7.9%	for	vaginal	delivery	and	
2.7%	for	cesarean	section	groups	at	9	months	post-
partum	[506]	concurring	with	the	results	of	a	cross-
sectional	US	study	[507].	In	a	recent	US	study	[99],	

for	women	with	a	history	of	at	 least	one	operative	
vaginal	birth,	 the	adjusted	odds	of	OAB	was	more	
than	 quadrupled	 (OR	 4.9,	 95%	CI	 2.2-11;	 women	
who	had	delivered	all	their	children	by	pre-labor	ce-
sarean as reference).

The	association	of	 the	postmenopausal	years	with	
increased urgency or OAB has been reported in 
several	studies	 [465,	472,	502-503,	508-509].	The	
impact	of	hormone	therapy	on	OAB	is	unclear.	The	
Cochrane	 Incontinence	 Group	 review	 of	 urinary	
incontinence and oestrogens (urgency or nocturia 
not as the primary objective of the study) found 
that	 there	 were	 less	 nocturnal	 voids	 and	 urgency	
episodes	among	women	treated	with	local	(but	not	
systemic)	 oestrogen	 [510].	 There	 were	 no	 signii-
cant	differences	in	OAB	prevalence	among	women	
using	either	oral	contraceptives	or	a	levonorgestrel-
releasing intrauterine device, in comparison to non-
contraceptive	 users	 in	 a	 population-based	 study	
among	young,	Swedish	women	[511].

Radical hysterectomy is related to increased preva-
lence	of	 pelvic	 loor	 problems	 [512].	For	 instance,	
patients treated for cervical cancer reported ur-
gency	2-3	times	more	commonly	than	the	matched	
controls:	36%	of	those	with	history	of	radical	hyster-
ectomy	and	pelvic	 lymph	node	dissection,	 49%	of	
those	with	surgery	and	adjuvant	 radiotherapy,	and	
48%	 of	 those	 with	 primary	 radiotherapy	 reported	
experiencing	urgency	[513].	However,	the	relation-
ship	between	urgency	and	hysterectomy	for	benign	
indications	 is	 less	clear.	Many	studies	did	not	ind	
a	signiicant	association	between	hysterectomy	and	
urgency	[499-500,	514-519]	.	However,	some	stud-
ies	 reported	 less	 [509,	 520-523]	 and	 some	 more	
[463,	 472,	 501,	 524]	 urinary	 urgency	 after	 hyster-
ectomy. No differences according to the route of 
hysterectomy	 on	 urgency	 have	 been	 found	 [509,	
523,	 525-526].	 Both	 prolapse	 surgery	 and	 stress	
incontinence	surgery	are	associated	with	a	 risk	of	
(de novo) urgency or urgency incontinence in both 
hospital	based,	and	population	based	studies	[489,	
500,	527-528].

g) Speciic conditions

There	 is	a	paucity	of	studies	concerning	conditions	
and	co-morbidities	that	may	be	associated	with	OAB,	
and clear causal risk factors are even more seldom 
documented.	 Few	 available	 studies	 have	 identiied	
potential	risk	factors,	which	are	described	below.

1.	 Benign prostatic hyperplasia. Instead of OAB/
urgency,	 observational,	 clinic-based	 studies	 have	
assessed	 the	 relationship	 between	 detrusor	 over-
activity and benign prostatic hyperplasia/obstruc-
tion.	 Although	 patients	 with	 detrusor	 overactivity	
are less likely to get symptom improvement after 
BPH	 surgery	 than	 those	 without	 detrusor	 overac-
tivity, many patients report less urgency after BPH 
surgery	[529].	Similar	indings	were	reported	follow-
ing	a	prostatectomy	study	among	men	aged	47-85,	
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32%	 (n=49)	 reported	 urgency	 pre-operatively	 and	
13%	post-operatively	(n=20)	[530].	In	another	study,	
detrusor	overactivity	was	present	in	68%	of	patients	
(n=21)	at	baseline	and	 in	31%	(n=10)	at	 follow-up	
(mean	 2	 years)	 in	 the	 prostatectomy	 group	 [531].	
However,	many	patients	 remain	symptomatic	after	
prostate surgery, and prognostic factors for success 
remain	largely	unknown	[532].	

2. Pelvic organ prolapse. In	community-based	stud-
ies	[476,	533-535],	pelvic	organ	prolapse	was	asso-
ciated	with	2-6	times	higher	risk	of	having	urgency	
incontinence.	Concurrent	with	 this	inding,	hospital	
based studies have also found pelvic organ pro-
lapse to be a risk factor for urgency incontinence, 
and in interventional studies urgency incontinence 
is	often	(but	not	always)	relieved	[536].	

3. Mental health.	In	the	BACH	survey	[537],	urinary	
frequency,	 urgency,	 and	 nocturia	 were	 associated	
with	 previously	 experienced	 sexual,	 physical,	 and	
emotional abuse for both genders and for all eth-
nic groups in the study (White, Black, Hispanic). 
Concurring	results	were	found	in	a	German,	clinic-
based	study	where	31%	of	women	with	OAB	report-
ed	almost	twice	as	often	earlier	physical	or	sexual	
abuse	as	did	the	women	with	stress	urinary	incon-
tinence	(18%)	or	women	without	urinary	symptoms	
(18%)	 [538].	 In	 an	 Iranian	 study,	 individuals	 with	
OAB	had	a	higher	prevalence	of	anxiety	 (28.2	vs.	
8.8%;	p=0.001)	and	depression	(38.2	vs.	18.2%;	P	
=	0.02)	 [453]	concurring	with	inding	 from	multina-
tional	EpiLUTS	study	where	 increased	depression	
and	 anxiety	 scores	were	 found	 among	 individuals	
with	OAB	 [148].	 Furthermore,	 postpartum	 depres-
sion	has	also	been	reported	 to	be	associated	with	
urgency	incontinence	[540].

4. Other conditions. In	 the	BACH	survey	[541],	ur-
gency	was	associated	with	almost	double	 the	 risk	
of	 hypertension	 and	 heart	 disease	 in	 women	 and	
with	more	than	double	the	risk	of	diabetes	in	men.	
However,	 In	 a	 Japanese	 study	among	 the	elderly,	
OAB	 was	 not	 associated	 with	 diabetes	 or	 kidney	
disease	but	was	associated	with	depression,	alco-
hol	use,	and	increasing	BMI	[478].	In	a	UK	prospec-
tive	cohort	study	within	a	random	sample	of	19,241	
women	aged	40	or	more	identiied	from	Health	Au-
thority	 lists	of	 108	general	 practices	 [400],	 predic-
tors of OAB included faecal urgency, imbalance, 
osteoporosis,	 ankle	 swelling,	 diabetes,	 DVT	 and	
cystitis	 [9].	 Urgency/OAB	 has	 also	 been	 reported	
to	be	common	among	patients	with	diabetes	[542],	
stroke	[543]	and	asthma	[463].

1. PREVALENCE OF NOCTURIA 

Most earlier studies assessing the prevalence of 
nocturia have been conducted among elderly men 

[544-552].	They	consistently	found	that	nocturia	1)	
is	a	very	common	symptom	and	2)	 increases	with	
age.	These	inding	have	recently	been	conirmed	in	
comparative	studies	conducted	in	both	sexes	[405-
406,	411,	424,	455,	461,	553-558]	(Figure 8 ). 

We	 have	 reviewed	 all	 population-based	 studies	
assessing prevalence of nocturia in adults of both 
sexes.	To	 identify	 these	studies,	a	Medline	search	
[English-language	 articles	 published	 before	 Janu-
ary	 2012]	 was	 carried	 out	 on	 with	 the	 strategy	
((nocturia.mp)	and	((prevalence.mp)).	Non-popula-
tion-based	(i.e.	not	based	on	doctor	attendances	or	
similar) studies, studies not conducted among both 
sexes	of	adults,	studies	with	narrow	age	range	(less	
than	40	years),	or	studies	with	percentage	data	un-
available	are	not	shown	in	Figure 8 .

In	 the	 FINNO	 Study	 (individuals	 aged	 18	 to	 79),	
approximately	 one	 out	 of	 eight	 men	 and	 women	
reported	 at	 least	 two	 voids	 per	 night,	 in	 addition	
one	third	reported	one	void	per	night	 [557].	Young	
women	 reported	 more	 nocturia	 than	 young	 men,	
prevalence	 of	 nocturia	 in	men	 and	women	 equal-
ized	only	in	the	sixth	to	seventh	decade	of	life,	and	
in older age groups men had more nocturia than 
women.	Many	other	recent	studies	have	supported	
these	indings:	higher	prevalence	of	nocturia	among	
young	women	than	young	men,	and	an	equalisation	
of	 prevalence	 in	 middle	 age	 [411,	 414,	 455,	 461,	
561-562].	As	the	gender	difference	has	been	found	
across different continents (Europe, Asia, Austra-
lia and North America) it probably is not due to the 
speciic	country,	lifestyle	or	cultural	factors	(Figure 
1)	[394,	411,	414,	455,	461,	557,559-562].	The	rea-
sons for the excess of nocturia among older men 
remain	unknown,	but	prostatic	enlargement	is	likely	
to be the predominant factor. 

The	Krimpen	study	 (conducted	 in	 the	Netherlands	
among	elderly	men)	[563]	is	one	of	the	few	studies	
where	nocturia	was	assessed	by	frequency-volume	
charts). One and a half or more voids/night (average 
of	information	on	two	to	three	nights)	was	present	in	
60%	of	men	aged	70-78	years,	whereas	at	least	2.5	
voids	 per	 night	 was	 present	 in	 20%,	 respectively.	
These	estimations	are	comparable	to	questionnaire	
studies:	most	elderly	people	void	at	least	once	per	
night	[564]	(Figure 8 ).

2. INCIDENCE OF NOCTURIA

There	remains	a	paucity	of	studies	on	the	incidence	
and	natural	history	of	nocturia	[565].	This	is	not	only	
due to the fact that longitudinal studies are more 
dificult	to	perform	than	cross-sectional	studies	but	
also	due	 to	 the	youth	of	 “nocturia	 research”	 [434],	
uncertainty	not	only	about	“incidental	nocturia”	dei-
nition	[566-569]	but	also	about	the	appropriate	time	
interval	for	repeated	sampling	[570].

In	a	US	community-based	study	among	adults	over	60	
[571],	nocturia	was	ascertained	during	the	baseline and 

II. NOCTURIA
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irst	 and	 second	 year	 follow-ups.	Of	 the	 738	 indi-
viduals	with	no	nocturia	at	baseline,	34.6%	reported	
having nocturia (2 or more)	at	follow-up,	or	an	inci-
dence	 rate	of	213/1,000	person-years.	Of	 the	357	
individuals	 who	 had	 2	 or	more	 episodes	 at	 base-
line,	66.3%	 reported	1	or	 fewer	at	 follow-up,	 for	a	
remittance	 rate	 of	 497/1,000	 person	 years.	These	
estimates	were	 not	 calculated	with	 adjustment	 for	
age-	or	gender,	and	the	exact	number	of	days	be-
tween	date	at	baseline	and	date	at	 follow-up	were	
not	determined	[568].	

In a study conducted among elderly men in a Finn-
ish	county,	questionnaires	were	mailed	in	1994,	1999	
and	2004	[572].	The	crude	incidence	of	nocturia	for	
men	 from	 zero	 to	 one	 or	more	was	 75	 new	 cases	
per	1000	person-years	during	the	irst	5-year	period	
and	126	during	the	second	period.	The	younger	co-
hort	had	a	lower	incidence	than	the	two	older	cohorts	
(50-,	60-,	70-year	old:	61,	91,	93	cases/1000	person-
years, respectively). Interestingly, for all age cohorts 
the	rate	of	incidence	during	the	second	ive	year	pe-
riod	(102,	168,	and	167	per	1000	person-years)	was	
higher	than	during	the	irst.	The	incidence	of	nocturia	
to	 3	 or	more	 times	 (from	0	 or	 1-2	 times)	was	 less	
across	 all	 age	 groups	 (3,	 12	 and	 16/1000	 person-
years,	 respectively	 for	 the	 age	 cohorts).	 However,	
this	study	 is	dificult	 to	compare	to	other	studies	as	
no	information	on	incidence	of	nocturia	from	<1	epi-
sode	to	>2	or	more	is	available	[572].	

In	a	study	conducted	in	the	city	of	Gothenburg,	Swe-
den	questionnaires	were	mailed	 in	1992	to	10,456	

men	(aged	45-99)	[470].	Follow-up	was	performed	
in	 2003	when	 3,257	men	 replied	 (3,000	men	 had	
died	and	691	had	emigrated	or	were	no	longer	avail-
able	in	the	register).	The	authors	presented	preva-
lence	data	at	two	time	points.	Nocturia	prevalence	
increased	 from	12.8%	 to	50.1%	 (2	or	more	voids/
night)	among	this	study	[470].	

In	the	Krimpen	study	[563].	The	overall	incidence	and	
remission	rates	(nocturia	deined	as	≥2	voids/night)	
were	23.9%	and	36.7%	after	2.1	years	[563].	The	in-
cidence	was	 highest	 among	 the	 oldest	 and	 lowest	
among the youngest men. As the absolute number 
of	men	with	 incident	nocturia	was	higher,	 the	prev-
alence	 rate	 increased	 over	 time.	The	 authors	 con-
cluded	that	“due	to	this	luctuation	it	is	almost	impos-
sible to provide reliable incidence rates for nocturia in 
community	dwelling	older	men”	[563].	Overall,	these	
longitudinal	 studies	have	shown	 that	although	noc-
turia	increases	with	age	it	also	has	luctuating	char-
acter.	However,	the	extent	to	which	lack	of	reliability	
of the questionnaires has obscured true incidence or 
remission	estimates	remains	unknown.

3. RISK FACTORS FOR NOCTURIA 

The	causes	and	 risk	 factors	of	nocturia	are	not	well	
understood	[426,	565].	Available	studies,	that	aimed	to	
identify	potential	risk	factors,	are	summarised	below.

a) Age 

There	 have	 been	 numerous	 studies	 showing	 that	
elderly subjects have more nocturia than younger 

Figure 8. Prevalence of at least two voids per night across age groups by sex in population-based studies 
conducted among both sexes with wide age-range [411, 414, 455, 461, 557-561].
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people (Figure 8 )	-	age	is	one,	 if	not	the	most	 im-
portant correlates of nocturia. For instance, in a 
community-based	US	study,	less	than	5%	of	those	
aged	18-24	reported	 two	voids	per	night	while	 the	
corresponding	igures	were	approximately	15%	and	
25%	 for	 those	aged	45-54	and	65-74	 respectively	
[406].	Besides	increasing	age,	also	childhood	noc-
turia	predicts	nocturia	in	later	life	[474]

b) Gender 

Although there is no remarkable difference in over-
all	prevalence	of	nocturia	between	genders,	in	more	
detailed	 age	 speciic	 analyses	 differences	 have	
emerged	 between	 the	 genders	 (Figure 1 ). Many 
studies found higher prevalence of nocturia among 
young	women	than	young	men,	and	an	equalisation	
of	 prevalence	 in	 middle	 age	 [411,	 426,	 455,	 461,	
557,	 561-562].	 Prostatic	 enlargement	 has	 been	
suggested as a predominant factor for potential ex-
cess	of	nocturia	among	elderly	men	[564].	

c) Obesity

Several	 studies	 have	 shown	 the	 relation	 between	
overweight/obesity	and	nocturia.	Obesity	was	asso-
ciated	with	more	 than	 three-fold	 risk	of	nocturia	 in	
a	Swedish	study	among	middle-aged	women	[573],	
and	with	more	than	two	fold-risk	in	the	FINNO	Study	
[557].	 Conirmatory	 indings	 have	 been	 reported	
in	 numerous	 studies	 [574-577].	 In	 the	 longitudinal	
TAMUS	study	among	men	aged	50	or	more	[578],	
obese men had double the risk for nocturia com-
pared	 with	 normal	 weight	 men.	 The	 frequency	 of	
nocturia at baseline did not increase the incidence 
of	obesity	at	follow-up	[578].	

d) Life-style

Most studies have not found an association be-
tween	 nocturia	 and	 either	 alcohol	 [405,	 556,	 568,	
576,	 579-580]	 or	 coffee/caffeine	 [552,	 573,	 578,	
580-581]	 consumption.	 In	 some	 studies	moderate	
alcohol consumers had less nocturia than abstain-
ers	[578,	582,	583].	However	(as	discussed	earlier	
in	 ‘Risk	 factors	of	overactive	bladder’),	 these	ind-
ings	may	be	due	to	systematic	misclassiication	er-
ror	or	residual	confounding	[482-485].

Most studies have not found an association be-
tween	nocturia	and	smoking	[424,	552,	576,	578-
581,	 584].	 Some	 conflicting	 results	 have	 also	
been	 reported:	 in	 a	 Swedish	 study	 [573]	 smok-
ing	was	associated	with	increased	nocturia	but	in	
Austrian	 [405]	 and	 Japanese	 [556]	 studies,	 with	
decreased nocturia.

Physical activity has been reported as being 
protective	 against	 LUTS	 in	 men	 [585-587],	 and	
against	 nocturia	 in	 women	 [573].	 In	 an	Austrian	
study	 [405],	 no	 relation	was	 found	between	noc-
turia	and	physical	activity.	However,	exercise	pro-
gramme	has	been	shown	to	improve	nocturia	in	a	
non-randomised	trial	[588].

e) Race/Ethnicity and socioeconomic status 

In	several	US	studies,	African	Americans	were	ap-
proximately	twice	as	likely	to	report	nocturia	as	other	
groups	[574,	577,	589-591].	This	effect	was	attenu-
ated,	although	remained	signiicant	[577,	590],	with	
adjustment for socioeconomic status and comorbid-
ity.	Furthermore,	care-seeking	black	women	also	re-
ported nocturia more commonly than other groups 
[592-593].	Conlicting	results	were	found	in	a	Kaiser	
Permanente	study	 [594].	Less	 is	known	about	 the	
relationship	between	ethnicity	and	nocturia	outside	
the	US.	 In	 small	 studies	 in	Taiwan	 [491,	595]	and	
Scotland	[596],	associations	between	nocturia	and	
ethnicity	 have	 been	 found.	 In	 the	 Scottish	 study,	
nocturnal	polyuria	was	more	common	in	Caucasian	
men compared to Asian men. 

f) Reproductive factors and pelvic surgery 

Nocturia is a very common symptom during preg-
nancy.	 In	 all	 studies	most	 pregnant	women	 report	
nocturia	at	least	weekly,	in	many	studies	most	wom-
en	report	having	nocturia	every	night	[494-498,	503,	
597-598].	 Typically	 the	 occurrence	 of	 nocturia	 in-
creases	during	pregnancy.	In	an	Indian	study	[598],	
nocturia	(deined	as	more	than	one	void	per	week)	
was	reported	by	50.6%	of	women	before	pregnancy	
(retrospective	information),	by	58.6%	of	those	in	the	
irst,	 71.9%	 in	 the	 second	 and	 77.0%	 in	 the	 third	
trimester.	 In	 a	 Finnish	 study	 among	 women	 aged	
18-79	 [500],	parous	women	 reported	slightly	more	
nocturia	 than	 nulliparous	 women,	 contradicting	
earlier reports (conducted among perimenopausal 
women)	of	no	association	[501,	599].	The	relation-
ship	of	nocturia	between	parity	has	been	suggested	
to be more likely to be due to pregnancy itself than 
trauma	to	the	urinary	tract	during	delivery	[600]	sup-
ported	by	the	inding	of	no	difference	in	nocturia	be-
tween	primi-	 and	multiparous	women	 in	 the	 same	
Finnish	study	[500]	and	by	a	inding	of	no	difference	
between	vaginal	delivery	and	caesarean	section	in	
a	Swedish	prospective	 study	 [506].	 In	 these	 stud-
ies,	the	postpartum	period	was	also	associated	with	
increased	nocturia	[500,	506].

In	a	population-based	Swedish	study	among	young	
women,	no	difference	in	nocturia	was	found	among	
oral	 contraceptive	 users	 and	 non-users,	 however,	
levonorgestrel-releasing	 intrauterine	 device	 (com-
pared	with	non-contraceptive	users),	 reported	 less	
nocturia	(OR	0.53,	95%	CI	0.32-0.89)	[511].	

Danish	 and	 Finnish	 population-based	 studies	
have reported more than double the risk of noc-
turia	after	 the	menopause	 [500,	501],	 consistent	
with	other	studies	[508,	599].	One	study	attributed	
this to aging rather than to menopausal transition 
[601].	In	these	Finnish	and	Swedish	studies,	there	
were	 indications	 of	 increased	 nocturia	 among	
women	using	menopausal	 hormone	 therapy,	 but	
the	 findings	 were	 statistically	 insignificant	 [500,	
599].	In	a	small	randomised	trial	[602],	there	was	
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no	difference	in	nocturia	among	those	with	meno-
pausal	hormone	therapy	or	placebo.	Similar	find-
ings	were	reported	in	a	randomised	trial	of	vaginal	
oestradiol	and	placebo	after	sling	surgery	[603].

The	 relationship	 between	 nocturia	 and	 hysterec-
tomy	is	unclear,	with	hysterectomy	being	protective	
factor	 [515,	520,	522],	 risk	 factor	 [501],	or	not	as-
sociated	with	nocturia	 [500,	509,	516].	Surgery	for	
stress	urinary	incontinence	was	not	associated	with	
nocturia	in	a	population-based	study	[500].

g) Speciic conditions 

1.  Benign Prostatic Hyperplasia And Prostate Can-
cer. Benign prostatic hyperplasia (BPH) consti-
tutes	 a	 well-recognised	 risk	 factor	 for	 nocturia	
[563,	580,	604].	In	the	FINNO	Study	[580],	half	
of	 the	 subjects	 with	 physician-diagnosed	 BPH	
reported	at	 least	 two	voids	per	night;	however,	
only	 a	 third	 of	 the	 men	 with	 nocturia	 reported	
BPH.	 However,	 nocturia	 is	 the	 least	 speciic	
LUTS	 associated	with	 BPO	 and	medical	 treat-
ment to relieve BPO has less effect on noctu-
ria	than	on	other	LUTS	[605-606].	Furthermore,	
nocturia has been reported as one of the most 
persistent	LUTS	following	prostate	surgery	[530,	
607],	 and	 in	 a	 study	 of	 men	 with	 bothersome	
LUTS,	those	receiving	inasteride	had	an	effect	
indistinguishable	from	placebo	[608].	Many	men	
with	 LUTS	 express	 a	 fear	 of	 prostate	 cancer	
[609],	 however,	 whether	 LUTS	 (including	 noc-
turia) are suggestive of prostate cancer is not 
clearly	 established	 [610].	 In	 the	 large	 HUNT-2	
study	[611],	LUTS	severity	was	positively	associ-
ated	with	the	subsequent	diagnosis	of	localised	
prostate	 cancer	 but	 not	with	 advanced	or	 fatal	
disease.	More	than	70%	of	men	with	physician-
diagnosed prostate cancer reported at least 
two	voids/night,	while	7%	of	men	with	nocturia	
reported	 prostate	 cancer	 in	 the	 FINNO	 Study	
[580].	Whether	men	with	nocturia	are	more	like-
ly	to	be	diagnosed	with	prostate	cancer	(due	to	
use	of	prostate-speciic	antigen),	prostate	can-
cer	causes	nocturia,	or	nocturia	is	a	side-effect	
of various prostate cancer treatments remains 
unclear	[412,	612].	 Impact	of	radical	prostatec-
tomy on nocturia has been neutral or negative 
(i.e.	increased	nocturia)	[613-615].	

2.  Nocturnal polyuria. The	 ICS	 deines	 nocturnal	
polyuria	 as	 an	 increased	 proportion	 of	 the	 24-
hour output of urine volume occurring at night 
[427].	 However,	 there	 is	 a	 paucity	 of	 studies	
providing	 reference	 values.	 The	 Krimpen	 study	
authors suggested that nocturnal urine produc-
tion	 exceeding	 90	ml/hr	 is	 abnormal	 [563,	 584]	
but	 concluded	 that	 “nocturnal	 urine	 production	
as an explanatory variable for nocturnal voiding 
frequency	is	of	little	value.”	[584].	The	fundamen-
tal pathogenesis of nocturnal polyuria remains 
largely	unknown.	

3.  Overactive bladder. Urinary	urgency	was	a	clear	
risk	 factor	 for	nocturia	 in	 the	FINNO	Study	 (OR	
7.4,	95%	CI	4.5-12	for	men,	and	OR	4.9,	95%	CI	
3.2-7.7	for	women)	[580].	However,	while	half	of	
subjects	with	urgency	also	reported	at	 least	two	
voids	per	night,	only	one	in	three	with	nocturia	re-
ported	urgency	[459].	The	inding	that	most	peo-
ple	 with	 nocturia	 do	 not	 report	 frequent	 urinary	
urgency (Figure 9) , has also been reported in the 
EPIC	and	EpiLUTS	studies	[398,	455].

4.  Diabetes.	 An	 association	 between	 diabetes	 and	
nocturia	 has	 been	 noted	 in	most	 [556,	 574,	 576,	
580,	 583,	 604,	 616-619],	 but	 not	 all	 reports	 [555,	
563,	568].	In	the	BACH	Survey	[574]	and	in	a	Dan-
ish	study	at	ages	60-80	years	[576],	nocturia	was	
associated	with	double	the	risk	of	diabetes.	In	these	
surveys	[574,	576],	it	remained	unreported	whether	
there	were	gender	differences.	In	the	FINNO	Study	
[580],	diabetes	was	associated	with	nocturia	after	
adjustment	for	other	factors	only	in	women.

5.  Hypertension. It has been suggested that essential 
hypertension and nocturnal polyuria are part of the 
same	 pathophysiological	 process	 [620].	 In	 Japa-
nese	[556]	and	US	[568,	577]	studies,	hypertension	
was	associated	with	nocturia,	although	effect	sizes	
were	modest	(ORs	between	1.5	and	1.6).	However,	
in	studies	conducted	in	Europe	[555,	563,	580],	nei-
ther	nocturnal	polyuria	nor	nocturia	were	associat-
ed	with	hypertension.	In	a	secondary	analysis	from	
the	BACH	survey	[621],	monotherapy	with	calcium	
channel	blockers	in	women,	and	combination	ther-
apy	with	loop	diuretics	in	men	was	associated	with	
nocturia	but	no	other	associations	for	nocturia	with	
any	other	antihypertensive	was	found	[621].	While	
the	 treatment	 for	 hypertension	 may	 cause	 [395,	
621-622]	or	alleviate	nocturia	[623]	in	some	cases,	
appropriate methods are of particular importance 
when	trying	to	assess	the	relationship	between	hy-
pertension and nocturia.

6.  Coronary disease. Earlier	 (male)	 studies	 [164,	
165,	172]	did	not	ind	a	relationship	between	noc-
turia	and	cardiac	disease.	However,	in	these	stud-
ies	 [555-556,	 563],	 an	 association	 between	 car-
diac	 symptoms/disease	 and	 nocturia	 was	 found	
in the preliminary analyses before multivariate 
modelling.	In	more	recent	studies	[424,	574,	580,	
583]	coronary	disease	has	been	shown	to	be	as-
sociated	with	nocturia.	

7.  Depression.	 In	 Swedish	 and	 US	 population-based	
studies	[414,	624],	depression	and	antidepressant	use	
were	 both	 associated	 with	 increased	 prevalence	 of	
nocturia	whereas	in	a	Finnish	study	a	relationship	was	
found only among men using antidepressants after ad-
justment	for	other	factors	[580].	In	another	Finnish	study	
(among	men	aged	50	or	more),	those	with	depressive	
symptoms	at	study	entry	were	at	almost	triple	risk	for	
moderate	or	severe	nocturia	than	those	without	depres-
sive symptoms but nocturia had no effect on depressive 
symptoms	during	5-year	follow-up	[625].	
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8.  Sleep apnoea and snoring. In	 clinic-based	 stud-
ies	 [618,	626-628],	nocturia	was	associated	with	
sleep	 apnoea.	 In	 US	 studies	 conducted	 among	
community-dwelling	 older	 adults,	 subjects	 with	
increased	 apnoea-hypopnoea	 index	 had	 greater	
mean nocturia episodes, nighttime urine produc-
tion	and	atrial	natriutretic	peptide	excretion	 [629-
630].	 Snoring	was	 one	 of	 the	 three	most	 impor-
tant	nocturia	population-level	risk	factors	for	both	
sexes	in	the	FINNO	Study	[580]	concurrent	with	a	
Swedish	urology	clinic	study	[631].

9.  Neurological diseases.	 Most	 patients	 with	 mul-
tiple	 sclerosis	 have	 bladder	 dysfunction,	 which	
may	also	lead	to	nocturia	[632-633].	Nocturia	was	
also	 associated	with	 stroke	 and	 cerebrovascular	
disease	 [583,	 616].	Moreover,	 in	 a	 study	 among	
Parkinson´s	patients,	severity	of	disease	was	also	
associated	with	increased	nocturia	[634].	Further-
more,	 a	 relationship	 between	 nocturia	 with	 rest-
less	legs	syndrome	was	recently	reported	[580].	

4. SUMMARY POINTS

•		Overactive	 bladder	 (syndrome)	 (OAB)	 has	 been	
deined	as	urinary	urgency,	with	or	without	urgency	

urinary	 incontinence,	 usually	 with	 increased	 day-
time frequency and nocturia (in the absence of in-
fection or other obvious pathology).

•		Prevalence	of	OAB	has	been	estimated	from	as	low	
as	2%	up	to	53%.

•		Recent	population-based	studies	have	shown	that	
less	 than	 10%	 of	 people	 have	OAB	with	 at	 least	
moderate bother suggesting that bother measure-
ment is essential in estimating the clinically relevant 
prevalence of OAB.

•		Longitudinal	studies	have	shown	that	OAB	increas-
es	with	age,	and	that	OAB	is	a	dynamic	condition,	
with	 not	 only	 substantial	 progression	 but	 also	 re-
mission rates.

•		OAB	has	been	suggested	to	be	associated	with	an	
increased risk of falls, fractures, and impaired qual-
ity of life. 

•		While	age	is	a	clear	risk	factor	for	urinary	urgency	
and/or OAB, other risk factors have not been that 
well	studied.	

•		Individuals	 with	 benign	 prostatic	 hyperplasia,	 pelvic	

Figure 9.  Age-standardised prevalence of nocturia, urinary urgency (with or without urgency inconti -
nence) and urinary frequency among Finnish people aged 18–79 years. 

The red circle represents individuals with urinary urgency (often or always in scale: never-rarely-often-always) without 
urgency incontinence (often or always in scale: never-rarely-often-always) excluding the area of the red oval representing 
individuals with urinary urgency with urgency incontinence. The blue circle represents individuals with urinary frequency 
(deined as more than eight voids/day) and the green circle nocturia (deined as at least two voids/night). Age-standardization 
performed using the age structure of Finland. Modiied from 124 which is an Open Access article distributed under the terms 
of the Creative Commons Attribution Non-Commercial License which permits unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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organ prolapse and mental health problems typically 
report	urinary	urgency	more	often	than	those	without.

•		Nocturia	is	one	of	–	if	not	the	-	most	common	lower	
urinary	 tract	 symptom	 with	 similar	 overall	 preva-
lence in both genders.

•		The	prevalence	of	nocturia	is	higher	among	young	
women	than	young	men,	but	prevalence	increases	
more	strongly	with	age	in	men.	

•		The	literature	on	the	incidence	of	nocturia	remains	
relatively sparse. Incidence of nocturia has been 
shown	 to	 increase	 with	 age	 but	 also	 remarkable	
luctuation	has	been	identiied.

•		Two	 episodes	 of	 nocturia	 constitute	 meaning-
ful nocturia, affecting quality of life and perceived 
health,	while	a	single	episode	does	not.

•		Nocturia	 has	 been	 associated	 with	 an	 increased	
risk of falls, fractures, and death. 

•		Risk	 factors	 for	 nocturia	 include	 conditions	 of	 the	
lower	urinary	tract,	but	also	a	range	of	systemic	con-
ditions, including but not limited to prostatic hyper-
plasia, urinary urgency/overactive bladder, obesity, 
sleep apnoea, parity, and postmenopausal periods. 

5. FUTURE NEEDS

•		Due	 to	 the	 relative	 youth	 of	 research	 in	OAB	 and	
nocturia,	most	data	currently	available	are	cross-sec-
tional, hence, more prospective studies are needed.

•		Natural	history	of	OAB	and	nocturia	needs	more	re-
search	–	progression	and	remission	of	these	symp-
toms	is	not	yet	well	understood.	

•		Better	 understanding	 of	 relationship	 of	 different	
‘overactive	bladder	symptoms’	would	be	beneicial.	

•		With	prospective	studies	examining	risk	factors	for	inci-
dent	OAB	and	nocturia	will	be	possible,	however,	dei-
nition of incident OAB and nocturia may be challenging 
due	to	luctuating	character	of	these	symptoms.

•		Overall,	 further	 studies	 should	 be	 conducted	with	
proper	 study	 designs	 and	 population-based	 sam-
plings in order to decrease risk of bias.

Pelvic organ prolapse (POP) refers to loss of sup-
port for the uterus, bladder, colon or rectum lead-
ing to prolapse of one or more of these organs into 
the vagina. Prolapse is thus a continuous condition 
when	measured	by	visual	inspection	of	the	vaginal	
wall	during	valsalva.	For	clinical	purposes,	 the	de-

gree of POP is commonly described as above the 
introitus,	at	the	introitus,	or	beyond	the	introitus	with	
or	 without	 valsalva.	 The	 International	 Continence	
Society	irst	developed	a	standardised	deinition	for	
the	condition	of	POP	in	1996	[635].	The	ICS	Pelvic	
Organ	 Prolapse	 Quantiication	 (POPQ)	 examina-
tion	deines	prolapse	by	measuring	 the	descent	of	
speciic	 segments	 of	 the	 reproductive	 tract	 during	
valsalva	strain	relative	to	a	ixed	point,	the	hymen.	
The	POPQ	system	describes	the	anatomic	indings	
of	 pelvic	 organ	 prolapse	 without	 consideration	 for	
symptoms	and	bother	perceived	by	the	woman.	Val-
idation	of	this	system	has	shown	it	to	be	highly	reli-
able	[636].	The	stages	of	prolapse	severity	are	ar-
bitrarily	deined,	and	there	is	no	clear	differentiation	
between	normal	anatomic	variation	and	mild	POP.	
For research purposes there is consensus for use 
of the POPQ system until further evidence might 
clarify	the	distinction	between	normal	variation	and	
mild	prolapse	[637].	

Determining	POP	based	on	self-reported	symptoms	
is	dificult	because	of	the	lack	of	speciicity	and	sen-
sitivity of most symptoms attributed to pelvic organ 
prolapse	[638]	and	the	fact	that	prolapse	above	the	
level of the hymeneal ring is usually asymptomatic 
[639].	The	only	 exception	appears	 to	 be	a	 sensa-
tion	of	bulging	into	the	vagina	[640].	which	is	most	
strongly	 associated	 with	 prolapse	 at	 or	 below	 the	
hymeneal	 ring	 [641-642].	 A	 recent	 study	 of	 110	
women	 found	 that	a	question	asking	about	a	 feel-
ing of something bulging in or dropping out of their 
vagina	had	a	sensitivity	of	84%	and	a	speciicity	of	
94%	for	POP	at	or	beyond	the	hymeneal	ring	on	ex-
amination	[639].	Seeing	prolapse	would	presumably	
be	even	more	speciic,	but	is	too	uncommon	to	be	
useful	as	a	deinition.

Since	 the	 4th	 ICI	 several	 additional	 studies	 have	
reported the prevalence of POP in a general popu-
lation	 [643-648].	Reports	 from	 the	Women’s	Health	
initiative	(WHI)	Oestrogen	Plus	Progestin	Trial,	and	
randomised controlled trial, have been included 
[643,645-646].	While	not	actually	population-based,	
the	women	in	the	trial	were	recruited	from	the	com-
munity	rather	then	from	women	seeking	gynaecolog-
ical care, and provide important information on the 
prevalence of POP based on pelvic examination. 

The	prevalence	of	POP	based	on	a	sensation	of	a	
mass	bulging	into	the	vagina	was	remarkably	con-
sistent,	 ranging	 between	5	 and	10	percent	 (Table 
16).	The	study	by	Eva	et	al.,	which	reported	a	sub-
stantially	 higher	 prevalence	 included	 in	 the	 deini-
tion of POP, pelvic heaviness or digital pressure on 
the	perineum	or	 in	 the	vagina	to	aid	with	defaeca-
tion	 [649].	 The	 prevalence	 of	 observed	 prolapse	
in	women	enrolled	in	the	WHI	trial	 is	similar	to	the	

G. EPIDEMIOLOGY OF POP
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Table 16. Prevalence of pelvic organ prolapse (POP) deined by symptoms or observed on pelvic examina-
tion in the general population .

* Denominator is women with a uterus
** Stages deined as 0: no prolapse, 1: prolapse to 1 cm above hymen, 2: prolapse to between 1 cm above and 1 cm below 
hymen, 3: prolapse between 1 cm below hymen and 2 cm above introitus, 4: prolapse beyond 2 cm above introitus.
Note: Studies reported  by Handa, Nygaard and Bradley are all subsets from study reported by Hendrix.

Country N
Prevalence

651 India

terminology

15+ 2990 15

25

35

45

55

(652

Australia 15 97 1546 8

(647

Sweden 30 79 5489 8

649 Sweden 40

60

641

663

23

28

[650

Sweden

examination

20 59

(mean=39)

487

648 USA

or

40 73

(mean=56)

2109 6

644 USA

(validated)

25 84 4103 6

642 USA

examination

50

(mean=63)

27,3

42

643 USA

examination

50 79

(mean=63)

412

646 USA POP Q** 50 79

(mean=68)

270

>

645 USA POP Q 50 79

(mean=68)

270 >
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prevalence	found	in	the	one	population-based	study	
that	 also	 used	 pelvic	 examination	 [650],	 although	
the	prevalence	of	each	type	of	prolapse	was	higher	
in	the	WHI	study	[642].	In	both	studies,	prolapse	oc-
curs most frequently in the anterior compartment, 
next most frequently in the posterior compartment, 
and least in the apical compartment.

Two	studies	that	examined	prolapse	by	race	found	
the	 that	 Black	 women	 had	 the	 lowest	 prevalence	
and	 Hispanic	 women	 the	 highest	 after	 controlling	
for multiple other factors in multivariate analy-
sis	 [642,648].	The	study	 reported	by	Rortveit	et	al	
based on symptoms found adjusted odds ratios 
of	 0.4	 (95%	 CI=0.2-0.8)	 for	 Black	 and	 1.3	 (95%	
CI=0.8-2.2)	for	Hispanic	women,	with	White	women	
as	the	referent	group	[556].14	Hendrix	et	al	report-
ed	adjusted	odds	ratios	of	0.6	(95%	CI=0.5-0.8)	for	
Black	and	1.2	(95%	CI=1.0-1.5)	for	Hispanic	women	
compared	to	White	women	for	POP	based	on	geni-
tal	examination	[643].	

Only	two	studies	could	be	located	that	reported	the	
incidence	of	 new	POP.	Both	 studies	were	done	on	
sub-groups	of	women	enrolled	in	the	WHI	Oestrogen	
Plus	Progestin	Trial.	The	 irst	 study	 of	 412	women	
enrolled	 at	 the	 University	 of	 California,	 Davis	 site,	
used a standardised pelvic examination repeated 
every	2	years	over	8	years	 [643].	The	 incidence	of	
new	cystocele,	 rectocele	 and	uterine	prolapse	was	
9%,	6%	and	2%,	respectively.	Annual	rates	of	remis-
sion	from	grade	1	(prolapse	to	above	introitus)	was	
relatively	common	for	each	type	of	POP	(24%,	22%	
and	48%,	respectively)	but	less	common	from	grade	
2	or	3	(prolapse	to	or	beyond	the	introitus)	(9%,	3%	
and	0%,	respectively).	In	a	second	study	of	259	post-
menopausal	women	with	a	uterus	who	were	exam-
ined	using	the	POP-Q	at	baseline	and	annually	for	3	
years.	POP	was	deined	as	prolapse	to	or	beyond	the	
hymeneal	ring.	The	incidence	of	new	POP	was	26%	
at	1	year	and	40%	at	3	years,	with	remission	rates	of	
21%	at	1	year	and	19%	at	3	years	[645].	

Several	studies	have	reported	the	annual	incidence	
of	surgery	for	POP	in	the	US	and	at	least	one	in	the	
UK.	A	 longitudinal	 study	of	over	17,000	women	 in	
the	U	K,	age	25	to	39	at	baseline,	reported	an	annu-
al	rate	of	prolapse	surgery	of	0.16%	[653].	This	rate	
is	 consistent	 with	 the	 rate	 of	 approximately	 0.2%	
per	 year	 reported	 in	 the	 US	 [654-655].	 One	 US	
study	reported	an	annual	incidence	rising	with	age	
from	0.05%	in	women	age	30-39	to	0.5%	in	women	
age	70-79	with	an	estimated	lifetime	cumulative	risk	
of	surgery	from	prolapse	of	7%	to	11%	[656].	A	re-
cent	US	study	reported	similar	surgical	rates:	0.07%	
for	women	18-39,	0.24%	for	women	age	40-59,	and	
0.31%	 for	women	 age	 60-79	 [657].	 Surgical	 rates	
drop	substantially	after	age	80	 [656-657].	Estimat-
ing rates of prolapse surgery has the advantage of 

use	of	hospital	discharge	data	on	procedures,	which	
is highly accurate for the procedure performed, but 
less accurate for the indications for the procedures, 
particularly	when	a	procedure	may	have	more	then	
one indication.

1.  BOWEL DYSFUNCTION AND PELVIC OR -
GAN PROLAPSE

Women	 who	 seek	 urogynecological	 care	 report	 a	
high	 prevalence	 of	 bowel	 symptoms	 [658].	 How-
ever,	bowel	dysfunction	 is	highly	prevalent	among	
women	 in	 general	 and	 it	 has	 been	 estimated	 that	
up	to	27%	of	the	female	population	in	industrialised	
countries	 is	 affected	 by	 constipation	 [659].	 The	
overall prevalence of constipation and associated 
symptoms	 in	 women	 with	 pelvic	 organ	 prolapse	
ranges	 between	 20-53%	 depending	 on	 the	 deini-
tion	of	disorders	 [660-662].	Although	deinitions	of	
disease	differ	between	studies	it	is	widely	acknowl-
edged	that	bowel	dysfunction	is	a	complex	condition	
with	 a	multifactorial	 aethiology.	 Bowel	 dysfunction	
comprises	 a	 wide	 variety	 of	 symptoms	 including	
constipation,	rectal	emptying	dificulties,	incomplete	
defaecation, manually assisted defaecation, faecal 
urgency	and	irritable	bowel	syndrome	(IBS).	Neuro-
physiological	 assessments	 have	 shown	 that	 dam-
age	to	the	pelvic	loor	musculature	and	nerve	supply	
can	occur	as	a	result	of	chronic	constipation	[663].	
Other	predisposing	factors	comprise	low	socio-eco-
nomic	 status,	 pelvic	 loor	 surgery,	 depressive	 dis-
orders, thyroid dysfunction, physical disability and 
inactivity,	and	food	habits	[664].

Current	 epidemiological	 evidence	 on	 the	 associa-
tion	 between	 bowel	 dysfunction	 and	 pelvic	 organ	
prolapse are at odds. A number of studies suggest 
that	women	with	pelvic	organ	prolapse	are	signii-
cantly more likely to experience constipation and 
other	 symptoms	 of	 bowel	 dysfunction,	 [662,665-
668]	whereas	others	show	a	weak	or	non-existent	
association	[661,669-671].	 In	a	case-control	study,	
manually	 assisted	 defaecation	 was	 present	 in	
19.7%	of	women	with	prolapse	compared	 to	4.4%	
of	 control	 subjects	 (p<0.001)	 [662].	 In	 a	 randomly	
selected	 population	 based	 study,	 irritable	 bowel	
syndrome	and	constipation	were	both	strongly	as-
sociated	with	 pelvic	 organ	 prolapse	 (OR	 2.8	 95%	
CI	1.7-4.6,	and	OR	2.5	95%	CI	1.7-3.7	respectively)	
[667].	Varma	et	al.,	[668]	suggested	that	among	ran-
domly	selected	women,	having	symptomatic	pelvic	
organ prolapse more than doubled the risk for ob-
structed	 defaecation	 (OR	 2.3	 95%	 CI	 1.5-3.7).	 A	
retrospective	questionnaire	based	survey	of	women	
with	and	without	prolapse	concluded	that	constipa-
tion	 as	 a	 young	 adult	 was	 an	 important	 factor	 in	
the	 development	 of	 uterovaginal	 prolapse[665].	 In	
a	case-control	study,	women	with	prolapse	were	at	
increased risk for constipation also after adjustment 
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for	dietary	ibre	 intake	 (OR	2.9,	95%	CI	1.1-13.5).	
when	compared	to	women	without	prolapse[666].

In	 the	 cross-sectional	 Women´s	 Health	 Initiative	
(WHI),	 cysto-	 and	 rectocele	 was	 only	 weakly	 as-
sociated	with	constipation	(OR	1.1	95%	CI	1.0-1.2)	
[669].	Similar	weak	associations	between	prolapse	
and	bowel	dysfunction	have	been	observed	in	other	
large	cross-sectional	studies	[661,670-671].	Overall	
severity	 and	 prevalence	 of	 bowel	 dysfunction	 has	
shown	poor	correlation	with	indings	of	pelvic	organ	
prolapse	at	 radiological	 imaging	 [672-674].	Also	at	
clinical examination, increasing vaginal descent 
and	 prolapse	 severity,	 show	 a	 generally	 weak	 (or	
absent)	association	with	symptoms	related	to	bow-
el	dysfunction	 [660,675-678].	 In	a	 substudy	 to	 the	
WHI,	 no	 speciic	 bowel	 symptom	 was	 associated	
with	 increasing	 loss	of	pelvic	organ	support	 in	any	
vaginal	compartment	[671].	When	considering	com-
partment-speciic	pelvic	loor	defects,	most	studies	
suggest	 that	 increasing	posterior	 vaginal	wall	 pro-
lapse and perineal descent are correlated to more 
symptoms	of	obstructive	defaecation	[661,674,676].	
In	a	cross-sectional	study	of	260	women	with	pelvic	
organ	prolapse,	women	with	posterior	vaginal	wall	
prolapse	were	more	 likely	 to	 incomplete	 emptying	
(41%	 vs	 21%,	 P=0.003),	 straining	 at	 defaecation	
(39%	vs	19%,	P=0.002),	and	splinting	with	defeca-
tion	(36%	vs	14%,	P<0.001)	compared	with	women	
without	 posterior	 vaginal	 wall	 prolapse.	 But	 there	
was	no	signiicant	association	between	bowel	symp-
toms	and	increasing	severity	of	prolapse	[679].	

The	 association	 between	 bowel	 dysfunction	 other	
than	 speciically	 obstructive	 symptoms	 and	 pelvic	
organ prolapse has been poorly investigated. In a 
random	population-based	study	of	2109	racially	di-
verse	women	women	with	IBS	(prevalence	=9.7%)	
had higher odds of reporting symptomatic pelvic or-
gan	prolapse	(OR	2.4;	95%	CI,	1.4-4.1)	compared	
to	those	without	IBS	[680].	It	has	also	between	sug-
gested that anal sphincter dysfunction such as par-
adoxical anal sphincter reaction is more common 
in	 patients	 with	 rectocele	 as	 compared	 to	 women	
without	rectocele	at	defaecography	[681].

2. PELVIC SURGERY AND POP

Even though the notion that hysterectomy increases 
the	risk	 for	pelvic	organ	prolapse	has	wide	accep-
tance,	 longitudinal	 studies	 conirming	 a	 temporal	
association	are	few	and	previous	studies	do	not	of-
ten	differentiate	between	various	types	of	hysterec-
tomy.	A	number	of	cross-sectional	and	retrospective	
studies implicate hysterectomy as an independent 
risk	factor	for	pelvic	organ	prolapse.	However,	due	
to a delay of onset, large population samples and a 
suficiently	long	duration	of	follow-up	are	required	to	
determine	an	association	with	adequate	certainty.	

In	 a	 nationwide	 cohort	 study,	Altman	et	 al.	 [682].	
reported	that	3.2%	of	women	with	hysterectomy	had	
pelvic	organ	prolapse	surgery,	compared	with	2.0%	

in	non-hysterectomized	controls,	corresponding	to	a	
risk	of	1.7	(95%	CI,	1.6-1.7).	 In	this	Swedish	study,	
vaginal hysterectomy had the highest risk for sub-
sequent	 prolapse	 surgery	 (HR	 3.8,	 95%	CI,	 3.1	 to	
4.8)	in	comparison	to	non-hysterectomised	controls.	
These	results	were	corroborated	by	Cooper	et	al.	in	
a	 large	 study	 from	Scotland	 showing	 an	 increased	
risk	 for	 prolapse	 surgery	 among	women	 after	 hys-
terectomy,	 compared	 to	endometrial	 ablation	 [683].	
These	register-based	data	are	largely	in	agreement	
with	 the	 longitudinal	Oxford	 Family	 Planning	Asso-
ciation	study	by	Mant	et	al.	[684]	reporting	increased	
overall	incidence	rates	for	prolapse	surgery	following	
hysterectomy. Although not separating various hys-
terectomy techniques, Mant el al. determined that 
the	risk	of	prolapse	following	hysterectomy	was	5.5	
times	higher	(95%	CI	3.1-9.7)	in	women	whose	hys-
terectomy	was	 performed	 for	 prolapse	 as	 opposed	
to other benign conditions. A history of hysterectomy 
has	also	been	identiied	to	increase	the	risk	for	pro-
lapse	 in	 several	 cross-sectional	 and	 retrospective	
studies	[685-686].

Speciic	risk	factors	for	posthysterectomy	prolapse	
have	 been	 assessed	 in	 two	 case-control	 studies.	
Both	 Dällenbach	 et	 al.	 [687].	 and	 Forsgren	 et	 al.	
[688].	reported	that	pelvic	loor	surgery	before	hys-
terectomy	was	 the	 strongest	 risk	 factor	 for	 devel-
oping posthysterectomy pelvic organ prolapse (OR 
7.9,	95%	CI	1.3-48.2	and	OR	2.8,	95%	CI	1.0-7.7	re-
spectively).	The	risk	of	prolapse	repair	was	4.7	times	
higher	 in	 women	 whose	 initial	 hysterectomy	 was	
indicated	by	prolapse	[687].	Vaginal	vault	prolapse	
involves the loss of vaginal apical support and may 
per	 deinition	 only	 occur	 after	 hysterectomy	 [689].	
Marchionni	et	al.	reported	a	4.4%	overall	incidence	
of vaginal vault prolapse after hysterectomy but in 
women	where	 uterine	 prolapse	was	 the	 indication	
for	hysterectomy	the	incidence	was	11.6%	[690].	In	
a	register-based	study	Forsgren	et	al.	showed	that	
the	greatest	risks	for	prolapse	surgery	(HR	4.9,	95%	
CI	 3.4-6.9)	 were	 observed	 subsequent	 to	 vaginal	
hysterectomy for pelvic organ prolapse but having a 
vaginal hysterectomy also for other indications sig-
niicantly	 increased	 the	 risk	 for	 subsequent	 pelvic	
organ prolapse surgery compared to other modes 
of	hysterectomy	[691].	Similar	observational	results	
were	shown	by	Cooper	et	al.	[683].	

It has also been suggested that pelvic surgery other 
than	hysterectomy	may	predispose	women	to	sub-
sequent	 genital	 prolapse	 including:	 rectopexy	 for	
rectal	 prolapse	 (OR	 3.1;	 95%	 CI	 1.4-6.9)	 [692].;	
gynaecological	surgery	 in	general	(OR	=	3.9,	95%	
CI	 1.8-8.8)	 [693];	 and	 retropubic	 colposuspension	
procedures	are	associated	with	a	near	30%	risk	of	
subsequent vaginal vault and posterior vaginal pro-
lapse	at	 long-term	evaluations	[694-695].	 In	a	pro-
spective	 cohort	 study	 of	 374	 women,	 the	 10-year	
re-operation	rate	was	17%	after	traditional	prolapse	
or	 incontinence	 surgery[696].	 Having	 undergone	
pelvic organ prolapse or incontinence surgery prior 
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to	 the	 index	operation	 increased	 the	 risk	of	 re-op-
eration	to	17%	compared	with	12%	for	women	who	
underwent	a	irst	procedure	(p=.04)	[696].	

3. OBSTETRIC FACTORS AND POP

For ethical and practical reasons, randomised con-
trolled trials to study the causal effects of vaginal 
and	caesarean	delivery	on	the	pelvic	loor	will	never	
be	performed.	Observational	 studies	will	 therefore	
most	likely	remain	the	main	source	of	knowledge	on	
this	subject.	Nonetheless	it	is	widely	accepted	that	
childbirth	is	a	signiicant	risk	factor	for	pelvic	organ	
prolapse, presumably due to overt or occult pelvic 
loor	tissue	trauma.	Controversy	does,	however,	re-
main	with	regard	to	the	protective	effect	of	caesar-
ean	section	and	 if	speciic	obstetric	events	should	
be	considered	as	 risk	modiiers.	Due	 to	a	delayed	
onset of pelvic organ prolapse in relation to giving 
birth, studies on the subject need a long duration 
of	 follow-up	 as	well	 as	 large	 study	 populations	 to	
be able to elucidate the possible causative events. 
Therefore,	the	majority	of	studies	on	the	subject	are	
typically	designed	as	cross-sectional	surveys	or	ret-
rospective	cohort	or	case-control	studies.	It	is,	how-
ever, encouraging that long term longitudinal data 
are starting to emerge.

Pregnancy	itself	has	been	identiied	as	a	risk	factor	
for stress urinary incontinence. With regard to pelvic 
organ prolapse, the association is less substanti-
ated.	In	a	clinical	case-control	study,	all	21	nullipa-
rous	non-pregnant	women	had	POP-Q	stage	0	or	1,	
whereas	47.6%	of	21	nulliparous	pregnant	women	
had pelvic organ descent corresponding to stage II 
(p<0.001)	 [697].	Overall	 POP-Q	 stage	was	 higher	
in	the	third	trimester	than	in	the	irst	(p=0.001).	Also	
Sze	et	al.[698]	found	that	in	94	nulliparous	women	
evaluated	 at	 the	 36	 with	 antepartum	 visit	 and	 six	
weeks	postpartum,	POP-Q	staging	increased.	

A large number of studies identify childbirth as one 
of the strongest predictors for developing pelvic 
organ	 prolapse	 later	 in	 life	 [667,669,684-685,699-
704].	 It	 is	 also	 a	 recurrent	 observation	 that	 the	
number	of	deliveries	 is	associated	with	 the	 risk	of	
prolapse although there are data to suggest the 
contrary	 [705].	 In	 the	 prospective	 Oxford	 Family	
Planning	Association	study,	[684]	childbirth	was	the	
single strongest risk factor for developing prolapse 
in	 women	 under	 59	 years	 of	 age	 and	 the	 risk	 in-
creased	by	every	delivery.	Similar	indings	derived	
from	the	WHI,	[669]	where	a	parity	of	one	conveyed	
an	overall	 two-fold	risk	 increase	for	prolapse	com-
pared	 to	 having	 no	 children,	 after	which	 each	ad-
ditional	childbirth	added	a	10-20%	risk	increase.	In	
a	 case-control	 study,	Tegerstedt	 et	 al.	 [703]	 found	
that the risk for symptomatic pelvic organ prolapse 
increased	with	 the	 number	 of	 deliveries	 and	were	
3.3-times	higher	among	mothers	of	four	than	among	
mothers	of	one.	Similarly,	Rortveit	et	al.	[667]	found	
that	 the	 risk	 of	 prolapse	 increased	 in	women	with	
one	(OR	2.8	95%	CI	1.1-7.2),	two	(OR	4.1,	95%	CI	

1.8-9.5),	 and	 three	or	more	 (OR	5.3,	 95%	CI	2.3-
12.3)	vaginal	deliveries	compared	with	nulliparous	
women.	 In	 a	 questionnaire	 based	 cross-sectional	
study	among	2,640	middle-aged	women	 the	num-
ber	of	vaginal	deliveries	was	a	risk	factor	for	past	or	
present	symptomatic	prolapse	[704].

Whether	 or	 not	 caesarean	 section	 provides	 sufi-
cient	protection	to	the	pelvic	loor,	thereby	prevent-
ing loss of pelvic organ support, is controversial. 
Several	 studies	 suggest	 that	 elective	 cesarean	
does	 indeed	 protect	 women	 from	 developing	 pel-
vic	 organ	 prolapse	 later	 in	 life	 [699,700-703].	 In	
4,458	 randomly	 selected	 women,	 vaginal	 child-
birth	 increased	 the	 risk	 of	 prolapse	 by	 1.82	 (95%	
CI	1.04-3.19)	[701]	In	a	nested	case-control	study,	
Uma	et	al.	[702]	found	that	caesarean	section	was	
associated	with	a	signiicantly	reduced	risk	of	pelvic	
loor	 surgery	 compared	 with	 spontaneous	 vaginal	
delivery	 (OR	 0.16,	 95%	CI	 0.05-0.55).	 In	 a	 case-
control	 study,	 Chiaffarino	 et	 al.	 [706]	 found	 that	
women	who	were	 delivered	 by	 caesarean	 section	
were	at	signiicantly	lower	risk	of	prolapse	(OR	0.3	
95%	CI	0.1-1.0).	Other	investigators	suggest	that	in	
the long term, caesarean delivery does not provide 
a	signiicant	 risk	 reduction	 in	pelvic	loor	morbidity	
compared	with	vaginal	delivery	 [707-708].	 In	a	co-
hort	study	of	women	having	their	irst	and	all	subse-
quent	deliveries	by	cesarean	(n	=	33,167),	and	an	
age-matched	sample	of	women	only	having	vaginal	
deliveries	 (n	 =	 63,229)	 between	 1973	 and	 1983,	
Leijonhufvud	 et	 al.	 found	 that	women	 only	 having	
vaginal deliveries had increased overall risk of sub-
sequent	 prolapse	 surgery	 (hazard	 ratio,	 9.2;	 95%	
CI	 7.0-12.1)	 compared	 with	 women	 only	 having	
cesarean	deliveries	[709]	Among	women	with	vagi-
nal deliveries only the incidence rate for prolapse 
surgery increased steadily, reaching its peak close 
to	three	decades	after	irst	delivery.	In	women	with	
cesarean deliveries only the incidence rate for POP 
surgery	 showed	 very	 little	 variation	 over	 time	 and	
being	notably	lower	compared	to	the	vaginal	deliv-
ery	cohort	10	years	after	irst	birth	for	the	duration	of	
the	observational	period.	These	observational	data	
suggest	that	cesarean	section	conveys	a	long-term	
protective	effect	with	regard	to	the	development	of	
pelvic organ prolapse (Figure 10). 

A	 number	 of	 speciic	 obstetric	 events	 and	 inter-
ventions have been implicated as risk factors for 
the development of pelvic organ prolapse. In one 
study, maternal age and use of epidural analgesia 
was	 associated	with	 an	 increased	 need	 for	 pelvic	
organ	prolapse	surgery	[700].	A	case-control	study	
found	no	signiicant	association	with	maternal	age,	
instrumental delivery (forceps or vacuum), or length 
of	delivery	when	comparing	women	with	prolapse	to	
randomly	 selected	 controls	 [703]	However,	Handa	
et	al.	[710]	found	that	operative	vaginal	birth	signii-
cantly	increased	the	risk	for	all	pelvic	loor	disorders	
and	pelvic	organ	prolapse	in	particular	(OR	7.5,	95%	
CI	2.7-20.9).	In	a	case-control	study,	Chiaffarino	et	al.	
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[706]	 found	 that	after	 forceps	delivery	women	had	
an	OR	of	3.6	(95%	CI	1.0-13.5)	for	developing	pel-
vic organ prolapse, but after adjustment for vaginal 
delivery	the	odds	were	no	longer	signiicant	(OR	1.3	
95%	CI	0.6-3.1).	Also	Moalli	et	al.	[693]	concluded	
that forceps delivery posed a risk for prolapse. On 
the	othr	hand,	Uma	et	al.	[702]	found	no	signiicant	
association	between	pelvic	organ	prolapse	and	for-
ceps	delivery	(OR	0.9,	95%	CI	0.7-1.2);	infant	birth-
weight	>4.0	kg	(OR	0.9,	95%	CI	0.5-1.7);	episiotomy	
(OR	1.46,	95%	CI	1.0-2.10);	and	labour	prolonged	
>12	hours	(OR	1.51,	95%	CI	1.00,	2.27).	The	incon-
sistency	 and	wide	 variety	 in	 the	magnitude	 of	 the	
risk estimates suggest that most studies so far lack 
suficient	statistical	power	for	valid	conclusions.

4.  MISCELLANEOUS RISK FACTORS AND POP

A	wide	variety	of	risk	factors	for	pelvic	organ	prolapse,	
others than those addressed above, have been 
identiied	 in	 the	 literature.	Most	of	 these	have	been	
investigated as part of larger multivariate analyses 
based	 on	 cross-sectional	 surveys	 or	 retrospective	
case-control	studies.	Overall,	these	associations	are	
largely	of	level	III-IV	evidence	and	further	research	is	
needed to disentangle the effects and interactions of 
environmental risk factors for prolapse.

Several	 somatic	 risk	 factors	 for	 pelvic	 organ	 pro-
lapse	have	been	identiied.	Generalised	connective	
tissue	 disorders	 such	 as	 Ehlers-Danhlos	 disease	
and	Marfans	syndrome	[711-712]	have	been	linked	
to an increased risk for pelvic organ prolapse. In a 
community-based	 study	 of	 prolapse	 in	 rural	West	
Africa,	chronic	anaemia	was	the	strongest	risk	fac-

tor	 for	prolapse	after	parity	and	age	 (OR	2.1	95%	
CI	1.1-3.4).	[713]	and	chronic	obstructive	pulmonary	
disorders.	 Skeletal	 abnormalities	 such	 as	 thoracic	
kyphosis, lumbar lordosis and pelvic dimension 
changes	 have	 been	 associated	with	 an	 increased	
risk	 for	 prolapse	 [713-715].	 Women	 with	 joint	 hy-
permobility	 have	 a	 signiicantly	 higher	 prevalence	
of genital (and rectal) prolapse in comparison to 
women	 with	 normal	 mobility[716-717]	 Weak	 as-
sociations	have	also	been	shown	 for	osteoporosis	
and	 rheumatoid	arthritis	 [707]	Obesity	may	be	as-
sociated	with	 increased	pelvic	loor	symptoms	and	
more	 severe	 symptomatic	 prolapse	 [704,718-719]	
yet increasing body mass index and obesity have 
not	 consistently	 been	 identiied	 as	 risk	 factors	 for	
prolapse as compared to stress urinary inconti-
nence	[720-721]	Other	factors	that	has	not	convinc-
ingly	 demonstrated	 any	 signiicant	 linkage	 to	 pro-
lapse include the presence of chronic obstructive 
pulmonary	disease	and	diabetes	mellitus	[685,721]	
Pulmonary	 impairment	 has	 been	 shown	 to	 more	
common	in	women	with	loss	of	pelvic	organ	support	
compared	to	those	without	[722].

A	low	educational	level	(OR	2.16,	95%	CI	1.10-4.24)	
[723]	and	low	annual	 income,	[724]	are	socio-eco-
nomic	factors	which	have	been	associated	with	an	
increased	risk	for	pelvic	organ	prolapse.	In	21,449	
non-hysterectomised	Italian	women,	higher	educa-
tion	was	associated	was	a	protective	factor	for	uter-
ine	prolapse	[708].	However,	despite	signiicant	dif-
ferences in educational level, smoking habits, alcohol 
consumption,	and	socio-economic	indices,	the	preva-
lence of pelvic organ prolapse did not differ	between	

Figure 10. Rate of pelvic organ prolapse surgery in relation to mode of delivery and time from first 
childbirth[709].
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lapse yet instrumental delivery may increase the 
risk for development of pelvic organ prolapse.

•		Life	style	factors	and	socio-economic	indices	may	be	
associated	with	the	risk	of	pelvic	organ	prolapse	in	
both	industrialised	and	non-industrialised	countries.

•		A	number	of	somatic	diseases	and	conditions	have	
been linked to the occurrence of prolapse but the 
cause-effect	relationship	is	undetermined.

The	existence	of	both	acquired	and	inherited	risk	fac-
tors for incontinence has been recognised for more 
than	150	years	 [729].	Although	 recent	advances	 in	
formal	genetics	have	quantiied	the	relative	contribu-
tion	of	environmental	and	genetic	variation,	we	still	
have very limited understanding of the molecular ge-
netics	of	these	conditions.	In	this	section	we	consider	
the evidence for genetic predisposition from family 
studies,	twin	studies	and	segregation	analyses,	and	
then consider in detail efforts to identify causal vari-
ants from linkage studies, candidate gene associa-
tion	studies,	and	the	irst	reported	genome	wide	as-
sociation study for pelvic organ prolapse. 

Family studies have classically been considered 
the	irst	step	in	establishing	the	genetic	basis	of	any	
disease.	 However,	 familial	 aggregation	 provides	
limited evidence of heritability, since it fails to con-
trol for the effects of shared environmental factors. 
For	 pelvic	 loor	 disorders,	 exposures	 to	 all	 major	
lifestyle risk factors are likely to be at least partly 
determined	by	socio-cultural	values	that	are	shared	
within	 families.	Such	 effects	 are	 at	 least	 plausible	
for	 family	 size,	 smoking,	 socio-economic	 status,	
care seeking behaviour, physical exercise, dietary 
and drinking habits, and toilet training. Both incon-
tinence and prolapse are considered stigmatising 
in	many	populations,	which	places	family	studies	at	
high	 risk	 of	 differential	misclassiication	 bias.	 This	
might be expected to have particular impact on the 
validity of estimates obtained from studies employ-
ing	 the	 family	 history	method,	 and	 any	 study	with	
non-random	sampling	of	families,	for	example	those	
relying on probands recruited in secondary care, or 
those recruiting volunteers via advertisement. Fi-
nally,	while	age	correction	of	risks	is	possible	to	ac-
count	 for	 increasing	disease	prevalence	with	 age,	
this has typically not been employed in family stud-
ies	of	pelvic	loor	disorders.

Although family studies may not provide robust 
evidence, there have been many studies that 

Kroatian	urban	and	rural	women	[725]	Interestingly,	
risk	factors	for	pelvic	loor	disorders	including	pelvic	
organ	prolapse	among	women	in	developing	coun-
tries	were	similar	to	those	in	industrialised	countries	
(increased	age	and	parity).	In	a	review	study	across	
16	 low-income	and	 lower	middle-income	countries	
the	mean	prevalence	for	pelvic	organ	prolapse	was	
19.7%	(range	3.4-56.4%)	but	risk	factors	were	simi-
lar	 to	 those	 described	 in	 studies	 from	more	 aflu-
ent countries but additionally pelvic organ prolapse 
and	 other	 pelvic	 loor	 disorders	 were	 associated	
with	other	factors	including	poor	nutrition	and	heavy	
physical	work	[726].	

A physically strenuous occupation has also been 
shown	to	inluence	the	risk	for	pelvic	organ	prolapse.	
In	a	register	based	study	of	28,000	Danish	assistant	
nurses exposed to repetitive heavy lifting, the risk for 
prolapse	 was	 higher	 among	 the	 nurses	 compared	
to	controls	 (OR	1.6	95%	CI	1.2-2.2)	 [727].	Women	
who	were	labourers/factory	workers	had	signiicantly	
more severe prolapse than other job categories (p < 
0.001)	in	a	cross-sectional	study	of	women	present-
ing	 for	 routine	 gynecological	 care	 [724].	Also,	 hard	
physical training may increase the risk for prolapse 
as	women	attending	paratrooper	training,	were	more	
likely to present stage II prolapse compared to con-
trols	(RR=2.7	95%	CI	1.4-5.4)	[728].	

•		Most	studies	have	used	a	cross-sectional	design	
and there are limited longitudinal data to suggest 
a	 causal	 relationship	 between	 symptoms	 of	 ob-
structed defaecation and pelvic organ prolapse 
or	vice	versa.	Posterior	vaginal	wall	prolapse	and	
perineal	 descent	 are	 the	 speciic	 pelvic	 defects	
most	frequently	associated	with	symptoms	of	ob-
structive defaecation. 

•		Current	 evidence	 suggest	 that	 hysterectomy	 in-
creases the risk for subsequent pelvic organ pro-
lapse in general.

•		Vaginal	hysterectomy	and	hysterectomy	performed	
for pelvic organ prolapse are the strongest risk fac-
tors	for	having	secondary	pelvic	loor	surgery.

•		Childbirth	is	associated	with	an	increased	risk	for	pel-
vic organ prolapse later in life and increasing number 
of	deliveries	is	positively	associated	with	the	risk.

•		Longitudinal	 long-term	 data	 suggest	 that	 cae-
sarean section decreases the risk for surgically 
managed pelvic organ prolapse and most studies 
indicate	 that	 caesarean	 is	 associated	with	 a	 de-
creased	risk	for	subsequent	pelvic	loor	morbidity	
in comparison to giving vaginal birth.

•		There	is	a	dearth	in	the	understanding	of	how	spe-
ciic	 obstetric	 events	 and	 the	 process	 of	 labour	
and delivery affect the risk for pelvic organ pro-

V. SUMMARY POINTS

I. FAMILY STUDIES

H. THE GENETIC EPIDEMIOLOGY 
OF UI AND POP IN ADULT WOMEN
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examined prevalence of incontinence (Table 17 ) 
among	 relatives	 of	 women	with	 incontinence	 [730-
735].	Despite	 considerable	 variation	 in	 case	ascer-
tainment and sampling methods, all studies demon-
strate increased risks for urinary incontinence among 
irst	 degree	 relatives	 of	 probands.	 This	 appears	 to	
apply for all subtypes of urinary incontinence, and to 
have	a	plausible	biological	gradient,	with	higher	risks	
among	relatives	of	women	with	severe	incontinence.

In	the	only	study	to	attempt	adjustment	[732],	it	ap-
pears that these familial risks are attenuated but 
not eliminated by classic risk factors for inconti-
nence including age, parity, and BMI. At least three 
studies have also assessed family history as a risk 

factor	 for	 incident	 post-partum	 incontinence,	with	
conlicting	indings	[737-739].

There	 is	 also	 a	 large	 body	 of	 evidence	 regarding	
familial transmission of pelvic organ prolapse. With 
wide	variation	in	prolapse	rates	with	different	cases	
deinitions?,	 uncontrolled	 studies	 have	 produced	
disparate estimates of the proportion of prolapse 
patients	with	a	family	history	of	prolapse	[740-742].
Reports from controlled studies (Table 18 ) have 
however	consistently	demonstrated	increased	risks	
[743-746],	with	unadjusted	OR	of	2-3	 for	prolapse	
among	irst-degree	 relatives	of	 prolapse	 sufferers.	
These	 risks	 are	 attenuated	 but	 not	 eliminated	 by	
adjustment	 for	 other	 risk	 factors	 [743-745].	As	 for	

 probands 
and controls)

 relatives

Study Setting Design Age 
range

 n (
 

Proband 
phenotype 

Family member outcomes
 

OR or RR (95%CI)
 

Diokno 1990[730] Population Based Controlled – Family 
History Method 

>60 1,154 Any UI Either parent with UI as adult 2.04 (1.55-2.68) 

 Any sibling with UI as adult 1.85 (1.32-2.60) 

Urge UI Either parent with UI as adult 1.89 (0.93-3.82) 

Any sibling with UI as adult 0.68 (0.20-2.28) 

Stress UI Either parent with UI as adult 1.74 (1.12-2.70) 

Any sibling with UI as adult 1.59 (0.92-2.75) 

Mixed UI Either parent with UI as adult 2.63 (1.91-3.61) 

Any sibling with UI as adult 2.32 (1.58-3.40) 

Other UI Either parent with UI as adult 0.23 (0.06-0.99) 

Any sibling with UI as adult 0.70 (0.21-2.34) 

Mushkat 1995[731] Secondary Care Controlled – Direct 
ascertainment 

>18 424 Urodynamic 
Stress UI 

SUI among all first degree  3.00 (2.06-4.38) 

 SUI among mothers 3.68 (2.10-6.45) 

SUI among sisters 3.39 (1.89-6.08) 

SUI among daughters 2.43(0.68-8.65) 

Hannestad 2004[732] Population based Controlled – Direct 
ascertainment 

>18 8,771 
(mothers) 

2,866 (older 
sisters) 

Any UI Any UI among daughters 1.31(1.19-1.44)* 

1.94(1.26
-
3.00)**

 

Any UI among younger sisters 1.59(1.34-1.89)* 

*RR adjusted for age, BMI, and parity 
**RR adjusted for age, BMI, and parity and restricted to subgroup of daughters of 

mothers with severe UI  
Note: unadjusted risks generally higher across all outcomes, indicative of substantial 

concordance/correlation in age, BMI, and parity between family pairs. 
 

Stress UI Stress UI among daughters 1.52(1.28-1.81)* 

2.98(1.11-8.03)** 

Stress UI among younger sisters 1.77(1.34-2.33)* 

Urge UI Urge UI among daughters 1.80(0.83-3.92)* 

Mixed UI Mixed UI among daughters 1.55(1.21-1.99)* 

2.07(0.92-4.64)** 

Mixed UI among younger sisters 1.74(1.08-2.82)* 

Elia et al 2002[733] Secondary Care Family history 
method 

>18 667 Any UI Any UI among any relatives 4.51(2.833-7.20) 

Ertunc et al 2004[734] Secondary Care Direct 
ascertainment 

>18 513 Surgically 
treated SUI 

SUI among mothers 3.71(1.84-7.47) 

SUI among sisters 2.49(1.49-4.16) 

Buchsbamet al 2005 
[735] 

Community Based Direct 
ascertainment 

Post 
menopause 

143 Nulliparous 
with any UI 

Any UI among parous sisters 2.89(1.46-5.70) 

Lapitan et al, 2001[736] Secondary Care Family history >18 5502 OAB Any family history 1.62(1.42-1.83) 

Table 17.  Family studies investigating the prevalence of urinary incontinence amongst relatives of women 
with incontinence 
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incontinence, there again seems to be a plausible 
biological	 gradient	 [744],	 with	 anatomically	 more	
severe cases of prolapse being more likely to have 
a	positive	family	history.	This	is	consistent	with	the	
suggestion of an earlier onset of prolapse among 
familial	 cases	 [742].Only	 one	 study	 has	 used	 di-
rect anatomic ascertainment, in a study based on 
sib-pairs	 discordant	 for	 parity	 [747].There	 familial	
concordance	was	observed	not	only	for	overall	pro-
lapse stage, but also by compartment. Where it has 
been tested, there also appears to be shared fa-
milial	risk	between	prolapse	and	incontinence	[744-
745],	although	 this	overlapping	propensity	may	be	
explained	by	known	shared	environmental	risk	fac-
tors, rather than common genetic predisposition.

In summary, family studies have consistently dem-
onstrated familial aggregation of both incontinence 
and prolapse. A family history of incontinence or 
prolapse	 is	 associated	 with	 approximately	 double	
the	risk	of	developing	either	condition.	Such	an	ef-
fect appears to hold for all subtypes of incontinence, 
and	prolapse	in	all	compartments.	There	is	plausible	
evidence	that	family	history	is	associated	with	both	
earlier	 onset,	 and	more	 severe	 phenotype.	These	
effects	are	partly	explained	by	known	environmental	
risk factors, and family studies cannot exclude the 
risk of further unmeasured confounding from shared 
environmental	risks.	For	this	we	should	consider	ev-
idence	from	classical	twin	studies.

Twin	 studies	 compare	 the	 concordance	 in	 a	 trait	
or	 condition	between	monozygotic	 (MZ)	 twins	and	

same-sex	dizygotic	 (DZ)	 twins,	 to	 estimate	 herita-
bility. For genetically determined traits higher con-
cordance	is	observed	in	MZ	twins	compared	to	DZ	
twins,	while	for	entirely	environmentally	determined	
traits, concordance should be the same in both 
types	of	twin	pair.	This	simple	idea	is	illustrated	by	
consideration of a fully penetrant autosomal single 
gene	 disorder,	 which	 will	 display	 100%	 concor-
dance	in	MZ	twins,	while	in	DZ	twins	will	have	only	
50%	concordance	 for	a	gene	with	dominant	mode	
of	inheritance,	or	25%	concordance	for	a	gene	with	
recessive mode of inheritance. A fundamental as-
sumption of these analyses is that both types of 
twin	pair	share	equal	environment.	This	assumption	
is	clearly	violated	both	pre-natally,	and	in	later	life.	
This	bias	can	be	partially	compensated	for	either	in	
studies	of	 twins	 reared	apart,	 or	 in	adoption	 stud-
ies, but these designs have not been applied to the 
study of incontinence or prolapse.

Three	 major	 twin	 resources	 have	 been	 used	 to	
assess	 genetic	 inluences	 on	 incontinence	or	 pro-
lapse:	the	US	Twins	Days	festival,	the	Danish	Twin	
Registry,	and	the	Swedish	Twin	Registry.	The	Twins	
Days	 festival	 relies	 on	 volunteers,	 and	 the	 result-
ing recruitment bias is likely to overestimate con-
cordance	for	many	traits	for	both	MZ	and	DZ	twins.	
In	the	sample	of	1,764,	predominantly	MZ,	middle-
aged	twins	from	Twins	Days,	concordance	of	symp-
tomatic	stress	urinary	 incontinence	was	79.5%	 for	
MZ	and	78.6%	for	DZ	twins	[748].	Such	a	result	sug-
gests	 no	 signiicant	 genetic	 contribution	 to	 stress	
urinary incontinence at all. 

Among	a	sample	of	2,336	twins	surveyed	as	part	of	
four	surveys	from	the	Danish	Twin	Register,	concor-
dances	for	both	MZ	and	DZ	twins	were	much	lower 

 
probands 

and controls)

Study Setting Design Age 
range 

n (

 

Proband phenotype Family member outcomes Unadjusted OR (95%CI) 
(Unless specified) 

Chiaffarino
1999 [743]

  Controlled – Family 
History Method 

<75 208 Stage II-IV Baden-Walker History of mother with prolapse 3.2 (1.1-7.6)* 

History of sister with prolapse 2.4 (1.0-5.6)* 

McLennan
 

Secondary 
Care

 Controlled – Family 
History Method 

>18 624 Stage I-IV Baden-Walker Family history of any relative 
with hernia or prolapse 

RR 1.81(1.41-2.32) 

RR 1.4 (1.2-1.8)** 

2.71(1.83-4.01) 

 Stage I-II 

Baden-Walker 

Family history of any relative 
with hernia or prolapse 

RR 1.69 (1.19-2.41) 

2.37(1.27-4.39) 

Stage III-IV Baden-Walker Family history of any relative 
with hernia or prolapse 

RR 2.69 (2.13-3.41) 

8.72 (5.26-14.42) 

Sleiker-ten  Population 
based

 Controlled -  Family 
History Method 

45-85 1397 Symptom of vaginal bulge Mother with prolapse 1.99 (1.31-3.04) 

1.67 (1.10-2.54)*** 

Mathlouthi 
 

 Controlled -  Family 
History Method 

<45 66 Surgically treated POP Any family history POP 4.41 (0.47-41.8) 

Secondary 
Care

Secondary 
Care

2008 [744]

Hove 2009 
[745]

2011 [746]

Table 18. Familial transmission of pelvic organ prolapse. 

*Adjusted for age 
**Adjusted for vaginal deliveries, incontinence status, and family history of incontinence 
***Adjusted for age, current heavy physical work, and prolapse symptoms during pregnancy

II. TWIN STUDIES 
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not only for stress urinary incontinence, but also for 
urgency	 and	mixed	 incontinence	 [749].With	 sepa-
rate	 cohorts	 for	 middle-aged	 and	 elderly	 women,	
heritability	 was	 calculated	 separately	 in	 each	 age	
group.	As	in	the	Twins	Day	sample,	genetic	factors	
were	not	signiicant	for	stress	incontinence	in	mid-
dle-aged	women,	but	rose	to	a	heritability	of	39%	in	
the	 elderly	 women.	 Similarly	 heritability	 increased	
with	 age	 for	 urgency	 incontinence	 (42%	 rising	 to	
49%),	and	mixed	incontinence	(27%	to	55%).	

Women	participating	 in	 the	Swedish	Twin	Register	
have	provided	relevant	data	as	part	of	two	separate	
analyses	[750-751].Treatment	codes	corresponding	
to stress incontinence and prolapse surgery from a 
nationwide	surgical	register	were	used	to	estimate	
heritability	for	a	sample	of	16,886	twins	aged	>50.	
As might be expected for such a strict phenotype 
deinition,	concordances	for	surgical	treatment	were	
low,	but	produced	heritability	estimates	of	41%	for	
stress	 incontinence	surgery,	and	43%	for	prolapse	
surgery.	Similarly	for	female	twins	aged	20-46	from	
the	same	register	(evaluable	sample	4,550),	using	
questionnaire based phenotyping, produced an es-
timate	 of	 34%	 heritability	 for	 stress	 incontinence.	
From	the	same	survey	heritability	was	estimated	for	
urgency	 incontinence	 (37%),	 mixed	 incontinence	
(18%),	 “any”	 incontinence	 (51%),	 nocturia	 (48%),	
and	 urinary	 frequency	 (40%).	 It	 should	 be	 noted	
that	because	of	sample	size	limitations,	an	absence	
of genetic effects cannot be entirely precluded for 
stress, urgency, or mixed incontinence.

The	mechanism	 of	 these	 probable	 genetic	 effects	
has been explored in analyses of joint hypermobil-
ity	and	pelvic	loor	mobility	in	twins	[752-753].These	
data	suggest	heritability	of	59%	for	oblique	bladder	
neck	descent	on	Valsalva	in	nulliparous	twins	aged	
18-24,	with	a	shared	genetic	component	to	both	pel-
vic	loor	and	elbow	mobility.

In	 summary,	 twin	 studies	 to	 date	 have	 suggested	
signiicant	 heritability	 for	 stress	 incontinence,	 ur-
gency	incontinence,	and	pelvic	organ	prolapse,	with	
genetic variation potentially contributing up to half of 
population phenotypic variation. Heritability appears 
to	be	highest	for	urgency	incontinence,	with	appar-
ent	heritability	increasing	with	age	as	environmental	
factors	reduce	in	importance.	This	is	consistent	with	
our understanding of childbirth as a major environ-
mental determinant of both incontinence and pro-
lapse.	 Genetic	 predisposition	 to	 incontinence	 and	
prolapse may manifest at a preclinical stage in pel-
vic	loor	hypermobility.	Together	with	data	from	fam-
ily studies this provides strong evidence of genetic 
risk factors for incontinence and prolapse.

Despite	the	large	number	of	family	studies	for	incon-
tinence	and	prolapse	in	adults,	there	have	been	few	

studies to examine segregation among extended 
pedigrees.	Studies	of	families	affected	by	nocturnal	
enuresis	[754],	have	however	included	some	adults	
affected by urgency incontinence. Analysis of differ-
ent enuretic families has usually suggested autoso-
mal	dominant	inheritance	with	high	penetrance,	but	
low	 penetrance	 and	 autosomal	 recessive	 modes	
have also been reported. In the only segregation 
analysis	reported	to	date	of	10	families	affected	by	
prolapse	[742],	a	dominant	mode	of	inheritance	was	
again	proposed.	These	indings	could	be	a	conse-
quence of selection or ascertainment bias. In con-
trast results from more recent association studies 
strongly suggest that polygenic inheritance is most 
likely	across	the	population	as	a	whole.

Again, many linkage studies have been conducted 
using families of children affected by nocturnal en-
uresis	[754],	but	only	two	studies	have	considered	
uniquely	 adult	 symptoms.	 In	 a	 family	 including	 6	
women	with	early	onset	prolapse	across	three	gen-
erations,	10	putative	loci	were	suggested,	but	none	
approached	genome	wide	signiicance	[755].	Allen-
Brady	and	colleagues	[785]	genotyped	women	from	
32	 families,	 including	70	patients	needing	surgical	
treatment	 for	 prolapse.	 There	 was	 strong	 overlap	
with	 other	 pelvic	 loor	 disorders	 including	 a	 high	
prevalence of treatment for both stress and urgency 
incontinence.	Using	a	set	of	27,157	markers	from	a	
larger	Illumina	array,	they	observed	a	genome	wide	
signiicant	 peak	 at	 9q21,	 and	 further	 suggestive	
peaks	at	9q31	and	1q42.	

Currently	 reported	 candidate	 gene	 studies	 have	
assessed	polymorphisms	of	10	different	genes	 for	
incontinence (Table 19 ),	and	15	genes	for	prolapse	
(Table 20).	To	allow	comparisons	across	all	studies,	
we	extracted	all	genotype	counts,	and	recalculated	
the	allelic	test.	As	a	check	on	study	quality	we	also	
recalculated	the	power	of	the	study	for	an	OR	of	2.0	
between	cases	and	controls	based	on	observed	mi-
nor	allele	frequencies,	and	inally	rechecked	Hardy-
Weinberg Equilibrium for cases, controls, and the 
overall population. We assessed the credibility of 
associations	using	the	interim	Venice	criteria	[756].

Polymorphisms	 in	COLIA1,	ADRB3,	HTR2A,	LOX-
L1,	MMP1,	MMP3,	CYP17,	CYP19,	ESR,	and	AR,	
have	 been	 tested	 for	 an	 association	 with	 incon-
tinence,	 or	 one	 of	 its	 subtypes.	There	 is	 little	 uni-
formity	in	case	deinitions,	with	a	mixture	of	urody-
namic, clinical, and questionnaire based inclusion 
criteria used, and frequently inadequate matching 
between	cases	and	controls	for	age,	parity,	or	pro-
lapse	 stage.	 In	 most	 cases	 we	 found	 signiicant	

III. SEGREGATION ANALYSES

IV. LINKAGE STUDIES

V. GENE ASSOCIATED STUDIES
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Gene refSNP ID Phenotyping Authors Population n cases n controls Allelic Test 
OR(95% CI) 

 

Power for 
OR>=2 

Hardy-Weinberg Notes  
 

COLIA1 rs1800012 SUI confirmed using 
cough test and 

cystometry 

Skorupski et al 
2006 [757] 

White Polish 50 50 2 (1.12-3.6) 38.8% Deviation from HWE 
for controls p<0.01

 Likely genotyping 
errors

 

COLIA1 rs1800012 SUI  confirmed using 
cough test and 

cystometry 

Sioutis et al 
2011 [758] 

White Greek 45 45 2.19 (1.15-4.17) 35.6% In HWE  Inadequate matching 
for parity

 

ADRB3 rs4994 OAB (with and 
without UUI) 

determined using 
questionnaire and 

bladder diary 

Ferreira et al 
2011 [759] 

Unselected 
Brazilian 

49 169 2.41 (1.38-4.21) 68.2% Deviation from HWE 
for cases p<0.05

High risk population 
stratification

 

ADRB3 rs4994 Idiopathic OAB (with 
and without UUI) 
confirmed with 
questionnaire 

Honda et al 
2006 
[760] 

Unselected 
Japanese 

100 101 2.48  (1.47-4.20) 71.8% In HWE   

HTR2A rs6313 Self reported 
incontinence 

Schwanke et al 
2007 [761] 

Unselected 
Brazilian 

102 196 1.12  (0.69-1.82) 62.5% Deviation from HWE 
for cases  p<0.05

 High risk population 
stratification

 

HTR2A rs6313 Self reported 
incontinence 

confirmed with 
cystometry 

Noronha et al 
2010 [762] 

Unselected 
Brazilian 

68 162 1.61 (1.08-2.42) 54.4% Deviation from HWE 
for controls p<0.05

 Inadequate matching 
for ethnicity

 

LOX-L1 rs1048661 Self reported SUI Ozbek et al 
2011 [763] 

Unselected 
Turkish 

87 87 1.22(0.74-2.01) <37.8% after 
correction for 

multiple 

comparisons 

Massive deviation from 
HWE for cases p<0.0001  

Low genotyping rate

 rs3825942 1.29(0.72-2.31) In HWE  

 rs2165241 2.80(1.74-4.5)) Massive deviation from 
HWE for cases and
controls p<0.0001 

MMP3 

 

rs3025058 Self reported SUI Skorupski et al 
2010 [764] 

Unselected 
Polish

 

149 109 1.01(0.72-1.44) <53.8% after 

correction for 
multiple 

comparisons
 

Deviation from HWE for 
both controls (<0.05)
and cases (<0.0001) 

 
 

MMP 1 
 

rs1799750 155 111 0.83(0.59-1.18) Deviation from HWE 
for cases (<0.05)

 

MMP1 rs1799750 SUI confirmed by 
questionnaire 

Vishwajit  et al 
2009 [765] 

Unselected 
USA 

12 8 1.66(0.46-6.00) 10.5% Deviation from HWE 
for cases (<0.05)

  

CYP17 rs743572 UUI or SUI 
confirmed by 

questionnaire and 
cough test 

Cornu et al 
2011[766] 

Unselected 
French 

121 66 ns <41.2%  after 
correction for 

multiple 
comparisons 

Not calculable from 
published data

  
CYP19 rs2414096 
ESR1 rs2234693 

AR Exon1 CAG STR Not calculable 

Table 19. Candidate gene association studies for urinary incontinence
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Table 20. Candidate gene association studies for pelvic organ prolapse.

Gene refSNP ID Pheno-
typing 

Authors Population n cases n controls Allelic Test 
OR(95% CI) 

Power 
OR>=2 

Hardy-Weinberg Other Notes 
 

COLIA1 

 

rs1800012 POPQ Skorupski et 
al 2006 [767] 

White Polish 37 40 1.39(0.61-3.15) 42.7% Deviation from HWE for controls p<0.05  

rs1800012 POPQ Rodrigues et 
al 2008 [769] 

Brazilian 107 209 1.38(0.89-21.5) 92.5% In HWE High risk population stratification 

rs1800012 POPQ Feiner  et al 
2009 [770] 

White Israeli or 
Ashkenazi 

36 36 1.4(0.55-3.56) 31.6% In HWE High risk population stratification 

rs1800012 POPQ Cho  et al 
2009 [771] 

Korean 15 15 1(Not calculable) 0% In HWE MAF=0% among popn 

COL3A1 
 

rs1800255 POPQ Martins et al 
2011 [772] 

Brazilian 107 209 0.91(0.61-1.36) 91.6% In HWE 
 

High risk population stratification 

rs1800255 POPQ Jeon et al 
2009 [773] 

Korean 36 36 3.24(1.51-6.94) 26.6% In HWE 
 

 

rs1800255 POPQ Kluivers et al 
2009 [774] 

Dutch 202 102 1.46(1.00-2.13) 86.7% In HWE High risk population stratification 

rs1800255 POPQ Chen et al 

2008 [775] 

Taiwanese 84 147 1.22(0.77-1.93) 50.3% Deviation for cases (p<0.05) Likely genotyping error 

rs1801184 0.47(0.19-1.10) Deviation for controls (p<0.005) cases 
(p<0.05), and population (p<0.001) 

LOX-L1 rs1048661 POPQ Ferrell et al 
2009 [776] 

Caucasian and 
African 

American US 

137 141 1.34(0.94 -1.90) 82.3% Not calculable High risk population stratification 

LAMC1 
 

 

rs10911193 POPQ Fu et al 2009 
[777] 

Unselected US 61 32 1.18(0.53-2.59) 40.4% Not calculable High risk population stratification 

rs10911193 POPQ Chen et al 

2010 [778]  

Caucasian US 102 163 1.12(0.65-1.96 ) 74.8% Not calculable  

rs20563 0.85(0.60-1.21) 

0.75(0.53-1.07) 

African 

American US 

63 83 0.55(0.19-1.64) 32.5% 

rs20558 1.28(0.79-2.06) 

1.29(0.80-2.09) 

MMP1 rs2071230 POPQ Romero et al 

2008 [779] 

White US 36 36 0.78(0.28-2.0) 12.2% Deviation only for controls at  rs738789 

p<0.001 

 

MMP2 rs7201 1.26(0.64-2.45) 

MMP3 rs679620 0.57(0.29-1.11) 

MMP8 rs35866072 0.27(0.05-1.32) 
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Table 20. Candidate gene association studies for pelvic organ prolapse (continued)

MMP9 rs17576 0.94(0.46-1.89) 

MMP10 rs17435959 <0.74(0-0.74) 

MMP11 rs738789 0.58(0.13-2.53) 

TIMP1 rs4898 0.76(0.39-1.45) 

TIMP3 rs2016293 0.60(0.31-1.17) 

MMP3 rs3025058 POPQ Skorupski  et 
al 2010[763]  

Polish 126 132 1.04(0.73-1.47) 32.8% Deviation <0.05 for controls and <0.001 
for cases and popn 

Likely genotyping errors 

MMP 1 rs1799750 149 109 0.94(0.67-1.33) 33.1% Deviation <0.05 for cases controls and 
<0.005 for popn 

MMP1 rs1144393 POPQ Campeau et 

al 2011 [780]  

US 23 18 0.27(0.08-0.97) 6.7% Not calculable but stated as in HWE 8 SNPs tested in total but negative 

results not reported rs498186 19 16 6.61(1.13-38.7) 3.1% 

rs473509 20 21 0.24(0.07-0.85) 6.4% 

MMP1 rs1799750 POPQ Vishwajit  et 
al 2009 [765]  

Unselected US 12 8 1.66(0.46-6.00) 10.5% Deviation from HWE for cases (<0.05) No distinction between SUI and POP 

MMP9 rs3918242 POPQ Chen et al 

2010 [781]  

Taiwanese 92 152 0.80(0.43-1.47) 71.1% In HWE Likely genotyping errors 

rs17576 0.62(0.40-0.98) 75.7% Deviation for controls <0.001 

rs2250889 1.56(0.98-2.49) 72.6% Deviation for controls <0.05 

ESR1 rs17847075 POPQ Chen et al 

2008 [782]  

Taiwanese 88 153 1.11(0.75-1.63) 67.4% Deviation for cases alone at rs2228480 

(p<0.05) 

 

rs2207647 1.02(0.69-1.50) 

rs2234693 0.97(0.66-1.42) 

rs3798577 0.90(0.62-1.31) 

rs2228480 1.47(0.94-2.29) 

ESR2 rs2987983 POPQ Chen et al 

2008 [783]  

Taiwanese 69 141 1.20(0.77-1.85) 19.4% In HWE  

rs1271572 1.32(0.84-2.08) 

rs944459 1.25(0.82-1.90) 

rs1256049 1.28(0.84-1.94) 

rs1255998 1.31(0.86-1.99) 

PGR rs500760 POPQ Chen et al 

2009 [784]  

Taiwanese 87 150 0.96(0.61-1.52) 53.7% In HWE Likely genotyping error 

rs484389 2.02(1.15-3.54) Deviation for controls (p<0.0001) and 
cases (p<0.05) and population (p<0.05) 

Gene refSNP ID Pheno-
typing 

Authors Population n cases n controls Allelic Test 
OR(95% CI) 

Power 
OR>=2 

Hardy-Weinberg Other Notes 
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deviation	from	Hardy-Weinberg	Equilibrium	for	con-
trols, or both cases and controls, highly suggestive 
either	of	genotyping	error,	or	problems	with	popula-
tion	stratiication.	In	addition	to	the	high	risk	of	bias	
introduced,	these	studies	are	all	underpowered	oth-
er than for extremely large genetic effects, and in 
most cases fail to account for multiple comparisons 
in their primary analyses. 

Despite	 this	 multiplicity	 of	 methodological	 prob-
lems, there remains tentative evidence of repli-
cated	 effects	 for	 two	 different	 polymorphisms.	
The	 rs1800012	 polymorphism	of	 collagen	 type	 I	
alpha1	(COLIA1),	has	been	associated	with	a	two-
fold increased prevalence of stress incontinence 
in	separate	European	populations	[758,767].	The	
rs4994	 polymorphism	 of	 the	 beta	 3	 adrenocep-
tor	(ADRB3)	has	been	associated	with	almost	2.5	
fold increased risk of overactive bladder in sepa-
rate	 studies	 of	 Japanese	 and	Brazilian	 samples	
[30,31].	Other	polymorphisms	tested	in	more	than	
one	study	include	rs6313	in	the	5-HT2A	receptor,	
and	 rs1799750	 in	matrix	metalloproteinase-1.	 In	
each	 case	 there	 are	 however	 inconsistent	 find-
ings,	with	a	high	risk	of	genotyping	error,	and	or	
population stratification.

Candidate	 gene	 studies	 for	 prolapse	 are	 at	 an	
equally nascent stage. Here polymorphisms have 
been	tested	in	COLIA1,	COL3A1,	LOX-L1,	LAMC,	
MMPs	1,	2,	3,	8,	9,	10,	11,	TIMP1,	TIMP3,	ESR,	
and	PGR.	 In	comparison	to	 incontinence,	 investi-
gators have used the POPQ system as standard. 
However,	other	methodological	problems	are	com-
mon.	We	again	found	many	underpowered	studies,	
frequent	 signiicant	 deviation	 from	 Hardy-Wein-
berg Equilibrium, and many instances of failure 
to	 consider	 the	 impact	 of	 population	 stratiication	
in samples. Although many of the primary studies 
report	signiicant	 results,	our	 reanalysis	suggests	
that there are no consistently replicated associa-
tions in any populations.

With	 these	 disappointing	 results	 in	 mind	 we	 can	
consider	 indings	 from	 the	 irst	 reported	 genome	
wide	association	study	 in	 this	area.	The	discovery	
cohort	 comprised	 115	 familial	 cases	 of	 prolapse	
identiied	as	having	had	surgical	treatment	(and	fre-
quently also stress or urgency incontinence treat-
ment)	with	2,976	controls.	In	the	discovery	cohort	6	
individual	SNPs	approached	or	exceeded	genome	
wide	 signiicance	 (p<=5x10-8),	 but	 in	 Manhattan	
and	 Regional	 Association	 Plots	 no	 evidence	 was	
seen	 to	 support	 a	 wider	 associated	 locus.	 Corre-
spondingly, after correction for multiple compari-
sons	 none	 of	 the	 6	 SNPs	 (rs1455311	 rs1036819	
rs430794	 rs8027714	 rs1810636	 rs2236479)	 were	
successfully	replicated	in	a	sample	of	76	Dutch	fa-
milial	cases.	Given	the	failure	of	the	candidate	gene	
approach,	genome-wide	association	studies	are	ur-
gently	needed,	but	will	require	much	larger	samples	
of	cases	for	reliable	identiication	of	signiicant	loci.

Family	 studies	 and	 twin	 studies	 have	 provided	
convincing evidence of genetic predisposition to 
incontinence	 and	 prolapse,	 with	 genetic	 variation	
contributing up to half of population phenotypic vari-
ability	 in	 elderly	women.	Despite	 a	 large	 research	
effort, the candidate gene approach has not pro-
duced	consistent	results.	Only	the	rs1800012	poly-
morphism	of	collagen	type	I	alpha1	(COLIA1),	and	
the	rs4994	polymorphism	of	the	beta	3	adrenocep-
tor	 (ADRB3)	have	been	 replicated.	Despite	an	ur-
gent	need	 for	genome-wide	association	studies	 to	
discover susceptibility genes for these conditions, 
initial	results	from	the	genome-wide	approach	have	
been	 fruitless.	Future	progress	will	 likely	be	made	
through	collaboration	between	 large	scale	popula-
tion based cohorts phenotyped for these conditions. 

Faecal Incontinence (FI) is the involuntary loss of 
faeces	–	 solid	 or	 liquid.	Anal	 Incontinence	 (AI)	 in-
cludes	these	events	as	well	as	the	involuntary	loss	
of	 latus,	 which	 is	 felt	 by	 many	 patients	 to	 be	 an	
equally disabling disorder. 

The	 discussion	 below	 will	 therefore	 focus	 on	 the	
broader	 deinition:	 AI.	 A	 third	 cause	 of	 soiling	 or	
embarrassment is anal mucoid seepage, a trou-
bling condition that cannot be deferred by an able 
sphincter and intact cognition, most often caused 
by an organic colonic disease or dietary sensitiv-
ity,	and	more	rarely	by	faecal	impaction.	This	is	the	
loss	of	luid,	sometimes	faeculent,	often	following	a	
normal	continent	defaecation.	This	 is	an	 important	
condition to distinguish from other manifestations 
of incontinence because most authors that report 
very high prevalence rates of AI include leakage 
in their questionnaires and thus may include these 
individuals	with	 this	very	common	symptom.	How-
ever in these individuals there is often no detect-
able	sphincter	abnormality	[786].	It	 is	not	treatable	
by any of the standard therapies for incontinence of 
faeces:	such	as	sphincter	repair,	neuromuscular	re-
education	or	even	faecal	diversion.	It	is	in	fact	why	
we	wear	underclothes.	Not	really	true	for	women.

1.  ASCERTAINMENT OF ANAL INCONTINENCE

Older reports of AI prevalence have come from sin-
gle institutions, and the patients described therein 
have	been	subject	to	referral	bias	when	demograph-
ics	and	aetiology	are	discussed.	The	accuracy	of	AI	

VI. SUMMARY POINTS

I. GENERAL COMMENTS AND 
DEFINITIONS

I. EPIDEMIOLOGY OF ANAL 
INCONTINENCE
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prevalence estimates may also be diminished by dif-
iculty	in	ascertaining	those	igures	due	to	the	com-
mon	 underreporting	 of	 AI	 and	 patients’	 reluctance	
to	report	symptoms	or	 to	seek	treatment	 [787-788].	
It	 has	been	shown	 that	women	are	more	willing	 to	
report	AI	 than	men	 [789]	 In	 addition,	 the	 character	
(incontinence	of	solid	faeces,	diarrhoea,	or	latus,	or	
merely anal seepage) and frequency (daily versus 
episodic) of reported AI varies greatly in each report, 
and	indeed	between	individuals.	So,	prevalence	de-
pends	heavily	on	the	deinition	of	AI.

The	variation	in	prevalence	of	AI	seen	in	a	sampling	
of surveys in Table 21	further	demonstrates	how	dif-
icult	the	ascertainment	of	AI	is.	The	border	between	
occasional	dyschezia	which	may	be	associated	with	
minor illness, travel or diet and a disabling disease 
that requires intervention to return a patient to ac-
ceptable	 function	 is	 not	 clearly	 drawn.	Many	ques-
tionnaires	have	been	developed	and	“validated”	 for	
the detection of AI, at least three published since 
the	last	update	of	this	book.	No	systematic	review	of	
these many questionnaires has yet to be published. 
The	most	insightful	of	prevalence	studies	has	recent-
ly	been	published	from	New	Zealand	[790].	The	au-
thors studied adults, not excluding those in custodial 
care.	Acknowledging	the	dificulty	in	prevalence	esti-
mation,	they	used	three	different	questionnaires:	the	
irst	simply	asking	if	the	participant	had	incontinence	
and	 if	 they	 were	 troubled	 by	 it,	 the	 second	 a	 well	
known	quantitative	 instrument	and	 the	 third	a	qual-
ity	of	 life	 instrument	speciic	 to	 faecal	 incontinence.	
In	the	cohort	examined	there	were	those	who	were	

totally continent, those that exceeded thresholds in 
all	three	instruments	and	were	incontinent	and	those	
who	had	positive	responses	on	only	one	or	two	of	the	
questionnaires (Figure 11 ).	 The	 authors	 surmised	
the	 two	out	 of	 three	positive	 responses	 constituted	
clinical AI, though the threshold for the quality of life 
instrument	was	very	high	(i.e.	perhaps	too	sensitive).	
From Figure 11  it can be seen that the prevalence of 
AI	varied	from	12.6%	to	26.8%	for	each	individual	in-
strument,	4.6%	were	positive	for	all	three	and	13.2%	
were	positive	for	two	of	three,	which	was	the	authors’	
deinition	of	AI.	

2. DATA SOURCES AND LEVEL OF EVIDENCE

Since	ICI	4	new	studies	were	sought	using	Medline	
and	EMBASE	using	the	search	terms	faecal,	faecal,	
anal, incontinence, epidemiology. In addition sys-
tematic	reviews	were	speciically	sought	in	Medline,	
EMBASE	and	the	Cochrane	Library.

Because therapeutic interventions are not the 
subject of this chapter, and so the epidemiology 
is descriptive and not derived from randomised 
clinical trials (aside from the antenatal intervention 
described	 below),	 the	 level	 of	 evidence	 will	 be	 at	
best	2,	and	the	strongest	evidence	will	come	from	
systematic	reviews	in	which	there	was	a	predeined	
search strategy and application of quality assess-
ment	 tools	 that	were	designed	speciically	 to	mini-
mize	bias	in	referral	or	ascertainment.	

COUNTRY (ref) POPULATION N  PREVALENCE  
U.K. [788] Community Service 4 844 1.9%  
France [808] All >45 years 1 100 11%, 6% to faeces, 60% are women 
U.S.A. [806] Market mailing 5 430 7% soiling, 0.7% to faeces 
U.S.A. [789] Wisconsin households 6 959 2.2%, 63% women 
Australia [805] Household survey 3 010 6.8% in men, 10.9% in women, >age 15  
Germany [811] >18 years 500  4.4%-6.7% (by health)  
Australia [810] >18 years 618  11-20% (gender M>F) 
Australia [482] >18 years  651  11.3% 
New Zealand [814] >18 years old 717  8.1% for solid and higher for gas 
U.K. [815] >40 years  10 116 1.4%  
U.K. [816] Postpartum women 549  5.5%  
Canada [817] Postpartum women 949  3.1% solid, 25.5% flatus 
Denmark [818] Postpartum women 1 726 8.6% in past year, 0.6% to solid stool 
Nigeria [819] Gynecology patients 3 963 6.9%, 2.3% to solid stool 
United Arab Emirates [820] Women multips 450  11.3%, 5.5% to solid stool 
Canada [821] Teenage females 228  3.5% flatus, 3% FI 
Czech Republic [822] Gynecology patients 2 212 5.6%, 4.4% in the community 
Japan [823] Cystectomy patients 28  60.7% post  ureterosigmoidostomy 
Sweden [824] Prostate cancer 864  RR 1.3-4.5  
Australia [825] Diabetics 8 657 Increased risk  
Holland [826] Women >60 years 719  4.2% to 16.9% with rising age 
U.S.A. [827] >65 years at home  328  3.7% (M >F) 
Japan [828] >65 years at home  1 405 6.6-8.7% (by age). 
U.S.A. [829] >50 years 1 440 11.1 – 15.2% (F > M)  
U.K. [830] >65 years at home 2 818 3%  
Holland [831] >60 years 3 345 6%, (M = F) 
Czech Republic [832] Nursing homes 1 162 54.4%  
U.S.A. [833] Nursing homes 18 170 47% FI  
Canada [834] Nursing homes 447  46% FI, 44% both UI and FI 
France [835] >18 years 713  30% response rate. 11% gas,0.4% feces, Women>men. 
U.S.A. [836] Women >20 years 2 800 53% response rate. Median age onset 55 years.  
France [837] Women >50 years 2 640 85% response rate. 9.5% FI, but includes leakage. 
USA [838] Women >25 years 4 10  337% response rate.  25% AI.  Obesity. 

Table 21. Population-based Surveys of Prevalence of Anal Incontinence 

II. PREVALENCE
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Figure 11. Co-occurrence of fecal incontinence in each of 3 diagnostic measures. FISI = Fecal  Incon -
tinence Severirty Index; FIQLS = Fecal Incontinence Quality of Life Scale

1. ADULTS

In	an	effort	to	resolve	the	widely	varying	reported	
prevalence figures (Table 21)	two	systematic	re-
views	 of	 the	 published	 frequencies	 have	 been	
reported	 of	 community	 dwelling	 adults	 (above	
age	15	in	the	second).	A	summary	frequency	was	
not calculated in the first because of the marked 
clinical	heterogeneity	between	reports.	The	three	
reports that the authors judged most free of po-
tential	biases	had	frequencies	between	11%	and	
15%,	 although	 only	 one	 of	 these	 three	 used	 a	
validated	 assessment	 instrument	 [791].	The	 de-
gree	of	disability	present	in	these	11%-15%	is	not	
known,	 nor	 even	 if	 a	 portion	 of	 them	 had	 only	
anal	 seepage.	 These	 high	 prevalences	 were	
obtained in surveys that employed anonymous 
self-administered	questionnaires,	which	may	not	
allow	objective	confirmation	of	AI	or	assessment	
of	 degree	 of	 disability	 associated	 with	 AI.	 The	
second	systematic	review	found	a	range	of	solid	
and	liquid	anal	 incontinence	of	0-15.2%,	with	an	
average across both genders and all age groups 
of	4.3%	 [462].	The	prevalence	 in	a	more	 recent	
and rigorous study is discussed above under As-
certainment	[790].

2. CHILDREN

The	 reported	 prevalence	 of	AI	 in	 children	 can	 be	
broadly	 divided	 into	 two	 facets:	 in	 those	 children	
born	with	congenital	anomalies	of	the	anus	and	rec-
tum	–	either	congenital	aganglionosis	(Hirschprung’s	
Disease)	or	 imperforate	anus	–	and	those	children	
without	congenital	anomalies.	Among	those	children	

and	adults	who	were	born	with	defects,	despite	sur-
gical correction of the defect, life long defaecation 
dificulties	are	common,	occurring	in	roughly	half	of	
affected	children	[792-794].	Problems	with	psycho-
logical health and development because of the de-
faecation disorder is also common in this group, as 
is	a	generally	depressed	quality	of	life	[795].	These	
disorders	are	not	horribly	 rare,	occurring	 in	3	 to	5	
per	10,000	live	births	[796].

Among	 children	 without	 congenital	 defects	 of	
the	 anal	 canal,	 bowel	 control	 has	 been	 found	 to	
be	 complete	 in	 one	 Swiss	 cohort	 in	 33%	 by	 age	
1	 year,	 75%	 by	 age	 two	 and	 97%	 by	 age	 three.	
Nevertheless in this longitudinal study, a quarter 
of the boys and one tenth of the girls had a ma-
jor	 period	 of	 incomplete	 bowel	 or	 bladder	 control	
between	the	ages	of	6	and	18.	At	least	annual	en-
copresis	occurred	in	2-3%	of	these	children,	boys	
more	frequently	 than	girls	 [797].	 In	the	Wisconsin	
Family	Health	Survey	the	prevalence	of	AI	in	chil-
dren	from	the	ages	of	5	and	16	years	was	12/1367	
(0.88%)	with	 the	gender	distribution	being	7	boys	
and	5	girls	 (Wisconsin	Family	Health	Survey:	un-
published	data).	The	common	disorder	for	all	chil-
dren and then adults in this discussion is faecal 
retention	with	overlow.

Clinical	 trials	have	provided	 incidence	data	after	a	
therapeutic	 intervention,	but	usually	without	a	pre-
liminary	continence	assessment.	This	 is	best	seen	
in	two	Cochrane	reviews	of	therapy	for	anal	issure	
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[798-799].	AI	incidence	rates	varied	widely	from	0%	
to	30%,	to	latus	only,	and	the	duration	was	unspeci-
ied	in	the	trials.	Medical	therapy	was	less	likely	than	
surgery	to	cause	AI	(0.23,	0.02-2.1),	and	certain	op-
erations	(anal	stretch)	were	more	likely	to	cause	AI	
than	others	(sphincterotomy)	(4.2,	1.9-9.4).	None	of	
these trials reported rigorous ascertainment of con-
tinence before the onset of disease or therapy.

1. AGE

Two	systematic	reviews	have	analyses	of	the	asso-
ciation of age and anal incontinence and found age 
to	be	 the	most	signiicant	of	all	assessed	associa-
tions	[800-801].

2. GENDER

Most discussions of the aetiology of AI have been 
based	 upon	 the	 assumption	 that	 women,	 partic-
ularly	 for	 individuals	 under	 the	 age	 of	 65	 years,	
are far more at risk for AI than men. Injury to the 
pudendal nerve or sphincter muscle from prior 
obstetric trauma is described as the primary risk 
factor	 [802-804],	 followed	by	 irritable	bowel	syn-
drome (a disease thought to be more prevalent 
in	 women)	 [805],	 and	 other	 aetiologies	 such	 as	
diabetes	a	distant	third	[806].	Yet	each	population	
based-survey	of	the	prevalence	of	AI	has	shown	a	
surprisingly high prevalence in males (Table 21) 
[788-789,	807-838].

Of	the	two	systematic	reviews	that	looked	specii-
cally at prevalence, only one assessed the role 
gender	played	and	 in	 that	 review	gender	was	not	
associated	 with	 incontinence	 in	 any	 age	 group	
[800].	 In	 the	 search	 for	 this	 updated	 review,	 26	
publications	 assessed	 prevalence	 of	 AI,	 two	 in	
both	genders	and	24	only	in	women.	Clearly,	aeti-
ologies	other	than	childbirth	must	be	sought.	This	
represents a rather gross imbalance in research 
on this topic.

3. OBESITY

Four reports have demonstrated an increased risk 
of	AI	in	obese	women,	a	Kaiser	cohort,	a	cross	sec-
tional	survey	in	a	specialty	clinic	and	two	case	con-
trol	studies	[839-842].	One	longitudinal	study	found	
a reduction in anal leakage (again not necessarily 
a	 direct	 correlate	with	 incontinence)	 in	women	af-
ter	bariatric	surgery	and	weight	 loss,	 though	other	
factors including diet and activity change may have 
been	responsible	for	the	improvement	[843].

4. CHILDBIRTH AND MODE OF DELIVERY

A	meta-analysis	of	published	reports	that	assessed	
anal sphincter integrity after vaginal delivery and 
correlated	this	with	continence	stated	that	77%-83%	
(depending on parity) of anal incontinence in par-
ous	women	was	due	 to	sphincter	disruption	 [844].	

Another	systematic	review	that	looked	only	at	post	
partum factors in prospective cohorts found that the 
only	 predictor	 of	AI	 was	 3rd-4th	 degree	 sphincter	
rupture	during	birth	[845].	Three	things	are	implied	
by	the	conclusion	or	the	irst	review:	irst,	that	incon-
tinence in men, children, of elderly onset (or even in 
middle	aged	women)	and	in	nulliparous

women,	or	women	having	Caesarean	section	has	a	
completely	different	cause	than	in	women	who	have	
ever	 delivered	 vaginally.	There	 is	 scant	 epidemio-
logical	evidence	that	this	is	the	case	[846].	Second,	
it	is	implied	that	sphincter	repair	would	be	effective

treatment for anal incontinence in almost all parous 
women.	Yet	 repair	 of	 disrupted	 sphincter	 has	 less	
than a perfect track record. Even more important-
ly, there is a reported rapid decay in function after 
repair that is far too great to be explained by age 
alone	 [847-854].	Third,	 if	direct	 trauma	to	 the	anal	
sphincter	(and	not	intra-pelvic	nerves)	were	the	ma-
jor	cause	of	anal	incontinence,	then	Caesarean	sec-
tion should beeffective in preventing incontinence. 
However	a	systematic	review	has	shown	that	this	is	
not	the	case	[801]	(Figure 12).	Twenty-one	reports	
have	been	found	eligible	for	inclusion	in	the	review,	
encompassing	 31,198	 women	 having	 had	 6,028	
Caesarean	deliveries	and	25,170	vaginal	births	as	
index events prior to anal continence assessment. 
Only	one	of	these	reports	demonstrated	a	signiicant	
beneit	of	Caesarean	section	in	the	preservation	of	
anal continence. In that report AI rates exceeded 
39%	in	both	groups,	suggesting	a	problem	with	as-
certainment.	The	 greater	 the	 quality	 of	 the	 report,	
the	closer	 its	Odds	 ration	approached	1.0.	Among	
the seven reports that passed all quality criteria (age 
adjustment, parity adjustment, no previous vaginal 
delivery	in	the	Caesarean	section	group,	continence	
assessment more than 4 months post partum) the 
odds	 ratio	 for	 faecal	 incontinence	was	0.98	 (0.79-
1.21.	Figure 12).	 In	 reports	 that	allowed	compari-
son	 of	 vaginal	 delivery	 with	 elective	 Caesarean	
section	 there	was	 also	 no	 signiicant	 difference	 in	
AI	risk	(OR=0.73;	0.52-1.03.	Figure 13 )	There	was	
no	 difference	 incontinence	 preservation	 in	women	
have	emergency	versus	elective	Caesarean	section	
(OR=	1.09;	0.89-1.34.	Figure 14 ). Among the seven 
best	 studies,	 the	NNT	 is	 339,	 i.e.	 339	Caesarean	
sections	would	have	 to	be	performed	 to	prevent	a	
single	case	of	faecal	incontinence.	Pregnancy	with	
delivery	of	any	kind	was	found	to	be	only	a	marginal	
risk	factor	for	faecal	incontinence	(OR=	0.86;	0.73-
1.01.	Figure 15 )	though	there	is	signiicant	statisti-
cal	heterogeneity	in	this	analysis	(p=0.05,	I2=62%).	
In another publication increasing parity as an iso-
lated	risk	factor	does	increase	risk	of	AI	[838].

But	 why	 doesn’t	 Caesarean	 section	 prevent	 anal	
incontinence,	especially	when	associating	perineal	
trauma	with	loss	of	bowel	control	is	not	just	intuitive,	
but	sometimes	visibly	obvious?	Certain	aspects	of	
vaginal delivery are clearly causally related to anal 
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incontinence:	 signiicant	 laceration,	 forceps,	 and	
some	episiotomies	[855-856].	However	this	review	
demonstrates that other factors need to be ex-
plored.	So	one	must	look	to	pregnancy	and	not	just	
labour and delivery as an initiating factor. Further 
evidence in favour of this comes from the sphinc-
ter	repair	literature	cited	above.	The	rapid	decay	in	
function suggests that another defect is present be-
sides a gap in the sphincter that remains after the 
early	effects	of	sphincter	repair	wear	off.	What	this	
is,	 is	not	yet	known,	doesn’t	make	sense	although	
trauma at the pelvic inlet during pregnancy or in ear-
ly	 labour	 [857]	seems	 likely.	Sphincter	dysfunction	
has	 been	 demonstrated	 in	 women	 who	 have	 had	
Caesarean	section	[858].	Further	indirect	evidence	
for the possibility that injury higher in the pelvis may 
be	related	to	AI	in	pregnant	women	can	be	found	in	
the	 association	 between	 hysterectomy	 and	AI,	 an	
association	 seen	 more	 prominently	 with	 abdomi-
nal	hysterectomy	(TAH)	than	vaginal	hysterectomy	
(VH),	and	for	latus	only	 [859]	(Odds	Ratio	of	TAH	
vs.	VH	for	faeces:	1.2,	0.3-4.7,	Odds	Ratio	for	gas:	
18.9,	1.1-327).	Pelvic	nerve	injury	during	surgery	is	
the postulated reason for this difference.

5. NURSING HOME RESIDENCE

The	most	 prominent	 association	with	AI	 by	 far	 is	
nursing home residence. Whereas the prevalence 
of	AI	is	probably	around	2%	to	5%	for	community-
dwelling	persons,	and	may	rise	with	increasing	age	
to	 greater	 than	 10%,	 among	 nursing	 home	 resi-
dents	 the	prevalence	approaches	50%	[832-834].	
This	is	partly	explained	by	FI	being	one	of	the	most	
common reasons for nursing home admission. In 
a	large	survey	of	18,000	Wisconsin	nursing	home	
residents, risk factors for faecal incontinence (FI) 

were	 directly	 observed	 by	 nursing	 home	 person-
nel	[833].	Urinary	incontinence	(UI)	was	the	great-
est	 association	 with	 FI	 (OR	 =	 12.6,	 11.5-13.7),	
followed	by	 the	 loss	of	ability	 to	perform	daily	 liv-
ing	activities	(6.0,	4.7-7.7),	tube	feeding	(7.6,	5.6-
10.4),	physical	 restraints	 (3.2,	4.7-7.7),	diarrhoea	
(3.3,	2.7-4.2),	dementia	(1.5,	1.4-1.7),	impaired	vi-
sion	(1.5,	1.4-1.7),	constipation	(1.4,	1.3-	1.6),	fae-
cal	 impaction	 (1.5,	1.1-2.1),	 stroke	 (1.3,	1.2-	1.5)	
male	 gender	 (1.2,	 1.1-1.3),	 age	 and	 body	 mass	
index.	Inverse	associations	were	noted	with	heart	
disease, arthritis and depression.

6. DIARRHOEA

The	 importance	 of	 diarrhoea	 of	 liquid	 stool	 in	 FI	
cannot	 be	 overemphasised	 [842].	 One	 case	 se-
ries	noted	that	51%	of	 individuals	with	chronic	di-
arrhoea	were	 incontinent	 [787].	 In	 the	Wisconsin	
Family	Health	Survey	of	AI	[789],	10	of	the	25	sub-
jects	with	FI	lived	in	Milwaukee	when	the	city	expe-
rienced	an	outbreak	of	waterborne	disease	 [860].	
Non-infectious	 causes	 of	 diarrhoea	must	 also	 be	
considered,	 such	 as	 inlammatory	 bowel	 disease	
[861]	and	 those	 initiated	by	sports	activities	such	
as	running	[862-863].	

7. SURGERY

AI	originating	 from	surgery	would	seem	 fairly	 in-
significant in the general population, since previ-
ous anal surgery has not been an apparent risk 
factor	 in	 the	 larger	 surveys.	 Several	 operations	
nonetheless can frequently result in AI. Examples 
are midline internal sphincterotomy, lateral in-
ternal sphincterotomy, fistulectomy, fistulotomy, 
ileo-anal	 reservoir	 reconstruction,	 low	 anterior	
rectal resection, total abdominal colectomy, and 

Figure 12.  Systematic review of Eficacy of Cesarean Section in Preventing Faecal Incontinence: 7 Studies 
fulilling all quality criteria 
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Figure 13.  Systematic review of Eficacy of Cesarean Section in Preventing Faecal Incontinence: Vaginal 
Delivery versus Elective Cesarean Section

Figure 14.  Systematic review of Eficacy of Cesarean Section in Preventing Faecal Incontinence: Elective 
vs. Emergency Cesarean Section

Figure 15.  Systematic review of Eficacy of Cesarean Section in Preventing Faecal Incontinence: Nullipa-
rous women versus Any Form of Delivery 
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the strongest available data to identify risk come 
from cohorts that collected data on potential risk 
factors prior to the onset of incontinence. Pro-
spectively collected risk assessments for FI have 
occurred in three nursing home cohorts. Porell 
combined UI and FI into a single outcome vari-
able and found many positive associations in a 
cohort	of	60,000	nursing	home	residents	in	Mas-
sachusetts	 [873].	 Age,	 African	 American	 race,	
cognitive	 and	 ADL	 impairments,	 predicted	 the	
outcome, although specific relative risks for in-
cidence	 are	 not	 presented.	 Chassange	 followed	
234	previously	non-FI	 residents	 in	France	 for	10	
months,	 during	which	 20%	had	FI	 episodes,	 but	
only	 7.5%	 developed	 long	 lasting	 FI	 [874].	 The	
others had acute episodes due to diarrhoea or 
impaction.	 The	 factors	 associated	 with	 the	 de-
velopment	of	long	lasting	FI	were	urinary	inconti-
nence	(UI)	(2.9,	1.8-4.6),	decreased	mobility	(1.8,	
1.1-3.0),	and	cognitive	defects:	either	as	seen	in	
an	 MMSE	 score	 <15	 (2.5,1.4-4.4)	 on	 history	 of	
dementia	 (2.1,	 1.2-3.5).	 Neither	 gender	 nor	 age	
were	 risk	 factors.	 Nelson	 reported,	 in	 a	 cohort	
of	 18,000	 nursing	 home	 residents	 in	Wisconsin,	
a	subgroup	of	3,850	continent	of	both	urine	and	
faeces	in	1992	who	were	assessed	one	year	later	
[875].	 15%	 developed	 FI.	 Positive	 associations	
were	 seen	 for	ADL	 loss	 (3.4,	 2.4-4.5),	 trunk	 re-
straints	(2.5,	1.7-3.6),	dementia	(1.7,	1.4-2.0),	Af-
rican	American	race	(2.1,	1.3-3.4)	and	age	(1.02,	
1.0-1.0).	UI	was	not	 investigated	as	a	risk	 factor	
because	it	was	felt	to	be	a	co-morbid	condition.	In	
a	broadly	based	cross	sectional	survey,	it	was	ap-
parent	that	factors	that	affect	an	individual’s	gen-
eral health or physical capabilities, independent 
of age and gender, place that individual at great-
est	 risk	 for	 AI	 [805],	 though	 all	 four	 are	 signifi-
cantly	 associated	with	AI	 [789].	Among	obstetric	
patients age has also been a consistent associa-
tion,	 with	 less	 consistent	 associations	 noted	 for	
chronic	 bronchitis	 (OR	 =6.5,	 1.1-38),	 symptoms	
of	pelvic	organ	prolapse	(5.0,	3.0-8.7)	and	obesity	
(3.0,	1.0-3.4)	 [876].	Defaecatory	dysfunction	has	
also	 been	 assessed	 in	 antenatal	 women	 [877-
879],	 found	 to	 be	 prevalent	which	 has	 led	 to	 an	
important preventive strategy for post partum AI 
described	below.

This	 discussion	 is	 by	 necessity	 descriptive,	 so	
preventive measures are only relevant insofar 
as they provide insight into the aetiology of in-
continence. By far the most frequently applied 
preventive	 measure	 is	 Caesarean	 delivery,	 dis-
cussed above. Its lack of effectiveness in pre-
venting anal incontinence provides a valuable 
insight	 into	 the	 relationship	 between	 pregnancy 
and	AI	–	 that	 the	focus	may	need	to	be	more	on	
the	pregnancy	rather	than	the	delivery	and	how	it	

ureterosigmoidostomy.	The	risk	of	lateral	internal	
sphincterotomy	 for	 anal	 fissure	 causing	 AI	 was	
previously	 thought	 to	be	 insignificant	when	com-
pared to midline sphincterotomy, but a recent re-
appraisal	 of	 this	 operation	has	 shown	an	AI	 risk	
may	be	8%	[864].	The	risk	of	AI	after	fistulotomy	
has	been	reported	 to	be	as	high	as	18%	to	52%	
[865].	New	approaches	to	fissure	and	fistula	have	
recently	been	developed	specifically	to	lower	this	
risk	[865-866].	However	incontinence	after	haem-
orrhoidectomy has also been reported to be as 
high	as	33%,	an	operation	in	which	no	sphincter	is	
divided	[867].	This	suggests	either	that	division	of	
the anoderm, not the sphincter may be affecting 
continence, or that the method of ascertainment 
used in published surveys is not accurate. Mixing 
urine and stool has been found to have a predict-
able effect on anal sphincter control, as does diar-
rhoea,	 in	 patients	 having	 uretero-sigmoidostomy	
after	urinary	bladder	resection	[823].	Patients	with	
rectal	cancer	form	a	special	group	in	whom	can-
cer issues often mute the continence disturbance 
that	may	result	 from	rectal	 resection	 [868]	or	 ra-
diotherapy	[869].	

8.  SPECIFIC NEUROLOGICAL AND OTHER 
DISEASES 

Several	 speciic	 diseases	 have	 been	 anecdot-
ally	associated	with	AI	 in	case	series,	and	mech-
anisms to explain the associations have been 
investigated	 [870].	 Examples	 are	 diabetes	 [825],	
stroke	 [871-872],	 multiple	 sclerosis,	 Parkinson’s	
disease, systemic sclerosis, myotonic dystrophy, 
amyloidosis, spinal cord injury, imperforate anus, 
Hirschsprung’s	 disease,	 retarded	 or	 interrupted	
toilet training, procidentia, and any illness caus-
ing	diarrhoea	(HIV,	IBD,	radiation,	infection).	Many	
of these conditions directly affect patient mobility 
and ability to perform daily living activities or they 
cause diarrhoea or faecal impaction.

9. CONSTIPATION

Constipation	 may	 alternate	 with	 diarrhoea	 in	 ir-
ritable	bowel	syndrome	making	defaecation	cha-
otic and often very urgent. Just as often retained 
faeces lead to anal seepage that cannot be held. 
In	 the	New	Zealand	survey	[790],	 the	2	of	3	rule	
for categorising an individual as incontinent ex-
cluded	 constipated	 patients,	which	was	 also	 as-
sessed in their survey, the positive rate fell from 
13.2%	to	just	over	9%.	This	further	demonstrates	
the	frequent	co-existence	of	constipation	and	AI,	
similar to the frequent coexistence of urinary in-
continence and AI. 

10.  COHORTS INITIATED BEFORE CLINICAL 
AI ASSESSED FOR SUBSEQUENT DE -
VELOPOMENT OF AI 

Because of a paucity of clinical trials that specifi-
cally address risk factors and prevention of AI, 
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affects	 defaecation	 afterwards.	A	decision	analy-
sis	study	suggests	speciic	obstetric	 indication	for	
elective	C.	section	that	may	be	cost	effective	[880].	
Another study related to birth trauma randomised 
mothers	to	immediate	post-partum	anal	ultrasound	
with	 repair	 of	 occult	 defects	 in	 the	 sphincter	 and	
continence	 assessed	 in	 follow-up,	 demonstrating	
an	 improved	outcome	with	 this	 intervention	 [881].	
Antenatal	 intervention	 with	 pelvic	 loor	 exercises	
has been assessed in a number of randomised tri-
als	 [882-883]	 for	 the	 purpose	of	 diminishing	 post	
partum	AI.	One	Cochrane	review	found	this	strat-
egy	effective	[882].	Sixteen	studies	were	included	
in	the	analysis	in	which	6,181	women	participated.	
Those	without	prior	urinary	incontinence	were	ran-
domised	to	either	pelvic	loor	 training	or	standard	
care.	 At	 12	 months	 postpartum	 the	 intervention	
group	 were	 half	 as	 likely	 to	 have	AI	 (RR=	 0.52;	
0.31-0.87).	A	subsequent	report	has	not	shown	this	
beneit,	and	has	yet	to	be	included	in	the	Cochrane	
review	[883].

The	AHRQ	 recently	 published	 a	monograph	 on	
the prevention of incontinence, although the 
strategies	listed	for	AI	were	therapies	for	existing	
AI, such as pelvic floor exercises and retraining, 
rather than stablished mechanisms for preven-
tion	[884].

•		Anal	and	urinary	incontinence	commonly	coexist,	
particularly in the elderly and in nursing home resi-
dents	(LE	1).

•		The	 prevalence	 of	 anal	 incontinence	 increases	
with	age,	but	is	present	in	all	age	groups	and	both	
genders	 varying	 from	 1.5%	 in	 children	 to	 more	
than	50%	in	nursing	home	residents	(LE1).

•		AI	is	almost	as	common	in	men	as	in	women	(LE	2).

•		Mode	of	delivery	does	not	seem	 to	be	a	signii-
cant factor in the development of obstetric anal 
incontinence,	 i.e.,	 AI	 develops	 after	 Caesarean	
delivery	as	often	as	after	vaginal	delivery	(LE	2).

•		Obesity	 is	 perhaps	 the	most	modiiable	 risk	 fac-
tor	for	AI	(LE	2).	Intrapartum	pelvic	loor	education	
can decrease the risk of subsequent development 
of	post	partum	AI	(LE	1).

•		As	populations	age,	co-morbid	disease	becomes	
a	 signiicant	 component	 of	 faecal	 incontinence	
risk.	Surgery,	 neurological	 diseases,	 and	 stroke	
are examples.

•		Cognitive	and	ADL	impairment	are	associated	with	
faecal incontinence.

•		More	population	based	prevalence	surveys	have 
been published.

•		More	analyses	comparing	AI	after	Caesarean	sec-
tion and vaginal delivery have been published.

•		Systematic	 reviews	of	prevalence,	 including	
the	role	of	age	and	gender,	Caesarean	deliv-
ery and decision analyses for the application 
of	 Caesarean	 delivery	 in	 macrosomia	 have	
been published, providing needed aggrega-
tion	of	data	with	quality	assessment	of	exist-
ing literature.

•		 Risk	 factors	 for	 AI	 in	 each	 age	 group	 are	 still	
poorly	deined.

•		Prevention	research,	much	less	policy,	are	there-
fore	still	a	great	distance	away.

•		Randomised	trials	are	needed	of	AI	(and	UI)	in	av-
erage	risk	women	comparing	vaginal	delivery	and	
Cesarean	section.

The	discussion	here	relates	to	UI	only,	as	data	and	
literature	for	FI	and	POP	are	very	scarce.	However,	
many	of	the	principal	arguments	will	be	relevant	to	
these	conditions	as	well.

The	 well	 documented	 variation	 in	 prevalence	 esti-
mates is thought to result at least in part from several 
confounders common to survey and epidemiological 
research.	Herzog	and	Fultz,	 [74]	 in	a	 review	of	 the	
prevalence	and	incidence	of	UI	in	community-dwell-
ing populations, proposed that past investigations 
were	plagued	by	sampling	and	non-response	issues,	
by	self	selection	and	attrition,	by	deinitional,	concep-
tual, and measurement issues. It is clear that there 
are large methodological challenges to rigorous re-
search	 in	 this	ield.	 In	general,	 the	quality	of	 recent	
large studies has undoubtedly improved, but the sci-
entiic	community	must	continue	 to	deal	with	meth-
odological challenges in order to achieve progress.

A major problem in research on UI has been the 
use of different definitions and measurements, 
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and	this	might	contribute	to	the	wide	range	of	re-
ported	prevalence	estimates.	The	former	ICS	def-
inition	of	UI	–	as	a	condition	in	which	involuntary	
loss of urine is a social or hygienic problem and 
is	 objectively	 demonstrable	 -	 included	 objective	
demonstration of urine loss as one critical com-
ponent.	This	aspect	 limited	the	ICS	definition	 for	
community based epidemiological investigations, 
because objective demonstration of UI is difficult 
to achieve outside of the clinical setting, and stud-
ies	which	were	able	to	include	this	aspect	in	their	
assessment might have produced different preva-
lences. In addition, a social or hygienic aspect of 
the	 definition	 was	 problematic	 in	 epidemiologic	
studies because it added a subjective aspect to 
an objectively defined condition and therefore 
confounded the investigation of prevalence, inci-
dence,	and	risk	factors.	In	our	previous	report	we	
argued for reconsideration of the definition of UI, 
and	we	emphasized	that	the	core	of	the	definition	
should	be	”any	involuntary	loss	of	urine”.	In	accor-
dance	with	this	view,	ICS	changed	its	definition	in	
2003	to	UI	being	”the	complaint	of	any	involuntary	
leakage	of	urine”.[1]

The	 new	 definition	 makes	 epidemiological	 re-
search easier. But three consequences should 
be	addressed:

1.		Epidemiological	 studies	 should	 not	 be	 based	
on	 this	 deinition	 alone,	 and	 all	 studies	 should	
include a minimal additional data set, standard 
confounders,	 and	 questions	 speciic	 to	 the	 aim	
of	the	study.	This	is	discussed	in	the	Section	on	
Recommendations for further research.

2.		The	number	of	persons	fulilling	the	deinition	will	
increase.	This	should	not	be	interpreted	as	an	in-
crease in the number potential of patients. 

3.		Public	 awareness,	 case	 inding	 of	 health	 care	
personnel, and help seeking behaviour may be 
affected	of	a	new	and	more	extensive	deinition.	

Studies	have	used	different	severity	levels	and	time	
frames	 for	 deining	 UI.	A	 further	 factor	 complicat-
ing the conceptualisation and measurement of UI 
in epidemiological studies lies in the nature of the 
condition. UI is a chronic condition (or set of condi-
tions)	that	often	starts	slowly	and	comes	and	goes	
for a considerable time period before it become fully 
established. If people get used to their UI or notice it 
less,	this	can	interfere	with	valid	assessment.

Ideally	self-report	measures	are	validated	by	clinical	
evaluations.	However,	clinical	and	even	urodynamic	
investigations should be regarded as other mea-
sures, not necessarily as gold standards, because 
it	is	known	to	be	dificult	to	demonstrate	all	urinary	
symptoms in the clinical setting.

Holtedahl calculated prevalence estimates using 
different	deinitions	of	UI	for	the	same	sample	of	50	

to	70	year	old	women.	The	prevalence	of	any	self-
reported	leakage	was	47%.	Self-reported	regular	UI	
with	or	without	objective	demonstration	was	 found	
for	31%	of	women,	regular	 incontinence	according	
to	 the	 former	 full	 ICS	 deinition	 for	 19%.	Another	
study	 found	prevalences	of	69%	and	30%	 for	any	
UI	and	 the	 former	 ICS	deinition,	 respectively.	The	
results	 indicate	 that	 the	 former	 ICS	deinition	was	
rather restrictive.

Low	response	rates	may	 further	bias	prevalence	
estimates.	 Known	 differences	 between	 respond-
ers	and	non-responders	can	be	compensated	dur-
ing	the	analysis.	The	major	problems	is	unknown	
differences in response rates and other charac-
teristics.	 Incontinent	women	may	not	answer	 (or	
deny UI) because of embarrassment or related 
handicaps.	But	 incontinent	women	may	also	 find	
the subject particularly relevant and therefore re-
spond	to	a	greater	extent	than	continent	women.	
At	 present,	 we	 do	 not	 know	 much	 about	 how	
these	factors	may	affect	the	comparison	between	
incontinent	and	continent	women.	

One paper explored the problem of underreport-
ing	 incontinence	 and	 how	 it	 can	 be	 altered	with	
the use of an introduction to the incontinence 
questions and probing. Another paper explored 
the	issue	of	selection	bias	in	mailed	surveys.	The	
first	wave	had	higher	prevalence	of	 incontinence	
than	follow-up	mailings,	and	thus	individuals	with	
UI	tended	to	respond	on	the	first	wave.	In	an	Eng-
lish mailed survey on incontinence and other uri-
nary	symptoms,	a	sample	of	non-responders	were	
traced,	 and	 those	 eligible	were	 asked	 questions	
from	 the	survey.	Compared	with	 the	 responders,	
the	 non-responders	 overall	 showed	 little	 differ-
ences	 in	 reporting	 of	 urinary	 symptoms.	 How-
ever,	non-responders	>70	tended	to	be	of	poorer	
general health, and they reported certain urinary 
symptoms more frequently.

•		The	lack	of	epidemiological	data	from	populations	
underrepresented	in	research	limits	the	world	wide	
application of the present information.

•		Many	investigations	are	plagued	by	sampling	and	
non response issues, by self selection and attri-
tion.	Many	early	studies	were	obtained	from	sam-
pling patients seeking care.

•		A	major	problem	is	the	use	of	different	deinitions	
of	 incontinence.	 The	 new	 ICS	 deinition	 makes	
epidemiological research easier.

•		There	are	 large	methodological	challenges	to	re-
search	in	the	ield	of	UI.	Unless	the	scientiic	com-
munity	 deals	with	 these	 issues,	 progress	will	 be	
dificult	to	make.

III. SUMMARY POINTS:
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A	majority	of	people	with	UI	have	not	sought	help,	
and	 this	 is	 conirmed	 also	 in	 recent	 publications.
[454-455,	469-470]	Reasons	given	by	people	for	not	
seeking	 help	 include:	 not	 regarding	 incontinence	
as abnormal or serious, considering incontinence 
to	 be	 a	 normal	 part	 of	 ageing,	 having	 low	 expec-
tations of treatment and thinking they should cope 
on	their	own.	Some	studies	also	conirm	the	notion	
that embarrassment may be an important reason for 
not	seeking	help	[332-334]	There	is	an	association	
between	help	seeking	and	condition-speciic	factors	
like	duration,	 frequency	and	amount,	and	people’s	
perceptions of the impact of incontinence, but other 
more personal characteristics like individual health 
care behaviour and attitudes may also play a role.

In	a	Norwegian	study	4.4	%	of	all	women	>20	years	
old in a community consulted their general practitio-
ner	for	UI	during	a	3	year	period.	But	mentioning	the	
symptoms	to	a	physician	may	not	be	enough.	There	
are reports of doctors not responding, either by ig-
noring the statement of symptoms or by providing 
a dismissive explanation, and people interpreting a 
lack of response from the doctor as an indication that 
no treatment is available. In a study of management 
of	incontinence	in	general	practice,	30%	of	the	wom-
en	who	had	 told	 their	doctor	about	 their	 symptoms	
perceived	that	they	were	offered	no	help.	It	is	prob-
able that many primary health care providers lack 
conidence	in	managing	UI,	and	that	this	contributes	
to	under	treatment	in	those	seeking	help	[338].

Only	a	 small	 proportion	of	 incontinent	 community-
residing	 women	 have	 had	 surgery,	medication,	 or	
exercise regimens. In addition to seeking help from 
the formal health care system, common responses 
to	 symptoms	 of	 illness	 are	 self-management	 and	
self-treatment	behaviour.	The	major	method	of	ac-
tively managing UI among community residents is 
the use of absorbent products. 

It	 is	 obvious	 that	millions	of	men	and	women	suf-
fer from their UI, and that for many of them good 
treatment	options	are	available.	However,	for	many	
persons	with	very	mild	or	occasional	UI	 it	 is	prob-
ably adequate not to seek help from the health care 
system.	 Others	 are	 satisied	 with	 just	 information	
and understanding about the causes and in many 
cases	self	care	may	be	quite	appropriate.	A	Danish	
study	has	shown	that	simple	information	and	advice	
was	adequate	 “	 treatment”	 for	 23%	of	 the	women	
attending an open access incontinence clinic. A 
Swedish	study	 found	 that	among	136	women	with	
UI,	 36%	wanted	 clinical	 evaluation,	 and	only	 24%	
subsequently started treatment. 

Both epidemiological and qualitative research in 
this	ield	should	be	encouraged	 in	order	 to	under-
stand cultural, religious, and personal factors for 
help	 seeking	 behaviour	 world	 wide.	 Speciically,	
other	 than	condition-speciic	 factors	should	be	 fur-
ther	explored,	e.g.	persons’	health	care	behaviour,	
perceptions and attitudes.

There	 are	 indications	 of	 underreporting	 also	 of	 FI	
and	 patients’	 reluctance	 to	 report	 symptoms	 or	 to	
seek	 treatment.[787-788,	 820]	 It	 has	 been	 shown	
that	women	are	more	willing	to	report	FI	than	men.	
For	POP	we	have	no	information.

•		Recent	publications	conirm	that	a	majority	of	peo-
ple	with	FI,	UI,	and	POP	have	not	sought	help.

•		Only	a	small	proportion	of	urinary	incontinent	com-
munity-residing	people	have	had	surgery,	medica-
tion, or exercise regimens.

•		Increasing	 severity,	 increasing	 duration,	 and	 ur-
gency/mixed type of UI are related to consulting a 
health care provider.

•		Associations	 other	 than	 condition-specific	 fac-
tors should be further explored in future re-
search,	 e.g.	 persons’	 health	 care	 behaviour,	
perceptions and attitudes.

•		Health	 care	 personnel	 should	 be	 encouraged	 to	
approach those at risk for FI, UI and POP. People 
with	such	symptoms	should	be	assessed	so	ser-
vices and treatment can be offered and targeted. 
The	 patient’s	 view	 of	management,	 even	 denial,	
should be respected.

We have emphasised some major and important 
differences	 between	 epidemiology	 and	 clinical	
work.	 These	 differences	 may	 have	 several	 im-
plications. A selection process is most often ac-
complished	first	by	self-selection	(help	seeking),	
then	 a	 referral	 system,	 which	 provides	 special-
ist	physicians	to	a	patient	population	with	higher	
prevalence of disease, more severe disease, 
and	often	skewed	type	distribution,	thus	obtaining	

I. URINARY INCONTINENCE

III. SUMMARY POINTS:

II. FAECAL INCONTINENCE AND 
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L. EPIDEMIOLOGY AND 
CLINICAL WORK: FROM 

RESPONDENT TO PATIENT
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test	 results	with	 fewer	 false	positives,	better	di-
agnostic accuracy, and more efficient use of re-
sources.	However,	such	intended	and	purposeful	
selection	bias	has	its	drawbacks.	There	is	grow-
ing evidence that this selection process introduc-
es bias into research and hampers our ability to 
generalise hospital based research back to gen-
eral or primary care populations. Furthermore, it 
may result in recommendations and guidelines 
for diagnosis or therapy derived from tertiary 
care centres that are inappropriate at the pri-
mary	care	level.	Often	guidelines,	review	articles	
or teaching material do not take into account the 
varying prevalence and variation in clinical pic-
ture	between	community	and	hospital.	They	may	
also emphasise use of tests or equipment that 
are not appropriate or relevant for primary health 
care, thus leading to over utilisation of referrals. 
Data	 from	hospitals	or	specialist	 level	may	also	
overestimate level of burden, costs and number 
of persons in need of treatment if such data are 
used for extrapolation back to community level. 
Therefore	 it	 is	 important	 that	 this	 Consultation	
uses different algorithms for initial and special-
ised care (see other relevant chapters).

One study provides substantial empirical evi-
dence to support the existence of selection bias 
for	UI.	The	analyses	were	based	on	three	popu-
lations	 of	 incontinent	 women:	 Community	 level	
(epidemiological survey), primary care level 
(prospective study), and secondary care level 
(university	hospital,	prospective	study).	The	gen-
eral	practice	patients	were	older	and	the	hospital	
patients younger than those in the community. 
From community via general practice to hospital, 
there	was	an	 increase	 in	duration,	 frequency	of	
leakage, amount of leakage, severity and per-
ceived	 impact	 of	 incontinence.	 Help-seeking	 at	
the	 primary	 care	 level	 was	 associated	 with	 in-
creasing	 age	 and	 severity,	 and	 with	 urgency	
symptoms and impact. Referral from general 
practice	 to	 hospital	 was	 only	 associated	 with	
(lower)	age	and	urgency	symptoms.

Under	 the	 subtitle	 Severity	 and	 impact	 we	 have	
given	examples	of	how	the	prevalence	estimates	
for	 women	 change	 dramatically	 when	 bother-
someness	 and	 severity	 are	 considered.	 Taken	
together	 with	 selection	 bias,	 this	 emphasises	
caution	when	epidemiological	data	are	used	in	a	
clinical	context.	It	concerns	“	level	of	care”	in	sev-
eral	ways;	there	is	a	 large	transitional	zone	from	
healthy to diseased, there is a danger of medicali-
sation, and there is a danger of treating patients 
at a higher level than necessary. Risk factors, 
predictors and correlates discovered in epidemio-
logical studies are probabilistic of nature and may 
not be decisive in the clinical assessment of an 
individual patient. In addition, the attributable risk 
due	 to	 some	 known	 risk	 factors	may	 be	 statisti-
cally but not clinically significant.

In order to effectively plan health care resources 
it is necessary to estimate the prevalence and 
incidence	of	 illnesses	 to	know	 to	what	extent	 re-
sources require to be allocated to a specific illness 
health	care	condition.	This	chapter	has	dealt	with	
three major global problems, urinary and faecal in-
continence	as	well	as	pelvic	organ	prolapse,	that	
affect	women	and	men	throughout	the	world.	Irwin	
and	coworkers	[885]	have	published	data	estimat-
ing	the	current	and	future	worldwide	prevalence	of	
lower	urinary	tract	symtoms.

The	 objective	 of	 the	 study	 was	 to	 estimate	 the	
current	 and	 future	 number	 of	 people	with	 LUTS,	
including overactive bladder (OAB) and Urinary 
Incontinence	 (UI)	 utilising	 the	 current	 ICS	defini-
tions.	Age-	 and	 gender-specific	 prevalence	 rates	
from	 the	 EPIC	 study[455]	 were	 applied	 to	 the	
worldwide	over	20	year	old	population	(4.2	billion)	
with	 males	 and	 females	 stratified	 into	 five-year	
age	 groups	 (20-24	 to	 80+).	 Projected	 population	
estimates	 for	 all	 worldwide	 regions	 were	 based	
on	the	United	States	Census	Bureau	International	
Database	(IDB).

Estimates	 were	 presented	 for	 2008,	 2013	 and	
2018	and	are	 summarised	 in	Tables 22 and 23. 
Table 22 summarises the estimated number of in-
dividuals	with	certain	LUTS	symptoms	by	year	and	
sex	in	the	world	population	and	Table 23 describes 
the	estimated	number	of	 individuals	of	LUTS	and	
OAB	over	10	years	across	the	world	regions.

Estimates and projections featured in this analy-
sis	were	based	on	prevalence	rates	of	LUTS	de-
scribed	 in	 the	EPIC	study	–	based	primarily	on	a	
European	 population.	 The	 prevalence	 rates	 fea-
tured	in	the	EPIC	study	are	similar	to	other	prev-
alence	 rates	 of	 LUTS	 that	 were	 found	 in	 others	
studies	across	other	countries	[452,461]	

The	projections	 in	 this	 report	 assume	 the	 preva-
lence	 rates	 of	 LUTS	 will	 remain	 throughout	 the	
year	2018	for	all	age	and	sex	groups	

Prevalence	 of	 LUTS	 will	 also	 increase	 as	 other	
factors	related	to	LUTS,	such	as	obesity,	increas-
es (Figures 16 & 17 ).	The	estimated	number	 for	
present and future years are not true numbers but 
are based on a projected population configured 
by	 the	 International	 Database	 (IDB).	 The	 IDB’s	
estimates	 and	 projections	 are	 drawn	 by	 Census	
Bureau	demographers	and	are	based	on	reviewed	
censuses, surveys, and vital statistics provided by 

I. WORLDWIDE ESTIMATES OF CUR-
RENT AND FUTURE INDIVIDUALS 

(≥20 YEARS) WITH LOWER URINARY 
TRACT SYMPTOMS INCLUDING URI-
NARY INCONTINENCE AND OVER-

ACTIVE BLADDER
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Region  

Estimated Number o f ind ivi duals

  with any LUTS  
Estimated Number of 

Ind ivi duals  
with   OAB

Estimated Number of 
Ind ivi duals with  

Incontinence  

2008 2013 2018 2008 2013 2018 2008 2013 2018 

World  1,930 2,106 2,277 455 500 545 346 383 420 
Afr ica  203 231 263 46 53 60 33 38 43 

North America  167 180 193 40 44 48 32 34 37 
South America 111 122 133 26 29 32 20 22 24 

Asia  1,166 1,284 1,396 272 302 332 206 231 256 
Europe 273 278 280 68 70 71 54 56 57 

(In Milli ons) 
LUTS Symptoms  

Male 2008 Male 2013 Male 2018 Female 2008  Female 2013 Female 2018 Incontinence  

Any Incontinence 98 109 120 250 275 301 
UUI 22 25 27 27 30 33 
MUI 11 12 14 43 47 52 
SUI 10 12 13 127 140 153 
Other1 55 61 66 53 58 64 

Storage     

Any Storage Symptom (Noct2 1) 1,050 1,151 1,250 1,249 1,363 1,474 
Any Storage Symptom (Noct 2) 597 655 713 760 831 901 
Noct 1 942 1,035 1,127 1,098 1,200 1,301 
Noct 2 388 427 467 464 509 555 
Urgency 205 226 247 249 273 297 
Frequency 127 139 152 161 174 186 

Voidi ng Symptoms        

Voiding Symptoms 515 563 610 402 511 473 
Intermittency 164 181 198 148 176 175 
Slow Stream 156 173 193 122 161 146 
Straining 132 145 157 83 120 98 
Term Dribble 289 315 340 210 276 245 

Post Mictur iti on  Symptoms      

Post Mic3 Symptoms 332 365 396 297 350 348 
Incomplete Emptying 263 288 314 257 290 302 
Other Post Mic Incontinence 108 118 129 64 96 76 

Any L UTS (Noct 1)       

Any LUTS (Noct 1) 1,260 1,377 1,490 1,379 1,460 1,623 
Storage + Voiding Symptoms (Noct 1) 350 386 422 309 373 367 
Storage + Post Mic Symptoms (Noct 1) 247 273 299 238 274 282 
Voiding + Post Mic Symptoms (Noct 1) 205 226 247 158 205 187 
Storage + Voiding + Post Mic Symptoms (Noct 1) 166 183 202 137 173 163 

Any LUTS (Noct 2)      

Any LUTS (Noct 2) 933 1,020 1,104 994 1,068 1,170 
Storage + Voiding Symptoms (Noct 2) 247 273 299 237 275 283 
Storage + Post Mic Symptoms (Noct 2) 188 207 227 190 214 226 
Voiding + Post Mic Symptoms (Noct 2) 205 226 247 158 205 187 
Storage + Voiding + Post Mic Symptoms (Noct 2) 130 144 158 119 142 142 
 

Table 22. Estimated Number of Individuals with Certain LUTS By Year & Sex- World Population (In Millions)

Table 23. Estimated Worldwide Number of Individuals with LUTS including OAB and Incontinence by 
Region (In Millions)

 46% of the 4.2 billion of the adult world population (  20 and over) experience any LUTS   
455 million individuals or 11% of the world population estimated to experience OAB symptoms 
 
346 million individuals or 8% of the world population estimated to experience some type of UI 
 SUI is the most common type of incontinence in 2008 and 2018 (Figure 1)  
136 (3%) and 164 (4%) million individuals are estimated to experience SUI in 2008 and in 2018 respectively 
 
49 (1%) and 60 (1%) million individuals are estimated to experience UUI in 2008 and in 2018 respectively 
 53(1%) and 65 (1%) million individuals are estimated to experience MUI in 2008 and in 2018 respectively  
108 (3%) and 131 (3%) million individuals are estimated to experience Other Incontinence in 2008 and in 2018 respectively  
Assuming LUTS prevalence rates remain stable for the next ten years, 2.3 billion individuals are estimated to 
experience LUTS by the year 2018  
An increase of 18% from 2008 
 
Storage symptoms has the highest burden in both the male and female population than other LUTS  (Figure 2)  
 Male: estimated 597 million in 2008,   713 million in 2018 
 
Female: estimated 760 million in 2008, 901 million in 2018  
Asia region is estimated to carry the highest burden of LUTS. Estimated 1.2 billion individuals in Asia regions may 
experience any LUTS 

Table 24. Summary of major indings
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igure 17. Estimated number of individuals with LUTS 2008, 2013 and 2018 grouped according to gender.

igure 16. Estimated number of individuals with UI 2008, 2013 and 2018 grouped according to type of incontinence
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cluding, its types and severity to move the re-
search ahead. Longitudinal study designs are 
needed to estimate incidence of UI and describe 
the course of the condition and its different forms 
and to investigate its risk factors and possible 
protective factors.

There	is	still	little	knowledge	with	regard	to	preva-
lence, incidence, and other epidemiological data 
in developing countries. It is recommended that 
fundamental research regarding prevalence, inci-
dence and other epidemiological data in develop-
ing countries should be encouraged, and tailored 
to the cultural, economic and social environment 
of the population under study.

Crude	 prevalence	 studies	 (descriptive	 epidemi-
ology)	 from	USA	 and	 Europe	 are	 abundant,	 and	
further	 studies	 should	 be	 done	 only	 with	 recom-
mended and validated questionnaires or in order 
to	 combine	 data	 from	 the	 prevalence	 study	 with	
studies	 of	 co-factors	 and	 predictors	 (analytical	
epidemiology).	 Control	 for	 confounders,	 strati-
fication, and multivariate techniques should be 
increasingly used because of the need for more 
advanced epidemiological analyses of risk factors 
and	 comorbidity.	Strength	of	 associations	 should	
be determined by relative risks and odds ratios, 
and confidence limits should be given. We still 
have	 very	 little	 knowledge	 of	 the	 absolute	 and	
relative importance of several risk factors, and al-
most no information about the attributable risk of 
the factors in the society.

Some	 potential	 risk	 and	 protective	 factors	 de-
serve more attention. For example, the role of 
pregnancy and childbirth in the development of UI 
must	be	studied	in	a	fashion	that	links	population-
based methods to clinical assessment of preg-
nancy,	delivery	and	 the	birth	 trauma	and	 follows	
women	over	many	years.	Such	a	design	is	neces-
sary because the effect of pregnancy and child-
birth	may	become	clear	only	years	later	when	the	
woman	 is	older	and	because	 the	woman	will	not	
be able to report the exact nature of the tear or 
episiotomy,	etc.	There	should	be	more	emphasis	
on	the	associations	between	UI	and	specific	dis-
eases like stroke, diabetes, psychiatric disease 
and	genital	prolapse.	Genetic	components	should	
be investigated.

Primary prevention is the main goal in the man-
agement of human disease. An important strategy 
would	 thus	 be	 to	 identify	 the	 individuals	 at	 risk,	
and then take measures to reduce the risk among 
those individuals or in certain risk groups. Based 
on	 current	 knowledge	 there	 are	 no	 well	 docu-
mented efforts that can be done in order to avoid 
the occurrence of UI in large populations. Primary 
prevention studies should be encouraged, but the 
epidemiological basis for choosing appropriate in-
terventions	is	weak.

I. URINARY INCONTINENCE

National	Statistics	Offices9.	Data	on	international	
migration and refugee movements, public health 
efforts,	 socio-political	 circumstances,	and	histori-
cal events such as natural disasters and conflict 
are	all	considered	when	the	IDB	calculates	the	es-
timates and projections.

It	 is	anticipated	 that	with	 the	overall	 aging	of	
the	 population	 the	 prevalence	 of	 LUTS	 will	
also increase.

It	has	been	shown	that	LUTS	are	burdensome	to	
individuals	[397,539]	and	the	likely	increase	in	the	
number	 of	 individuals	 experiencing.	 LUTS	 has	
implications on healthcare resources and overall 
health	burden.	This	analysis	is	an	estimate	of	the	
number	of	individuals	with	LUTS	based	on	a	con-
servative prevalence rate, and so the future num-
ber	of	those	with	certain	LUTS	may	surpass	those	
of this report.

•		The	 spectrum	 of	 severity	 of	 anal	 and	 urinary	
incontinence,	 as	well	 as	 pelvic	 organ	 prolapse,	
and the symptom profile of patients referred to 
specialist centres do not necessarily reflect the 
spectrum of disease seen in the community.

•		The	selection	and	referral	process	may	introduce	
bias into research and hamper the ability to gen-
eralise	hospital-based	research	back	to	primary	
care populations.

•		One	should	be	very	careful	with	calculating	num-
bers of patients in need of therapy based on epi-
demiological data.

Much biomedical research is observational and 
the reporting of such research is often inad-
equate	 which	 hampers	 the	 assessment	 of	 its	
strengths	and	weaknesses	and	of	a	study´s	gen-
eralisability.	The	STROBE	(Strengthening	of	the	
Reporting of OBservational studies in Epidemiol-
ogy)	 statement	 was	 introduced	 [661].	 It	 is	 a	 a	
checklist of items that should be addressed in 
articles reporting on the three main study de-
signs	 of	 analytical	 epidemiology:	 cohort,	 case-
control,	and	cross	sectional	studies.	The	use	of	
this checklist is highly recommended.

It is recommended that more sustained research 
on measurement of UI should be performed in-

M. RECOMMENDATIONS FOR 
FURTHER RESEARCH

II. SUMMARY POINTS



84

In surveys	based	on	questionnaires	or	interviews	
symptoms	can	be	registered.	There	are	convinc-
ing data suggesting that the different types may 
reflect quite different pathologies and risk factors. 
Differentiating	the	types	in	future	research	might	
therefore	prove	very	fruitful.	Methodological	work	
has still to be done in this area, but typical type 
descriptions	 should	 be	 included	 in	 new	 studies.	
Likewise,	 studies	 of	 risk	 factors	 should	 include	
important	 and	 known	 confounders	 such	 as	 age,	
parity,	and	weight.

Variations	 in	 definitions	 and	 measurement	 is-
sues are fundamental and lead to problems 
with	 assessing	 the	 findings	 in	 epidemiological	
studies. We need to improve epidemiologi-
cal studies by including variables that better 
characterise UI, so that more advanced and 
informative analyses may be conducted. It is 
therefore recommended that all epidemiologi-
cal studies include a minimum data set (Table 
25), including elements of screening question, 
frequency measure, quantity of urine loss, du-
ration, type, and severity. In addition, it is rec-
ommended that validated measures of bother/
quality of life and urinary symptoms other than 
UI should be included. We here also refer to the 

chapter from the committee on symptom and 
quality of life assessment.

In addition, it is recommended that validated mea-
sures of bother/quality of life and urinary symp-
toms other than UI should be included.

In these areas there is a need for more epide-
miological	 research	 in	 all	 areas;	 prevalence,	
incidence, and risk factors. Many of the fun-
damental  methodological issues relevant to 
UI discussed above are highly relevant to the 
fields of FI and POP.

The	 committee	 emphasises	 that	 uniform	 deini-
tions of FI and POP should be used in studies, and 
there	should	be	a	move	towards	a	standardisation	
of measurement instruments in community surveys 
that	can	be	used	worldwide.	Developing	deinitions	
is	a	scientiic	process	 requiring	careful	 conceptu-
alisation of the condition in light of its many clinical 
presentations	 and	 underlying	 mechanisms.	 This	
will	require	a	multi-method	approach	and	consider-
ation of issues such a reliability and validity.

Table 25. Elements in a minimum data set recommend -
ed for all epidemiological studies

II. FAECAL INCONTINENCE AND
PELVIC ORGAN PROLAPSE

•		Screening	question	for	any	involuntary	urine	loss.	

•		Frequency	measure.	For	example,	classification	
into categories of none, less than once a month, 
one/several times a month, one/several times a 
week,	every	day/nigth,	all	the	time.

•		Quantity	of	urine	 loss	 for	a	 typical	episode.	For	
example, classification into categories of none, 
drops, small amounts, moderate amounts, 
much/a great deal.

•	Duration.	For	example	months,	years.

•		Type.	Based	on	typical	description;	stress,	urge,	
mixed and other.

•		Severity.	Either	by	combining	excisting	questions	
or by a validated index.
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S CHACKO, S DE WACHTER, AJ KANAI, M TAKEDA, JS YOUNG

The four years between this and the 4th report* on 
Cell Biology as part of the International Consulta-
tion on Incontinence has seen enormous advances 
in our understanding of the physiology and patho-
physiology of the urinary tract. In addition, differ-
ent aspects of lower urinary tract physiology have 
come to the forefront of research, which offers new 
and exciting avenues to understand and manage 
LUT dysfunctions such as overactive bladder syn-
drome (OAB) and detrusor overactivity (DO). This 
is	 relected	 in	 the	major	 topics	chosen	 for	 this	 re-
port. An understanding of the pathophysiology of 
detrusor smooth muscle remains essential to un-
derstand	OAB	and	DO	and	a	signiicant	portion	of	
the report is devoted to spontaneous contractile ac-
tivity. However, the key role exerted by the mucosal 
layer of the bladder (the urothelium and suburothe-
lium) is becoming recognised and the myogenic ba-
sis of spontaneous activity, although still important, 
is more complex than initially recognised. The uro-
thelium	is	also	appreciated	not	 just	as	a	relatively	
inert lining of the inner wall of the bladder, but as an 
active metabolising structure that releases trans-
mitter molecules due to chemical and mechanical 
stresses	that	in	turn	inluence	adjacent	nerves	and	
smooth muscle. Another important cellular struc-
ture is the interstitial cell, a ubiquitous structure 
throughput the lower urinary tract whose functions 
are likely to be various, and about which we are only 
now becoming familiar. This is not a homogeneous 
cell type but a series of related cells that probably 
serve different functions within various regions. 
In addition, our knowledge of other regions of the 
lower	urinary	tract,	in	particular	the	complex	outlow	
tract, is also increasing and a separate section is 
devoted to this region. The lower gastro-intestinal 
tract remains important in this report. Less atten-
tion through research is devoted to this tract but the 
clinical and social problems are no less important 
and probably no less prevalent. Finally, consider-
ation is given to the search for potential new targets 
to manage lower urinary and gastro-intestinal tract 
disorders, as our knowledge of the basic science 
concerned with these regions increases so does 

I.  INTRODUCTION
our opportunity to identify new drug targets. Allied 
with this search, is one for better biomarkers of 
LUT dysfunction, ranging from physical methods to 
chemical markers. In all a series of relatively new 
topics	 that	 relects	 the	lux	of	 research	 in	 this	key	
area of academic medicine.

* Incontinence. 4th International Consultation on In-
continence, ed P Abrams, L Cardozo, S Khoury, A 
Wein 2009. ISBN 0-9546956-8-2.

Cells	resembling	the	Interstitial	Cells	of	Cajal	(ICC)	
in the G-I tract have been described in several oth-
er organs. In the bladder they have been termed 
Interstitial Cells (IC), ICC, ICC-like cells and myo-
ibroblasts.	Although	 a	 recent	 international	meet-
ing on Interstitial Cells advocated the use of the 
term	 “Interstitial	 Cell	 of	 Cajal-like	 Cells”	 [1],	 the	
less contentious term IC will be used to describe 
these cells in the bladder: this does not imply that 
they have similar functional properties as the ICC 
in the G-I tract. The IC represent a family of cells 
that	 demonstrate	 speciic	 electron	 microscopic	
features: numerous mitochondria, a prominent en-
doplasmic reticulum, a Golgi apparatus producing 
secretion	granules,	thin	and	intermediate	ilaments	
and a basal membrane which may be discontinu-
ous	 [2,3].	 Electron	 microscopy	 permits	 detailed	
studies of cell structures and cell interactions, and 
is considered the gold standard for identifying IC 
[4].	However	most	studies	aiming	at	the	identiica-
tion and characterization of interstitial cells have 
been	performed	by	luorescence	microscopy	using	
antibodies	against	speciic	epitopes.	By	combining	
different antibodies IC have been characterized in 
the bladder of a number of species. It should be 
pointed out that immunohistochemical proof for 
one or another receptor does not imply they exert 
any function within the cell. Given the problem of 
histochemical	 speciicity,	 concepts	 or	 hypothesis	
based	 on	 histochemical	 indings	 will	 have	 to	 be	
veriied	with	functional	experiments.
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1.  IMMUNOHISTOCHEMICAL MARKERS USED 
TO CHARACTERIZE BLADDER INTERSTI -
TIAL CELLS

c-Kit  is a proto-oncogene that encodes a membrane 
tyrosine	kinase	receptor	Kit,	or	CD117,	which	is	ex-
pressed on the surface membrane of haematopoi-
etic stem cells, mast cells, skin melanocytes, and IC 
[5].	Antibodies	against	c-Kit	are	considered	the	most	
reliable marker to identify IC in smooth muscle prep-
arations as Kit receptors are not found on smooth 
muscle	cells	 (SMC),	nerves	or	ibroblasts	 [6].	 c-Kit	
positive cells have been described in the bladder 
by	many	authors	 [7-11],	 but	 others	 have	been	un-
able to reproduce these observations. Whilst c-Kit 
positive cells were not found in the urinary bladder 
of the mouse they have been in the upper urinary 
tract	 [12].	 Furthermore,	 c-Kit	 immunoreactivity	 (IR)	
has not been found in the mouse urinary bladder al-
though cells were described that showed a rise in 
cGMP after NO stimulation, which was considered 
to	be	an	identiier	of	IC	[13].	Davidson	&	McCloskey	
identiied	a	network	of	vimentin	positive	cells	below	
the urothelium, of which many, but not all, cells were 
c-Kit positive. The reasons for these discrepancies 
remain	unknown,	but	dificulties	have	been	reported	
using anti-Kit consistently to label bladder cryosec-
tions	[6].	Furthermore	c-Kit	has	a	role	in	the	matura-
tion	of	IC	[3]	and	it	is	unknown	whether	Kit	receptor	
expression remains stable during cell maturation. It 

has been suggested that it might be that some cells 
that have fully differentiated from mesenchymal cells 
lose	their	reactivity	to	c-Kit	[14],	which	could	explain	
why part of the vimentin positive cells show negative 
Kit	immunoluorescence.

Vimentin 	 is	a	member	of	 the	 intermediate	ilament	
family of proteins, which is a general marker for mes-
enchymal stem cells. Vimentin is found in IC and 
other	 cells	 of	 mesenchymal	 origin	 like	 ibroblasts,	
but	 not	 in	 smooth	 muscle	 [2].	 Vimentin	 antibodies	
can therefore be used to visualize potential IC, al-
though	 ibroblasts	 cannot	 be	 excluded.	 However	
the	 expression	 of	 prostaglandin	 receptors	 EP1-IR,	
EP2-IR	[15,16],	the	muscarinic	receptor	M3-IR	[17],	
and	COX	I-IR	[18]	suggest	that	these	vimentin	posi-
tive	cells	are	not	merely	ibroblasts,	but	may	have	a	
role in a complex communication system. Figure 1 
shows vimentin labelling in various ICs.

The CD34 molecule  is a cluster of differentiation mol-
ecules present on certain cells within the human body. 
It is a cell surface glycoprotein and functions as a cell-
cell	adhesion	factor.	Cells	expressing	CD34	are	found	
in the umbilical cord and bone marrow as haematopoi-
etic cells, endothelial progenitor cells, endothelial cells 
of blood vessels, mast cells, a sub-population of den-
dritic cells. A subtype of IC’s located between muscle 
bundles in the bladder that show immunoreactivity for 
the	CD34	molecule	have	been	identiied	[19,20].

Figure 1. Vimentin immunoreactivity in interstitial cells. A: Vimentin positive sub-urothelial interstitial cells 
(SU-ICs) directly below the urothelium (green). Below this layer are vimentin-positive lamina propria intersti -
tial cells (LP-ICs; green). COX-I immunoreactivity (IR) is visible in red. The basal urothelial layer shows strong 
COX I IR. A subset of the LP-ICs show IR for COX I.  B: SU-ICs vimentin (red) and EP2 IR (green).  Colocaliza -
tion of vimentin and EP2 is seen in SU-ICs (yellow). Note also the strong labelling of the urothelium (uro) for 
EP2. Vimentin IR in the SU-ICs is visible in green. C: Co-labelling of SU-ICs for vimentin (green) and the M3 
receptor (red).  D: vimentin IR in LP-ICs (red). E: shows vimentin IR in muscle ICs (red). A subset of these cells 
also label for c-Kit (yellow). Nuclei are visible in purple. F: vimentin, COX-1 IR in muscle ICs G: vimentin IR 
visible in surface muscle ICs cells in muscle bundles, after S de Wachter
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CD44 is a cell-surface glycoprotein involved in cell-
cell interactions, cell adhesion and migration and is 
a receptor for hyaluronic acid. CD44 participates in a 
wide variety of cellular functions including lymphocyte 
activation, recirculation and homing, haematopoiesis, 
and tumour metastasis. Transcripts for this gene un-
dergo complex alternative splicing that results in many 
functionally distinct isoforms; however, the full-length 
nature of some of these variants has not been deter-
mined. CD44 is expressed on cells in the interstitial 
space,	and	are	possibly	interstitial	cells	[21];	however	
the function of CD44 in these cells is not known.

PDGFRα	 (PDGF	 receptor-α)	 is	 a	 marker	 located	
on	 ibroblast-like	 and	 interstitial	 cells	 at	many	 loca-
tions and has been proposed as mediator of normal 
and	pathological	 cellular	 remodelling	 [22,23].	 In	 the	
G-I	 tract,	 like	 c-Kit,	 PDGFRα	 as	mutations	 are	 as-
sociated with most gastrointestinal stromal tumours 
[24,25].	PDGFRα	on	G-I	tract	interstitial	cells	has	also	
been proposed to have a physiological function by 
transducing	 inputs	 from	enteric	motor	neurons	 [26].	
PDGFRα	labelling	has	also	been	identiied	on	mouse	
bladder interstitial cells in both the muscle and subu-
rothelial layers and found to be associated closely 
with	nerve	ibres	[27].	This	implies	that,	as	in	the	GI-
tract, they may have a neuromodulatory function. 

An overview of the immunohistochemical reactivity 
with respect to the location of the ICs is presented 
in table 1 .

2.  STRUCTURAL IMMUNOHISTOCHEMICAL 
MARKERS USED TO IDENTIFY INTERSTI -
TIAL CELLS

a) Suburothelial interstitial cells

Suburothelial-ICs (SU-IC) are described as a dis-
tinctive	 zone	 directly	 below	 the	 urothelium	 [28-
30].	All	layers	consist	of	long	spindle-shaped	cells	
with branches that apparently form a network 
[6,8,12,31-33].	 Depending	 upon	 the	 region,	 this	
zone varies from two cell layers in the dome up to 
ive	cell	 layers	 in	 the	 lateral	wall.	SU-ICs	contain	
bundles	of	ine	cytoplasmic	ilaments,	dense	bod-
ies, linear arrays of subsurface vacuoles, and an 
interrupted basal lamina, Figure 2 .

c-Kit-IR	 on	 SU-ICs	 has	 been	 reported	 positive	
[6,9,14,32,34]	 and	 negative	 [6,14];	 suggesting	 the	
existence of different subpopulations and or vari-
ability in the effectiveness of different antibodies 
to bind to the surface antigen. A further subdivision 
of SU-ICs can be made on a functional basis. Be-
low the urothelium there are cells that show an in-
crease of intracellular cGMP upon NO stimulation. 
Immediately below the urothelium there is a single 
layer of cells with long linking processes that do not 
show	cGMP-IR	upon	NO	stimulation,	although	they	
do express the cGMP-dependent protein kinase I 
[35].	 Underneath	 these	 cGMP-IR	 negative	 cells,	
cGMP-IR	positive	cells,	one	or	two	cells	thick,	can	

be	visualized	after	NO	stimulation	 [6,29,31,35-38],	
which resemble the vimentin positive cells initially 
described	by	Smet	et	al.	[39].	As	the	urothelium	re-
leases	substances	such	as	NO	[40],	these	SU-IC’s	
would be ideally situated to respond to and trans-
mit signals from the urothelium either to underlying 
smooth	muscle	cells	or	adjacent	nerve	ibres.	

Furthermore,	acetylcholine	[41,42]	and	prostaglan-
dins	[44-47]	are	also	released	by	the	urothelium,	en-
dogenously and augmented after different stresses. 
Both	M2	and	M3	muscarinic	acetylcholine	receptors	
have	 been	 reported	 on	 SU-IC’s	 [17,48,49],	 which	
suggests that these cells can respond to muscarinic 
stimulation. Although muscarinic receptors play an 
important role in the mediation of bladder contrac-
tions,	 their	 role	 on	 SU-IC’s	 is	 unknown.	 Electron	
microscopy shows close interaction between SU-IC 
and unmyelinated axonal varicosities of presumably 
cholinergic sensory nerves, containing a mixture of 
clear and large dense-core vesicles, or clear vesi-
cles	alone	[50].	The	identiication	of	these	vesicles	
indicates the release of acetylcholine alone (clear 
vesicles) or acetylcholine and ATP (dense-core ves-
icles)	[50].	Purinoceptors	have	also	been	identiied	

Table 1. Immunohistochemical reactivity to differ -
ent types of ICC. SU-ICC: sub urothelial ICC; SM-
ICC: surface muscle ICC; IM-ICC: intra-muscle ICC; 
MC-ICC: muscle coat ICC

Label SU-ICC SM-ICC IM-ICC  MC-ICC 

c-Kit some + some + some +   

Vimentin +  + +  +  

cGKI +     

cGMP +  
Outer muscle +  

 Inner muscle - 

Outer muscle + 

Inner muscle -
+ 

 

 

Connexin 

43 
+  +   

E-cadherin +     

CD44 +     

Alpha-SMA +  - -  

ChAT   some +   

nNOS +  some +   

P2X3, P2Y2, 

P2Y4  P2Y6  
weakly +    

M2 receptor  +    

M3 receptor +    

Vanilloid 

receptor-1 
+ some +   

PDGFR  + + +   
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on SU-ICs. The most readily-labelled purinoceptor 
is	 P2Y6,	 with	 weak	 labelling	 of	 P2X3,	 P2Y2	 and	
P2Y4	[30,51].	Activation	of	a	P2Y	receptor	by	ATP	
results in an intracellular Ca2+ transient and gener-
ates transient depolarisations. This suggests that 
purinoceptors on SU-ICs may play a role in regu-
lating the excitability of the SU-IC, which may then 
modulate the non-voiding bladder activity. 

To increase the complexity of this suburothelial cell 
layer,	 prostaglandin	EP1	and	EP2	 receptor	 immu-
noreactivity has also been shown on vimentin posi-
tive	SU-IC	[16].	Furthermore	some	of	these	SU-ICs	
were	also	immunopositive	for	COX	1	[37].	Addition-
ally, some of the SU-IC’s show immunoreactivity for 
the	vanilloid	receptor-1	[52].	Vanilloids	are	thought	
to	block	selectively	C-ibres	by	desensitization,	de-
creasing bladder activity, although the relationship 
between the vanilloid receptors on the SU-IC’s and 
C-ibre	desensitization	is	unclear.	Further	research	
is necessary in order to understand the role of the 
vanilloid receptor on the SU-ICs.

The SU-ICs appear to be inter-connected 
through	 connexin-43	 containing	 gap	 junctions	
[8,9,14,30,33,53].	The	role	of	the	connexin-43	posi-
tive SU-ICs is unknown but their coupling by gap 
junctions	implies	that	they	have	the	capacity	to	form	
a functional syncytium in the suburothelial space. 
Double labelling with the nerve marker PGP 9.5, 
showed that the SU-ICs are in close contact to each 
other,	but	also	to	nerves	[6,50].	E-cadherins	are	lo-
cated on SU-ICs, at areas where SU-ICs come in 
close	contact	with	each	other	[21,54].	Cadherin-11	
most probably plays an important role in the intercel-
lular	physical	coupling	of	SU-ICs	[54].	SU-ICs	also	
label for CD44, a cell-surface glycoprotein which 
is	also	 involved	 in	cell-cell	 interactions	 [21].	CD44	
participates in a wide variety of cellular functions 
including lymphocyte activation, recirculation and 
homing, haematopoiesis, and tumour metastasis. 
The function of CD44 on the SU-ICs is not known.

b) Surface muscle interstitial cells

Surface muscle (SM) ICs are described as cells 
located on the edge of smooth muscle bundles. 
A sub-population of the SM-ICs are c-Kit posi-
tive	 [6,7,9,12,19,34,55,56].	 They	 contain	 lateral	
branches that run in parallel with the muscle bundles 
[6,7,8,12,55,57].	 Contrary	 to	 the	 SU-ICs	 the	 elon-
gated	SM	ICs	appear	not	be	interconnected	[1],	but	
connect	adjacent	muscle	bundles	and	also	connect	
to	 the	muscle	coat	 interstitial	cells	 (MC-ICs)	 [31].	A	
close association between enteric nerves and SM-
ICs	 has	 been	 described	 [6-8].	The	SM-ICs	 contain	
nuclei, with clumped peripheral heterochromatin, 
and a dilated rough endoplasmic reticulum with a 
moderately electron dense amorphous content and 
prominent	 Golgi	 complexes	 [55].	 EP1	 receptor	 ex-
pression was found on SM-IC’s, of which some also 
showed	COX	I-IR	in	different	parts	of	their	process-
es.	Furthermore,	processes	expressing	the	EP1	re-
ceptor lay very close to processes of other IM-SCC 
showing	the	presence	of	COX	I	[15].	This	could	sug-
gest the presence of a signal propagation network. 
The outer muscle SM-ICs react to NO with a rise in 
cGMP	[13,31,36,58,59],	while	this	was	not	the	case	
for the inner muscle SM-ICs. This suggests further 
heterogeneity in these cells. A subset of SM-ICs 
showed	immunoreactivity	to	the	vanilloid	receptor	1	
and	 nNOS	 [52,60].	Also	 positive	 staining	 for	CD34	
has	 been	 reported	 [19].	These	CD34	positive	 cells	
showed no c-Kit immunoreactivity.

c) Intramuscular interstitial cells

IM-ICs are located throughout the smooth muscle 
bundles	 [55].	 They	 have	 a	 stellate-like	 morphol-
ogy	 [6,53,55]	and	are	 in	close	contact	with	cholin-
ergic	nerve	ibres	 [58].	Ultrastructurally	 the	 IM-ICs	
are comparable to the SM-ICs as they have nuclei 
with clumped peripheral heterochromatin, a dilated 
rough endoplasmic reticulum with a moderately 
electron dense amorphous content, and prominent 
Golgi	complexes	[55].

Figure 2: Ultrastructural characteristics of intersti -
tial cells.  A: convoluted processes of an IC with a 
patchy basal lamina (arrowheads) and cisternae of 
rough endoplasmic reticulum (arrow).  Bar 2 µm; CO, 
collagen; E, elastic ibrils; SMC, smooth muscle cell.  
B:  a higher magniication view of the boxed area 
in A, showing intermediate ilaments (IF), primary 
lysosomes (white arrowheads), caveolae (arrows), 
dense bands (black arrowheads), collagen (CO) and 
mitochondria (M) (Bar 1 µm), after S de Wachter.
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c-Kit immunoreactivity has been described in IM-ICs 
[19,34,55,56],	although	c-Kit	negative	IM-ICS	in	mice	
have	 been	 described	 [13].	 Another	 study	 reported	
that a subset of IM-ICs stained for c-Kit while another 
subset	was	c-Kit	negative	[6].	Similar	to	SM-IC,	IM-
IC	also	express	EP1	receptor	immunoreactivity,	with	
a	 similar	 distribution	 [15].	 The	 IM-ICs	 of	 the	 outer	
muscle	show	an	increased	cGMP-IR	after	NO	stimu-
lation, a feature not shown by the inner muscle IM-
ICs	[6,31,58,59].	Surprisingly,	immunohistochemical	
staining for choline acetyltransferase (ChAT) showed 
immunoreactivity	in	a	subset	of	the	IM-ICs	[58].	Cur-
rently little data are available on other neurotransmit-
ter receptors on this subtype of IC’s. Labelling done 
with	an	antibody	to	CD34	showed	positive	results	in	
a	subset	of	these	cells	[19].

d) Muscle coat interstitial cells

Muscle coat (MC)-ICs are located on the boundary 
of the outer muscle layer. It has been reported that, 
in a number of species, these cells react to NO with 
a	rise	in	cGMP	[31],	which	was	also	found	also	af-
ter incubation of tissue with atrial or brain natriuretic 
peptide,	but	not	to	C-type	natriuretic	peptide	[38].

3.  FUNCTIONAL CHARACTERISTICS OF IN -
TERSTITIAL CELLS

a) Suburothelial interstitial cells

Similar to the gut, the bladder exhibits rhythmic 
small	transient	contractions	during	the	illing	phase.	
The	 origin	 of	 this	 “autonomous”	 or	 “non-voiding”	
activity is still unknown. It is contentious if detrusor 
myocytes initiate this activity as there are different 
reports about their ability to generate spontaneous 
action potentials, despite the fact that they are elec-
trically	excitable	[61,62].	SU-ICs	are	also	electrically	
active and at least a fraction of them show spon-
taneous transient inward currents with increases in 
intracellular Ca2+ concentration and spontaneous 
depolarization	 [63,64].	 They	 also	 respond	 to	 ex-
ogenous ATP and low pH, a response that is aug-
mented when SU-ICs make physical intercellular 
contact	 [65].	 The	 observation	 that	 SU-IC	 may	 be	
electrically activated by exogenous agents or physi-
ological	 interventions	 known	 to	 inluence	 bladder	
activity suggests that these cells could participate in 
a sensing network between urothelium and afferent 
nerves. The immunohistochemistrical observation 
of	 the	expression	of	muscarinic	 [17,48],	 purinergic	
[30,51]	and	prostanoid	[16]	receptors	on	the	SU-IC	
would make them ideal substrates to process and 
converge signalling from physiological pathways or 
mechanisms. Figure 3  shows electrical responses 
from	isolated	SU-IC,	the	irst	panel	shows	spontane-
ous electrical activity from a relatively negative rest-
ing potential. The depolarisations never overshoot 
the zero potential consistent with the observation 
that	the	major	charge-carrying	conductance	mecha-
nism is by Cl-, who have a reversal potential around 
-20	t0	-30	mV	[64].	The	remaining	panels show re-

sponses to different interventions that could repre-
sent	stimuli	associated	with	increased	bladder	illing	
and exposure to urine itself; low pH, high osmolality 
and	exogenous	ATP.	Each	generated	a	large	inward	
ionic	 current	 that	 would	 generate	 signiicant	 tran-
sient depolarisations.

In dysfunctional bladders, morphological and/or 
functional changes in the SU-IC population occur. 
In	 the	 initial	 stages	 following	 spinal	 cord	 injury	 in	
rats the bladder develops an overactive phenotype 
and is associated with an increase of SU-IC number 
[66],	igure 4.	At	longer	times	after	injury	the	blad-
der develops a high compliance state, demonstrat-
ing only small rises of intravesical pressure. At this 
time the SU-IC network is markedly reduced and 
cell	processes	appear	retracted	or	lost	[67].	Follow-
ing	outlow	obstruction	in	the	guinea	pig,	there	is	not	
necessarily an increase of SU-IC number, but cells 
were more uniformly distributed across the lamina 
propria	 compared	 to	 the	 control	 bladders	 [48,68].	
Bladder dysfunctional states were associated with 
an	increase	of	M2	and	M3-receptor	immunoreactiv-
ity	[49].	A	further	consideration	of	how	SU-IC	num-
ber correlate with pathological bladder function is 
described	in	section	3.

b) Interstitial cells in the detrusor layer

Muscle IC that lie at the boundary of muscle bundles 
are spontaneously active and respond electrically to 
cholinergic stimulation by generating electrical ac-
tivity and Ca2+	 transients	 [7,11]	 the	 latter	observa-
tion is absent in SU-IC . This has led to the specu-
lation that they might function as pacemaker or 
modulator	cells	initiating	or	regulating	“non-voiding”	
activity. However, spontaneous Ca2+ transients ap-
pear to be independent of those of smooth muscle 
even when synchronous Ca2+ waves sweep across 
muscle	 bundles	 [56].	 These	 indings	 have	 formed	
basis for the hypothesis that the muscle IC have 
more a role in mediating the propagation of action 
potentials along the bundles rather than generating 
them	[56,61,69].	Similar	to	SU-IC,	after	the	genera-
tion of a hyper-compliant bladder after spinal cord 
injury	 in	 rats,	 the	 IC	network	 is	 similarly	damaged	
and	connections	with	nerves	also	impaired	[66].	Fol-
lowing	outlow	obstruction	 in	 the	guinea	pig,	 there	
is an up-regulation of muscle IC number, with an 
altered distribution into clusters and formation of 
type-3	 muscarinic	 immunoreactivity	 [48].	 In	 men	
with overactive detrusor, IC are also more numer-
ous	than	in	the	normal	bladder	[10].	The	functional	
impact of these changes is still unknown as there 
are currently no cellular studies that have evaluated 
any changes to IC spontaneous activity or response 
to exogenous agents that may elucidate their role in 
altered bladder behaviour associate with lower uri-
nary tract dysfunction. 

Studies	using	Glivec	 (imatinib	mesylate),	a	speciic	
c-Kit receptor inhibitor, have suggested a possible 
role for the IC in pathophysiology. In guinea pigs, 
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Figure 3. Electrical recordings from isolated guinea-pig suburothelial interstitial cells.  A:  Spontaneous 
variations of membrane potential.  The spontaneous depolarisations never overshoot (i.e. become greater 
than 0 mV) but tend to limit near the Cl- equilibrium potential for the cell.  B-D:  inward currents from isolated 
suburothelial interstitial cells held under voltage-clamp at -60 mV.  Responses are shown on exposure to: B, 
hyper-osmotic solutions; C, 100 µM ATP; D, low pH (CH Fry, C Wu, GP Sui, unpublished data).

Figure 4.  Connexin43 labelling in rat bladder suburothelium.  A: Normal bladder.  B: Bladder from a spinal 
cord injured animals.  Connexin43 (green), DAPI (nuclei, blue).  Connexin43 labelling is prominent below 
the urothelium layer, observed as the invaginated, dense nuclear density regions.  x200 magniication (CH 
Fry, AJ Kanai, unpublished data).

A B
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administration of Glivec reduced spontaneous elec-
trical and mechanical activity in isolated bladder tis-
sues	 [10,70].	 It	 also	 reduced	 spontaneous	 bladder	
activity, improved bladder capacity and compliance 
in cystometric studies in guinea pigs, and inhibited 
detrusor contractions in biopsy samples from hu-
man	overactive	bladders	[10].	Current	data	point	 to	
a more prominent role for IC in dysfunctional blad-
ders than in normal bladders. Their role in normal 
bladders	is	unclear.	Do	they	merely	ine-tune	smooth	
muscle activity or do they have a role as primary re-
lay or processing stations between urothelial cells, 
nerves	and	muscle	cells	[4]?

The outer layer of the bladder facing the urine is a 
composite of the urothelium and an underlying subu-
rothelium. The whole structure is termed the muco-
sa by some authors and will be used in this report: 
however this does not imply a vigorous secretion of 
mucus as with the gastro-intestinal tract for example. 
Different terminologies have been employed for its 
two faces. When using preparations of whole bladder 
wall the terms mucosal and serosal faces have been 
used to refer to the sides facing the lumen of the 

urinary tract and the underlying tissues of the body, 
respectively. When preparations of isolated mucosa 
and urothelium are used these terms become more 
confusing and their faces may be termed apical and 
basolateral respectively, by analogy to polarised epi-
thelium membranes. In this report the terms apical 
and basolateral will be used.

Interest in the functional properties of the mucosa 
has increased recently as its different physiologi-
cal functions are increasingly characterised. The 
barrier properties have been described in detail in 
previous	reports	 [71]	and	more	recent	aspects	will	
be	 included	 in	 the	Committee	 3	 report.	Moreover,	
the mucosa has a sensory function, responding 
to several external stresses generally associated 
with	bladder	illing,	 to	 inluence	 the	activity	of	mu-
cosal	 afferent	 ibres	as	well	 as	underlying	 smooth	
muscle. Different aspects of these functions will be 
considered	 in	 this	 and	Committee	 3	 reports;	 here	
the release of ATP and acetylcholine; mucosal elec-
trophysiological properties and the functional inter-
action between mucosa and smooth muscle will be 
discussed. A summary of the important relationship 
between different cellular layers and factors that 
have	been	shown	to	inluence	the	release	of	impor-
tant transmitters is shown in Figure 5 .

III. THE UROTHELIUM – STRUCTURE 
AND FUNCTION 

Figure 5.  A schematic diagram of transmitter release by the urothelium.  Urothelial cells are shown in grey, 
above which are examples of physical and chemical stresses that may cause transmitter (e.g. ATP, acetyl-
choline (ACh), nitric oxide (NO) or prostaglandin (PG) release.  Deformation of the bladder wall, as in bladder 
illing, can also limit blood low and generate a local ischaemia with accompanying acidosis and hypoxia.  
Transmitters may act on suburothelial cells, interstitial cells or afferent nerves and/or inluence directly un-
derlying detrusor smooth muscle.
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1. RELEASE OF TRANSMITTERS

The epithelial lining of the urinary tract releases a 
number of agents into the extracellular space when 
subjected	 to	 many	 alterations	 of	 the	 physical	 and	
chemical external environment. These agents may 
be released across either the apical or basolateral 
surfaces	 [43,71-73].	 This	 phenomenon	 is	 common	
[74-78],	but	not	ubiquitous	[79],	to	epithelia	of	many	
tissues, such as the G-I tract and airways, as well as 
the endothelium of blood vessels and is considered 
to be a sensory process that allows external stimuli 
to be transduced to a chemical signal. The fate of 
these signalling molecules and factors that regulate 
their release will be considered below.

a) Stimuli for release

Different experimental paradigms have been 
used to generate release of chemicals from the 
mucosa	including:	lateral	stretch	[80-82];	changes	
to	 trans-mucosal	 pressure	 [43,83],	 although	 re-
sponses are reported to be different if pressure 
is	 raised	 on	 the	 apical	 or	 basolateral	 face	 [84];	
stroking	 with	 hairs	 [79];	 electrical	 stimulation	 to	
increase tension (stress) within the bladder wall 
[80,81];	 hypotonic	 solutions	 to	 cause	 cell	 swell-
ing	 [41,85];	 and	 application	 of	 chemical	 agents	
such as acid solutions, prostaglandins or ATP it-
self	 [80,86-88].	Whether	 these	 interventions	 are	
equivalent on transmitter release is unclear and 
data derived from these different paradigms will 
be combined. In particular, changes to transmural 
pressure are analogous to equivalent alterations 
in the intact bladder during filling with urine and 
experimentally cause lateral strain to the mucosal 
membrane. Application of hypotonic extracellular 
solutions causes cell swelling as water enters the 
cell under osmotic forces. Although easy to use 
in an in vitro setting, care must be taken that any 
subsequent effects are not due to changes of the 
ionic composition of the extracellular and intracel-
lular spaces, per se. 

b) Transmitter chemicals, ATP

ATP has been the transmitter most extensively 
studied in response to stretch. It has been mea-
sured, in preparations ranging from intact bladders 
to cultures of urothelial cells, in the bladder lumen 
and in the basolateral compartment. The function 
of ATP release into the bladder lumen is unclear. It 
may have a direct effect on bladder function as ATP 
infused	into	the	bladder	causes	contraction	[89].	In	
addition, it can represent a useful biomarker for dif-
ferent bladder conditions where the amount of ATP 
that	is	released	is	variable	[90].	ATP	released	across	
the basolateral face can have several functions: it 
may excite (depolarize) afferent nerve endings in 
the	suburothelium	through	ionotropic	P2X2/P2X2/3	
receptors, thus providing a direct link between blad-
der	 illing	and	afferent	 activation	 [91].	Evidence	 in	
support of this hypothesis was gained from P2X2/

P2X2/3	 knock-out	 mice	 in	 which	 the	 micturition 
relex	 attenuated,	with	 lower	 frequency	 of	 afferent	
iring	on	illing	and	a	greater	intravesical	volume	be-
fore	 voiding	 was	 initiated	 [71,92,93].	Alternatively,	
ATP	may	irst	excite,	via	P2Y	receptors,	a	network	
of interstitial cells that have been observed in the 
suburothelium	 [14,63,64].	These	 cells	 in	 turn	may	
excite	 afferent	 nerve	 ibres	 with	 which	 they	make	
intimate	connections	[50].	Finally,	ATP	may	diffuse	
directly to the smooth muscle layer and thus depola-
rise	the	myocytes,	via	P2X1	receptors,	cells	leading	
to	their	contraction	[94].

Several important questions pertain to ATP re-
lease from the urothelium: the cellular routes that 
mediate release; factors that control release; and 
alteration to ATP release associated with lower 
urinary tract dysfunction. Several lines of evi-
dence indicate that ATP release requires a rise of 
intracellular	[Ca2+]	as	a	result	of	Ca2+ release from 
intracellular stores, i.e caffeine, acetylcholine and 
prostaglandin	E2	increase	ATP	release	and	hepa-
rin,	 acting	 as	 an	 IP3	 receptor	 inhibitor,	 reduced	
release	[95,96].	However,	extracellular	Ca	reduc-
es ATP release and this occurs also by agents 
believed to reduce store-operated Ca2+ entry, al-
though others have contradicted this effect of ex-
tracellular	Ca	using	cultured	urothelial	cells	 [97].	
The opposing effects of these Ca2+ sources may 
be related to their occupation of different micro-
domains within the cell and hence the activation 
of different cellular pathways, but does provide a 
negative feedback control to prevent excessive 
ATP release. Several routes for Ca2+ entry into 
urothelial	 cells	 including:	 TRPV4	 channels	 [97];	
TRPV1	channels	[98];	TRPV2	channels	[99];	and	
Gd3+-sensitive	 stretch	 activated	 channels	 [100].	
The routes for ATP efflux from urothelial cells is 
less clear, although there is evidence for ATP ac-
cumulation in vesicles and release by exocytosis 
[101].	 However,	 other	 routes	 are	 possible,	 such	
as	 through	anion	channels	 [102]	 that	have	been	
characterised	in	urothelium	[103].

Several factors provide a physiological regula-
tion of ATP release. Purinergic regulation pro-
vides positive and negative feedback as extra-
cellular ATP itself generates further ATP release 
[88]	 whilst	 its	 breakdown	 product,	 adenosine,	
attenuates	 stretch-induced	 release	 [104].	 Ace-
tylcholine receptor antagonists also reduce 
stretch-induced	release	[105],	suggesting	a	posi-
tive feedback effect by acetylcholine, as well as 
an explanation for how clinical antimuscarinic 
agents may reduce lower urinary tract symptoms 
associated with filling. In addition transmitter re-
lease is dependent on the magnitude of the po-
tential difference across the urothelium (the tran-
sepithelial	 potential,	TEP),	 such	 that	 abolishing	
TEP	 prevents	 stress-induced	 ATP	 release	 and	
increasing	TEP	in	the	absence	of	other	external	
interventions increases ATP release.
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Several lower urinary tract disorders are associated 
with augmented stretch-activated ATP release and 
this has been used to hypothesise that there is a 
causal link between the two phenomena. Urothelial 
tissue from animals and patients with interstitial cysti-
tis	or	painful	bladder	syndrome	and	inlammatory	con-
ditions	exhibits	greater	release	[85,88,106,107].	This	
enhanced release was normalised by botulinum tox-
in-A suggesting a therapeutic mode of action for the 
neurotoxin	 [107].	A	 potential	 mediator	 of	 enhanced	
release of ATP is pituitary adenylate cyclase activat-
ing polypeptide (PACAP) that exhibits upregulation 
in	dorsal	root	ganglia	and	the	urothelium	with	inlam-
mation induced by cyclophosphamide and acts to en-
hance	ATP	release	from	cultured	urothelial	cells	[108].

Enhanced	ATP	release	has	also	been	measured	us-
ing mucosa samples from patients with idiopathic 
and neuropathic bladder overactivity, or in animals 
with	bladder	obstruction	 following	spinal	cord	 injury	
[80,90,109].	 Of	 interest	 was	 that	 with	 the	 human	
specimens from patients with neuropathic bladder 
overactivity most of the enhanced increase was 
abolished	with	the	neurotoxin,	tetrodotoxin	[80],	sug-
gesting it had a neuronal origin. Table 2  summarises 
factors that have been shown to alter the extent of 
ATP from urothelium. 

c) Transmitter chemicals, acetylcholine

Stretch also generates acetylcholine (ACh) release 
from bladder wall preparations that is greater with an 
intact	mucosa.	Release	is	independent	of	tetrodotoxin	
and increases with the age of the patient from whom 

biopsies	were	obtained	[110-111]:	however	a	positive	
feedback control, as with ATP release, seems to be 
absent	for	ACh	release	[41].		Cultured	urothelial	cells	
contain the machinery to synthesise ACh, with posi-
tive	expression	of	a	high	afinity	 choline	 transporter	
(CHT1)	 and	 the	 synthetic	 enzymes	 choline	 acetyl-
transferase	and	carnitine	acetyltransferase.	Release	
may be via a cation transporter, but not by vesicular 
exocytosis	as	it	is	independent	of	brefeldin	[41].

2.  UROTHELIAL ION TRANSPORT AND PER -
MEABILITY 

a) Urothelial ion transport

The urothelium is a tight epithelium with a high spe-
ciic	 resistance	 [112,113]	 due	 mainly	 to	 uroplakin	
[114]	proteins	on	apical	umbrella	cells	limiting	mem-
brane	transport	and	effective	tight	junctions	between	
cells	 [115,116].	 Because	 of	 the	 high	 resistance	 ion	
transport	that	does	occur	can	generate	a	signiicant	
transepithelial potential that is linked to other urothe-
lial functions, such as transmitter release. Therefore 
an understanding of those factors that regulate ion 
transport and urothelial resistance will provide insight 
into the regulation of transmitter release.

Na+ transport across the urothelium is similar to 
that across many epithelia with an apical route that 
allows Na+ to enter the cell down a concentration 
gradient, accompanied by basolateral expulsion 
through a Na+-K+ ATPase. In the case of the uro-
thelium	a	signiicant	 fraction	of	Na+	 inlux	 is	by	an	
amiloride-sensitive epithelial Na+	 channel	 (ENaC),	

Table 2.  Factors affecting urothelium-mediated ATP release

Factor or associated conditions Increase Decrease 
Lateral strain +  

Apical hydrostatic pressure +  
Transepithelial potential +  

Extracellular Ca  + 
Hypo-osmotic solutions +  
Low pH +  

ATP +  

Adenosine  + 

Acetylcholine +  

Muscarinic antagonists  + 

Caffeine +  
Prostaglandins +  

Capsaicin (abolished by capsazepine) +  

Heparin  + 

TRPC4 receptor activation +  

PACAP +  

Painful bladder syndrome/interstitial cystitis +  

Inlammation +  

Painful bladder syndrome/interstitial cystitis +  

NDO, IDO +  

Botulinum toxin  + 

Antiproliferative factor, epidermal growth factor +  
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which is increased when the apical hydrostatic 
pressure	is	raised	as	in	bladder	illing	[117,118].	Na+ 
transport is modulated by a number of hormones 
including	 aldosterone	 [119],	 arginine	 vasopressin	
[120]	and	atrial	natriuretic	peptide	[121].	

ATP release from urothelium is itself dependent on 
ENaC	 activity	 providing	 a	 direct	 linkage	 between	
transmitter	 release	 and	 ion	 transport	 [43].	 What	
remains	 unclear	 is	 whether	 the	 TEP	 itself,	 gener-
ated by Na+ transport, or the transported ions them-
selves regulate ATP release. One hypothesis is that 
an increase of intracellular Na+,	when	ENaC	activity	
is raised, increases intracellular Ca2+ through Na+-
Ca2+	 exchange	 [100]	 that	 leads	 to	 release	 of	 the	
transmitter. K+ transport across the urothelium is 
also modulated by stretch and several K+ channels 
have	 been	 identiied	 including:	 an	 amiloride-sen-
sitive	 non-specific	 cation	 channel	 [122];	Ca2+-acti-
vated K+ channels sensitive to charybdotoxin and 
apamin;	 and	 an	 inward	 rectifying	 channel	 (Kir2.1)	
[123].	Their	particular	roles	remain	to	be	identiied.

In	addition,	channels	of	 the	TRP	family	have	been	
identiied	on	urothelium	including:	TRPV1,	TRPV2,	
TRPV4,	 TRPM8,	 TRPA1	 [124-128]	 and	 may	 be	
involved in transduction of stimuli as diverse as 
stretch, acidosis, altered local osmolality and tem-
perature	[129].	Their	mode	of	action	is	also	unclear	
but	their	characteristic	to	act	as	non-speciic	cation	
channels means that their activation will result in an 
increase of intracellular Na+ and Ca2+.

b) Urinary tract infections

A	signiicant	component	of	the	clinical	morbidity	as-
sociated with urinary tract infections, in particular by 
Escherichia	 coli,	 is	 believed	 to	 be	 due	 to	 a	 reduc-
tion of the barrier properties of the urothelium. This 
would allow fractions in urine to interact more easily 
with	 underlying	 tissues	 and	 generate	 inlammatory	
responses associated with such infections. Acute ex-
posure	of	mucosal	membranes	to	E.	coli	reduced	the	
transepithelial resistance. This effect was attributed 
to	a	degradation	of	tight	junction	integrity	with	a	con-
sequent increase of paracellular permeability and as-
sociated	with	a	loss	of	the	tight	junction	protein	ZO-1	
[130].	Flagellin	in	the	bacterial	wall	most	likely	inter-
acts with Toll-like receptors to mediate the host re-
sponse	[131].	The	causative	agents	remain	unclear	
but	E	coli	 infection	 is	associated	with	generation	of	
several	cytokines	such	as	IL-6,	IL-8,	IL-15	and	TNF-α	
[130,132,133].	These	have	not	just	a	pro-inlammato-
ry action but also modulate urothelial permeability, in 
the	case	of	IL-6	and	IL-15	urothelial	integrity	can	be	
restored	[130,134].	

3.  FUNCTIONAL INTERACTIONS WITH THE 
DETRUSOR LAYER

The urothelium exerts direct control over the contrac-
tile function of the bladder wall in several different 
ways: it may release chemical agents that diffuse to 
the	 detrusor	 layer	 and	 inluence	 the	 contractility	 of	

muscle; it increases spontaneous contractile activity; 
and it may itself have intrinsic contractile activity. All 
of	these	modalities	will	inluence	the	overall	contrac-
tile output of the bladder and could represent targets 
for the modulation of such function.

a) Urothelium-derived relaxing factors 

The in vitro contractile responses of bladder wall 
preparations from the dome and trigone to electrical 
ield	stimulation	and	agonists	 is	 reduced	 if	 the	mu-
cosa	 is	 left	 intact	on	 the	smooth	muscle	 [135-139].	
However, not all agonist responses are equally af-
fected: those to carbachol, histamine and electrical 
ield	stimulation	are	depressed,	but	those	to	phenyl-
ephrine and raised KCl are not; the response to neu-
rokinins has been reported as being reduced or unaf-
fected	[135,138].	A	similar	depressant	response	has	
been reported in the ureter where the presence of the 
mucosa attenuated spontaneous contractions and 
those evoked by high-KCl, neurokinin-A, vasopres-
sin,	 carbachol,	 bradykinin	 and	 angiotensin-II	 [140].	
This has led to the concept of a urothelium-derived 
inhibitory factor generated by the mucosa. However, 
if only the urothelium was removed from bladder 
preparations, leaving an intact suburothelium, small-
er	contractions	evoked	by	carbachol,	ABMA	(a	P2X1	
agonist)	or	electrical	ield	stimulation	are	also	mea-
sured. One explanation is that the urothelium has a 
potentiating action on detrusor contractility, whilst the 
suburothelial	layer	has	an	inhibitory	effect	[141].

The nature of these agents is unknown, but they are 
probably diffusible and do not rely on cell-to-cell con-
tact, as the contractility of a mucosa-denuded detru-
sor preparation is reduced if a second mucosa-intact 
preparation	is	placed	in	its	vicinity	[136].	Thus,	these	
agents may be produced constitutively or in response 
to agonists and directly modulate muscle contractil-
ity, alternatively they may inactivate contractile the 
contractile agonists. The latter possibility is unlikely 
as	presence	of	mucosa	modiies	responses	to	sever-
al different agonists, as well as contractions to elec-
trical	 ield	 stimulation.	Control	 of	 their	 release	may	
be mediated by purinergic receptor agonists, as ATP 
mimicked the effect of the urothelium in modulating 
carbachol	contractions	[142].

The inhibitory agent, at least, is unlikely to be nitric 
oxide, a cyclo-oxygenase product, a catecholamine, 
adenosine,	GABA	or	a	mediator	of	TEA-	or	apamin-
blocked K+	channels	[135,136].	However,	one	study	
did show that in mucosa-intact preparations carba-
chol	responses	were	increased	by	L-NAME	(to	limit	
NO production) and the cyclo-oxygenase inhibitor 
indomethacin	 [143],	 although	 their	 direct	 effect	 on	
muscle function cannot be excluded.

b) Contractile activity of the mucosa.

In vitro preparations of mucosa dissected from the 
detrusor layer generate small spontaneous contrac-
tions and responses to agonists such as carbachol 
and	neurokinin-A	[144]	as	well	as	to	electrical	ield	
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stimulation	 [145].	 The	 frequency	 of	 spontaneous	
contractions are similar to that generated by detrusor 
muscle preparations – see igure 6. 

These contractions may originate from small 
smooth muscle bundles, muscularis mucosa, at the 
base of the suburothelial layer or from contractions 
of interstital cells that are abundant throughout the 
suburothelium and which form a network of cells 
connected	 by	 gap	 junctions	 formed	 from	 connex-
in43	(Cx43)	 [14].	Evidence	for	contractions	arising	
from the muscularis mucosa is poor as the magni-
tude of contractions is independent of the amount of 
smooth muscle in isolated preparations from which 
experiments	were	made	 [144].	Moreover,	 as	 seen	
below,	the	proile	of	contractile	responses	to	many	
agonists is differs in several respects from bladder 
smooth muscle. The spontaneous activity is inde-
pendent of tetrodotoxin and NO-synthase or cyclo-
oxygenase inhibitors and carbachol responses are 
mediated	 by	 M3	 receptors	 [146].	 Of	 interest	 was	
that NO-donors did depress contractile function 
suggesting that there is no endogenous production 
of NO by the tissue under resting conditions.

The other possibility that contractions may be gener-
ated by the interstitial cells remains to be fully inves-
tigated. In the bladder suburothelium, interstitial cells 
have	 a	 phenotype	 typical	 of	 myoibroblasts	 [147],	
which have a contractile phenotype, contain smooth 
muscle	actin	and	label	for	vimentin	[14,144,148,149].	
Their ability to form norm a functional syncitium 
through	gap	junctions	means	that	chemical	and	elec-
trical	 signals	 can	 propagate	 to	 a	 signiicant	 extent	
over several millimetres and produce a co-ordinated 
contractile	 response	 [33].	 Sub-urothelial	 interstitial	
cells generate large intracellular Ca2+ transients and 
inward currents to ATP, through P2Y receptors, and 
to a	reduction	of	pH	[64,65].	The	ability	of	such	agents	
to increase spontaneous activity in preparations of 
mucosa will lend support to a role for suburothelial 
cells	in	generating	signiicant	contractile	responses.

c) Interaction between mucosa and detrusor

When the mucosa is left attached to in vitro detru-
sor preparations there is an increased prevalence 
of spontaneous contractile activity and the magni-
tude of prevailing contractions is greatly enhanced 
[65,150].	Thus,	the	character	of	such	activity	chang-
es from small amplitude, high frequency contractions 
to larger, more prolonged and less frequent phenom-
ena. This is especially the case in bladders showing 
an overactive phenotype resulting from, say, spinal 
cord	 injury	 [66].	This	augmented	activity	may	result	
from: i) spontaneous contractions within the mucosa 
itself, as discussed above; ii) the mucosa, through 
either cell-to-cell interaction or release of diffusible 
agents,	inluences	detrusor	function.	

It is unlikely that mucosal contractions are the sole 
explanation as they are of relatively low amplitude. 
They are however of similar frequency and it is pos-
sible	 that	 they	 may	 inluence	 additional	 activity	 in	
the detrusor. Propagating waves of depolarisation 
and intracellular Ca2+ have been demonstrated that 
originate in the suburothelium, propagate initially 
throughout this layer and to the urothelium, and then 
after a delay of several hundred milliseconds to the 
detrusor	[151].	This	extent	and	propagation	speed	of	
this interaction between mucosa and detrusor is in-
creased by: exogenous agents such as P2Y agonists 
(Figure 7 ); small (50 nM) concentrations of carba-
chol; and mechanical distension. Such interaction is 
similarly augmented in the bladder wall from spinal 
cord	injured	rats,	in	which	there	is	a	large	increase	of	
suburothelial IC number and Cx26 expression in the 
urothelium	 [152],	 as	well	 as	 the	 enhanced	 sponta-
neous contractile activity, described above. Several 
lines of evidence suggest that ICC contribute to in-
creased spontaneous contractile activity with an in-
tact mucosa: 

ICC form an electrical syncitium in the suburothelium 
as	observed	from	their	expression	of	the	gap	junction	

Figure 6.  Spontaneous contractions generated by preparations of isolated mucosa and detrusor (guinea-
pig).  Upper trace: spontaneous contractions from isolated mucosa, the preparation was exposed to a low-
pH solution when shown.  Lower trace: spontaneous contractions from isolated detrusor preparations, a 
similar exposure to a low-pH solution is also indicated.
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protein	Cx43	and	cable	calculations	based	on	their	
electrical	properties	[14,63,64];	from	their	A	role	for	
interstitial cells in signalling is suggested by several 
observations: 

ICC	 number;	 the	 intensity	 of	 Cx43	 labelling;	 and	
Ca2+/depolarisation wave propagation speed are all 
increased	in	overactive	bladders	[152].

P2Y agonists generate excitatory responses in 
ICC and increase spontaneous contractile activity 
[64,65,153],	whereas	they	reduce	the	contractility	of	
detrusor	muscle	itself	[154,155].

The	irst	two	of	these	arguments	are	consistent	with	a	
cell-to-cell interaction, however, it is unknown if there 
is	a	signiicant	diffusion	of	excitatory	agents	between	
the mucosa and detrusor. Certainly the increase of 
stretch-induced mucosal ATP release, coupled with 
reduced extracellular ectoATPase activity in idio-
pathic	 detrusor	 overactivity	 [80,156]	 would	 provide	
such	a	substrate,	but	deinitive	experiments	remain	
to be done.

1. SMOOTH MUSCLE CELLS

Smooth	muscle	(SM)	cells	are	the	major	component	
cells of the walls of visceral organs and the vascular 
wall, and their ability to contract and relax is the hall-
mark of the physiological function of these organs. 
These mesoderm-derived (mesenchymal) cells have 
common characteristics, although cells in various 
regions of the body are heterogeneous in regard to 
their ability to express contractile proteins, contract 
spontaneously, and their responses to hormonal/
neuronal stimulation. SM cells are elongated with 
tapering ends, and their length varies from 20 µm 
in certain small blood vessels to 500 µm or more in 
the	gestational	uterus	 [157].	There	are	 three	 layers	
of SM aligned in a complex orientation in the bladder 
wall. The middle layer is the most prominent, but the 
other layers, a muscularis mucosa below the subu-
rothelium and a thin layer below the serosa, may not 

IV.  DETRUSOR SMOOTH MUSCLE 
CONTRACTILE ACTIVATION 

Figure 7.  Spontaneous contractions and propagating Ca2+ waves.  A: Spontaneous contractions arising 
from a rat bladder sheet, with an intact mucosa, from a spinal cord-injured rat – the bladder displays an over -
active phenotype.  At the time shown the preparation was exposed to a P2Y-receptor agonist (UDP).  B:  Ca2+ 
waves (shown as isochrones of equal delay for a Ca2+ transient) in a transverse rat bladder preparation from 
a spinal cord-injured animal: urothelium (right) through to the serosal (ser) surface (left).  Under control con -
ditions a focus of activity (light area) originates from the suburothelium and propagates initially throughout 
the suburothelium and into the urothelium.  At later times, activity progresses to the detrusor layer.  In the 
presence of the P2Y-receptor agonist ADP, the pattern of activity remains similar except that transmission is 
quicker: shown as wider-spaced isochrones – isochronal intervals 50 ms.
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always	be	identiied	in	a	random	histological	section.	
In the trigone, the SM cells orient around the opening 
of the urethra. 

The arrangement of the SM cells in the muscle 
bundle or sheet is staggered, with the broad nucle-
ar region of one cell lying opposite to the narrow 
tapered	end	of	an	adjacent	cell.	At	various	points,	
adjacent	 cells	 form	an	 intimate	association,	 called	
a	nexus	or	gap	junction,	where	electrical	coupling	is	
facilitated. The cytoplasmic organelles of the myo-
cytes, which include mitochondria, Golgi apparatus, 
rough endoplasmic reticulum, and free ribosomes, 
are abundant in the conical perinuclear region. The 
remainder of the cytoplasm is occupied by contrac-
tile	ilaments,	which	form	the	contractile	machinery,	
and	cytoskeletal	ilaments,	which	help	maintain	the	
cellular shape. The contractile apparatus of the SM 
cell	is	composed	of	thick	(15	nm)	myosin	ilaments	
and	thin	(7	nm)	actin	ilaments	[158,159].	Thin	ila-
ments, although composed mainly of actin, also 
contain actin-binding proteins, such as tropomyosin 
(Tm), caldesmon (CaD), and calponin, all of which 
are	arranged	 in	a	speciic	manner	and	molar	con-
centration. These proteins are also thought to be 
involved in regulation of the actin-myosin interac-
tion	 that	 occurs	 during	 force	 generation.	 The	 ila-
ments that form the cytoskeletal structure consist 
of	intermediate	ilaments	with	a	diameter	of	10	nm.	
These	ilaments,	which	are	connected	to	the	dense	
bodies, are composed of desmin and vimentin. In 
addition, microtubules composed of tubulin and 
actin-containing	thin	(7	nm)	microilaments	that	are	
not part of the contractile apparatus also contribute 
to the cytoskeletal structure.

2.  CONTRACTILE PROTEIN ISOFORMS AND 
THE CONTRACTILE MACHINERY

a) Myosin

Myosin in SM is mostly class II (myosin II) and con-
tains two heavy chains (MHC, 200-204 kDa) that 
constitute the globular head (NH2-terminal) and the 
tail (carboxyl-terminal) domain. Thus, myosin II has 
two heads and a rod portion that is composed of a 
coiled-coil region. The ATPase and actin-binding 
sites reside in the head portion, whereas the ability 
of	myosin	to	form	ilaments	is	due	to	properties	that	
arise from the rod portion of the molecule. Myosin II 
also contains four light chains (i.e. two per head) that 
weigh	20	(MLC20)	and	17	(MLC17)	kDa.	These	bind	
to	the	heavy	chains	in	the	“neck”	region	between	the	
head and the tail. MLC20 is also known as the regu-
latory light chain and actively participates in muscle 
contraction. Two MLC20 isoforms are found in SM. 
and	encoded	by	different	genes	[160],	but	only	one	
isoform	participates	 in	 contractility	 [161].	MLC17	 is	
known as the essential light chain. Its exact function 
is unclear, but it is believed that it, along with MLC20, 
contributes to the structural stability of the myosin 
head.	Two	variants	of	MLC17	(MLC17a/b)	exist	due	
to	the	alternative	splicing	of	the	MLC17	gene	[162].	

Alternative	splicing	of	the	MHC	pre-mRNA	at	the	5’-
end produces SM-A and SM-B isoforms, whereas 
splicing	at	the	3’	end	of	this	mRNA	produces	SM1	
and SM2 heavy chain isoforms that differ in mo-
lecular	size	(204	kDa	for	SM1	vs.	200	kDa	for	SM2)	
[163,164].	The	SM-B	isoform	includes	a	21-nucleo-
tide exon that encodes a seven-amino acid insert 
in the N-terminal region near the ATP-binding site. 
This	is	the	major	isoform	found	in	visceral	SM	and	
small muscular arteries. On the other hand, large 
arteries, such as the aorta and pulmonary artery, 
mainly	express	the	SM-A	isoform	[165].	Compared	
to the SM-A isoform, the SM-B isoform has higher 
ATPase	 activity	 and	moves	 actin	 ilaments	 faster	
in	an	in	vitro	motility	assay	[166].	Detrusor	smooth	
muscle	 (DSM)	 contains	 nearly	 100%	SM-B	myo-
sin isoform, which hydrolyzes ATP faster than the 
SM-A isoform. DSM is a phasic SM with a maxi-
mum velocity of contraction (Vmax) higher than 
that of tonic smooth muscles that are composed 
primarily	of	 the	of	SM-A	 isoform	 [165].	DSM	from	
obstructed bladders with severe dysfunction shows 
an	upregulation	of	the	SM-A	isoform	[167,168]	and	
exhibits tonic-type contractions, characterized by 
slow force generation and high force maintenance. 
These results suggest that bladder outlet obstruc-
tion produces a muscle that develops higher levels 
of force but greatly reduced cross bridge cycling 
rates	 [169].	Along	 with	 these	 changes	 in	 myosin	
heavy chain isoforms, hypertrophied tissue also 
showed a doubling in the relative expression of 
the	 basic	 isoform	 of	 the	 17	 kDa	 (MLC17b)	 myo-
sin	 light	chain.	A	relative	 increase	of	 the	MLC17b	
isoform is associated with a lowered ATPase activ-
ity	 [170].	 	 Comparative	 studies	 have	 shown	 that	
muscles	with	a	high	MLC17b	content	have	a	lower	
shortening	 velocity	 [171]	 and	 a	 higher	 afinity	 for	
ADP-analogues	[172,173].	

The	ratio	of	the	C-terminal	isoforms	SM2	and	SM1	in	
the	DSM	switches	from	≈1.7:1	in	a	normal	rabbit	blad-
der	 to	≈1:1	 in	a	decompensated	bladder	 [174,175].	
Increasing	 the	SM1/SM2	 ratio	 in	 the	bladder	has	a	
signiicant	effect	on	contractile	function	[176],	possi-
bly	by	 the	stabilization	of	 the	 thick	ilament	 through	
the	tail	region	interaction	with	the	head	of	an	adjacent	
myosin	molecule	[177].	SM2	homozygous	knockout	
(SM2−/−)	mice	die	within	30	days	of	birth	and	show	
pathologies that include segmental distention of the 
alimentary tract, retention of urine, distension of the 
bladder, and development of end-stage hydrone-
phrosis	 [178].	 In	 contrast,	 heterozygous	 (SM2+/−)	
mice appeared normal and reproduced well. In 
SM2−/−	bladder	SM,	 loss	of	SM2	myosin	was	ac-
companied by a concomitant down-regulation of 
SM1	and	a	reduced	number	of	thick	ilaments.	

Virtually nothing is known about the transcriptional 
regulation of myosin isoform expression in both nor-
mal and pathological SM. A better understanding 
would help target mechanistic steps that regulate the 
alternative	splicing	of	 the	pre-mRNA	that	generates	



124

the	 SM-B	 and	 SM-A	mRNAs	 and	 could	 shed	 light	
on the differences between SM in normal and ob-
structed bladders. The recently established human 
bladder SM cell line that expresses the SM-B isoform 
should be helpful in gaining insight into the factors 
that regulate the expression of the various myosin 
isoforms	[179].	

SM cells also express non-muscle myosin. In hu-
mans, non-muscle myosin heavy chain (NMMHC) 
isoforms NMMHC-A and NMMHC-B are expressed. 
The	 mRNAs	 encoding	 NMMHC-A	 and	 NMMHC-B	
are products of different genes, localized to chro-
mosome	22q11.2	and	chromosome	17q13,	respec-
tively	[180].	Obstruction-induced	hypertrophy	is	as-
sociated with an increase in NMMHC-B, primarily in 
interstitial	ibroblasts	[181].	

b) Actin isoforms

Vertebrates express at least six different actin iso-
forms	in	a	tissue-speciic	manner	and	multiple	actin	
isoforms	are	found	even	in	the	same	cell	[182,183].	
Differentiated SM cells typically contain a mixture of 
muscle	 (α,γ)	 and	cytoplasmic	 (β,γ)	 actin	 isoforms.	
The muscle isoforms are associated with contrac-
tile	 ilaments,	 whereas	 the	 cytoplasmic	 isoforms	
form the non-contractile cytoskeleton. The amount 
of different isoforms in a muscle cell varies accord-
ing to the source of tissue. The dominant type of 
actin in SM of mammalian visceral organs (chicken 
gizzard,	uterus,	 intestine,	urinary	bladder)	 is	γ-SM	
actin,	whereas	the	major	actin	type	in	vascular	SM	
is	α-SM	actin	[182].

Bladders	 from	 SM	 α-actin-/-	 mice	 tended	 to	 gen-
erate less force than those from wild-type mice in 
response	 to	 electrical	 ield	 stimulation	 (EFS)	 with	
or without prior treatment with carbachol and atro-
pine. However, their bladders appeared to function 
normally with no gross or histological abnormalities 
[184].	DSM	SM	α-actin	protein	and	mRNA	are	not	
altered in response to obstruction-induced blad-
der	hypertrophy	 [185].	 In	addition	 there	was	a	de-
crease	in	β-cytoplasmic	actin	and	a	small	increase	
of	SM	γ-actin.	Hence,	 the	composition	of	 the	actin	
isoforms in bladder SM is altered in response to 
obstruction-induced hypertrophy.

c) Actin-associated proteins in the thin ilaments

Caldesmon (CaD) is a Ca2+/calmodulin-binding pro-
tein thought to play a role in the Ca2+-dependent reg-
ulation	of	both	SM	and	non-muscle	contraction	[186].	
Two	CaD	isoforms	have	been	identiied,	h-CaD	(high	
Mr form), expressed predominantly in differentiated 
SM cells, and l-CaD (low Mr form), widely distributed 
in	 non-muscle	 cells	 [187,188].	 The	 expression	 of	
CaD is tightly associated with the phenotypic modu-
lation of SM cells, as the CaD isoform switches from 
the	l-	to	h-form	during	differentiation	[189].	Therefore,	
CaD is a useful molecular marker for the study of the 
phenotypic modulation of SM cells. Whether the h- or 

l-CaD isoform is expressed depends on the unique 
selection	 of	 two	5′-splice	 sites	within	 exon	3	 [190].	
Another important molecular event is the upregula-
tion of CaD expression during SM cell differentiation 
[189].	DSM	cells	 from	obstructed	bladders	over-ex-
pressed I-CaD; in the compensated phase h-CaD 
was	also	increased	[191].	

Tropomyosin (Tm) is a rod-like helical protein that 
dimerizes and binds to actin and stabilizes actin 
contractile	 ilaments.	 The	 four	 Tm	 genes	 produce	
many isoforms (>40) as a result of alternative exon 
usage. Most isoforms are found in non-muscle cells, 
but	there	are	some	speciic	to	either	striated	or	SM.	
Only	two	isoforms	appear	to	be	speciic	to	mamma-
lian	SM,	one	from	the	β-Tm	gene,	and	the	other	from	
the	α-Tm	gene.	α-SM	Tm	contains	the	unique	exon	
2a,	whereas	β-SM	Tm	uses	exon	2b,	the	exon	used	
in	the	other	muscle	isoforms	[192].	There	is	no	spe-
ciic	antibody	against	either	of	the	two	SM	isoforms	
of Tm. Antibodies that detect both isoforms also de-
tect non-muscle and/or striated muscle isoforms and 
thus	SM	cannot	be	labelled	speciically.	Thus,	Tm	in	
SM has not been widely studied, especially in com-
parison to actin and myosin. Tm cooperatively turns 
on actin-activated ATP hydrolysis by myosin ATPase 
[193-195],	 thus	 it	 is	 considered	 to	 be	 important	 for	
thin	ilament-mediated	regulation	of	smooth	muscle.

3.  CONTRACTILE ACTIVATION OF SMOOTH 
MUSCLE

The	previous	consultation	[196]	considered	in	more	
detail the signalling pathways that generate con-
traction or relaxation through muscarinic, nicotinic, 
adrenergic, purinergic, nitrergic and neuropeptide-
mediated mechanisms. This report will provide 
a brief overview of receptor-mediated activation 
(4.3.1)	and	updates	on	electrical	activity	in	detrusor	
smooth muscle (section 4.4) and the cellular and 
tissue basis of spontaneous contractile activity in 
detrusor (section 4.5). 

a)  Receptor-mediated activation of detrusor 
smooth muscle 

The	 relaxed	 state	 of	 the	 bladder	 in	 illing	 and	 the	
generation or wall tension to effect emptying are reg-
ulated by external neuronal, hormonal, and central 
systems. Neurotransmitters released from nerves 
act on receptors located in the DSM, the function-
ally	 most	 important	 of	 which	 are	 muscarinic,	 M3,	
and	purinergic,	P2X1,	receptors.	However,	the	con-
tributions of these receptors and their subtypes dif-
fer between species, age and bladder pathologies. 
With the stable bladder the predominant contractile 
regulator are muscarinic receptors. The main route 
for detrusor relaxation is the adenyl cyclase-cyclic 
adenosine monophosphate (cAMP) pathway, acti-
vated	by	the	β3-receptor	in	humans	[197].	

Muscarinic receptors are coupled to G-proteins. 
The	M1,	M3,	 and	M5	 receptors	 are	 considered	 to	
preferentially	couple	to	Gq/11,	which	leads	to	phos-
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phoinositide hydrolysis through activation of phos-
pholipase C and the subsequent mobilization of 
intracellular Ca2+ by generation of inositol trisphos-
phate	 (IP3)	 [198].	M2	and	M4	 receptors	couple	 to	
pertussis toxin-sensitive Gi/o, which results in the 
inhibition of adenylyl cyclase activity thereby block-
ing Ca2+ channels	 in	 the	 SR	 or	 cell	membrane	 as	
well as activating K+ channels and modulating rho-
kinase	pathways	[199].	Acetylcholine-induced	con-
traction	is	mediated	by	stimulation	of	M3	receptors	
and	inally	IP3	release	[200].	However,	other	signal-
ling pathways are probably also involved in mus-
carinic stimulation of detrusor contraction. Contrac-
tions elicited by the muscarinic agonist bethanechol 
were abolished by inhibition of rho-activated kinase 
(ROK)	 in	 combination	 with	 a	 non-selective	 cation	
channel	 inhibitor	 [201].	 Carbachol-induced	 con-
tractions in human bladder SM are mediated by 
M3	receptors	and	 largely	dependent	on	Ca2+ entry 
through nifedipine-sensitive channels and activa-
tion	of	 the	ROK	pathway	 [202].	Thus,	 it	 has	been	
proposed that the main intracellular pathways for 
detrusor	activation	by	M3	receptors	are	Ca2+`inlux	
via L-type Ca2+ channels and increased Ca2+ sen-
sitivity to the contractile machinery via inhibition of 
myosin light chain phosphatase (MLCP), thus main-
taining myosin light chain (MLC20) in a phosphory-
lated	 state	 [203].	 The	 latter	 is	 achieved	 by	 ROK-
mediated	phosphorylation	and	binding	of	a	17	kDa	
protein kinase C-potentiated myosin phosphatase 

inhibitor,	CPI-17.	The	calcium	sensitization	pathway	
is described in more detail below.

b)  Molecular mechanisms for activation of the 
contractile machinery. 

Contraction of DSM is initiated by an increase of 
the	 free	 [Ca2+]	 [204].	Free	Ca2+ bind to calmodulin 
(CaM) and the Ca2+ CaM complex activates myo-
sin	 light	 chain	 kinase	 (MLCK)	 [205],	 which	 cata-
lyzes	phosphorylation	of	at	serine-19	[206].	MLC20	
phosphorylation is a prerequisite for actin-induced 
activation of myosin Mg ATPase activity of myosin 
[207,208]	and	 the	development	of	 force	 [209,210].	
During force maintenance, utilization of ATP is very 
low, and myosin cross-bridges cycle slowly, if at all 
[209,210]	 –	 the	 “latch”	 mechanism.	 In	 addition	 to	
MLCK,	other	kinases	 (PKC,	ZIP	kinase	and	 integ-
rin-linked kinase) can phosphorylate MLC20 under 
certain	conditions	[211].	

c)  Role of the Ca2+-sensitization pathway in the 
regulation of the myosin-mediated pathway 
for smooth muscle contraction. 

MLCP	activity	is	also	regulated	by	ROK,	which	in	
turn	is	activated	by	the	small	GTPase	RhoA.	ROK	
phosphorylates	 the	 regulatory	 subunit	 (MYPT1)	
of	MLCP	at	Thr697	and	Thr855	[212].	The	phos-
phatase activity of MLCP is decreased by this 
phosphorylation, thereby increasing the level of 

Figure 8. Schematic of signal transduction mechanism that activates the Ca2+- sensitization pathway in 
smooth muscle. Cross-bridge cycling and force development in smooth muscle require phosphorylation of 
the myosin regulatory light chain (MLC20).  The level of MLC20 phosphorylation is determined by MLCK and 
myosin phosphatase activities.  At low Ca2+ concentration, MLCK is not activated, but the myosin phospha -
tase is inactivated by Rho-kinase-mediated phosphorylation of the MYPT1 subunit of myosin phosphatase.  
The CPI-17, when phosphorylated by PKC, binds to myosin phosphatase and this also lowers the phospha -
tase activity. Thus, PKC signaling through CPI-17 phosphorylation and Rho-kinase-mediated phosphoryla -
tion of myosin phosphatase maintains the myosin in the phosphorylated form, which helps to maintain 
muscle tone at the basal Ca2+ concentration. 
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MLC20 phosphorylation. This causes the muscle 
to	 contract	 at	 low	 (basal)	 [Ca2+]	 (Ca2+ sensitiza-
tion). This mechanism plays an important role in 
maintaining and modulating normal tone of SM 
[212,213].	A	second	signalling	pathway	regulates	
calcium sensitization, particularly in tonic SM 
and	 involves	CPI-17,	which	 is	phosphorylated	at	
Thr38	by	protein	kinase	C	 (PKC)	 [214,215].	The	
phosphorylated	 CPI-17	 binds	 strongly	 to	 MLCP	
and	 inhibits	 the	catalytic	 subunit	of	MLCP	 [216].	
Cross-talk between these two mechanisms in the 
regulation of phosphatase activity has been pro-
posed	 [217].	 The	 Ca2+ sensitization mechanism 
is important for the retention of resting tone in 
viscous organs, including the bladder during fill-
ing.	 ROK	 expression	 is	 enhanced	 in	 DSM	 from	
obstructed	bladders	 that	are	dysfunctional	 [218].	
Furthermore, MLCP activity is decreased, and the 
maintenance of force by the detrusor of a decom-
pensated	bladder	is	 inhibited	by	a	ROK	inhibitor.	
Thus,	 the	 RhoA/ROK	 cascade	 appears	 to	 regu-
late the force maintenance (tone) of DSM in a de-
compensated bladder. 

d)  The role of thin ilament-mediated regulation 
of contraction. 

Although myosin-mediated (via MLC20 phosphory-
lation)	regulation	is	the	major	mechanism	that	ac-
tivates myosin ATPase and generates force, there 
is	 suficient	 evidence	 that	 a	 thin	 ilament-mediat-
ed regulatory mechanism modulates the MLC20 
phosphorylation-dependent regulation. One likely 
candidate	 is	 the	 thin	 ilament-associated	 protein	
caldesmon (CaD).

The CaD molecule has two irregular domains in the 
C- and N-terminal regions and an elongated central 
space region that consists of a highly charged repeat 
sequence	 of	 150	 amino	 acids.	 The	 isoform	 I-CaD	
lacks this space region. The C-terminal region is rich 
in aromatic amino acids, whereas the N-terminal and 
central regions contain relatively high proportions of 
acidic	amino	acids	[219].	SM	CaD	is	elongated	(75	
nm in length) and interactions between CaD and 
Tm	when	both	are	bound	 to	actin	ilaments	 induce	
changes	 in	 Tm	 [220],	 although	 it	 is	 not	 known	 if	
these conformational changes are caused by direct 
contact between CaD and Tm or are indirectly medi-
ated	through	actin.	If	a	labelled	antibody	speciic	for	
CaD is incubated with SM, it binds along the actin 
ilaments	in	register	with	Tm,	as	labelling	is	repeated	
every	40	nm	along	a	thin	ilament.	This	indicates	that	
the CaD molecules bound to each actin strand are 
staggered by the length of one tropomyosin mol-
ecule	 [220-221].	 There	 is	 general	 agreement	 that	
actin-activated ATP hydrolysis mediated by myosin 
is	 inhibited	by	CaD	 [222-224].	Tm	enhances	CaD-
induced inhibition of actin-activated ATP hydrolysis 
[222]	 and	 CaD	 inhibits	 the	 cooperative	 induction	
of SM heavy meromyosin by tropomyosin and ac-
tin	 [194,222,225].	 CaD	 tethers	 myosin	 to	 actin	 by	

through binding of the N-terminal region of CaD to 
the S-2 region of myosin and the CaD C-terminal 
region to actin. This is thought to be important for 
the	stability	of	SM	myosin	ilaments	in	the	presence	
Mg2+ATP and has been suggested as a plausible 
mechanism	for	force	maintenance	[226-227].	

The	“tethering”	of	CaD	to	actin	decreases	the	in	vitro	
motility	of	actin	ilaments	and	requires	both	 the	my-
osin-binding and the actin-binding domains of CaD 
[228].	When	myosin	is	fully	phosphorylated	tethering	
is negligible, i.e. when actin-activated ATPase activity 
is high as in force generation when cytosolic Ca2+ is 
also	raised.	Thus,	“tethering”	is	believed	to	play	a	role	
in maintaining muscle tone with very low ATP hydroly-
sis, useful for force maintenance in tonic muscle, e.g. 
aorta and sphincter muscles. The biochemical basis 
of	basal	SM	tone	and	force	maintenance	(the	“latch”	
phenomenon) is not understood but may involve 
some variation in Ca2+ -dependent phosphorylation in 
which force is maintained at very low levels of ATP uti-
lization and slow myosin cross-bridge cycling. Thus, 
the	thin	ilament-associated	protein	CaD	is	thought	to	
play a role in the maintenance of force at low levels of 
phosphorylation and cross-bridge cycling. The phos-
phorylation of CaD itself might also be important as 
a regulatory mechanism, although evidence is weak. 
Nonetheless, CaD phosphorylation, catalysed by ex-
tracellular	signal-regulated	kinase	(ERK),	is	involved	
in	 non-muscle	 cell	migration	 [229].	Other	 data	 sup-
porting a role for CaD in the regulation of contraction 
has come from studies of conformational changes in-
duced	by	CaD	on	the	actin	ilaments	in	“ghost	ibres,”	
which	 contain	 actin	 ilaments	 in	 their	 native	 organi-
zation	but	 lack	all	 other	muscle	 proteins	 [230].	The	
binding	of	CaD	to	actin	ilaments	changes	the	confor-
mation	of	actin	 to	 the	weak-binding	(“off”)	state	and	
prevents	 the	 transition	 of	 actin	 ilaments	 in	 muscle	
ibres	to	the	strong-binding	(“on”)	state,	which	occurs	
when myosin heads bind to actin. Indeed binding of 
actin and CaD leads to a change in the conforma-
tion	of	actin	ilaments	from	the	“on”	to	the	“off”	state	
[195].	The	removal	of	CaD	from	chemically	“skinned”	
SM increases the Ca2+ sensitivity of force develop-
ment, and the addition of the C-terminal fragment of 
CaD	to	a	skinned	ibre	inhibits	contraction,	indicating	
that	CaD	suppresses	the	force	[231].	The	use	of	an-
tisense oligodeoxynucleotides designed to bind CaD 
mRNA	 decreased	 CaD	 expression	 and	 increased	
basal	cross-bridge	cycling	rates	[232].	

e) Smooth muscle relaxation. 

During urine storage, the bladder outlet is closed 
and DSM is relaxed and the increase of intravesi-
cal pressure is small over a wide range of blad-
der volumes. During voiding, DSM contracts, and 
the smooth and skeletal muscles in the urethra 
and internal sphincter relax, which raises the in-
travesical pressure. This is followed by relaxation 
of DSM due to either removal of the contractile 
stimulus or the direct effect of a substance that 
stimulates inhibition of the contractile mechanism 
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(e.g.	β-adrenergic	stimulation).	Regardless	of	 the	
relaxation mechanism, there is a decrease of the 
intracellular	 [Ca2+]	 which	 leads	 to	 a	 subsequent	
decrease in MLC activity and increase in MLCP 
activity (Figure 8 )	[233].	The	removal	of	cystosol-
ic Ca2+	 involves	 the	 sarcoplasmic	 reticulum	 (SR)	
and plasma membrane ATPases and a membrane 
Na+-Ca2+ exchanger. There are several pharma-
cological agents that disrupt the Mg2+-dependent 
SR	Ca2+-ATPase	(SERCA),	such	as	vanadate	ions	
and	thapsigargin	 [234].	The	SR	also	plays	 impor-
tant roles in buffering Ca2+	 inlux	 and	 the	 phasic	
component	of	DSM	contraction	[235].	Phosphory-
lation of phospholamban by multifunctional Ca2+/
CaM-stimulated protein kinase (CaMK II) activates 
SERCA,	 increasing	both	 the	Ca2+ clearance from 
the myoplasm and the frequency of localized Ca2+ 
release	from	intracellular	stores	[236].	SR	function	
changes during bladder development and in blad-
der hypertrophy and hence will modify the magni-
tude	and	duration	of	the	contraction	[237,238].	

The	intracellular	[Ca2+]	is	also	controlled	by	a	plas-
ma	membrane	Ca,Mg-ATPase	(PMCA)	 [239].	This	
enzyme is regulated by phosphorylation through a 
membrane-bound CaM kinase, which stimulates 
Ca2+	 sequestration	 and	 muscle	 relaxation	 [240].	
In addition, the plasma membrane contains a Na+-
Ca2+ exchanger (NCX), which decreases intracellu-
lar Ca2+.	 These	 low-afinity	 antiporters	 are	 closely	
coupled to intracellular Ca2+ levels and play a role in 
the	regulation	of	DSM	[Ca2+]	[241].	Further	evidence	
for	a	role	of	NCX	in	regulating	intracellular	[Ca2+]	in	
DSM comes from transgenic mice over-expressed 
with the exchanger when contractions elicited by a 
number of processes were reduced compared to 
DSM	from	control	bladders	[242].	

f)  Alterations to contractile and regulatory pro -
teins in lower urinary tract dysfunction. 

The precise molecular mechanisms underlying the 
pathophysiology of the bladder dysfunction associ-
ated	with	bladder	outlow	obstruction	 (BOO)	 is	not	
understood. However, outlet obstruction induces 
molecular, cellular and structural alterations in the 
SM cells in the bladder wall, leading to an impaired 
ability of the bladder to store and empty urine. Al-
though the initial events that lead to detrusor SM re-
modeling are not understood, evidence from recent 
studies clearly shows that BOO induces molecular 
events that cause bladder wall SM to undergo hy-
pertrophy, a compensatory response to increase 
detrusor	pressure	and	maintain	 low	 in	 the	 face	of	
increased	 outlow	 resistance	 [243].	 Despite	 detru-
sor hypertrophy, some obstructed bladders continue 
to remain dysfunctional (decompensated bladders) 
and show increased frequency of voiding, low void 
volume, and decreased intravesical (micturition) 
pressure	 [244].	 The	 DSM	 from	 decompensated	
bladders over-express the non-muscle isoform of 
caldesmon	 [191,245].	The	 role	 that	 the	 overabun-
dance of l-CaD in DSM cells has in contractile dys-

function of a decompensated bladder is unknown. 
However, the reversal of outlet obstruction and the 
regression of hypertrophy lead to decreased l-CaD 
expression and the return of bladder function to 
a near-normal state. Downregulation of CaD has 
been shown to affect the cytoskeletal structure of 
cultured	cells	[246].	

In	addition	to	the	changes	in	thin	ilament-associat-
ed	proteins,	studies	from	several	laboratories18;108	
have demonstrated that overexpression of the C-
terminal	myosin	isoform	SM1	is	associated	with	the	
detrusor	hypertrophy	induced	by	BOO	[175,247].	In	
a rabbit model of BOO, although DSM from normal 
bladders expressed the SM myosin heavy chain 
isoform	SM-B	and	LC17a	almost	exclusively,	detru-
sor muscle from severely dysfunctional bladders 
expressed	as	much	as	75%	SM-A	and	40%	LC17b	
(both are associated with a decreased maximum 
velocity	of	shortening)	[167].	

DSM from dysfunctional bladders also exhibited 
tonic-type contractions, characterized by slow force 
generation and high force maintenance. Immuno-
luorescence	microscopy	showed	that	the	decreased	
SM-B expression found in dysfunctional bladders 
was not due to the generation of a new cell popu-
lation that lacked SM-B. Metabolic cage monitoring 
revealed that decreased void volume and increased 
voiding frequency were correlated with overexpres-
sion	of	SM-A	and	LC17b	[167].	The	upregulation	of	
the low ATPase-activity myosin isoform in the re-
modelled DSM caused the detrusor to develop force 
slowly but with low utilization of ATP and a more eco-
nomical generation of force. Myosin isoform expres-
sion and bladder function returned close to normal 
upon removal of the obstruction, indicating that the 
level of expression of these isoforms is a marker of 
BOO-induced bladder dysfunction. 

4. SPONTANEOUS ACTIVITY

Spontaneous contractions are observed in whole 
bladders, bladder strips and isolated detrusor myo-
cytes	 [62,248,249]	 from	 animal	 models	 and	 man,	
Figure 9A . Such spontaneous activity is, however, 
not	common	to	all	strips	[249,250]	or	all	areas	of	the	
bladder	[251]	at	any	given	time.	Likewise,	only	a	pro-
portion of smooth muscle cells sampled by intracel-
lular recording exhibit spontaneous action potentials 
[252]	and	 the	basis	of	 such	heterogeneity	 is	 yet	 to	
be established. The function of spontaneous contrac-
tions is likely to be in maintaining bladder tone dur-
ing	illing	and	enabling	rapid	elevation	in	intravesical	
pressure	when	micturition	is	required	[250].	Patholo-
gies such as OAB and BOO are characterised by in-
creased spontaneous activity and fused tetanic con-
tractions	[250,253,254],	making	its	study	pertinent.	

a) The origin of spontaneous activity

Spontaneous contractions in physiology and patho-
physiology	are	 resistant	 to	TTX,	atropine	and	α,β-
methylene ATP suggesting they are not due to acti-
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vation	of	parasympathetic	ibres	[249,250].	Activity	
is, however, abolished by agents that limit trans-
membrane Ca2+ influx, such as L-type Ca2+-channel 
blockers, and by a reduction of extracellular Ca2+ 
[255],	suggesting	an	origin	within	the	bladder	itself.	
Several hypotheses have been put forward to ac-
count for the origins of spontaneous activity but 
those most often described – the myogenic hypoth-
esis	 [250]	and	neurogenic	hypothesis	 [256]	–	con-
cern origins in pathology, not physiology. This re-
view will give a brief overview of these hypotheses 
but will aim to focus mainly on hypotheses bridging 
physiology and pathophysiology.

Prostanoids. In the rabbit, at least, spontaneous 
contractions are likely to result from prostanoids 
binding	 to	EP	 receptors	 on	 detrusor	 smooth	mus-
cle. Spontaneous contractions can be abolished by 
inhibiting the production of prostaglandins (PGs) 
through	 non-selective	 or	 receptor-speciic	 antago-
nism. Likewise, spontaneous contraction amplitude 
is	increased	by	PGs	or	their	mimics	[257,258].	The	
origin of the PGs that cause spontaneous contractil-
ity is yet to be established as detrusor smooth mus-
cle	[45]	and	the	urothelium	[259]	can	produce	PGs;	
and ICs show cyclo-oxygenase (COX) immunore-
activity	 [18,257].	 Given	 an	 up-regulation	 of	 COX1	
and COX2 expression and PG synthesis in disease 
states such as BOO and chronic ischemic bladder, 
[260-262],	the	possibility	of	NSAID	treatment	seems	
attractive. The few published studies are, however, 
equivocal	in	their	indings	[263-265].	Further	studies	
are required to describe the role of PGs in the spon-
taneous contractions of human detrusor.

Nitric oxide. Nitric oxide (NO), derived from neuronal 
nitric oxide synthase (nNOS), contributes to spon-
taneous	activity	 in	mice	[266]	and	guinea-pig	[267].	
The frequency of spontaneous action potentials was 

lower in nNOS-/- mice than their wild-type (nNOS+/+) 
siblings and their frequency could be restored by the 
addition	 of	 the	NO	donor,	NONOate	 [266].	As	with	
the role of PGs underlying spontaneous activity in 
rabbit detrusor, it remains to be established what role 
NO plays in other species. Furthermore, it is yet to be 
established whether the role of NO is up- or down-
regulated in pathology.

Acetylcholine. In rat and guinea-pig there is a 
spontaneous TTX-resistant release of acetylcho-
line (ACh) from autonomic nerves which at least 
partly underlies bladder spontaneous contractions 
[268].	It	is	not	known,	however,	whether	such	spon-
taneous release of ACh occurs and contributes to 
spontaneous contractions in man; an inhibition of 
ACh breakdown, resulting in increased resting tone 
and inducing spontaneous contractions was only 
observed in OAB patients – not in asymptomatic 
patients	[269],	 implying	the	origins	of	spontaneous	
contractions in man may differ between physiology 
and pathophysiology.

Unknown agent(s) released by the mucosa. In many 
species, spontaneous activity is increased if the 
mucosa (comprising urothelium and suburothelium/
interstitium/propria lamina) is left intact, Figure 9B . 

Optical imaging experiments of bladder cross-sec-
tions show that spontaneous activity often arises 
in the suburothelium and spreads to the detrusor 
layer	[151].	Using	bladder	sheets	with	the	urothelial	
surface uppermost, optical imaging measurements 
show propagating Ca2+ waves over the sheets, but 
only in those sections where the mucosa had not 
been	removed	[65].	This	aspect	of	spontaneous	ac-
tivity was considered above in more detail (section 
3.3.3)	 but	 overall	 it	 consistent	with	 the	hypothesis	
that spontaneous activity can originate in the subu-
rothelial layer of interstitial cells and then propagate 
to the detrusor where spontaneous contractions are 
generated. The increase of suburothelial interstitial 
cells in overactive bladders is consistent with their 
greater incidence of spontaneous activity.

b) The myogenic hypothesis

Central to the theory of a myogenic basis for OAB 
is: denervation and/or reduction of parasympathetic 
activation causing an increase in smooth muscle 
cell	 excitability	 and	 coupling	 [250].	 There	 is	 evi-
dence for increased smooth muscle cell excitability 
in isolated cells from overactive bladder samples 
[62].	The	origin	of	this	activity	may	reside	in	altered	
Ca2+ channel populations. Both L-type and T-type 
Ca2+ current can be recorded from detrusor mus-
cle. However, the proportion of T-type current is 
increased	 in	 cells	 from	 overactive	 bladders	 [270],	
as T-type channels are opened at more negative 
membrane potentials, an increase in density would 
increase	spontaneous	electrical	activity	[271].	Evi-
dence for increased coupling is compelling in ani-
mal models of disease; with consistent increases 

Figure 9.  Spontaneous activity contractile activity.  
A:  Spontaneous contractile activity from isolated 
strips of human detrusor smooth muscle from a 
patient with OAB (upper trace) and a stable bladder 
(lower trace).  B: Spontaneous contractile activity 
from isolated strips of human detrusor smooth mus -
cle with the mucosa intact (upper trace) and with the 
mucosa removed (lower trace). 
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in the gap	 junction	 proteins	 connexin43	 [66,272-
276]	 and	 connexin26	 [152,272]	 associated	 with	
BOO	and	spinal	cord	 injury.	By	contrast,	evidence	
from	human	tissue	is	equivocal	for	connexin45	[e.g.	
14,277]	and	connexin43	[14,278].

c) The neurogenic hypothesis

The	 neurogenic	 hypothesis	 [256]	 concerns	 how	
damage to the neural circuits in the brain and spi-
nal cord that regulate storage and periodical voiding 
might result in OAB through: a reduction in the sup-
pression or enhancement of the parasympathetic 
excitatory	outlow;	sensitisation	of	peripheral	affer-
ent	 terminals;	 emergence	 of	 bladder	 relexes	 that	
are resistant to central inhibition. This aspect will be 
considered	in	the	report	of	Committee	3.	

5. ELECTRICAL ACTIVITY AND ION CHANNELS

How the electrical activity of detrusor smooth mus-
cle is regulated by the movement of ions, and how 
receptor	modulators	affect	excitability	is	the	subject	
of	the	previous	consultation	[196]	and	other	reviews	
[279-281].	The	focus	shall	therefore	be	on	channels	
that	 inluence	 spontaneous	 activity	 and	 therapeu-
tics;	other	channels,	such	as	TRP	and	ligand-gated	
channels are included in Section 6.4.

K+ channels. Detrusor myocytes possess several 
types of K+ channel, including large (BK) and small 
(SK) Ca2+-activated channels as well as voltage-
sensitive K+ (Kv) and ATP-sensitive (KATP) chan-
nels. The spontaneous contractility of human detru-
sor strips is dependent on both BK and SK channels, 
as	blockade	increases	activity	[282,283].	Openers	of	
Ca2+-activated K+	 channels	 (e.g.	 NS-9541)	 reduce	
spontaneous contractility in tissue from asymptom-
atic	patients	[284],	making	them	potential	candidates	
for the treatment of pathologies in which spontane-
ous contractility is elevated, such as OAB. But there 
is a reduced role for BK channels in contributing to 
spontaneous contractions in NDO patients; whilst a 
BK	opener	(NS-1619)	reduced	spontaneous	contrac-
tions and a BK antagonist (iberiotoxin) increased ac-
tivity in control patients, neither agent had an effect 
in strips from NDO patients. SK channels were unaf-
fected in NDO patients, as apamin increased spon-
taneous	 contracture,	 in	 both	 groups	 [285].	 Clearly	
there is a great need for experiments on pathologi-
cal human tissue; animal studies are poor models 
in	 this	 case	 [286,287].	 KATP	 openers	 offer	 some	
promise	as	pinacidil	and	ZD0947,	for	example,	relax	
carbachol-contracted	 human	 detrusor	 [288].	 KNCQ	
(Kv7)	channels	contribute	 to	 the	 resting	membrane	
potential and excitability of several cell types and 
mutations in genes encoding for the channel have 
been implicated in contributing to abnormal activity 
in	 several	 tissues	 [289].	 Their	 recent	 identiication	
in	 detrusor	 interstitial	 cells	 [290]	 implies	 they	 may	
contribute	a	similar	role.	The	KNCQ	channel	opener	
retigabine increased micturition volume and voiding 
intervals and reduced overactive bladder behaviour 
from capsaicin installation when the agents was in-

fused	 into	 the	bladder	 [291].	Recent	understanding	
of many of the functions regulated by K+ channels 
has	been	recently	summarised	[292].

Isolated detrusor myocytes display an ability to gen-
erate spontaneous action potentials, especially in 
cells	isolated	from	overactive	bladders	[62].	The	more	
frequent spontaneous activity is associated with an 
increase of T-type Ca2+ channel activity, which is 
activated at more negative membrane potentials 
[270,293].	Ca2+	 inlux	 through	T-type	 channels	 has	
been proposed to have a dual role: to contribute to 
action potential generation and also to stabilise the 
resting membrane potential through its close asso-
ciation	with	SK	channels	[294].	Mibefradil	is	a	Ca-an-
tagonist with a more selective action on T-type Ca2+ 
channels than other antagonists and one suggested 
use	has	been	for	the	management	of	atrial	ibrillation	
[295].	However,	its	ability	to	reduce	contractions	elic-
ited	by	electrical	ield	stimulation	and	high-KCl	solu-
tions was less than that achieved by more selective 
L-type Ca2+	channel	antagonists	[296,297].	It	would	
be of interest to characterise the action of this agent 
on tissue from overactive bladders.

Cl- are not at thermodynamic equilibrium across the 
cell	membrane	 of	most	 smooth	muscles	 [298]	 and	
thus opening a Cl--selective channel will result in 
membrane depolarisation. The role of Ca2+-activated 
K+ currents in the regulation of normal and overac-
tive detrusor function has been well-reviewed (sec-
tion	 6.4,	 196).	 The	 contribution	 of	 Ca2+-activated 
Cl-	channels	is	less	clear	but	has	been	identiied	in	
both	detrusor	and	urethral	smooth	muscle	[299,300].	
The expression of Ca2+-activated Cl- channels is 
increased in tissue from overactive bladders and 
hence may contribute to transient inward currents 
and	an	 increase	of	 cell	 excitability	 [299,301].	Ca2+-
activated Cl- current is blocked by agents such as 
nilumic	acid	and	DIDS	[302],	but	 the	true	contribu-
tion of the current to spontaneous activity, especially 
in the overactive bladder, remains to be evaluated.

1. TRIGONE

The trigone consists of the triangular region be-
tween	 the	 ureteral	 oriices	 and	 the	 bladder	 outlet	
that aids bladder emptying and helps prevents ure-
teral	relux.	Along	with	the	bladder	neck,	it	forms	the	
base of the bladder that provides support for the 
bladder dome and transition to the urethra. The tri-
gone	contracts	during	bladder	illing	to	help	keep	the	
ureteral	oriices	open	and	the	bladder	neck	closed,	
and relaxes during micturition to help funnel urine 
into	the	outlet	and	prevent	ureteric	relux	[303].	The	
tone of the trigone muscle is predominately under 
adrenergic	 control	 [304]	 and	 as	 such	 this	 regions	
exhibits higher frequency spontaneous activity in 
comparison	to	detrusor	smooth	muscle	 [249].	This	
is believed to be mediated by L-type Ca2+ currents 
and Ca2+-activated	Cl−	luxes,	the	propagation	and	

V. THE OUTFLOW TRACT
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coordination	of	which	 is	mediated	by	gap	 junction	
coupling	 [303].	 It	has	been	suggested	 that	 trigone	
spontaneous activity is initiated by peristaltic waves 
originating in the ureters but this has not yet been 
experimentally	conirmed.	The	trigone	is	also	heav-
ily	 innervated	and	is	the	region	where	the	majority	
of	the	ibres	from	the	pelvic	and	hypogastric	nerves	
enter	the	bladder	wall	[305,306].	This	has	made	the	
trigone a target for the treatment of detrusor overac-
tivity using botulinum neurotoxin type A (BoNT/A), 
as it is believed that it will be more effective due to 
the	greater	nerve	density	[307].	Figure 10  shows a 
diagram of the male lower urinary tract, i.e. with the 
additional presence of the prostate gland.

a)  Developmental origins of the trigone and in -
sertion of the vesicoureteral junctions

Trigone smooth muscle was originally believed to be 
formed from the mesodermal tissue of the ureters that 
project	into	the	developing	bladder,	while	the	urothe-
lium	is	formed	from	endodermal	tissue	[308].	Recent	
evidence, however, suggests that the trigone is most-
ly derived from bladder smooth muscle and that there 
are	very	few	projections	from	the	ureters	[309].

The ‘ureteric bud theory’ of Mackie and Stephens 
suggests that the trigone develops from the ure-
ters and the common mesonephric (Wolffian) 
ducts, independent of any contribution from the 
bladder	[310,311].	This	is	reported	to	occur	when	
the independently developing upper and lower 
urinary tracts connect at mid-gestation, when the 
ureters migrate from their initiation sites in the 
Wolffian ducts to form the trigone. The mecha-
nism responsible for the precise location and 
angle of insertion of the ureters in the trigone is 
poorly understood but crucial for the proper func-
tioning of the ureteric valves in preventing urine 
reflux and renal obstruction. Thus, this theory im-
plies a common mesodermal origin for the trigone 
and	 ureterovesical	 junctions	 but	 it	 has	 not	 been	
tested	experimentally	[312-314].	

An alternative ‘smooth muscle theory’ for the de-
velopment of the trigone is based on recent studies 
utilizing	cre-lox	mice	with	luorescently	labelled	epi-
thelial	cells	in	the	ureters	and	Wolfian	ducts.	These 
studies	conirmed	the	insertion	of	the	common	me-

Figure 10. The male lower urinary tract. Depicted are the ureters, the bladder and a cross-section of its wall, 
the trigone, and the urethra with a cross-section of its longitudinal and transverse smooth muscle sphinc -
ters.  Also shown is the prostate, its different regions, as well as the striated external urethral sphincter.
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sonephric ducts in the bladder wall. However, they 
also suggested that after insertion this tissue under-
goes apoptosis and regresses and that the growth of 
the bladder smooth muscle moves the ureteral ori-
ices	to	their	inal	positions	in	the	trigone	[309,315].	
This implies that the trigone is formed mostly from 
bladder smooth muscle with only a minor contribu-
tion	from	the	ureters	[308,309,316-318].	However,	a	
role	for	both	theories	is	suggested	by	indings	from	
a recent transgenic mouse model with a primary 
defect in bladder smooth muscle differentiation that 
develops a megabladder and obstructive uropathy 
[319,320].	Although	these	mice	completely	lack	de-
trusor smooth muscle they still develop a trigone, 
however	the	ureteric	oriices	insert	incorrectly.

b) Supericial and deep trigone.

Supericial	 and	 deep	 trigone	 layers	 have	 been	 dis-
tinguished	 based	 on	 histological	 studies	 [321,322]	
where the former appears to function separately from 
the	detrusor	[323]	but	the	origins	of	the	different	lay-
ers remain controversial. It has been suggested that 
the deep trigone is derived from the detrusor and the 
supericial	 layer	from	the	ureters	[324].	Recent	stud-
ies, using optical mapping and mouse bladder sheets 
stained with a voltage-sensitive dye have demonstrat-
ed	 that	 the	 supericial	 trigone	 is	 electrically	 discrete	
from the underlying detrusor. Focal electrical stimula-
tion	of	the	supericial	trigone	in	bladders	from	control	
mice resulted in membrane depolarization that did not 
spread beyond this region (igure 11A,B). However, in 
bladders from mice two weeks following T8-T9 spinal 
cord	transection,	stimulation	of	the	supericial	trigone	
initiated activity that spread to the detrusor (igure 
11C). This enhanced spread of activity was reduced 

following	 desensitization	 of	 TRPV1	 containing	 affer-
ent nerves using capsaicin (igure 11D,E), suggesting 
that this is mediated by the morphological expansion 
of	sensory	nerves	 from	the	supericial	 trigone	 to	 the	
detrusor (i.e., sprouting). This enhanced afferent ac-
tivity may be responsible, in part, for the neurogenic 
detrusor overactivity that occurs following thoracic 
level	spinal	cord	injury	and	may	help	explain	the	ther-
apeutic	 beneit	 of	 focal	 trigone	 injections	 of	BoNT/A	
[307].	Note	that	capsaicin	at	1	µM	was	able	to	activate	
transiently contractile activity before the preparation 
became desenstised (igure 11F).

2. THE URETHRA AND SPHINCTER MECHANISMS

a) Bladder-urethral coordination

There is neural regulation between the bladder and 
the	outlow	tract	that	facilitates	the	coordinated	re-
laxation of the urethral sphincters and contraction 
of the detrusor smooth muscle. This allows for com-
plete emptying of the bladder during micturition with 
a minimal increase in intravesical pressure.

The bladder base is a region of dual sympathetic-
adrenergic and parasympathetic-muscarinic inner-
vation	[199,325]	similar	to	that	of	the	urethra.	There	
is	a	higher	expression	of	α1-adenoreceptors	 in	 the	
trigone and the bladder neck in comparison to the 
detrusor	 [199]	 with	 muscarinic	 receptor	 expres-
sion	 found	 predominantly	 in	 the	 supericial	 trigone	
[325,326].	 Animal	 studies	 have	 shown	 that	 adren-
ergic stimulation via sympathetic nerves is active 
during the storage phase and induces contraction of 
the bladder base. Together with similar actions in the 
urethra it results in closure of the bladder base pre-
venting	 incontinence	 [327].	Thus,	 the	bladder	 neck	

Figure 11.  Optical mapping of membrane potential activity after electrical stimulation of the trigone: bladder-
urethral sheets from control mice and mice with an upper spinal cord injury (SCI).  A: Image of a preparation 
in the recording chamber to measure simultaneously tension and electrical activity.  B: Electrical stimula -
tion in control bladders resulted in a limited propagation of membrane activity within the region.  C: Similar 
stimulation of bladders from mice with SCI – there is enhanced spread of activity beyond the trigone.  D: 
desensitization of TRPV1 receptors with capsaicin (1 μM) reduced the spread of activity in normal blad-
ders.  E: desensitization with capsaicin (1 μM) in an SCI preparation also reduced the spread of activity in 
the preparation.  F: Tension recordings demonstrating decreased force generation by the trigone following 
desensitization with capsaicin.
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may represent a transitional region with functional 
characteristics of both the urethra and the bladder. In 
addition, parasympathetic innervation may act syn-
ergistically with sympathetic nerves as simultaneous 
activation of both systems produce a gain of function 
not	seen	if	the	two	are	activated	independently	[325].	
This synergism may contribute to the prevention of 
relux	and	increase	in	outlow	closing	pressure,	and	
may explain the particular effectiveness of combina-
tion	 therapies	 utilizing	 both	 antimuscarinic	 and	 α1-
adrenergic receptor antagonists.

Recent	 indings	 suggest	 that	 there	 is	 also	 intrinsic	
coordination between the bladder and the urethra 
mediated through intramural ganglia. Using optical 
mapping of bladder-urethral sheets propagation of 
action potentials were recorded in control and spinal 
cord	injured	mouse	bladders	(igure 12). In bladders 
from	control	and	thoracic	level	injured	animals	(upper	
motoneurone lesion, UMN), focal electrical stimulation 
of the bladder dome caused signals to spread into the 
urethra (igure 12A,C). This spread was inhibited in 
the presence of a hexamethonium; a ganglion blocker 
(igure 12B,D). In bladders of mice with a lumbar-
sacral level lesion (lower motoneurone lesion, LMN), 
signals were limited to the bladder (igure 12E,F). 
These	inding	suggest	that	pre-ganglionic	parasympa-
thetic nerves may innervate both bladder and urethral 
intramural ganglia to facilitate coordinated activation 
of the two structures (igure 13).

b) The internal sphincter

The presence of a single sphincter at the bladder 
base and proximal part of the urethra is a contentious 
subject.	 Several	 tissues	 of	 this	 region	 combine	 to 
generate	a	region	that	controls	the	low	of	urine	from	
the bladder and is often called the internal urethral 

sphincter. Because of the complex form and function 
of this region and the fact that an effective sphincter 
function is not due entirely to contraction of urethral 
smooth muscle, this mechanism will be termed ‘the 
internal sphincter’. By contrast, the incomplete ring 
of skeletal muscle that surrounds the more distal 
urethra forms a more recognisable sphincter mecha-
nism, and will be described as an external urethral 
sphincter	(section	5.2.3)

Urinary continence is maintained through the tonic 
contraction of the internal sphincter, which is further 
supported by the voluntarily controlled striated exter-
nal	urethral	sphincter	 (EUS).	The	 internal	sphincter	
has two distinct longitudinal and circular muscu-
lar layers, a lamina propria and an epithelial lining 
(igure 14). During the storage phase, the circular 
smooth	muscle	contracts	to	maintain	a	high	luid	re-
sistance in this region and the longitudinal smooth 
muscle relaxes to facilitate closure. This occurs 
through the release of noradrenaline from sympa-
thetic	 terminals	 and	 activation	 of	 α1-adrenoceptors	
on	the	circular	muscle	and	β3-adrenergic	receptors	
on	 the	 longitudinal	 ibres.	 Alternatively,	 during	 the	
emptying	phase,	the	circular	ibres	relax	and	the	lon-
gitudinal	ones	contract	to	lower	luid	resistance	and	
facilitate	 voiding	 [328].	This	 is	 believed	 to	 occur	 in	
response to nitric oxide and acetylcholine released 
from parasympathetic nerve terminals that activate 
guanylyl	cyclase	[329]	and	stimulate	M2/3	choliner-
gic	 receptors,	 respectively	 [330].	 Urethral	 smooth	
muscle cells from both layers also display intrinsic 
contractile	activity	that	promotes	urethral	tone	[328]	
and this is contributed by similar activity in smooth 
muscle cells of the bladder base. Mucus secreted 
from goblet cells on the luminal surface is believed to 
facilitate the passage of urine. Urethral closure may 

Figure 12. Optical mapping of bladder-urethra sheets from control, upper motor neuron (UMN; T8-T9) 
and lower motor neuron (LMN; L4-L5) lesioned mice.  Electrical activity maps show that in both control 
(part A) and UMN lesioned (part C) mice electrical stimulation of the dome resulted in activity that spread 
throughout the bladder and into the urethra.  In LMN lesioned mice, there was disco-ordination, as elec -
trical stimulation of the bladder evoked activity that did not spread into the urethra (part E).  Hexame-
thonium inhibited propagation of signals from the bladder into the urethra in control (part B) and UMN 
lesioned (part D) mice, the blocker did not alter the signals from LMN-lesioned bladders (part F).  These 
data suggest that bladder urethral coordination is mediated through intramural ganglia.
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Figure 13. Hypothesis for the involvement of intramural ganglia in bladder-urethra coordination. Focally 
evoked electrical activity ( O) spreads from the bladder to the urethra via intramural post-ganglionic para -
sympathetic axons (right side).  Following a lower motor neuron (LMN) lesion, pre-ganglionic ibres de-
generate (left side) resulting in disruption of coordination.  Alternatively, coordination could be disrupted 
via chemical denervation using the ganglion blocker, hexamethonium.

Figure 14: Innervation of the internal sphincter. The circular and longitudinal smooth muscle layers are 
innervated by sympathetic, parasympathetic and nitrergic nerves.  During the storage phase, sympathetic 
activity relaxes the longitudinal and contracts the circular muscles to close the urethra and maintain con-
tinence.  During micturition, parasympathetic and nitrergic activity relaxes the circular and contracts the 
longitudinal muscles to open the urethra and promote voiding.  NAd, noradrenaline; Ach, acetylcholine; 
GC, guanylyl cyclase.
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be enhanced by the well-vascularized mucosa and 
submucosa that reduce the open space in the lumen.

Interstitial	cells	have	been	identiied	in	the	smooth	
muscle layers of the proximal urethra and show 
physiological characteristics similar to interstitial 
cells	 of	 Cajal	 found	 in	 the	 intestine	 [331-333].	 It	
has been suggested that these cells may com-
municate with the smooth muscle cells to promote 
intrinsic contractile activity. However, this mecha-
nism has not been elucidate and urethral smooth 
muscle appears to maintain intrinsic activity in the 
absence	of	interstitial	cells	[334].	Another	cell	type	
that may modulate contractility of smooth muscle 
in the internal sphincter is neuroendocrine cells 
or paraneurons. These are found on the luminal 
surface of the urethra scattered between epithe-
lial cells. Neuroendocrine cells have microvilli that 
project	 into	 the	 lumen	that	can	sense	mechanical	
or	 chemical	 changes	 [335].	 Urethral	 neuroendo-
crine cells also express transmitters such as chro-
mogranin A, somatostatin and serotonin, which 
may be released in response to stimuli to regulate 
urethral	tone	[336].

c) External urethral sphincter (EUS)

The	 EUS	 or	 rhabdosphincter	 consists	 of	 striated	
muscle innervated by motoneurons through the pu-
dendal	nerves.	The	EUS	facilitates	voluntary	regu-
lation of micturition by maintaining outlet pressure 
during the storage phase and coordinating its relax-
ation	with	detrusor	 contraction	 for	eficient	 voiding	
[337].	Prior	 to	bladder	 contraction	and	EUS	 relax-
ation, there is a gradual rise of sphincter tone, as 
measured by electromyographic activity, referred to 
as	the	guarding	relex.

The	 EUS	 in	 both	 males	 and	 females	 forms	 a	
horseshoe shape surrounding the urethra. It cov-
ers	the	dorsal,	lateral	and	a	majority	of	the	anteri-
or	urethra.	In	males	the	EUS	surrounds	a	greater	
portion of the urethra; in females the uterus pre-
vents further coverage of the urethra during devel-
opment	[338].	The	less	complete	coverage	in	the	
female	 EUS	may	 be	 a	 contributing	 factor	 to	 the	
higher incidence of stress urinary incontinence in 
women. In addition, women are more likely to ex-
perience	damage	to	the	EUS	as	a	result	of	vagi-
nal delivery. However, stress urinary incontinence 
also occurs frequently in men, where damage can 
result from radical prostatectomy, age-related de-
generation	of	EUS	muscle	or	neurodegenerative	
conditions. Sex hormones may also play a role 
in	 regulation	 of	 EUS	 function.	 Urinary	 dysfunc-
tion occurs more frequently in postmenopausal 
women and there has been evidence to suggest 
that	 decreased	 oestrogen	 levels	 can	 affect	 EUS	
function	 [339].	 Fowler’s	 syndrome,	 an	 obstruc-
tive condition in women that occurs as a result of 
overactive urethral sphincters, is also believed to 
be	influenced	by	hormones	[340].

d)  Consequences of EUS dysfunction and 
treatments

Disruption of neural regulation of the lower urinary 
tract	can	lead	to	severe	impairment	of	EUS	function.	
Thoracic	level	spinal	cord	injury	can	cause	bladder-
sphincter dyssynergia; a discoordination between 
contraction of the bladder and relaxation of the ure-
thral sphincters during micturition.  This can lead to 
further	complications	such	as	vesicoureteral	relux,	
hydronephrosis and potentially renal failure. There 
are	a	number	of	treatments	for	EUS	dysfunction	in-
cluding,	 catheterization,	 BoNT/A	 injections,	 sacral	
neuromodulation, or in the most severe cases ex-
ternal	sphincterotomy	[341-343].	In	the	case	of	EUS	
damage (e.g., due to child birth or radical prosta-
tectomy) a current treatment under investigation is 
the use of bone marrow derived mesenchymal stem 
cells to promote regeneration of the striated muscle. 
Several studies have indicated that this treatment 
improves sphincter function in rat models of stress 
urinary	 incontinence	 [344,345]	and	 in	clinical	 trials	
using	autologous	stem	cell	[346,347].	

3. PROSTATE

a) Prostatic lobes and their cellular components

 The human prostate consists of four lobes (igures 
10 and 15 ). The anatomy varies between differ-
ent species, and in particular between the human 
gland and that of small laboratory animals (Figure 
15). The anterior lobe is mostly smooth muscle and 
constitutes	 approximately	 10%	of	 the	 prostate.	The	
peripheral lobe, which is the site of most cancers, is 
mostly	glandular	 cells	 and	makes	up	about	60%	of	
the organ. The central lobe is also mostly glandular 
cells	and	accounts	for	another	25%	of	the	gland.	The	
transitional lobe, which surrounds the urethra and is 
the site where benign prostatic hyperplasia (BPH) de-
velops,	constitutes	the	remaining	5%	of	the	prostate.	

The	mammalian	prostate	is	a	ibromuscular	(anterior	
lobe) and glandular (peripheral, central and transi-
tional lobes) organ where the glandular lobes are 
composed of prostatic ducts that include an epithelial 
layer of basal, columnar secretory and neuroendo-
crine APUD (Amine Precursor Uptake and Decarbox-
ylase) cells, and an underlying stromal layer made 
up	of	ibroblasts	and	smooth	muscle,	bound	to	one	
another	by	an	extracellular	matrix	[348,349].	Togeth-
er with the seminal vesicles and the bulbourethral 
(Cowper’s) gland it produces the bulk of the seminal 
luid	 or	 ejaculate	 that	 is	 released	 during	 emission.	
Its secretions include acid phosphatase, citric acid, 
fructose, prostaglandins, proteolytic enzymes and 
zinc	 [348,350,351].	These	 factors	 provide	 nutrients	
and enhance sperm motility, viability and transport as 
they traverse the male and female reproductive tracts 
optimizing	conditions	for	fertilization	[352].	Emission	
results when the stromal smooth muscle contracts to 
propel these secretions from storage in the acini into 
the	seminal	luid	and	the	prostatic	urethra	to	become	
part	of	the	ejaculate.
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b)  Prostatic innervation and its role in seminal 
luid secretion and emission

The growth, development and regulation of the 
mammalian prostate are under endocrine (an-
drogen) and autonomic control and is densely 
innervated by hypogastric (sympathetic) and pel-
vic (parasympathetic) nerves. The distribution of 
nerves and pre- and post-synaptic receptor ex-
pression	 suggest	 that	 seminal	 luid	 secretion	 is	
under cholinergic control with acetylcholine act-
ing	 on	 postsynaptic	 M1-muscarinic	 receptors	 on	
the epithelium (igure 16).	 Emission	 is	mediated	
by adrenergic control with noradrenaline stimu-
lating	 postsynaptic	 α1-adrenergic	 receptors	 on	
stromal smooth muscle cells. Noradrenaline is 
also believed to contract the prostatic capsule 
[353].	 ß-adrenergic	 receptors	 on	 smooth	 muscle	
and epithelial cells are believed to be involved in 
stromal relaxation and epithelial protein synthesis, 
respectively.	Presynaptic	M1-muscarinic	receptors	
on adrenergic terminals in the stroma suggest that 
acetylcholine may play a role in smooth muscle 
contractility	 [354].	 Moreover,	 the	 co-localization	
of	 ATP	 [355],	 excitatory	 neuropeptides	 (e.g.,	 va-
soactive	 intestinal	peptide,	neuropeptide	Y)	 [356-
360]	and	nitric	oxide	[358]	in	cholinergic	terminals	
also suggest that these transmitters play a role in 
prostate secretion and emission (igure 16). After 
castration, there is a marked loss of epithelial cells 
and atrophy that can be restored by exogenous 
administration of androgens demonstrating their 
importance in prostate growth and development 
[361].	This	 is	 the	basis	 for	 the	use	of	 anti-andro-

genic	5α-reductase	inhibitors	(5ARIs)	to	shrink	the	
prostate	in	patients	with	BPH	[362].	

Animal studies suggest that prostatic secretion is 
mediated mainly through parasympathic nerves 
[306,363-365],	but	this	has	not	been	veriied	in	hu-
mans. Dense cholinergic innervation has been dem-
onstrated in both the prostate epithelium and stro-
ma	with	M1-muscarinic	receptor	density	exceeding	
that	 of	 α1-adrenergic	 receptors.	 However,	 these	
receptors are localized mainly to the epithelium and 
cholinergic agonists evoke only a small contractile 
response	in	the	prostate	[366],	which	may	be	medi-
ated	by	activation	of	presynaptic	M1-muscarinic	re-
ceptors on sympathetic nerve terminals (igure 16).

Emission	occurs	when	the	testis/epididymis	form	
and	 release	 sperm	 (~5%	of	 the	 semen)	 into	 the	
vas deferens which contract peristaltically to pro-
pel	the	sperm	into	the	ejaculatory	duct.	The	semi-
nal vesicles also release seminal vesicle fluid 
(~60%	of	the	semen)	into	this	duct,	which	passes	
through the prostate gland to enter the urethra at 
the seminal colliculus or verumontanum. The bul-
bourethral	or	Cowper’s	gland	also	adds	fluid	(~5%	
of	 the	 semen)	 just	 below	 the	 prostate.	 Ejacula-
tion, on the other hand, is driven by the somatic 
system and involves the rhythmic contractions of 
the periurethral striated muscle. The pre-prostatic 
urethral	sphincter	contracts	during	ejaculation	 to	
keep semen from entering the bladder. This is un-
der adrenergic sympathetic control and the thera-
peutic	use	of	α1-adrenergic	receptor	antagonists	
to treat BPH can allow semen to enter the bladder 
resulting	in	‘retrograde’	ejaculations.

Figure 15:  Comparison of the human and mouse prostate gland.  The table shows correspondences 
between different regions in the human and mouse prostate gland.
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c)  Benign prostatic hyperplasia (BPH), prostatitis 
and therapeutic approaches

As the prostate anatomically surrounds the urethra, 
inlammation	 and	 hyperplasia	 can	 lead	 to	 irritative	
and obstructive lower urinary tract symptoms. Al-
though surgery is the gold-standard for alleviating 
these symptoms, there is considerable interest in 
three	classes	of	drugs:	α1-adrenergic	receptor	antag-
onists which reduce stromal smooth muscle tone by 
antagonizing	 the	 action	 of	 noradrenaline	 [367,368];	
5ARIs	 which	 are	 anti-androgenic	 and	 reduce	 the	
mass	of	the	prostate	[369];	and	BoNT/A	which	inhibits	
neurotransmitter release at sympathetic, parasympa-
thetic	and	sensory	nerve	terminals	[370].	

The prostate is the only accessory genital organ 
that often undergoes abnormal growth during later 
life. At puberty, the human prostate gland increases 
in weight from about 5 to 20 grams but sustains 
growth throughout life, which may contribute to its 
benign	and	malignant	pathologies.	BPH	aflicts	ap-
proximately	 50%	 of	men	 by	 their	 5th	 decade	 and	
95%	of	men	by	their	8th	decade.	African-American	
males develop BPH earlier in life than Caucasian 
men, often in their 4th decade, and Asian-Ameri-
cans are less likely to develop it. While not known 
to be linked to BPH, prostate cancer develops in 
approximately	 16%	 men	 during	 their	 lifetime	 with	
nearly	3%	succumbing	to	the	disease.	As	such,	it	is	
the second leading cause of cancer deaths in males 
in	the	United	States	next	to	lung	carcinoma	[371].	

BPH is readily treated by excision or drug therapy. 
However, many men die with undiagnosed BPH and 
may have become impotent, experienced decreased 
sexual drive and developed urinary incontinence 

needlessly. The most common therapy is transure-
thral	resection	of	the	prostate	(TURP).	While	TURP	
has	 long	 been	 the	 “gold	 standard”	 for	 the	 surgical	
treatment of BPH, intra-operative and postopera-
tive side effects have led to the emergence of new 
surgical and pharmacological therapies. The compli-
cations of this therapy include excessive bleeding, 
urinary sepsis, transurethral resection syndrome and 
the development of long-term effects such as inconti-
nence, urethral strictures, bladder neck contractures, 
and	 sexual	 dysfunction	 (retrograde	 ejaculation	 and	
erectile dysfunction). There are several different 
methods that are reported to be less invasive treat-
ments for BPH, including transurethral laser ablation, 
transurethral	microwave	therapy	(TUMT)	[372],	trans-
urethral needle ablation, high intensity focused ultra-
sound, transurethral needle ablation and trans-rectal 
high intensity focused ultrasound. They are useful in 
certain	groups	of	patients,	but	the	evidence	to	justify	
the	replacement	of	TURP	is	still	insuficient	[373].	

Current	guidelines	recommend	α-adrenoreceptor	an-
tagonists,	to	“relax”	the	prostate	by	reducing	smooth	
muscle	 tone,	and	anti-androgenic	5ARIs,	 to	 reduce	
prostatic	volume,	either	alone	or	in	combination	[374]	
as the preferred pharmacological treatments for 
BPH. However, these therapies can cause adverse 
sexual	 effects:	 α-blockers	 are	 associated	 with	 ret-
rograde	 ejaculation	 and	 5ARIs	 can	 cause	 reduced	
libido,	erectile	dysfunction	and	ejaculatory	disorders.	
Prostatic	 injections	of	BoNT/A	have	also	been	pro-
posed as a minimally invasive treatment for BPH and 
this approach is currently undergoing phase 2 clinical 
trials	[375].	Preclinical	animal	studies	have	proposed	
several mechanisms of action for BoNT/A, with evi-
dence	 of	 signiicant	 glandular	 apoptosis and pros-

Figure 16: Hypothesis for the autonomic nerves and their receptors involved in prostatic seminal luid secre-
tion and emission.  The growth, development and regulation of the mammalian prostate are under endocrine 
(androgen) and autonomic control.  Synthesis of seminal luid is principally mediated by parasympathetic 
innervation with acetylcholine acting on M1-muscarinic receptors on the epithelium.  Emission is principally 
mediated by sympathetic innervation with noradrenaline stimulating postsynaptic α1-adrenergic receptors 
on stromal smooth muscle cells.  Noradrenaline is also believed to contract the prostatic capsule.  Puriner-
gic, β-adrenergic and TRPV1 receptors are also shown.
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tatic atrophy. It also may induce relaxation of smooth 
muscle tone through a reduction in the release of 
noradrenaline	 and	 stimulation	 of	 α1-adrenergic	 re-
ceptors, and decrease gland size by inhibiting the 
trophic effect of the autonomic nervous system. Oth-
er possible treatments include; phosphodiesterase 
type-5 inhibitors, luteinizing hormone-releasing hor-
mone antagonists, vitamin D analogues and a propri-
etary protein with selective pro-apoptotic properties 
(e.g.,	NX-1207)	[370].	

Reliable	animal	models	 for	 studying	 the	 lower	uri-
nary tract symptoms due to BPH are limited to 
the	 chimpanzee	 [376,377],	 as	 unlike	 humans	 and	
chimps, dogs, rabbits, cats and rodents lack a pros-
tatic capsule. Thus, prostatic hyperplasia does not 
compress	 the	urethra	 to	cause	outlow	obstruction	
[378-380].	Like	humans	and	chimps,	the	dog	spon-
taneously develops BPH but requires encapsulating 
the	prostate	in	mesh	to	cause	obstruction	[379,380].	
Transgenic mice that overexpress prolactin can un-
dergo	a	20-fold	enlargement	of	 the	prostate	 [381],	
but outlet obstruction does not develop. Partial blad-
der outlet obstruction (PBOO) can be implemented 
in rabbits and rodents by tying a partially obstruct-
ing ligature around the urethra. However, this is an 
acute rather than a slowly developing obstruction 
and female animals are often used.

While BPH and prostatic cancer are more preva-
lent in older adults and aged men, prostatitis is the 
most common pathology during young adulthood 
(20	to	40	years	of	age).	There	are	four	classiica-
tions: acute and chronic bacterial prostatitis, which 
are usually caused by gram-negative bacilli; chron-
ic prostatitis/chronic pelvic pain syndrome; and as-
ymptomatic prostatitis. Acute bacterial prostatitis is 
an acute bacterial infection of the prostate gland 
and is typically treated with parenteral or oral anti-
biotics, depending on the severity of the disease. 
Chronic bacterial prostatitis is a persistent bacteri-
al infection of the prostate lasting longer than three 
months. Antibiotics with good tissue penetration 

are usually recommended for treatment. Chronic 
nonbacterial	 prostatitis	 can	 be	 inlammatory	 or	
noninlammatory	 and	 may	 involve	 afferent	 nerve	
sensitization. The main symptomology is pain lo-
calized to the prostate without evidence of infec-
tion.	 Treatment	 options	 include	 α-adrenoreceptor	
antagonists	and	anti-inlammatory	and	antimicrobi-
al medications. Other pharmacotherapies include 
5ARIs,	 steroids	and	glycosaminoglycans.	Asymp-
tomatic	prostatitis	is	diagnosed	when	inlammatory	
cells or leukocytes are noticed upon prostate or se-
men analysis, respectively, during the examination 
for other urological conditions. Treatment depends 
on the primary reason for evaluation. As prostati-
tis is multifactorial, there are a number of different 
animal models developed by exogenously admin-
istering	α-adrenoreceptor	agonists	to	male	rodents	
to	 increase	 prostate	 size	 and	 promote	 inlamma-
tion	 [382],	 or	 by	 injecting	 inlammatory	 agents	
(capsaicin,	Freund’s	adjuvant,	lipopolysaccharide,	
or	 Zymosan)	 directly	 into	 the	 prostate.	The	 pros-
tate can also be irritated through afferent cross-
sensitization induced by irradiating the bladder. 
Different treatment paradigms that may be used to 
investigate prostatis are shown in Table 3 .

The importance of the urothelium and underlying sub-
urothelium of the urinary bladder in mechanosensory 
control, and the role of afferent pathways including 
urothelium/ suburothelium/interstitial cell function in 
the pathophysiology for OAB is increasingly recog-
nized	[383-385].	This	has	revealed	a	greater	variety	of	
targets to manage OAB other than those concerned 
with smooth muscle contraction. This section will be 
concerned	with	identiication	of	potential	novel	targets	
and	the	identiication	of	biomarkers	that	can	objec-
tively measure the extent and progression of OAB.

Table 3: Animal models for prostatitis

VI. NOVEL MOLECULAR TARGETS 
FOR OAB AND DETRUSOR

OVERACTIVITY

Model Dosage/Treatment Pathology Response 

Cross Sensitization     

Bladder irradiation 10 Gray (Gy)  Prostatitis 
Cross-sensitization of 

prostate afferents  

Direct Sensitization     

Capsaicin 
direct injection into prostate 10-

100 mM in 10 ml  
Prostatitis 

Neurogenic 

inlammation 

Freund’s adjuvant 

Lipopolysaccharide  

Zymosan 

direct injection into prostate 

Freund’s adjuvant, 10 ml 

LPS: 1 mg/ml, 10 ml Zymosan: 

20 mg/ml, 10 ml 

Prostatitis 
Immune response/ 

inlammation 

Phenylephrine 
Subcutaneous, once-a-day for 14 

days;  1–10 mg/kg 
 BPH Prostatitis 

Enlargement/ 

inlammation 
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1. INTRODUCTION

Signal	 transduction	mechanisms	 are	 subclassiied	
into seven different categories (G-protein coupled 
receptors, ligand-gated ion channels, ion channels, 
nuclear receptors, catalytic receptors, transporters, 
and	enzymes	[386].	This	report	will	focus	on	the	irst	
three of these categories from where most evidence 
has been derived, Table 4 . 

2.  SEVEN TRANSMEMBRANE SPANNING RECEP -
TORS (7-TM, METABOTROPIC RECEPTORS)

a) Acetylcholine (ACh)-muscarinic receptors

The urinary bladder is profusely supplied with au-
tonomic	 nerve	 ibres,	 which	 form	 a	 dense	 plexus	
among	the	detrusor	smooth	muscle	cells.	The	major-
ity of these nerves contain acetyl cholinesterase, and 
while they occur in profusion throughout the muscle 
coat of the bladder, some muscle bundles are more 
richly	 innervated	 than	 others.	 The	 majority	 of	 the	
autonomic nerves innervating the detrusor muscle 
is	considered	to	be	excitatory	cholinergic	[387],	and	
contraction of the normal human detrusor is medi-
ated almost exclusively through muscarinic recep-
tor stimulation by released acetylcholine.  Detrusor 
strips from normal human bladders produce little re-
sponse to single stimuli and require repetitive activa-
tion of intrinsic nerves to induce a response that is 
completely	 abolished	by	 atropine	 [249],	 suggesting	
that it is purely cholinergic. Molecular cloning studies 
have	revealed	ive	distinct	genes	for	muscarinic	ACh	
receptors in rats and humans, and it is now gener-
ally	accepted	that	ive	receptor	subtypes	correspond	
to	these	gene	products	[388].		Muscarinic	receptors	
are coupled to G-proteins; M2 and M4 are inhibitory 
(Gi);	M1,	M3	and	M5	are	facilitatory	(Gq).	The	signal	
transduction	 systems	 of	M1,	M3	 and	M5	 preferen-
tially couple to phosphoinositide hydrolysis leading to 
mobilization of intracellular Ca2+, whereas activation 
of M2 and M4 receptors inhibits adenylate cyclase 

activity.	 Hence,	 activation	 of	 either	M2	 or	M3	 sub-
types	elicits	bladder	contraction.	Evidence	suggests	
that	the	detrusor	possesses	both	M2	and	M3	recep-
tors	 [389,390].	Although	M2	 receptors	predominate	
in	receptor	binding	studies,	it	is	the	M3	receptor	that	
is thought to mediate contraction.

Desensitization of muscarinic ACh receptors is one 
mechanism to reduce the sensitivity of detrusor 
smooth muscle to incoming stimuli, and is mediated 
by phosphorylation of the receptor by guanosine 
phosphate binding protein-coupled receptor kinase 
(GRK)	 [391-393].	 Protein	 expression	 of	 the	 GRK2	
subtype	 was	 signiicantly	 decreased	 in	 obstructed	
bladder detrusor from patients with benign prostatic 
hyperplasia compared to that from normal bladders 
[393].	Failure	of	the	desensitizing	mechanism	could	
contribute to detrusor overactivity with bladder outlet 
obstruction.

In addition to ACh released from peripheral nerve 
endings, non-neuronal ACh may also be present 
when released from bladder urothelium or suburo-
thelium. This ACh fraction is increased by stretch of 
the bladder wall, and is increased with patient age 
[111].	At	 present	 its	 function	 is	 unknown	 but	 may	
contribute to the pathogenesis of OAB.

The principal treatment for overactive bladder (OAB) 
is the use of anticholinergic drugs that were initially 
believed to inhibit the effect of parasympathetic ACh 
on the detrusor. However, there is now evidence to 
suggest that anticholinergic drugs could interact with 
sensory pathways. Stimulation of muscarinic recep-
tor pathways can depress sensory transduction by a 
mechanism independent of changes in bladder tone, 
suggesting that muscarinic receptor pathways and 
ACh could contribute to normal or pathological blad-
der	sensations	[394],	however,	there	is	no	apparent	
evidence	in	the	clinical	setting.	Recent	studies	have	
described muscarinic receptors on the mucosa as 

Table 4. Future potential target molecules for treatment of OAB

Signal transduction mechanisms Receptor 

7TM(transmembrane) receptors Muscarinic receptors 
 -adrenoceptors 

 Cannabinoid (CB) receptors, GPR18/55/119 

 GABAB 

 mGlu (Metabotropic  glutamate receptor)

 Prostanoid receptors 

 Tachykinin receptors 

Ligand-gated ion channels P2X 

Ion channels ASICs 

 Epithelial Na+ channels 

 K
+
 channels 

 TRP channels 
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well	as	the	detrusor.	The	density	and	binding	afinity	
proile	 of	 the	muscarinic	 receptor	 population	 in	 the	
human bladder mucosa is similar to that of the de-
trusor	muscle;	mucosal	M3	subtype	density	 is	simi-
lar to that in detrusor muscle but lower than in the 
parotid	 gland	 [395].	 Furthermore,	 commonly-used	
and clinically-effective muscarinic receptor antago-
nists bind to receptors located on both the bladder 
mucosa and the detrusor, providing support for the 
hypothesis that muscarinic receptors in the mucosa 
may represent an important site of action for these 
agents	in	OAB	[396].

b) Adrenergic β-receptors

With many animals, sympathetic nerve activity to the 
bladder increases during the urine storage phase, 
although	this	remains	to	be	deinitively	shown	in	hu-
mans. In addition, there is both relaxation of blad-
der	smooth	muscle	via	an	adrenergic	β-receptor	and	
contraction of urethral smooth muscle via adrener-
gic	 α1-receptors	 [397].	 However,	 solabegron	 and	
other	β-adrenoceptor	agonists,	such	as	isoprenaline,	
evoke potent concentration-dependent relaxation of 
isolated human bladder strips. There are three ad-
renergic	β-receptor	subtypes	(β1,	β2,	β3)	and	relax-
ation of bladder smooth muscle has been regarded 
as	mediated	by	the	adrenergic	β2-receptor	[397,398]	
and	the	β3-receptor	was	thought	 to	be	related	only	
to fat metabolism. In human bladder tissue it is re-
garded	that	the	β3-adrenoceptor	(β3-AR)	is	the	most	
signiicant	 functional	 subtype	with	 gene	expression	
of	the	β3-adrenoceptor	(β3-AR)	and	relaxation	of	hu-
man detrusor via this receptor have been reported 
[399-402].	 In	 the	near	 future,	 the	 role	of	 the	β3-AR	
will	 be	 important	 and	 several	 β3-agonists	 (KUC-
7483,	YM-178,	FK-175)	have	been	developed:	YM-
178	was	launched	in	Japan	in	September	2011.

The	 β-AR	 is	 Gs-protein-coupled	 and	 its	 activation	
elevates intracellular cAMP; the pathway believed 
to be a key mediator in relaxation of smooth mus-
cle. Downstream effectors activated via cAMP in-
clude plasma membrane K+ channels, such as the 
large-conductance, Ca2+-activated K+ (BK, Maxi-K) 
channel.	 β-AR-mediated	 relaxant	mechanisms	also	
include cAMP-independent signalling pathways, 
supported by numerous pharmacological and elec-
trophysiological lines of evidence. In airway smooth 
muscle, direct activation of the Maxi-K channel by 
stimulation	of	β2-AR	and	Gsα	is	such	a	mechanism	
[403].	The	β3-AR	is	recognized	as	an	attractive	tar-
get for drug discovery. On the other hand, activation 
of	the	β1-	or	β2-AR	can	cause	undesirable	side	ef-
fects such as increased heart rate or muscle tremors. 
Consequently,	a	number	of	recent	efforts	in	this	ield	
have been directed toward the design of selective 
agonists	for	the	β3-AR	[404].	GW427353,	a	novel	β3	
AR	agonist,	evokes	bladder	relaxation	and	facilitates	
bladder	 storage	mechanisms	 in	 the	dog	 [405].	The	
β3-AR	agonist	CL-316243	has	also	been	shown	 to	
act on detrusor muscle and increase urine storage in 
spontaneously	hypertensive	rats	[406].

The role of the urothelium in bladder responses to 
β-AR	 agonists	 is	 not	 yet	 clear.	 Masunaga	 et	 al.	
revealed	 that	 β3-ARs	are	 involved	 in	mediating	 in-
hibitory	effects	of	β-AR	agonists	on	detrusor	contrac-
tions	via	 the	urothelium	 in	pig	bladder	dome	 [407].	
β3-AR	mRNA	has	been	 found	 in	 the	urothelium	as	
well as the detrusor muscle and suggests multiple 
site	of	actions	in	the	lower	urinary	tract	[408].

c) Cannabinoids, GPR18, GPR55, GPR119

In recent years cannabinoids, the active components 
of	 Cannabis	 sativa	 linnaeus	 (marijuana)	 and	 their	
derivatives, are drawing renewed attention because 
of their diverse pharmacological activities such as 
cell	growth	inhibition,	anti-inlammatory	effects,	and	
tumour	 regression	 [409-414].	The	 cannabinoid	 re-
ceptor	has	two	subtypes,	CB1	and	CB2,	which	are	
both	 G-protein-coupled	 receptors	 [415].	 Cannabi-
noid receptors are activated by endogenous ligands 
that include N-arachidonoylethanolamine (anan-
damide) and N-homo-g-linolenoylethanolamine, 
N-docosatetra-7,10,13,16-enoylethanolamine	 and	
2-arachidonoyl-glycerol	[386].

CB1	 was	 initially	 characterized	 in	 rat	 brains	
[416],	 and	 later	 cloned	 from	 rat	 cerebral	 cortex	
[417]	 and	 human	 testis	 [418].	 CB1	 is	 distrib-
uted mainly in the central nervous system, i.e. 
cerebellum, hippocampus, and cerebral cortex 
[419],	 as	 well	 as	 on	 peripheral	 neurons	 and	 in	
non-neuronal tissues including pituitary gland, 
adrenal gland, lung, testis, ovary, uterus, pros-
tate,	 eye,	 and	 vascular	 tissue	 [419-423].	 	 CB2	
was	cloned	from	rat	spleen	macrophages	[424],	
and has also been found in the peripheral im-
mune system tissues, such as spleen and ton-
sils, and particularly expressed on B-cells and 
natural	killer	cells	[419].

CB1	 is	 found	expressed	 in	human	urinary	bladder	
tissue from patients with hypersensitivity and over-
activity disorders, and the amount correlates with 
changes	 of	 symptoms.	 CB1-immunoreative	 nerve	
ibres	were	signiicantly	increased	in	the	suburothe-
lium of patients with bladder pain symptoms (BPS) 
and idiopathic detrusor overactivity (IDO), and in de-
trusor layer in IDO patients, as compared with con-
trol.	CB1-immunoreactive	suburothelial	nerve	ibre	
density	correlated	signiicantly	with	pain	scores	on	a	
visual analogue scale in PBS and urgency scores in 
IDO.	 Neuroilament-immunoreactive	 suburothelial	
nerve	ibres	were	signiicantly	increased	in	PBS	and	
IDO. The results suggest that increased expression 
of	CB1	on	nerve	 ibres	may	be	 related	 to	 bladder	
pain in PBS and urgency in IDO and support clini-
cal	trials	of	CB1	agonists	in	bladder	disorders	[425].	
A Cannabis sativa extract enriched in cannabidiol 
(CBD) and pure CBD reduced cholinergic-mediated 
contractility. This effect was modulated by transient 
receptor	 potential	 vanilloid	 type-1	 (TRPV1)	 in	 rats	
but	not	in	humans.	If	conirmed	in	vivo,	such	results	
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could provide a pharmacological basis to explain, 
at	 least	 in	 part,	 the	 eficacy	 of	 cannabis	 products	
in reducing incontinence episodes in patients with 
multiple	sclerosis	[426,427].

Agents	named	GPR18,	GPR55	and	GPR119	(a	pro-
visional nomenclature), although showing little struc-
tural	similarity	to	CB1	and	CB2	receptors,	respond	to	
endogenous agents analogous to the endogenous 
cannabinoid ligands, as well as some natural/synthet-
ic	cannabinoid	receptor	ligands	[386].	The	expression	
of fatty acid amide hydrolase (FAAH), the endocan-
nabinoid-degrading enzyme, was measured in hu-
man, rat and mouse bladders, as well as the effects 
of inhibition of FAAH. These data were compared to 
urodynamic measurements in awake rats using the 
FAAH	inhibitor	oleoyl	ethyl	amide	(OEtA),	rimonabant	
(CB1	 antagonist)	 and	 SR144528	 (CB2	 antagonist).	
Bladder	mucosa	of	all	species	expressed	FAAH.	Rat	
and human urothelium coexpressed FAAH and CB2. 
The	FAAH	inhibitor	OEtA	altered	urodynamic	param-
eters	that	relect	a	sensory	function	for	cannabinoids	
during the rat micturition cycle. This suggests a role 
for the endocannabinoid system in bladder mechano-
afferent	function	of	rats	[428].

d) GABAB

Functional GABAB receptors are formed from the 
heterodimerization	 of	 two	 similar	 7-TM	 subunits	
termed	GABAB1	ENSG00000168760	and	GABAB2	
ENSG00000136928.	Stimulation	of	spinal	GABAer-
gic mechanisms by intrathecal application of GABAA 
and GABAB receptor agonists could be effective for 
the treatment of detrusor overactivity in spinal cord 
injured	rats	[429].	Fourteen	of	31	patients	with	refrac-
tory OAB and nocturia improved with oral gabapen-
tin. Gabapentin was generally well tolerated and can 
be considered in selective patients when convention-
al	modalities	have	failed	[430].	Gabapentin	has	also	
revealed	eficacy	in	the	treatment	of	DO	of	neurogen-
ic	origin.	Preliminary	results	have	shown	signiicant	
modiications	 of	 urodynamic	 indexes,	 particularly	
of the DO, whereas the symptomatic score evalua-
tion and the voiding diary data have demonstrated a 
signiicant	 lowering	of	 the	 irritative	symptoms	[431].	
These data support the rationale that DO may be 
controlled by modulating the afferent input from the 
bladder	and	the	excitability	of	the	sacral	relex	centre	
and suggest a novel method with oral gabapentin to 
treat OAB patients.

e) Glutamate metabotropic receptors

Glutamate	 receptors	consist	of	 two	major	classes,	
the ionotropic receptors which form ligand-gated 
cation	channels	[432]	and	the	metabotropic	recep-
tors	(mGluRs)	which	are	a	family	of	G-protein	cou-
pled receptors activating distinct signal transduction 
pathways	 in	 neurons	 [433].	 The	 former	 includes	
N-methyl-D-aspartate	(NMDA),	α-amino-3-hydroxy-
5-methyl-lisoxazole-4-propionic acid (AMPA), and 
kainite receptors, and have an essential role in the 

control	 of	 micturition	 relexes	 [434,435].	 Less	 is	
known	about	the	functional	roles	of	mGluRs	in	the	
lower urinary tract. They comprise eight subtypes 
(mGluR1	 to	mGluR8),	which	are	placed	 into	 three	
groups on the basis of sequence homology, trans-
duction mechanism and agonist pharmacology: 
group	 I	 (mGluR1	and	mGluR5),	 group	 II	 (mGluR2	
and	 mGluR3)	 and	 group	 III	 (mGluR4,	 mGluR6,	
mGluR7,	mGluR8).	

Glutamate is involved in many CNS functions, and 
drugs acting on the different glutamate receptors 
may	affect	not	only	micturition	[436].	Most	previous	
work with lower urinary tract function has used iono-
tropic	 glutamate	 receptors,	 however	 the	 mGluRs	
should be of value to study further. The involvement 
of	group	I	mGluRs	 in	 the	micturition	relex	of	mice	
has	 been	 investigated.	Wild-type	 female	 C57BL/6	
mice	 and	 mGluR1	 knockout	 mice	 under	 decere-
brate, unanesthetized conditions were used for in 
vivo cystometry with 6-methyl-2-(phenylethynyl)pyr-
idine	(MPEP,	0.3-30	mg/kg	i.p.),	a	selective	mGluR5	
antagonist. Inter-micturition interval was measured 
during continuous infusion cystometrograms. Block-
ade	of	mGluR1,	mGluR5	or	both	increased	bladder	
capacity	and	mGluR1	and	mGluR5	additively	inter-
acted to transmit afferent signals from the bladder. 
Thus,	 a	 group	 I	 mGluR	 antagonist,	 which	 blocks	
both	mGluR1	and	mGluR5,	would	have	a	more	ben-
eicial	 effect	 than	 a	 drug	 targeting	 either	 mGluR1	
or	mGluR5	 alone.	This	 provides	 a	 further	 promis-
ing target to treat storage dysfunctions including 
OAB	and	urgency	urinary	incontinence	[437].	Simi-
lar data has also indicated that glutamic acid has a 
transmitter function in bladder and somato-bladder 
relex	 mechanisms	 and	 raises	 the	 possibility	 that	
mGluR5	may	be	a	target	for	pharmacological	treat-
ment	of	lower	urinary	tract	disorders	[438,439].	

f) Prostanoid receptors

Prostanoid receptors are activated by the endog-
enous	ligands	prostaglandin	PGD2	(D),	PGE2	(E),	
PGF2α	 (F),	 PGH2	 (H),	 prostacyclin	 PGI2	 (I)	 and	
thromboxane A2 (T). Prostanoid actions are me-
diated	 by	 speciic	 receptors	 on	 cell	 membranes,	
which	include	the	DP,	EP,	FP,	IP,	and	TP	receptors	
that	preferentially	respond	to	PGD2,	PGE2,	PGF2,	
PGI2,	and	TXA2,	respectively.	In	turn,	EPs	are	sub-
divided	into	four	subtypes:	EP2,	EP2,	EP2	and	EP2	
(Table 5 )	[440,441].	

The signalling pathways vary. TP receptors sig-
nal via the Gq protein, activating Ca2+/diacylglyc-
erol pathways, but also other G-proteins may be 
involved;	EP1	receptors	signal	via	IP3	generation	
and increase intracellular Ca2+;	 activation	 of	 EP2	
and	EP4	 leads	 to	an	 increase	of	cAMP;	and	EP3	
activation inhibits cAMP generation via a pertus-
sis toxin-sensitive Gi-coupled mechanism and 
may	also	signal	via	the	small	G-protein	Rho.	Pros-
tanoids may affect excitation- contraction coupling 
in detrusor smooth muscle in two ways, directly by 
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effects on the smooth muscle, and/or indirectly via 
effects on neurotransmission.

The prostanoid receptor most important for detrusor 
function	has	not	been	established.	Mice	lacking	EP1	
receptors had normal cystometry, but did not react 
to	 intravesical	PGE2	 instillation,	which	caused	de-
trusor overactivity in wild-type controls. Bladder out-
let	 obstruction	 of	 EP1	 receptor-knockout	mice	 did	
not prevent the resulting gain of bladder weight, but 
prevented the increase of spontaneous non-voiding 
contractions	 [442].	PGE2	enhances	 the	micturition	
relex	through	C-ibre	afferents	via	EP1;	thereby	an	
EP1-selective	antagonist	may	improve	bladder	stor-
age	function	[443].	However,	the	prostaglandin	EP1	
receptor	antagonist	ONO-8359	failed	to	distinguish	
itself from placebo and was inferior to tolterodine, as 
reported at a late-breaking science session at the 
AUA	2011	meeting	(http://www.medpagetoday.com/
Meeting	Coverage	/AUA	/	26716).	The	urodynamic	
effects	of	an	EP4	receptor	antagonist	(AH23848)	in	
cyclophosphamide-induced OAB was evaluated in 
rats, and the results were favorable. Antagonists to 
the	EP4	receptor	may	be	a	new	target	for	treatment	
of	patients	with	OAB	[444].

The	change	in	expression	of	each	EP	receptor	sub-
type	and	 the	 functional	 role	of	 the	EP4	 receptor	 in	
bladder outlet obstruction was studied using a se-
lective	 EP4	 antagonist,	 EP4ONO-AE1-329.	 EP4	
receptor	mRNA	and	proteins	have	been	detected	in	
obstructed bladder detrusor smooth muscle and epi-
thelium,	as	well	as	EP1-3	receptor	mRNA	in	normal	

and obstructed bladders (Figure 17 ).	ONO-AE1-329	
(100	nM)	signiicantly	 relaxed	KCl-induced	contrac-
tions of detrusor strips from rat bladder with outlet 
obstruction.	A	 signiicant	 correlation	was	 found	 be-
tween	the	relaxant	effect	of	ONO-AE1-329	and	blad-
der	weight.	Activation	of	EP4	receptors	expressed	in	
bladders with outlet obstruction may thus suppress 
detrusor muscle contraction and afferent activity 
(Figure 18, Table 6 ). This might be a compensatory 
mechanism to counteract the deterioration of stor-
age	function	in	bladders	with	outlet	obstruction	[445].	
However,	EP	receptor	distribution,	and	its	implication,	
on human urinary bladder mucosa are not fully un-
derstood.	EP2	and	EP4	mRNA	are	over-expressed	
in the urothelium of obstructed human urinary blad-
der compared to non-obstructed bladder and sig-
niicantly	 correlated	 with	 IPSS,	 especially	 storage	
scores. Hence, in contrast to previous mouse data, 
EP2	and	EP4	may	be	promising	 receptor	subtypes	
to	treat	OAB	[446].

g) Tachykinins

Tachykinin receptors are activated by the endog-
enous peptides: substance P (SP), neurokinin A 
(NKA), neurokinin B, neuropeptide K and neuropep-
tide g (N-terminally extended forms of neurokinin A). 
The neurokinins (A and B) are mammalian members 
of the tachykinin family, which includes peptides of 
mammalian and nonmammalian origin containing the 
consensus sequence: Phe-x-Gly-Leu-Met. Marked 
species differences in pharmacology exist for all three 
receptors, in particular with nonpeptide ligands. 

Table 5. Classiication of prostanoid receptors, EP1-EP4. The pKi values for antagonists are given in parenthesis
Nomenclature  EP1 EP2 EP3 EP4 

Ensembl ID  ENSG00000160951 ENSG00000125384 ENSG00000050628 ENSG00000171522 

Principal transduction  Gq/11 Gs Gi/o Gs 

Rank order of potency  E > F,I > D,T E > F,I > D,T E > F,I > D,T E > F,I > D,T 

Selective agonists 17-Phenyl-PGE2 

ONO-AE1–329 

Butaprost-free acid 

ONO-AE1–259-01 

CP533536 

Sulprostone 

SC46275 

ONO-AE-248 

ONO-AE1–329 

L902688 

CP734432 

Selective antagonists ONO-8711 (9.2) 

GW848687X (9.1) 

SC51322 (8.8) 

 L798106 (7.7 ONO-AE3-240 

(8.8) 

GW627368 (9.2) 

ONO-AE3208 (8.5) 

L161982 (8.5) 

BGC201531 (7.8) 

CJ042794 (8.6) 

ER819762 

MK2894 

Probes  [3H]-PGE2 

(1–25 nM) 

[3H]-PGE2 

(5–22 nM) 

[3H]-PGE2 

(0.3–7 nM) 

[3H]-PGE2 

(0.6–24 nM) 

See also IUPHAR database: 
http://www.iuphar-db.org/DATABASE/ObjectDisplayForward?objectId=34

Table 6. Effect of the EP4 agonist ONO-AE1-329 on detrusor contractility  Contractions elicited with 50 mM 
KCl.  Mean data±SEM; *p<0.01 BOO vs sham

Anima l model 10 M 30 M 100 M 

Sham-operation 3.3±2.2 3.7±2.3 1.2±1.2 

Bladder outlow obstruction (BOO) 4.1±2.3 4.6±1.4 15.4±3.7 * 
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Figure 18. Representative traces to show the effect of the intravesically-infused EP4 selective agonist on 
the micturition relex in a urethane-anesthetized BOO rat. Relex voiding contractions were induced by con-
tinuous infusion of normal saline in control, saline with 10µM ONO-AE1-329 and normal saline recovery 
after ONO-AE1-329 washout at 2 ml per hour.  Inter-contraction interval and peak pressure were reversibly 
increased by intravesical infusion of ONO-AE1-329.

Figure 17. Quantitative analysis of PGE receptor subtypes gene expression in sham operated and bladders 
subjected to outlow obstruction (BOO).  A: Quantitative data of EP1-4 mRNA in the mucosa and detrusor 
layers vs a house-keeping gene (WYHAZ). Mean ±SEM (n=5, 10 respectively), *p<0.05 vs sham-operated 
control.  B: Representative PCR result of EP4 receptor cDNA in agarose gel electrophoresis; Muc, mucosa. 
SM, smooth muscle.
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The enogenous receptor for substance P is the G-
protein	coupled	NK1	 receptor.	The	hexapeptide	ag-
onist septide appears to bind to an overlapping but 
non-identical	site	to	SP	on	the	NK1	receptor	[386].

Initial	 clinical	 trials	 revealed	 that	Aprepitant,	 a	NK1	
receptor	antagonist,	may	show	eficacy	for	the	treat-
ment of OAB, suggesting that receptor antagonism 
may represent a novel therapeutic approach to treat-
ing	OAB	 [447].	Cizolirtine	 citrate	 (cizolirtine)	 exerts	
an	 inhibitory	 inluence	 on	 calcitonin	 gene-related	
peptide	(CGRP)	and	substance	P	release	by	primary	
afferent	ibres	and/or	dorsal	horn	interneurons	at	the	
spinal level, mediated through presynaptic serotonin 
and	α2-ARs	that	are	partly	related	to	an	increase	of	
the descending noradrenaline pain inhibitory system 
[448-452].	 A	 dose-inding	 study	 was	 performed	 as	
the	irst	step	in	the	clinical	development	of	cizolirtine	
citrate. Its therapeutic potential at 400mg bid in OAB 
has	been	evidenced	[453]	and	has	provided	further	
clinical evidence that modulation of tachykinins could 
be an effective way to treat OAB.

3. LIGAND-GATED ION-CHANNELS

Ligand-gated ion channels (LGICs) are integral 
membrane proteins containing a pore that allows 
the	regulated	low	of	selected	ions	across	the	plas-
ma	membrane.	Ion	lux	is	passive	and	driven	by	the	
electrochemical gradient for permeant ions. The 
channels are opened, or gated, by a neurotrans-
mitter binding to an orthosteric site(s) that triggers 
a conformational change that results in a different 
conducting state. Among eight ligand-gated ion 
channels	 (5-HT3,	 nicotinic-ACh,	 GABAA,	 gluta-
mate-ionotropic,	 glycine,	P2X,	 and	Zn2+-activated	
channel), only P2X channels will be discussed. P2X 
receptors have a trimeric topology with two putative 
transmembrane domains, where the endogenous li-
gand is ATP and gate primarily Na+, K+ and Ca2+, ex-
ceptionally Cl-. The native receptors may occur as 
either	homopolymers	(e.g.	P2X1	in	smooth	muscle)	
or	heteropolymers	 (e.g.	P2X2:P2X3	 in	 the	nodose	
ganglion	or	peripheral	afferents	and	P2X1:P2X5	in	
mouse	cortical	astrocytes).	P2X2,	P2X4	and	P2X7	
receptors form functional homopolymers which, in 
turn, activate pores permeable to low molecular 
weight	 solutes.	The	 hemi-channel	 pannexin-1	 has	
been implicated in the pore formation induced by 
P2X7,	but	not	P2X2	receptor	activation	[386].

AF-792(5-(5-ethynyl-2-isopropyl-4-methoxy-phenoxy)
-pyrimidine-2,4-diamine,	a	novel	selective	P2X3	and	
P2X2/3	antagonist,	 300	nM),	 inhibits	micturition	 re-
lex	activity	signiicantly	by	increasing	baseline	con-
traction intervals. Afferent signals originating from the 
bladder	 are	 regulated	 by	 spinal	 P2X3	 and	 P2X2/3	
receptors and establish directly an endogenous cen-
tral presynaptic purinergic mechanism to regulate 
visceral	 sensory	 transmission.	 P2X3	 and	 P2X2/3	
antagonists may therefore may be promising to treat 
lower urinary tract dysfunction, such as OAB, and 
possibly other debilitating sensory disorders, includ-
ing	chronic	pain	states	[454].

After bladder outlet obstruction with overactivity the 
expression	 of	 M2,	 M3	 and	 P2X3	 receptors	 is	 in-
creased in rat urothelium, suggesting that changes 
in	urothelium	P2X3	receptor	expression	may	mediat-
ing afferent sensory responses in the urinary blad-
der	[455].	The	P2X3	and	P2X2/3	receptor	antagonist	
A-317491	 is	 effective	 at	 improving	 the	 signs	of	 cy-
clophosphamide-induced cystitis in the rat, suggest-
ing	that	the	P2X3	or	P2X2/3	receptor	pathway	is	in-
volved	in	the	resultant	bladder	overactivity	[456].	The	
exact mechanisms that underline mechanosensory 
transduction in bladder afferent terminals remain am-
biguous; however, a wide range of ion channels (e.g. 
TTX-resistant Na+ channels, Kv channels and hyper-
polarization-activated cyclic nucleotide-gated cat-
ion	 channels)	 and	 receptors	 (e.g.	TRPV1,	TRPM8,	
TRPA1,	P2X2/3)	have	been	identiied	at	bladder	af-
ferent terminals and implicated in the generation and 
modulation of afferent signals. The expression and/
or function of these ion channels and receptors may 
be altered in animal models and patients with over-
active and painful bladder disorders. Some of these 
ion channels and receptors may be potential thera-
peutic	 targets	 for	bladder	diseases	 [457].	However,	
it has also been shown that with detrusor from idio-
pathic DO patients there was a selective absence of 
P2X3	and	P2X5	that	may	impair	control	of	detrusor	
contractility and contribute to the pathophysiology of 
urge	incontinence	[458].

4. ION-CHANNELS

Ion channels are pore-forming proteins that allow 
the	 low	 of	 ions	 across	 either	 plasma	membranes	
or those of intracellular organelles. Many ion chan-
nels (i.e most Na+, K+, Ca2+ and some Cl- channels) 
are voltage-gated, but others (i.e. certain K+ and 
Cl-	 channels,	 TRP	 channels,	 ryanodine	 receptors	
and	IP3	receptors)	are	relatively	voltage-insensitive	
and are gated by second messengers and other 
intracellular and/or extracellular mediators. Many 
ion channels, such as K+, Na+, Ca2+,	HCN	and	TRP	
channels, share several structural similarities. Oth-
ers, such as Cl- channels, aquaporins and connex-
ins, have completely different structural properties. 
At present, ion channels (including ligand-gated 
ion channels) represent the second largest target 
for existing drugs after G protein-coupled recep-
tors. However, the advent of novel, faster screening 
techniques for compounds acting on ion channels 
suggests that these proteins represent promising 
targets for the development of additional, novel ther-
apeutic	agents	[386].	The	recent	demonstration	that	
the urothelium is sensitive to both mechanical and 
other stimuli, and responds by releasing signalling 
molecules (NO, ATP) makes this tissue an attractive 
additional target to detrusor smooth muscle. One or 
multiple mechanosensitive ion channels play a role 
in transduction of hydrostatic pressure changes, 
which supports the view that not only tissue stretch 
or tension, but also pressure is an important param-
eter	 for	mechanosensing	bladder	 fullness	 [459].	A	
survey of interesting potential targets follows.
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a)  Acid-sensing (proton-gated) ion channels 
(ASICs)

Acid-sensing ion channels (ASICs) are members of 
a Na+ channel superfamily that includes the epithe-
lial Na+	channel	(ENaC),	the	FMRF-amide	activated	
channel (FaNaC) of invertebrates, the degenerins 
(DEG)	 of	 Caenorhabitis	 elegans,	 channels	 in	 Dro-
sophila melanogaster and ‘orphan’ channels. ASIC 
subunits contain two transmembrane domains and 
assemble as homo- or hetero-trimers to form proton-
gated, voltage-insensitive, Na+ permeable, channels. 
(Table 7 )	ASIC1	is	the	dominant	subunit	expressed	in	
bladder	epithelium,	whereas	both	ASIC1	and	ASIC2	
are	expressed	in	detrusor	smooth	muscle.	ASIC3	ex-
pression was much less abundant, but localized in 
the	 subepithelial	 region.	 In	 the	mucosa,	 the	ASIC1	
gene is more highly expressed in male than in female 
mice, whereas the expression level of ASIC2 in the 
bladder muscle is higher in female than in male mice 
[460]	(Figure 19 ).

Urothelial	cells	express	multiple	TRP	and	ASIC	chan-
nels, whose activation elicits ionic currents and Ca2+ 

inlux.	 These	 “neuron-like”	 properties	 might	 be	 in-
volved in transmitter release, such as ATP, that can 
act on afferent nerves or smooth muscle to modulate 
their	responses	to	different	stimuli	[461].	Indeed,	cap-
saicin	(acting	on	TRPV1)	and	acid	(acting	on	TRPV1	
and ASIC) induce ATP release from the rat bladder 
urothelium and highlights the importance of both ATP 
and H+ as signalling molecules in modulating blad-
der	 function	 [81].	 Intravesical	 administration	 of	 100	
uM	capsazepine	(TRPV1	antagonist)	showed	no	ef-
fect on bladder irritation by acetic acid (Table 8 ) and 
implies the two systems are independent. Urinary 
bladder	 inlammation	 induced	by	cyclophosphamide	
alters	ASIC2a	and	ASIC3	expression	in	the	rat	urinary	
bladder;	ASIC1	 transcript	 expression	 is	 not	 altered	
[462].	Several	ASIC	subunits	are	expressed	in	human	
bladder and urothelial cells, in which levels are regu-
lated during urothelial differentiation. Up-regulation 
of	ASIC2a	and	ASIC3	 in	 patients	with	 bladder	 pain	
syndrome suggests involvement in increased pain 
and	hyperalgesia.	Down-regulation	of	TRPV1	mRNA	
might indicate that a different regulatory mechanism 
controls	its	expression	in	the	human	bladder	[463].

Table 7. Classiication of acid-sensing ion channels (ASICs)

Nomenclature  ASIC1  ASIC2  ASIC3 

Other names ASIC; BNaC2 BNC1; BNaC1; MDEG DRASIC, TNaC1 

Ensembl ID ENSG00000110881 ENSG00000108684 ENSG00000213199 

Endogenous 
activators 

Extracellular H+ 

ASIC1a  

   pEC50 ~ 6.2-6.8 

ASIC1b  
   pEC50 ~ 5.1-6.2 

Extracellular H+ 

   pEC50 ~ 4.1-5.0  

Extracellular H+ 

transient component  

   pEC50 ~ 6.2-6.7 

sustained component  
   pEC50 ~ 3.5-4.3, 

agmatine EC50 ~9.8 mM  

aracaine  EC50 ~1.2 mM  
   both at pH 7.4  

Blockers Psalmotoxin-1, 0.9 nM; 
amiloride 10 M; 
EIPA/benzamil 10 M; 
nafamostat 13 M. 

amiloride; 28 M;        
A-317567, 30 M; 
nafamostat, 70 M. 

transient component only APETx2, 63 nM;  
nafamostat, 2.5 M; amiloride 16–63 M  
sustained component  
A-317567 10 M; diclofenac, 92 M; 
salicylic acid 260 M 

Table 8. Effects of intravesical acid on bladder function.  Acetic acid (pH 3.0 installation) in the absence or 
presence of capsazepine (100 µM).  Mean±SE  *p<0.05, **p<0.01, ***p<0.001 acetic acid vs saline

 MVP (mmHg) PT (mmHg) ICI (s) BCP (ml/mmHg) 

Control group (n=5)      

Saline (baseline) 25.2 ± 1.7 7.3 ± 0.7 302 ± 39 36.9 ± 3.3 

Acetic acid + vehicle 18.9 ± 1.5** 5.0 ± 0.4* 100 ± 18** 19.9 ± 3.4* 

Treatment group (n=5)     

Saline (baseline) 27.7 ± 0.9 7.3 ± 1.0 321 ± 19 41.2 ± 5.7 

Acetic acid + capsazepine 18.9 ± 1.0*** 5.4 ± 0.3 110 ± 11*** 24.2 ± 1.7* 

Key: MVP, maximal voiding pressure; PT, pressure threshold for inducing voiding contraction; ICI, inter-
contraction interval; BCP, bladder compliance
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b) Epithelial sodium channels (ENaC)

ENaCs	are	responsible	for	Na+ reabsorption by the 
epithelia lining the distal part of the kidney tubule, 
and	 fulil	similar	 functional	 roles	 in	some	other	 tis-
sues such as the alveolar epithelium and the distal 
colon. This reabsorption of Na+ is regulated by al-
dosterone, vasopressin and glucocorticoids, and is 
one of the essential mechanisms in the regulation 
of Na+ balance, blood volume and blood pressure. 
The	degenerin	ENaC	family	has	been	proposed	as	
a transducer of sensory stimuli in several species 
[464-467]	 and	 seem	 to	 be	 mechanosensitive.	 In	
the	 rabbit	 urinary	 bladder,	 ENaC	 can	 change	Na+ 
transporter properties after alterations to hydro-
static	 pressure	 [465].	 The	 ENaC	 in	 the	 renal	 pel-
vic epithelium of rats participates in the activation 
of afferent renal mechanosensitive neurons by in-
creased	 renal	pelvic	pressure	 [468].	Thus,	ENaCs	
are likely to be involved in mechanotransduction in 
the bladder, and may be related to the pathophysiol-
ogy	of	changes	to	sensory	nerve	function	by	ENaC	
upregulation in the bladder urothelium or afferent 
nerve terminals. cAMP stimulates the insertion of 
ENaC	channel	into	the	apical	membrane	of	the	rab-
bit	bladder	epithelium	[469].	ENaC	is	expressed	in	
the mammalian bladder urothelium and is the main 
route of amiloride-sensitive Na+	transport	[470].

In	human	tissue	the	α-,	β-	and	γ	-subunits	ENaC	pro-
teins	 and	 mRNA	 are	 well-expressed	 in	 urothelium	
from patients with and without BOO and the amounts 
are positively associated with the storage symptom 
score	[471].	In	rat	bladder	the	intravesical	infusion	of	
1	mM	amiloride	(to	block	ENaC)	signiicantly	reduced	
the	frequency	of	relex	voiding	during	bladder	illing	
and increased bladder capacity, without any effect on 
the	amplitude	of	micturition	pressure.	Stretch	(50%)	
induced	signiicant	increase	in	the	ATP	release	from	
whole layer bladder strips, but only a slight increase 
in muscular layer strips without epithelium. Amiloride 
suppressed stretch-evoked ATP release from rat uri-
nary	bladder	epithelium	[472].	

c) K+ channels 

K+ channels are fundamental regulators of excitabili-
ty; they control the frequency and shape of the action 
potential waveform, the secretion of hormones and 
neurotransmitters and the cell membrane potential. 
Their activity may be regulated by transmembrane 
voltage, intracellular Ca2+ and neurotransmitters. 
They	consist	of	a	primary	pore-forming	α-subunit	of-
ten associated with auxiliary regulatory subunits. The 
three main families are the 2TM (two transmembrane 
domains),	4TM	and	6TM	families	[386].	

1. THE 2TM FAMILY OF K+ CHANNELS

The 2TM domain family of K+ channels are also 
known	as	the	inward-rectiier	K+ channels. This fam-
ily	 includes	 the	strong	 inward-rectiier	K+ channels 
(Kir2.x),	 the	 G-protein-activated	 inward-rectiier	 K+ 
channels	(Kir3.x)	and	the	ATP-sensitive	K+ channels 
(Kir6.x, which combine with sulphonylurea recep-
tors	(SUR)).	The	pore-forming	α-subunits	 form	tet-
ramers, and heteromeric channels may be formed 
within	subfamilies	(e.g.Kir3.2	with	Kir3.3).	

2. THE 6TM FAMILY OF K+ CHANNELS

The 6TM family of K+ channels comprises the volt-
age-gated	KV	subfamilies,	the	KCNQ	subfamily,	the	
EAG	subfamily	(which	includes	herg	channels),	the	
Ca2+-activated	 Slo	 subfamily	 (actually	 with	 7TM)	
and the Ca2+-activated SK subfamily. The pore-
forming	 α-subunits	 also	 form	 tetramers	 and	 het-
eromeric channels may be formed within subfami-
lies	(e.g.	KV1.1	with	KV1.2;	KCNQ2	with	KCNQ3).	
Large-conductance, voltage- and Ca2+-activated K+ 
(Maxi-K or BK) channels regulate the resting po-
tential and repolarisation of the action potential and 
play a critical role in modulating contractile tone of 
smooth muscle and neuronal processes. 

BKCa channels play an important role in controlling 
membrane potential and contractility of urinary blad-
der	 smooth	 muscle	 [473,474];	 SKCa	 channels	 are	

Figure 19. Gender-speciic expression of ASIC subunits genes by RT-PCR.  A:  Expression in bladder mu-
cosa. B: Expression in smooth muscle layer.  *p<0.05 male (n=14) vs female (n=10). 
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regulators of excitability in detrusor smooth muscle. 
Ca2+ entry through voltage-dependent Ca2+ channels 
activates both BKCa and SKCa channels, but Ca2+ 
release through ryanodine receptors (Ca2+ sparks) 
activates only BKCa channels. BKCa channels 
are able to counteract enhanced spontaneous me-
chanical activity with urinary bladder smooth muscle 
stretch	[475,476].	However,	the	ability	of	BKCa	chan-
nels to regulate spontaneous contractility in tissue 
from neuropathic DO patients appears more limited 
[477,478].	 NS-8,	 a	 selective	 antagonist	 for	 BKCa	
channels,	decreased	afferent	pelvic	nerve	iring	rate	
during	bladder	illing.	Thus	NS-8	might	have	the	po-
tential for treating patients with urinary frequency and 
incontinence	[479].	A	further	demonstration	of	the	im-
portance	of	the	BKCa	channel	is	that	local	injection	
of hSlo cDNA (i.e. the BKCa channel) ameliorated 
detrusor overactivity in a rat model of partial urinary 
outlet	 obstruction	 [480].	 Consistent	 with	 increased	
bladder contractility caused by absence of BKCa 
currents, Slo(-/-) mice show a marked elevation in 
urination	frequency	[481].	Phasic	contractions	of	hu-
man detrusor are dependent on Ca2+ entry through 
L-type Ca2+ channels and BKCa and SKCa channels 
play a key role in the modulation of this activity and 
supports the concept that increasing conductance 
through BKCa, SKCa and even KATP channels 
may represent attractive pharmacological targets 
to	 decrease	 phasic	 contractions	 in	OAB	 [482,483].	
BKCa	channel	activity	also	reduces	signiicantly	both	
cholinergic- and purinergic-induced contractions and 
suggests that alterations to BKCa channel expres-
sion or function could contribute to pathologies such 
as	OAB	[484].

A	 novel	 BKCa	 channel	 blocker,	 A-272651,	 rep-
resents	 one	 of	 the	 irst	 small	molecules	 that	 could	
serve as a useful tool for their further characteriza-

tion	 in	 physiological	 and	 pathological	 states	 [485].	
No other K+ channel opener has passed the proof-
of-concept stage, and there is at present no convinc-
ing evidence showing that K+ channel opening is a 
useful principle for treatment of detrusor overactivity 
[486].	The	safety	and	tolerability	of	escalating	doses	
of hMaxi-K, a gene transfer product of human Maxi-
K+	 channel,	 were	 conirmed	 by	 clinical	 evaluations	
and	 laboratory	 tests	 in	 11	 patients	 with	 moderate	
to severe erectile dysfunction. It was proposed that 
hMaxi-K gene transfer is a viable approach to treat 
erectile dysfunction and other smooth muscle dis-
eases	with	targeted	access	[487].

d)  Transient receptor potential (TRP) cation 
channels

The	 TRP	 superfamily	 of	 cation	 channels,	 whose	
founder member is the Drosophila Trp channel, can 
be	 divided,	 in	 mammals,	 into	 six	 families;	 TRPC,	
TRPM,	TRPV,	TRPA,	TRPP	 and	TRPML	 based	 on	
amino	 acid	 homologies.	 TRP	 subunits	 contain	 six	
putative transmembrane domains and assemble 
as homo- or hetero-tetramers to form cation selec-
tive channels with varied permeation properties. The 
TRPC	 (‘Canonical’)	 and	 TRPM	 (‘Melastatin’)	 sub-
families consist of seven and eight different chan-
nels,	 respectively	 (i.e.	TRPC1-TRPC7	and	TRPM1-
TRPM8).	The	TRPV	(‘Vanilloid’)	subfamily	comprises	
six	 members	 (TRPV1-TRPV6),	 whereas	 the	 TRPA	
(Ankyrin) subfamily has only one mammalian mem-
ber	 (TRPA1).	 Established,	 or	 potential,	 physiologi-
cal	 functions	of	 the	 individual	members	 of	 the	TRP	
families are discussed in detail in the recommended 
reviews	and	are	only	briely	mentioned	here	(Figure 
20).	The	established,	or	potential,	involvement	of	TRP	
channels	in	disease	has	been	reviewed	[488,489].	In	
the	bladder,	afferent	nerves	have	been	identiied	not	

Figure 20. Phylogenetic relationships between members of the human transient receptor potential (TRP) chan -
nel superfamily.  TRPC2 is a pseudogene in primates and TRPN channels have not been identiied in mammals. 
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only in the detrusor, but also in the suburothelium, 
where they form a plexus immediately beneath the 
urothelium. The bladder epithelium plays important 
roles	in	mechanosensory	transduction	[490],	bladder	
distention causes release of ATP which excites small-
diameter	sensory	neurons	via	P2X3	receptors	[491].	

Mechanosensitive molecules in the epithelial cells 
are responsible for stretch-evoked ATP release 
[492]	and	include	ENaC	(above)	and	TRP(	transient	
receptor	potential)	ion	channels.	TRP	are	subclassi-
ied	into	seven	superfamilies,	and	many	of	them	are	
mechano-	 and	 thermo-sensing	 [454].	Among	 sev-
eral	thermosensing	TRP	channels,	TRPA1,	TRPM8,	
TRPV1,	 and	 TRPV4	 are	 candidates	 of	 molecular	

targets of the novel treatments for OAB (Figure 
21)	 [493-495].	An	understanding	of	 the	physiologi-
cal function of these different channels will provide 
insight into how they control bladder function and if 
they may be exploited to control dysfunction in the 
lower urinary tract.

1.  DISTRIBUTION AND FUNCTION OF THE TRP CHANNEL FAM-
ILY IN UROGENITAL ORGANS

The	 potential	 roles	 of	 TRP	 channels	 have	 been	
explored in the bladder. Thus far, expression of 
TRPV1,	TRPV2,	TRPV4,	TRPA1	 and	TRPM8	 has	
been reported in different regions of urogenital 
tracts	 [493]	 (Table 9 ).	 TRPs	 are	 not	 only	mecha-
nosensitive but also thermosensitive (Figure 21 ). 

Table 9.  Overview of possible mechanosensing and thermosensing TRP channels:  expression and function 
in the urogenital organs

Key: OEA, oleoylethanolamide: AA, arachidonic acid; BCTC, N-(4- tertiary butylphenyl)-4-(3-chloropyridin-
2-yl) tetrahydropyrazine-1(2H)-2-carboxamide; 4α-PDD, 4α-phorbol 12,13-didecanoate; 52,62EET, 52,62-ep-
oxyeicosatrienoic acid;  DRG, dorsal root ganglion

Families Activator Blocker Possible function Location 
TRPV1 heat (43°C), low pH,  

anandamide vanilloids 
voltage, OEA, AA 
eicosanoids,  

capsazepin, 
BCTC 

detection of chemical 
irritants, intravesical 
pressure, diuresis, 
natriuresis 

urothelium, nerve ending, 
DRG, prostate, seminiferous 
tubules, corpus cavernosum 

TRPV2 noxious heat (53°C), 
mechanical, growth factors 

 intravesical pressure  urothelium, nerve endings, 
myoibroblasts 

TRPV4 moderate heat (24°C), 
cell swelling, shear stress, 
anandamide, AA, 4 -PDD, 
52,62EET  

 intravesical pressure 
urethrovesical relex 

urothelium, DRG, prostate, 
testicle 

TRPA1   noxious cold (17°C), 
mechanical, garlic 
cinnamaldehyde, 
isothiocyanate, marijuana, 
bradykinin 

 bladder contractions urothelium, nerve ending, 
detrusor 

TRPM8 cold (8–28°C), menthol, icilin  relex micturition, 
prostate secretion, 
sperm motility, 
homeostasis of 
testicular temperature  

prostate, urothelium, nerve 
ending, detrusor 

Figure 21. Thermo-sensing transient receptor potential (TRP) channels
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Expression	of	other	TRP	channels,	e.g.	TRPM8	and	
TRPA1,	has	been	 found	 in	sensory	C-ibres	 in	 the	
bladder	[493,496-499].	The	diagnostic	ice	water	test	
is utilized to determine whether disturbance of blad-
der function involves neurogenic components, one 
of	which	could	be	related	to	TRPM8	function,	in	pa-
tients	with	spinal	cord	lesion	[500].	

The	neurochemical	phenotypes	of	TRP	melastatin-8	
(TRPM8)-immunoreactive	afferent	neurons	innervat-
ing the rat urinary bladder were examined by using 
a	highly-sensitive	tyramide	signal	ampliication	meth-
od, combined with wheat-germ agglutinin-horserad-
ish	 peroxidase	 (WGA-HRP)	 retrograde	 tracing.	 It	
was	suggested	that	 the	TRPM8-expressing	bladder	
afferents	should	be	classiied	as	Aδ-ibres	and	C-i-
bres, whilst some of these afferents may be involved 
in	 nociceptive	 sensations	 [501].	 TRPA1	 in	 sensory	
afferents is activated by several known ligands (allyl 
isothiocyanate and cinnamaldehyde), thereby induc-
ing	bladder	overactivity	[502].

The	TRPV	(“vaniloid”)	family,	on	the	basis	of	structure	
and function, comprises four groups of mammalian 
TRPVs:	TRPV1/2,	TRPV3,	TRPV4	and	TRPV5/6;	re-
views	 [502,503].	TRPV1-4	 are	 non-selective	 cation	
channels	that	are	thermosensitive,	although	TRPV1	
and	TRPV4	can	also	be	activated	by	numerous	other	
stimuli	[502,504,505].	TRPV3,	and	to	a	lesser	extend	
also	TRPV2	and	TRPV1,	but	not	TRPV4,	can	be	ac-
tivated by 2-aminoethoxydiphenyl borate (2-APB), 
which,	 in	 contrast,	 blocks	 some	 TRPC	 and	 TRPM	
channels	[506,507].	All	channels	of	the	TRPV	family	
contain	3-5	NH2-terminal	ankyrin	repeats.

2. TRPV1

TRPV1	 is	 an	 ion	 channel	 activated	 by	 capsaicin,	
heat, H+ and endogenous ligands such as anan-
damide. It is largely expressed in the urinary tract of 
mammals,	especially	 in	sensory	ibres	and	urothe-
lial cells. As in other systems, pain perception was 
the	irst	role	attributed	to	TRPV1	in	the	urinary	tract.	
However,	 it	 is	 now	 increasingly	 clear	 that	 TRPV1	
also	regulates	the	frequency	of	bladder	relex	con-
tractions, either through direct excitation of sensory 
ibres,	or	through	urothelial-sensory	ibre	cross-talk	
involving the release of neuromediators from uro-
thelial	cells.	Capsaisin	and	resiniferatoxin	(RTX)	are	
agonists	for	TRPV1,	and	their	desensitization	of	the	
receptor has been investigated for therapeutic pur-
poses for painful bladder syndrome of neurogenic 
and non-neurogenic OAB. However, desensitiza-
tion may become obsolete when non-toxic, potent 
TRPV1	antagonists	become	available	[508].	TRPV1	
channel blockers are used to ameliorate chronic 
pain,	 whereas	 TRPV1	 agonists	 that	 induce	 de-
sensitization are used to treat diseases in which 
channel	over-expression	occurs	[509].	A	splice	vari-
ant	of	TRPV1,	TRPV1b,	in	which	60	amino	acids	are	
deleted in the intracellular N-terminal region, forms 
capsaicin-insensitive and stretch-inhibited cation 
channels	[510].	This	channel	is	activated	by	hyper-

tonic cell shrinkage and mediates osmosensitivity in 
the	supraoptic	nucleus	[511].	Such	TRPV1	variants	
might explain why some reports have suggested a 
mechanosensory	function	of	TRPV1	in	the	bladder	
[511,512],	although	expression	of	these	variants	in	
the bladder or dorsal root ganglion has not been 
studied. In bladder strips excised from mice lack-
ing	 TRPV1,	 hypoosmolality-evoked	 ATP	 and	 NO	
release	are	diminished	[511].	

Patients with neurogenic DO (NDO) have an in-
creased	immunoreactivity	of	PGP	9.5	and	TRPV1	in	
the	suburothelium	and	an	increased	TRPV1	reactivity	
in basal layers of the urothelium. In addition, patients 
with NDO clinically responding to intravesical instilla-
tions	of	RTX	show	a	signiicant	decrease	of	TRPV1	
immunoreactivity in both the suburothelium and the 
basal urothelial layers compared to non-responders, 
suggesting	a	role	for	TRPV1	in	the	pathophysiology	
of	NDO	[385,513].	However,	no	data	from	clinical	tri-
als in this patient group are available thus far.

TRPV1	is	expressed	in	the	urothelium,	in	interstitial	
cells,	and	in	sensory	nerve	terminals.	TRPV1-dei-
cient mice displayed a higher frequency of low-am-
plitude nonvoiding bladder contractions in com-
parison	with	wild-type	(WT)	[511].	It	suggested	that	
TRPV1	 is	 required	 for	detection	of	bladder	stretch	
involving stretch-evoked release of ATP and nitric 
oxide, as release of both mediators was reduced in 
the	bladders	of	TRPV1-deicient	mice.	 In	a	clinical	
setting,	capsaicin	or	RTX	reduces	bladder	overac-
tivity through desensitization of bladder afferents by 
acting	on	TRPV1	[508].	The	speciic	effect	of	RTX	
on	TRPV1	receptors	suggests	 that	urothelium	and	
sub-urothelial	C-ibres	are	important	in	the	genera-
tion	of	urgency	sensations	[514].	

Capsaicin	(6	µM)	evoked	intracellular	[Ca2+]	changes	
in human bladder urothelial cells from non-neuro-
genic	OAB	patients	and	controls.	Augmented	TRPV1	
signalling in OAB cells allows the hypothesis that 
urothelial cells are involved in sensory signalling 
[515].	GRC-6211,	an	orally	active	TRPV1	antagonist,	
counteracted hyperactivity and noxious inputs of in-
lamed	bladders	 induced	by	cystitis	 in	 rats.	At	high	
doses it also suppressed normal bladder activity by a 
TRPV1-dependent	mechanism	[516].	XEN-D0501,	a	
novel	TRPV1	antagonist,	is	being	developed	to	treat	
overactive bladder and appears safe and well-toler-
ated	at	doses	up	to	5	mg	twice	daily	for	14	days	in	
healthy	subjects	[517].

Botulinum	 toxin	A	 (BoNT/A)	 injection	 into	 the	 blad-
der wall is being increasingly used to treat persistent 
OAB.	The	irst	large,	randomized,	placebo-controlled	
trial evaluating OAB for the treatment of urgency uri-
nary incontinence secondary to OAB has been per-
formed. Although all doses of onabotulinumtoxinA 
were more effective than placebo, doses higher than 
150	U	appeared	to	place	the	patient	at	higher	risk	for	
urinary retention. In the phase-III trial, patients will be 
injected	with	placebo	or	100	U	initially	and,	if	a	higher	
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dose	 is	requested	with	a	second	 injection,	a	150	U	
dose	will	be	used;	no	doses	higher	 than	150	U	will	
be	used	[518].	The	effects	of	BoNT/A	on	the	expres-
sion	of	nerve	growth	factor	(NGF)	and	TRPV1	in	the	
urothelium and detrusor muscle of rats with partial 
bladder outlet obstruction-induced detrusor overac-
tivity	 is	 being	 investigated.	 Detrusor	 wall	 injection	
of BoNT/A modulates the expression of NGF, which 
is greater in BOO, in both urothelium and detrusor 
muscle.	However,	TRPV1	expression	particularly	 in	
the	urothelium	was	not	changed	[519].	In	2011,	Botox	
has received FDA approval for use in neurogenic DO 
in the treatment of urinary incontinence that results 
from neurological impairments such as spinal cord 
injury	or	multiple	sclerosis.

3. TRPV4

TRPV4	was	originally	postulated	to	serve	as	a	mech-
ano-	or	osmosensor	[520].	Recent	studies	using	mice	
lacking	TRPV4	 revealed	 its	 involvement	 in	 sensing	
mechanical pressure, osmolality and warmth in vivo 
[521,522].	TRPV4	is	abundantly	expressed	in	rodent	
bladder	 epithelium	 [523].	 TRPV4	 knockout	 mice	
manifest an incontinence phenotype in spontaneous 
voiding pattern with a lower frequency of voiding con-
tractions and increased bladder volume in continu-
ous	 illing	 cystometry	 [524].	 In	 cultured	 rat	 bladder	
urothelial	cells,	TRPV4	agonists	promote	Ca2+	inlux	
and	enhances	ATP	release	[523].	The	role	of	TRPV4	
channels in a stretch sensing mechanism in mouse 
primary urothelial cell cultures using both wild-type 
(WT)	 and	 TRPV4-deicient	 mice	 was	 investigated.	
The	results	showed	that	TRPV4	senses	distension	of	
the urothelium, which is converted to an ATP signal 
in	 the	 micturition	 relex	 pathway	 during	 urine	 stor-

age (Figure 22 )	[525].	Thus,	TRPV4	may	contribute	
to physiological bladder function, especially medi-
ating bladder distension signals to primary afferent 
nerves	during	urine	storage.	These	indings	indicate	
that	modulation	(inhibition)	of	TRPV4	channels	could	
represent a novel therapy for OAB and storage dys-
function.	Only	the	effects	of	TRPV4	channel	agonists	
on bladder function have been described to date. 
Compounds endowed with antagonistic activity are 
being developed and it is anticipated that their effects 
on different models of bladder overactivity will be 
evaluated	[526].	The	development	of	cystitis-induced	
bladder	dysfunction	is	strongly	impaired	in	TRPV4(-
/-)	mice,	and	 that	HC-067047,	a	previously	unchar-
acterized,	 potent,	 and	 selective	 TRPV4	 antagonist	
increases functional bladder capacity and reduces 
micturition frequency in normal mice and rats with 
cystitis.	 HC-067047	 did	 not	 affect	 bladder	 function	
in	TRPV4(-/-)	mice.	These	results	also	 indicate	that	
TRPV4	antagonists	may	provide	a	promising	means	
of	treating	bladder	dysfunction	[527-529].	

4. TRPA1

TRPA1	is	the	only	mammalian	member	of	the	Ankyrin	
TRP	subfamily	and	is	a	potential	candidate	for	mech-
anosensor and/or nociceptor responding to chemi-
cals: allyl isothiocyanate (the pungent compound in 
mustard oil); allicin (garlic); cinnamaldehyde (in cin-
namon)	[530,531]	and	thermal	stimuli	[524].	TRPA1	
is	probably	activated	by	noxious	cold	(<17°C)	[532].	
TRPA1	is	expressed	in	rodent	and	human	bladders	
[526,533]	and	sensory	C-ibres	beneath	the	bladder	
mucosa.	TRPA1	activation	induces	bladder	contrac-
tions, mediated by sensory afferent stimulation and 
release of neuropeptides and prostanoids.

Figure 22. Measurement of stretch-evoked ATP released from primary cultured urothelial cells.   WT, Wild 
type mice; TRPV4 KO, knock-out mice of TRPV4 receptor; RR: ruthenium red, a non-speciic TRP channel 
blocker, *p<0.05 vs WT
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The	expression	levels	of	TRPA1	mRNA	in	the	blad-
der mucosa and muscular layers as well as prostate 
were	in	the	ratio	of	639:1:16.	TRPA1	mRNA	in	the	
bladder	mucosa	of	obstructed	bladders	was	signii-
cantly upregulated to more than twice control. The 
expression	of	TRPM8	mRNA	(below)	in	the	prostate	
was much higher than that in the bladder mucosa 
(3024:1),	but	was	not	 found	 in	 the	bladder	muscle	
layer.	 BPH	 or	 bladder	 obstruction	 did	 not	 signii-
cantly	 affect	 the	 expression	 of	 TRPM8.	 TRPA1	 in	
the bladder epithelium might be involved in bladder 
sensory transduction and the induction process of 
OAB	by	bladder	obstruction	[496].

The	relevance	of	TRPA1	 in	OAB	 induced	by	spinal	
cord	injury	(SCI)	was	evaluated	using	a	rat	SCI	mod-
el,	HC-030031	(a	TRPA1	antagonist),	and	the	TRPA1	
antisense	oligodeoxy-	nucleotide	(AS-ODN).	TRPA1	
activation and upregulation exerted an important ef-
fect	 in	OAB	following	SCI	 [534].	TRPA1	distribution	
and	 the	 effects	 of	 hydrogen	 sulphide,	 as	 a	TRPA1	
activator, on micturition in conscious rats were exam-
ined.	The	expression	of	TRPA1	on	C-ibre	bladder	af-
ferents	and	urothelial	cells,	together	with	the	inding	
that intravesical hydrogen sulphide initiates detrusor 
overactivity	indicates	that	TRPA1	may	have	a	role	in	
sensory transduction in the rat urinary bladder. Hy-
drogen	sulphide	as	a	TRPA1	activator	potentially	 is	
involved	in	inlammatory	bladder	disease	[535].

5. TRPM8

TRPM8	is	not	only	mechanosensitive,	but	also	cold-
sensitive.	The	bladder-cooling	relex	is	observed	in	
guinea pigs if animals were pretreated with menthol, 
as	 a	TRPM8	 agonist.	 This	 relex	was	 sensitive	 to	
ganglion	blockade	or	capsaicin-sensitive	C-ibre	de-
afferentation	and	might	be	mediated	by	C-ibre	acti-
vation	through	TRPM8	[499].	TRPM8	in	nerve	ibres	
of overactive and painful bladders, and its relation-
ship with clinical symptoms have been demonstrat-
ed.	TRPM8	may	play	a	role	in	the	symptomatology	
and pathophysiology of these disorders, and may 
provide an additional target for future overactive 
and	painful	bladder	pharmacotherapy	[500].	

A	 TRPM8	 channel	 blocker,	 N-(3-aminopropyl)-
2-(159)-N-(2-thienylmethyl)benzamide	hydrochloride	
salt (AMTB), can act on the bladder afferent pathway 
to attenuate the bladder micturition and nociceptive 
relex	 responses.	 Targeting	 TRPM8	 channel	 may	
provide a new therapeutic opportunity for OAB and 
painful	bladder	syndrome	[536].	Intravesical	infusion	
of	menthol	facilitated	the	micturition	relex	and	cap-
saicin pretreatment had no effect on this response. 
Menthol inhibited carbachol-induced contraction of 
the detrusor smooth muscle. This suggests that intra-
vesically infused menthol cannot relax detrusor mus-
cle, and acts on capsaicin-resistant afferents (prob-
ably	through	TRPM8	on	urothelium	or	sensory	nerve	
endings)	to	facilitate	the	micturition	relex	[537].	The	
TRPM8	 -expressing	 bladder	 afferents	 in	 rat	 should	
be	classiied	as	Aδ-ibres	and	C-ibres,	while	some	of	

these afferents may be involved in nociceptive sen-
sations	 [538].	 The	 function	 and	 expression	 pattern	
of	TRPM8	 in	urinary	bladder	afferent	neurons	 from	
control and bladder outlet obstruction rats has been 
investigated.	 The	 neuronal	 input	 through	 TRPM8-
positive bladder afferent neurons are augmented 
after bladder outlet obstruction, however, the neu-
rochemical	 phenotype	 of	 the	 up-regulated	TRPM8-
positive bladder afferent neurons is not changed 
[538].	There	is	no	explanation	for	the	mechanism	of	
urinary urgency evoked by cold sensation. Cold and 
menthol stimuli to the skin generate bladder nerve 
responses conducted through dichotomizing axons, 
which	signiicantly	decreased	in	the	presence	of	the	
TRPM8	 blocker	 [N-(4-tert-butylphenyl)-4-(3-chlo-
ropyridin-2-yl)piperazine-1-carboxamide]	 (BCTC).	
Sensory	neurons	expressing	TRPM8,	with	dichoto-
mizing	axons	projecting	to	the	skin	and	bladder,	may	
be responsible for the urinary urgency evoked by 
cold	sensation	[539].

Overall,	many	lines	of	evidence	suggest	that	TRP	ion	
channels are candidates for mechano-sensors in the 
urinary bladder as summarized in Figure 23 .

1. INTRODUCTION

A biomarker is “a biological molecule found in blood, 
other	body	luids,	or	tissues	that	is	a	sign	of	a	normal	
or	abnormal	process,	or	of	a	condition	or	disease.”	
It	 may	 be	 objectively	 measured	 and	 evaluated	 as	
an indication of normal biological and pathogenic 
processes, or pharmacological responses to a par-
ticular	 treatment	or	condition	 [540].	Biomarkers	are	
widely used as analytical tools to assess biological 
parameters for a rapid and comprehensive thera-
peutic analysis. In addition, biomarker measures 
can further the development and evaluation of new 
therapies	[541].	An	ideal	biomarker	should	be	quick,	
consistent,	economical,	and	quantiiable	in	an	acces-
sible	biological	luid	or	clinical	sample	(e.g.,	plasma,	
urine,	or	prostatic	luid)	that	is	readily	interpretable	by	
a	clinician	[542,543].	In	the	search	for	reliable,	non-
invasive biomarkers, interest has focused on urinary 
factors, imaging and genetic markers. 

Along with other cytokines detectable in urine, pros-
taglandin	E2	and	nerve	growth	factor	are	indicators	
of	 low-grade	 inlammation.	Although	they	correlate	
with OAB symptom severity, they have not been 
shown	to	have	independent	prognostic	beneit.	

Imaging biomarkers have been investigated since 
the earliest days of video urodynamics. Despite ex-
tensive research on the ultrasonographic estimation 
of bladder wall thickness, further standardization of 
the technique is required before conclusions can be 
reached regarding diagnostic accuracy. 

Genetic factors contribute about half of the total 
risk for urgency incontinence. Functional polymor-

VII. BIOMARKERS FOR OAB AND DO 
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phisms	of	 the	 cytochrome	P450	 IID6	gene	 signii-
cantly alter the metabolism of some commonly used 
anticholinergic	drugs,	but	no	genetic	loci	that	inlu-
ence	the	risk	of	OAB	have	been	deinitively	 identi-
ied.	The	irst	genome-wide	association	studies	for	
OAB are in progress, and should identify new sus-
ceptibility genes. Although current putative biomark-
ers correlate with OAB severity, much future work is 
required to assess their prognostic value, and es-
tablish	their	role	in	clinical	practice	[544].

Urodynamic assessment of DO may be associated 
with a diagnosis of overactive bladder (OAB), but 
there is not always a one-to-one correspondence 
and OAB is detected by a history of exclusion of ob-
vious	pathological	causes.	In	addition,	by	the	deini-
tion used above urodynamic measurements would 
not be considered as a biomarker. However, a short 
section on urodynamics will be included to place 
this method in context.

2. URODYNAMIC FINDINGS

A study of urodynamic results in OAB women with 
and without urodynamic DO found that patients with 
DO were more likely to have abnormal sensations, 
lower volume for strong desire and urgency and 
more urinary urge incontinence (UUI) episodes. In 

patients with persistent urinary frequency, urgency 
and/or UUI, involuntary detrusor contractions were 
observed	 in	 100%	 of	 neurologically-impaired	 pa-
tients,	compared	with	76%	of	control	patients	[540].	
Urgency associated with increased sensation is 
common	and	may	presage	DO	[546].	Interestingly,	
the	 eficacy	 of	 a	 combination	 of	 anti-cholinergics	
and bladder training for OAB symptoms was not 
different	in	groups	with	or	without	DO	[547].	There-
fore, a less invasive method to diagnose OAB and 
assess therapeutic outcomes, especially for female 
patients, is still required.

The gender difference in the measrement of urody-
namic DO of OAB patients could result from ana-
tomical differences, causing increased urge sensa-
tion in women during their daily life and mimicking 
OAB	symptoms	[548].	Pelvic	organ	prolapse	(POP)	
frequently presents with urinary incontinence, either 
urge (UUI), stress (SUI), or mixed (MUI). 

OAB symptoms in men could result from bladder 
outlow	obstruction	 (BOO)	or	 idiopathic	DO	 (IDO),	
as LUTS suggestive of DO are commonly associ-
ated	with	 these	conditions	 [549].	The	 incidence	of	
DO	after	TURP	for	BPH,	and	the	inluence	of	lower	
urinary tract perfusion on postoperative outcomes 
were prospectively evaluated in 50 men. Before and 

Figure 23. Interactions between receptors, chemical mediators released from bladder urothelial cells and af -
ferent nerve endings in the bladder. Different receptors (bradykinin, trkA, trkB, adrenergic, cholinergic, and 
TRP) are expressed on urothelial cells.  ATP, NO, acetylcholine (ACh), nerve growth factor (NGF), and prosta-
glandins (PG) can be released from the urothelium via activation of urothelially expressed ligand receptors 
and/or mechanoceptive receptors such as the epithelial Na+ channel. 
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one	 year	 after	TURP,	 IPSS	 and	QoL	 scores	were	
recorded and perfusion of the lower urinary tract 
was measured with transrectal colour Doppler ultra-
sonography.	Persistent	DO	in	men	after	TURP	was	
associated with increased vascular resistance, with 
subsequent	reduced	perfusion	and	hypoxia	[550].

3. URINARY BIOMARKERS

Recent	 studies	 in	 patients	with	 lower	 urinary	 tract	
disorders, particularly OAB, indicate that changes 
to the concentration of several urinary molecules, 
such as neurotrophins, prostaglandins, cytokines 
and several smaller molecules, are altered. There-
fore, such changes could be used as potential bio-
markers of OAB. 

a) Cytokines and chemokines

Chemokines constitute a large family of secretory 
proteins that are expressed by leucocytes as well 
as	bladder	tissue.	The	detection	of	bladder	inlam-
mation associated with OAB through altered urine 
levels of cytokines, chemokines, and growth fac-
tors	has	been	attempted.	Elevated	urinary	levels	of	
markers	involved	in	 inlammation	and	tissue	repair	
are raised in OAB patients. This suggests an asso-
ciation	between	 inlammation	and	OAB,	and	could	
also	provide	suitable	diagnostic	tests	for	OAB	[551].

Alternatively	 OAB	 could	 produce	 inlammatory	 cy-
tokines due to afferent neural plasticity or urothelial 
dysfunction. An analysis of urinary proteins using an 
antibody-based	array	chip	for	120	human	cytokines	
found	 that	 the	 majority	 were	 expressed	 at	 similar	
levels in control and OAB patients. However, some 
cytokines were upregulated, such as monocyte che-
mo-attractant	protein,	MCP1;	TARC;	PARC	and	Fas/
TNFRSF6.	 Others	 were	 also	 increased	 in	 urinary	
tract	infections	and	included:	MCP2;	MCP3;	tumour	
necrosis	 factor-β,	GCSF	 and	 eotaxin3.	 In	 addition,	
some were down-regulated in OAB, including IL5, 
IL6,	 IL7,	 and	 GM-CSF	 [552].	 Pre-clinical	 studies	
have	shown	that	increased	urine	levels	of	MCP1	and	
CXCL1	are	evidence	of	bladder	inlammation	[553].	

b) Prostaglandins in OAB

In	 the	urinary	bladder,	prostaglandin	E2	(PGE2)	 is	
a cytoprotective eicosanoid that inhibits apoptosis 
of	 epithelial	 cells.	 Intravesical	 instillation	 of	 PGE2	
induces detrusor contraction while topical applica-
tion	of	PGE2	to	the	urethra	causes	relaxation	[554].

Non-steroidal	anti-inlammatory	drugs	(NSAIDs)	are	
effective in animal models of disease, by suppress-
ing prostaglandin synthesis. Aspirin, in contrast to 
ketoprofen	or	indomethacin,	does	not	cause	signii-
cant gastrointestinal lesions and has been proposed 
as an NSAID treatment of choice for overactive 
bladder	[555].	The	association	between	OAB	symp-
toms in patients with suprapontine brain diseases 
and	the	urinary	levels	of	prostaglandins	(PGE2	and	
PGF2α),	nerve	growth	factor	(NGF)	and	substance	

P	were	measured.	PGE2	levels	were	raised	in	this	
cohort, compared to control, and were positively 
associated	with	 the	OAB	symptom	score	 [556].	 In	
young boys with lower urinary tract obstruction due 
to	urethral	stricture	higher	levels	of	PGE2	were	also	
associated	with	the	incidence	of	OAB.	[557].

Several studies have demonstrated the in vivo ef-
icacy	of	PGE2	receptor	1	(EP1)	antagonists	in	pre-
clinical	models	of	inlammatory	pain	and	overactive	
bladder	[558,559].	Others	studies	have	also	showed	
the	possible	eficacy	of	EP4	receptor	antagonists	for	
treatment	of	patients	with	OAB	[444,445].	

c) Urine ATP and nitric oxide (NO)

ATP and NO are released from the bladder urothe-
lium during several physical and chemical stress-
es, and the amount released is increased in tissue 
from NDO and IDO patients and analogous animal 
models	(section	3.1).	Thus,	a	quantiiable	relation-
ship between their levels and the presence of DO 
may be available. 

The	relationship	between	ATP	and	NO	release	in	1)	
early diabetic bladders - an overactive bladder model; 
and	2)	in	“diuretic”	bladders	-	an	underactive	bladder	
model were measured. ATP release positively cor-
related, whilst NO release negatively correlated with 
bladder contraction frequency. The relation between 
the improvement of LUTS and urinary ATP level has 
also	been	measured.	Improvement	of	LUTS	with	α1	
receptor antagonists or anti-muscarinic agent was 
associated with a decrease of the urinary ATP/creati-
nine ratio in patients with BPH or OAB. The urinary 
ATP/NO ratio or urinary ATP concentration itself may 
be a clinically relevant biomarker to characterize the 
extent	of	bladder	dysfunction	[90,560].

d) Urinary nerve growth factor (NGF) in OAB

NGF is a small, secreted protein that induces the 
differentiation and survival of particular target neu-
rones and is produced by urothelium and smooth 
muscle	[561].	NGF	levels	in	the	urinary	bladder	can	
be affected by its pathology and this change can be 
measured	in	urine.	Urinary	levels	of	NGF,	and	PGE2,	
were	 signiicantly	 increased	 in	 male	 patients	 with	
OAB compared with control. Urodynamic measure-
ments on patients in this study showed that more 
than half had DO and BOO. Also of interest, was that 
several patients demonstrated bladder underactiv-
ity	where	PGE2	were	 lowered	compared	 to	control	
[562].	Urinary	NGF	levels	in	patients	with	BOO,	with	
or without OAB have been compared. NGF/creati-
nine ratios were low in the control group and in BOO 
patients without OAB. However, ratios were higher in 
the BOO/OAB and BOO/DO groups. Moreover, uri-
nary NGF/Cr levels returned to normal after success-
ful	relief	of	OAB	symptoms	[563].	Together,	data	such	
as these provide the possibility that measurement of 
urinary NGF and prostaglandin levels may be useful 
in detecting OAB/DO in male patients.
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The effect of botulinum toxin A (BoNT/A) treatment 
on NGF levels in DO patients has also been evalu-
ated. Participants included patients with idiopathic 
and neurogenic DO (IDO, NDO) who were untreat-
ed, well-treated, and failed-treated with antimusca-
rinic	agents.	BoNT/A	treatment	signiicantly	reduced	
urinary the NGF/Cr ratio in responders within the 
IDO and NDO groups. In patients who failed to re-
spond to BoNT/A treatment NGF levels remained 
signiicantly	higher	after	three	months	[564].

Urinary NGF levels in women with stress urinary 
incontinence (SUI) and OAB have also been mea-
sured and indicated that it could be a potential 
biomarker	 of	 DO	 in	 women	 with	 mixed	 UI	 [565].	
The effect of bladder volume on urinary NGF pro-
duction in normal controls and patients with OAB 
has been measured. Urinary NGF increases physi-
ologically	 in	 normal	 subjects	 at	 urge	 to	 void,	 but	
is pathologically elevated in OAB patients at small 
bladder	 volumes	 and	 does	 not	 signiicantly	 in-
crease	 at	 urgency	 sensation	 [566].	 The	 effect	 of	
antimuscarinics (tolterodine, 4 mg once daily) on 
urinary NGF levels in patients with OAB has also 
been measured. Changes to urinary NGF levels 
correlated with alteration of the urgency severity 
score (USS) after antimuscarinic treatment and 
discontinued	medication	[567].

A comparison between urinary NGF and other 
biomarkers has been evaluated. Urinary NGF and 
PGE2	 levels	among	patients	with	DO,	 increased	
bladder sensation (IBS), interstitial cystitis/blad-
der pain syndrome (IC/BPS) and controls have 
been compared. Urinary NGF/Cr levels were 
elevated in women with IC/BPS or DO, but not 
in those with IBS. The differential diagnosis of 
women with IC/BPS from those with frequency-
urgency syndrome may possibly be based on the 
urinary	NGF/Cr	 levels	but	not	 the	urinary	PGE2/
Cr	level	[568].	Differences	in	urinary	NGF	and	de-
trusor wall thickness (DWT) measured by trans-
abdominal ultrasound between OAB and control 
patients were also examined. Urinary NGF level 
in natural-filling urine samples was a better bio-
marker for assessment of OAB-wet compared to 
DWT. Patients with OAB-dry or hypersensitive 
bladder did not have an elevated urinary NGF 
level	[569,570].

However, the relationship between urinary NGF lev-
els and lower urinary tract pathology is not always 
evident.	About	30%	of	patients	with	OAB	symptoms	
do	 not	 have	 elevated	 urinary	 NGF	 levels	 [571].	
Stress-related events may also result in increased 
plasma NGF levels that can involve the neuroendo-
crine system. Patients with OAB may have symp-
toms	that	wax-and-wane	without	deinite	treatment	
and	 this	 may	 contribute	 to	 luctuations	 of	 NGF	 in	
the urine. Thus before other confounding factors 
that cause urinary NGF levels to alter, its use as a 
biomarker must be treated with caution.  

4. SERUM BIOMARKERS

a) C-reactive protein (CRP) 

Chronic	inlammation	has	been	implicated	in	the	de-
velopment	of	OAB	and	IC/BPS.	An	elevation	of	CRP	
has	been	associated	with	chronic	inlammation	and	
LUTS.	In	one	study	serum	CRP	levels	were	signii-
cantly	higher	in	subjects	with	OAB	than	in	controls.	
No	signiicant	difference	in	CRP	level	was	noted	be-
tween patients with OAB and IC/BPS. There was no 
signiicant	correlation	between	serum	CRP	and	uri-
nary NGF levels in the controls or patients with OAB 
or	IC/BPS,	except	in	the	OAB	patients	with	CRP	>3	
mg/l.	These	data	may	 conirm	 the	association	be-
tween	chronic	inlammation	of	the	urinary	bladder	in	
patients	with	OAB	or	IC/BPS	[572].

5. BLADDER WALL IMAGING BIOMARKERS

a) Ultrasonography

Because patients with OAB may have frequent de-
trusor contractions during the storage phase, sus-
tained isometric detrusor contractions could result in 
increased muscle bulk and hence, increased detru-
sor wall thickness (DWT) or bladder wall thickness 
(BWT). It has therefore been hypothesized that DWT 
increases	 in	patients	with	DO	 [573].	The	 thickened	
bladder wall might decrease in response to antimus-
carinic treatment, and measurement of DWT might 
also be a potentially useful biomarker for evaluation 
of disease progression and effectiveness of treatment 
for OAB. Consequently, ultrasound measurement of 
BWT has been proposed as a diagnostic variable in 
patients with BOO and other voiding dysfunctions. 
BWT measurement was assessed as a non-invasive 
test in control and test patients with BOO, DO or in-
creased	 bladder	 sensation	 [574].	 However,	 values	
were similar in all test groups, including those in the 
control and bladder dysfunction groups, and it was 
therefore concluded that it was unreliable predictor 
of BOO or DO. 

In	 more	 deinitive	 groups	 some	 predictive	 value	
has been suggested. DWT is increased in men with 
BOO and children with bladder-induced enuresis 
[575-577].	In	men	with	BOO	measurement	of	DWT	
was proposed as a useful diagnostic parameter, 
although there was not a consensus that it could 
replace conventional urodynamics as a predictor 
of	DO	 [577-579].	However,	 further	 conirmation	 of	
the extent of the difference in DWT between patient 
groups is needed.

The diagnostic value of DWT in predicting DO in 
women has also been investigated. There was a 
statistically	 signiicant	 association	 between	 DWT	
and DO, however further analysis demonstrated 
that DWT as measured by translabial ultrasound 
was	of	limited	use	as	a	diagnostic	test	for	DO	[580].	
Women with OAB might also have a greater DWT, 
suggestive of detrusor DO. DWT was measured by 
transabdominal and transvaginal ultrasonography 
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in controls and women with OAB-dry and OAB-wet. A 
greater DWT at bladder capacity measured by trans-
abdominal ultrasound was observed for women with 
OAB	and	DO	[581,582].	

The clinical usefulness of measuring DWT as a non-
invasive test in women with OAB was evaluated in 
sub-groups with no OAB symptoms, OAB-dry and 
OAB-wet.	 Women	 with	 OAB-wet	 had	 signiicantly	
greater DWTs than controls at maximal bladder vol-
ume.	The	maximal	bladder	capacity	was	signiicantly	
greater in controls than in those with OAB. DWT 
measured by transabdominal ultrasound in women 
with OAB and without OAB was not different and did 
not differ with urodynamic status and was not recom-
mended as a useful diagnostic test for DO in women 
with	OAB	[583].

The ultrasound measurement of BWT in women was 
compared with different urodynamic diagnoses and 
data	were	compared	with	different	urodynamic	ind-
ings	of	DO.	Women	with	DO	had	a	signiicantly	great-
er BWT and a cut-off of 6.5 mm had a positive predic-
tive	value	of	100%	for	all	DO.	The	ultrasound	BWT	
showed	 a	 highly	 signiicant	 association	 with	 DO.	
However, it was considered that the performance of 
this	test	could	not	replace	urodynamic	testing	[584].	

However, the relationship between ultrasound esti-
mation	 of	 bladder	 weight	 (UEBW)	 and	 variation	 of	
age, height, body-mass index (BMI) and body sur-
face area (BSA) of individuals in the general popula-
tion might confound the use of the method to iden-
tify	 bladder	 pathologies.	 A	 signiicant	 correlation	
between	UEBW	and	both	height	and	BSA	for	healthy	
volunteers	(30	men	and	40	women)	has	been	mea-
sured	 [585].	 Therefore,	 caution	 should	 be	 taken	
when extrapolating ultrasound data to patients with 
pathological function until the dependence of normal 
demographic factors on ultrasound variables has 
been fully-accounted for.

Methodological factors can also impact on the in-
terpretation of data obtained from ultarsound mea-
suemets of bladder structure. A low echogenic zone 
between two layers of bladder wall has been used 
in the assessment of DWT, with a reported very low 
inter-observer and intra-observer variability in its 
measurement	 [586].	 Discrepant	 data	 in	 measure-
ment of DWT in patients with DO might include in-
consistent	bladder	illing	conditions	or	differences	in	
resolution of the ultrasound probe. Total measured 
bladder volume is greater than that determined by 
transabdominal ultrasound or infused volume, and 
DWT	decreased	 rapidly	during	 the	irst	250	ml	vol-
ume	of	illing,	followed	by	a	slower	decrease	during	
the	second	250	ml	[581,583]	and	represents	the	rela-
tive geometrical change of bladder shape during pro-
gressive	illing.	In	addition,	DWT	measurements	ob-
tained using a low frequency probe (2-5 MHz) were 
greater than those obtained using a high frequency 
probe	(7.5-10	MHz)	[574,577-579,581,583,586].	

Transvaginal ultrasound assessment of mean BWT 
has been postulated as a sensitive screening tool 
to detect DO in women with equivocal laboratory 
urodynamics. Measurement of BWT using trans-
vaginal ultrasound has been claimed to discriminate 
between	women	with	conirmed	DO	and	those	with	
urodynamic stress incontinence. Bladder wall thick-
ness	showed	a	positive	correlation	with	pdet/Qmax	
and to urodynamic diagnoses of stress incontinence, 
DO	and	obstruction	[587].	

How then should bladder wall thickness be mea-
sured?	A	 comparison	 of	 vaginal,	 perineal	 and	 ab-
dominal ultrasound has been made to determine if 
abdominal, perineal and vaginal ultrasound mea-
surements of bladder wall thickness are comparable. 
Vaginal ultrasound of BWT showed the smallest val-
ues, abdominal ultrasound the largest. At the trigone, 
differences	 were	 signiicant	 between	 vaginal	 and	
perineal ultrasound but not between abdominal and 
the	perineal	approach	[588].	

Ultrasonographic measurement for diagnosis and 
characterisation of LUTS is relatively new, but shows 
a promising future. Measurements of BWT, DWT 
and	UEBW	are	potentially	noninvasive	clinical	tools	
for	assessing	 the	 lower	urinary	 tract.	Quantiication	
of bladder wall hypertrophy seems to be useful for 
the assessment of diseases, prediction of treatment 
outcomes, and longitudinal studies investigating dis-
ease development and progression. However, lack 
of	 data	 in	 healthy	 asymptomatic	 subjects	 currently	
may account for some of the disparity between stud-
ies and hampers the use of ultrasound in routine 
practice. If methodological discrepancies can be re-
solved,	BWT,	DWT	and	UEBW	should	be	valuable	in	
assessing LUTS. 

b) Near-infrared spectroscopy (NIRS) and DO

NIRS	is	an	optical	 technology	and	detects	the	hae-
modynamic changes in tissues via non-invasive 
measurement of changes to the concentration of 
tissue chromophores such as oxyhemoglobin and 
deoxyhemoglobin. Involuntary bladder contractions 
may	cause	changes	detectable	by	NIRS.		A	prospec-
tive	cohort	study	was	carried	out	on	41	patients	with	
OAB symptoms to address the accuracy and repro-
ducibility	of	NIRS	and	 to	detect	 the	haemodynamic	
effects of DO. Those patients underwent one or more 
illing	 cystometries	 with	 simultaneous	 NIRS	 of	 the	
bladder	as	a	successful	proof-of-principle	[589].

6. CONCLUSION

OAB is not a single clinical entity. Hence, it is dif-
icult	to	develop	a	satisfactory	biomarker	for	all	kinds	
of	OAB,	 but	 recent	 research	 has	 identiied	 several	
potential biomarkers. In the near future, with further 
trials of urine, serum and bladder tissue biomarkers 
from patients with OAB, potential molecules which 
give rise to the urgency sensation might be isolated 
and serve as ideal biomarkers for OAB assessment.
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1. INTRODUCTION

The rectum and anus serve as a reservoir for fae-
cal contents and regulator of continence respectively. 
A number of mechanisms are involved in the main-
tenance of faecal continence and include a resting 
internal anal sphincter (IAS) tone, which is the main 
contributor to the development of a resting anal intra-
luminal pressure and the external anal sphincter that 
enhances sphincter tone during voluntary squeeze. 
In addition, the endovascular cushions and the anal 
mucosal folds aid continence by maintaining an ef-
fective	seal.	A	number	of	recto-anal	relexes	involv-
ing all three arms of the autonomic nervous system 
(parasympathetic, sympathetic, enteric) act to regu-
late	 faecal	storage	and	provide	eficient	evacuation	
of contents during defecation.

Faecal	 incontinence	is	a	common	condition	deined	
as the uncontrolled passing of material or gas. The 
condition	 affects	more	 than	 10%	 of	 the	 population	
and	 that	number	may	approach	20%	 in	 the	elderly	
[590].	 	 The	most	 common	 cause	 of	 faecal	 inconti-
nence is obstetric trauma to the internal or external 
sphincters,	 or	 the	 pudendal	 nerves.	Often	 the	 inju-
ries to younger women do not result in faecal incon-
tinence until middle age when increasing general 
muscle weakness related to ageing also impacts, 
thus	 relecting	 the	 common	multi-factoral	 nature	 of	
this	condition	[591].	Other	causes	include	damage	to	
the endovascular cushions or mucosa resulting in a 
poor anal seal, pudendal neuropathy which interfere 
with sensory mechanisms leading to stool accumula-

tion	and	then	faecal	overlow	and	systemic	sclerosis	
where the main cause is usually impaired function of 
the	internal	anal	sphincter	[592].

2.  BASIC PHYSIOLOGY OF THE RECTUM AND 
ANUS

For the maintenance of faecal continence and timely 
defecation, coordination of rectal and anal activities 
are	 essential;	 there	 are	 two	main	 recto-anal	 relex	
pathways regulating activity in these regions. The 
irst	involves	an	excitatory	pathway	that	is	triggered	
by low volume rectal distension and elicits a desire to 
defecate and produces contraction of the puborecta-
lis	muscle	and	the	IAS	[593].	The	second	relex	is	the	
recto-anal	inhibitory	relex	(RAIR),	which	is	triggered	
by higher volume rectal distension and produces the 
urge to defecate and a transient relaxation of the IAS 
[593-596].	Thus	the	IAS	receives	both	excitatory	and	
inhibitory pathways from the rectum and both are im-
portant for normal continence. 

Defecation	 requires	 the	 relex	activation	of	peristal-
sis in the rectum and the simultaneous relaxation of 
the	 internal	 anal	 sphincter	 (IAS).	 Excitatory	 motor	
responses in the rectum involve acetylcholine and 
substance P, while noradrenaline and ATP are the 
predominant transmitters operating in the IAS. The 
inhibitory	motor	relexes	are	mediated	predominantly	
via nitric oxide (NO) and vasoactive intestinal peptide 
(VIP) in both regions.

a) The internal anal sphincter (IAS) 

The IAS is a ring of involuntary muscle formed by the 
thickening of the circular smooth muscle of the intes-
tine (Figure 24 ). The sphincter develops spontane-
ous	 tone	and	contributes	50-85%	of	normal	 resting	
anal	pressure	[597,598].	This	tone	is	predominantly	

VIII. THE LOWER GASTROINTESTINAL 
TRACT (ANUS AND RECTUM) AS REL -

EVANT TO FAECAL INCONTINENCE

Figure 24.  Structure of the human anus 
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myogenic in nature, but neuronal (mainly sympa-
thetic)	 and	 hormonal	 (eg	 angiotensin	 II)	 inluences	
may also contribute to the maintenance of sphincter 
tone and the relatively high resting luminal anal pres-
sure required to maintain continence. The resting 
anal pressure in humans decreases with age and is 
linked to the increased prevalence of faecal inconti-
nence	(FI)	with	age	[599].	Also,	it	has	been	reported	
that sphincter relaxation is enhanced in patients with 
incontinence	 [600],	again	highlighting	 the	 important	
role played by this tissue.

3. INNERVATION OF THE RECTUM AND ANUS

Studies of muscle contraction suggest that the 
sympathetic innervation mediates contraction in 
the internal anal sphincter but not rectum, while 
nitrergic nerves mediate relaxation responses in 
both	 tissues	 (see	 [601]).	Thus	 in	 the	 rat,	 the	my-
enteric ganglia of the rectum and anus appear to 
receive cholinergic and nitrergic innervations and 
this would agree with studies showing that atropine 
inhibits both ascending and descending contractile 
pathways, while NO synthase inhibition increases 
contractile	responses	in	both	pathways	[602].

a) Parasympathetic innervation

The parasympathetic nervous system innervates the 
IAS	and	will	be	 involved	 in	defecation	 relexes,	but	
the	parasympathetic	nerves	do	not	signiicantly	con-
tribute	to	the	resting	anal	sphincter	tone	in	vivo	[603].	
Early	studies	of	IAS	function	in	vitro	reported	that	the	
IAS contracted in response to muscarinic receptor 
stimulation	 [604].	 However	 this	 could	 not	 be	 con-

irmed	in	later	studies	where	acetylcholine	appeared	
to act on muscarinic receptors to induce a relaxation 
of	the	IAS	[605].	These	confusing	results	were	later	
explained when it was shown that the relaxation re-
sponses were mediated indirectly via the release of 
nitric	oxide	[606].	The	muscarinic	receptor	subtypes	
involved in these direct contractile and indirect inhibi-
tory responses are unknown, but would represent 
novel	drug	targets	for	inluencing	IAS	tone.

In the rectum the predominant innervation is para-
sympathetic and atropine depresses ascending and 
descending	excitatory	relex	pathways	in	this	region	
[602].	The	 innervation	 however	 runs	 to	 the	myen-
teric	ganglion,	and	the	inluence	on	smooth	muscle	
activity is indirect and mediated via interstitial cells 
with which the nerves are closely associated.

b) Sympathetic innervation

The sympathetic system also has a dual role in the 
IAS and has the ability to cause both contraction 
and relaxation. Contraction of the IAS in response 
to	noradrenaline	is	attributed	to	the	stimulation	of	α	
adrenoceptors and relaxation is attributed to stimu-
lation	of	β	adrenoceptors.	It	has	been	shown	in	sev-
eral	species	 that	 there	 is	a	high	density	of	α1	and	
α2-adrenoceptors	 in	 the	 IAS	 and	 synthetic	 mixed	
agonists such as clonidine induce IAS contraction 
via	both	receptors	[607].	The	α2-adrenocptors	of	this	
tissue	have	been	classiied	as	the	α2D-adrenoceptor	
subtype	[607].	However	the	overwhelming	response	
to nerve stimulation (see Figure 25 ) and the pre-
dominant mechanism maintaining tone of the IAS 
is	 noradrenaline	 acting	 on	 α1-adrenoceptors.	 It 

Figure 25. Effects of guanethidine on IAS responses to electrical ield stimulation.  In the presence of 
guanethidine (10µM) contractile responses to EFS (5 Hz stimulation) were abolished, while relaxation re-
sponses were enhanced. (from [619]).
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has	been	reported	 that	 the	 IAS	also	possesses	β3-
adrenoceptors that cause relaxation. Non-selective 
β-adrenoceptor	agonists	such	as	isoprenaline	induce	
relaxation by a direct action on the smooth muscle, 
but	 β3-adrenoceptor	 selective	 agonists	 exert	 a	 di-
rect relaxation action on the smooth muscle and also 
activate smooth muscle eNOS to induce nitric oxide 
release; both actions being antagonised by selective 
β-antagonists	 [608,609].	 These	 sphincter	 inhibitory	
responses	are	totally	masked	by	the	α1-adrenoceptor	
contractile	responses	and	the	role	of	β-adrenoceptors	
in normal continence mechanisms is unclear.

Beta3-adrenoceptors	are	also	generally	expressed	
in the human enteric nervous system where they 
may release somatostatin and reduce neuronal 
activity	 [610,611].	Whether	 these	 sympathetic	 in-
luences	are	involved	in	ano-rectal	function	is	cur-
rently unknown.

c)  Non-adrenergic, non-cholinergic (NANC) 
innervation

Vasoactive intestinal peptide (VIP) and the gaseous 
transmitters nitric oxide (NO) and carbon monoxide 
(CO) have been implicated in the relaxation of the 
IAS during defecation. The presence of VIP and the 
enzymes responsible for the synthesis of NO (NO 
synthase)	 and	 CO	 (haem	 oxygenase,	 HO-1	 and	
HO-2) have been demonstrated in the myenteric 
plexus	of	the	mouse	IAS	(Rattan	et	al.,	2005),	while	
Western blot studies have shown the presence of 
nNOS,	HO-1	and	HO-2	in	the	smooth	muscle	of	the	
IAS	 [612].	 Functional	 studies	 using	 electrical	 ield	
stimulation	suggest	 that	NO	 is	 the	major	 transmit-
ter	 mediating	 80%	 of	 relaxation	 response,	 while	
VIP	mediates	 the	 remainder.	Evidence	 linking	CO 
to relaxant responses of the IAS is lacking. CO and 
CO-releasing	 agents	 such	 as	CORM-2	 induce	 re-
laxation	of	 the	 IAS	 [612,613],	but	 inhibitors	of	CO	
(e.g. tin protoporphyrin IX) do not affect responses 
to	ield	stimulation.	Furthermore,	in	HO-2	knockout	
mice	IAS	responses	to	ield	stimulation	are	normal.	
Thus NO, VIP and CO can all cause relaxation of 
the IAS, but only NO and VIP appear to be involved 
in mediating nerve induced effects. This conclusion 
is	 supported	 by	 studies	with	 nNOS	deicient	mice	
where relaxation of the IAS to rectal distension was 
signiicantly	diminished	[614].

d) Sensory innervation

The sensory innervations to the rectum and anus 
are very different. The anal canal is densely sup-
plied with sensory nerves that respond to many 
modalities including touch, pain, temperature and 
friction. The sensory mechanisms in the rectum 
in contrast are limited and mainly respond to dis-
tension	 [615],	 low	 levels	 of	 distension	 stimulating	
the desire to defaecate, greater distension stimu-
lating	 the	urge	 to	 defecate	and	activate	 the	RAIR	
[593,596].	At	 least	 in	 the	mouse,	 this	sensitivity	 to	
a wide range of distension appears to be medi-

ated	via	 individual	sensory	ibres	and	nearly	all	of	
the	 rectal	 ibres	 sensitive	 to	 stretch	 respond	 from	
low levels of stretch right up to noxious distension 
[616].	Furthermore,	the	sensitivity	of	rectal	mecha-
noreceptors increases during chemically-induced 
inlammation	and	 is	also	augmented	by	 inlamma-
tory	mediators	such	as	bradykinin	[617].

4.  SMOOTH MUSCLE AND INTERSTITIAL 
CELLS

a) Smooth muscle

Rectal	and	anal	smooth	muscle	differ	in	their	func-
tions: rectal muscle producing transient phasic 
contractions resulting in peristalsis; anal muscle 
developing spontaneous myogenic tone to main-
tain continence. To enable different functions, the 
muscles have different morphology, innervation 
and cell biology. In the rectum the circular muscle 
layer is composed of large muscle bundles span-
ning the whole muscle layer, whereas the muscle 
bundles of the IAS are subdivided into many small-
er bundles separated by connective tissue layers 
[601].	The	innervations	(see	above)	and	ICC	distri-
bution and function (see below) also differ between 
the rectum and IAS.  Unlike the rectum, the smooth 
muscle of the IAS receives direct sympathetic and 
nitrergic innervations and the tissue possess re-
ceptors for a range of transmitters and hormones 
including noradrenaline, acetylcholine, VIP, 5-HT, 
ATP,	angiotensin	II	[618].

Contractile responses of the IAS are dominated by 
the sympathetic rather than the parasympathetic 
system and IAS smooth muscle contraction is me-
diated	 predominantly	 via	 α1-arenoceptors.	 Three	
subtypes	of	α1-adrenoceptor	exist	(α1A,	α1B,	α1D)	
and	an	isoform	of	the	α1A-adrenoceptor	(the	α1A/L)	
with	a	low	afinity	for	prazosin	has	been	identiied	in	
functional	experiments	 [386].	The	 receptors	of	 the	
IAS have been pharmacologically characterised as 
belonging	 to	 the	α1A/L	subtype	 [619].	Thus	selec-
tive agonists at this receptor are a potential treat-
ment for faecal incontinence and a few small-scale 
clinical trials with topical phenylephrine have been 
undertaken. These studies reported increases in 
anal	pressure	with	10%	phenylephrine	gel	[620,621]	
and	greater	improvements	with	40%	gel	[622].	Pa-
tients	 also	 reported	 subjective	 beneit	 but	 further	
clinical	 studies	 with	 α1-adrenoceptor	 agonist	 are	
required	(for	review	see	[623]).

As	previously	discussed,	β-adrenoceptors	are	also	
located on IAS smooth muscle where they medi-
ate relaxation. Using Western blotting, all three 
β-adrenoceptor	 subtypes	 have	 been	 shown	 to	 be	
present	 at	 the	 protein	 level	 (β2≥	 β1≥	 β3)	 in	 the	
human	 IAS	 [609].	 In	 some	 species	 (eg.	 rat)	 the	
β3-adrenoceptors	 predominate,	 but	 in	 human	 tis-
sues	β3-agonists	induce	maximum	responses	only	
one	 third	 the	 magnitude	 of	 those	 to	 non-speciic	
β-adrenoceptor	stimulation.	Activation	of	the	recep-
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tors elevates intracellular cAMP levels without af-
fects cGMP levels, and inhibits intracellular calcium 
signalling in response to histamine. However, these 
effects	have	been	found	to	have	no	inluence	on	IAS	
basal	tone	[609]	demonstrating	the	receptors	inhibit	
cellular responses to agonist without affecting the 
essential basal tone that protects against inconti-
nence. In some species the relaxation response to 
β-adrenoceptor	stimulation	may	be	partly	mediated	
indirectly via the release of NO, but in the human 
IAS NO synthase inhibitors fail to affect responses 
to	BRL37344	a	β3-selective	agonist	[609].

Two intracellular mechanisms are involved in the 
development of smooth muscle contraction/tone. 
The first is direct contractile mechanisms whereby 
receptor-induced increases in intracellular calcium 
activates calmodulin resulting in the activation of 
myosin light chain (MLC) kinase, phophorylation 
of MLC and hence contraction. The stimulation of 
G-protein linked receptors eg muscarinic recep-
tors in tissues such as the rectum increase intra-
cellular calcium and induce contraction via this 
mechanism. At the same time, a second mecha-
nism known as calcium sensitisation may also oc-
cur whereby dephosphorylation of MLC by MLC-
phosphatase is inhibited via a pathway known 
as	 the	Rho/ROK	pathway.	Rho	A	 is	a	small	GTP	
binding protein which can interact with a kinase 
known	as	ROK	II	 (Rho	activated,	coiled	coil	con-
taining	 protein	 kinase	 2).	 Rho	A	 when	 activated	
and	bound	to	GTP	activates	ROK	II,	which	in	turn	
phosphorylates and thereby inhibits MLC-phos-
phatase resulting in less relaxation and a sensiti-
sation	to	calcium	(see	section	4.3	and	[624,625]).	
In	phasic	muscle	such	as	the	rectum,	ROK	II	activ-
ity is low and tissues are completely relaxed until 
activated following receptor stimulation. However 
in	tissues	with	myogenic	tone	(eg.	IAS),	the	Rho/
ROK	pathway	is	active	even	in	unstimulated	path-
ways and can result in the development of spon-
taneous	 basal	 contraction.	 Thus	 RhoA/ROK	 lev-
els are greater in IAS smooth muscle than rectal 
smooth	muscle	[626,627].	Protein	kinase	C	(PKC)	
may also inhibit MLCK-phosphatase and cause 
calcium sensitisation. The relationship between 
RhoA/ROK	and	PKC	 is	 incompletely	understood,	
but in human IAS smooth muscle, phorbol esters 
which	activate	RhoA/ROK	and	PKC,	 induce	con-
tractions	 of	 human	 IAS	 cells	 via	 the	 Rho/ROK	
pathway	rather	than	the	PKC	pathway	[628].	Since	
this pathway controls IAS myogenic tone, drugs 
that	modulate	 the	RhoA/ROK	pathway	may	offer	
new opportunities for drug development in the 
treatment of faecal incontinence.

b) Interstitial cells

Interstitial	cells	of	Cajal	(ICC)	are	specialised	cells	
of mesenchymal origin that are found distributed 
throughout the gastrointestinal tract including the 
rectum and IAS, where they are involved in the 

regulation of contractile activity. The cells express 
a tyrosine kinase (c-Kit) that is not expressed in 
muscle or nerves, and antibodies against this 
protein can be used to examine ICC distribution. 
Using these immunohistological techniques ICC 
have been identified as dense networks within the 
IAS in all species so far examined including hu-
man	 [629].	The	c-Kit	 receptor	 is	essential	 for	 the	
development of the ICC phenotype and mice lack-
ing c-Kit (W/Wv mice) or its ligand, stem cell factor 
(Sl/Sl[d]	mice)	 have	 drastically	 reduced	 numbers	
of	ICC	(see	[630]).

Several types of ICC exist with different morphol-
ogy (spindle vs stellar) and function (neurotrans-
mission vs pacemaker). One population which has 
an intramuscular distribution running along muscle 
ibres	has	a	spindle	appearance	and	generate	slow	
electrical waves which are thought to be involved 
in neurotransmission. These cells transduce ex-
citatory signals from the efferent parasympathetic 
nerves, with which they make synaptic connec-
tions,	 to	 smooth	 muscle	 ibres	 with	 which	 they	
make	 close	 contact	 via	 gap	 junctions	 [631].	 The	
other population of ICC are located in the myen-
teric plexus and submucosal plexus. These have 
a stellate appearance, and are thought to act as 
pacemakers of contractile activity. In these cells 
spontaneous phasic slow wave activity passes be-
tween	ICC	and	muscle	ibres	via	gap	junction	and	
these can summate and initiate phasic contractile 
activity	[632,633].

Contractile functions of the rectum and anus differ, 
the rectum demonstrating phasic contractile activity 
and the IAS spontaneous tonic muscular tone. These 
differences	 in	 function	 are	 relected	 in	 the	 charac-
teristics of their respective ICC. Also the density of 
ICC	is	higher	in	the	rectum	than	the	IAS	[629].	Rec-
tal ICC more closely resemble the spindle-shaped 
intramuscular ICC found throughout the rest of the 
gastrointestinal	 tract	 [601].	These	 ICC	are	 involved	
in neurotransmission, with vagal and nitrergic motor 
ibres	innervating	intramuscular	ICC.	Gastrointestinal	
ICC	possess	receptors	for	acetylcholine	(M2	and	M3	
receptors),	tachykinins	(NK1	and	NK3	receptors)	and	
VIP	(VIP-1)	[630].

The function of the sphincter is to develop tone rath-
er than phasic contractile activity and the IAS differs 
from the rectum in having a predominantly sympa-
thetic excitatory input and also a different distribution 
of	ICC.		In	this	tissue,	the	sympathetic	motor	ibres	do	
not innervate the ICC of the myenteric plexus as in 
the rectum and do not appear to be associated with 
intramuscular ICC. Thus sympathetic nerves are like-
ly to innervate directly the smooth muscle of the IAS 
[601],	while	the	ICC	may	contribute	to	myogenic	tone	
as proposed for these cells in some tissues such as 
the	urethra	[634].

As in the rectum the IAS has a nitrergic innerva-
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tions, but unlike the rectum, these do not seem to 
innervate the ICC. The role of ICC has been in-
vestigated	 in	mice	 deicient	 in	 c-Kit	 positive	 cells	
(W/Wv	 mice).	 These	 studies	 have	 identiied	 a	
dense network of c-Kit immunoreactive cells in the 
IAS of normal but not mutated mice, and unlike 
the sphincters in the upper gastrointestinal tract 
where these cells are involved in nitrergic neu-
rotransmission, in the IAS they do not appear to 
be	involved	in	relaxation	responses	to	EFS,	since	
responses were normal in c-Kit knockout animals 
[635]	 although	 inhibitory	 junction	 potentials	 were	
depressed. Whether c-Kit expressing cells are es-
sential	for	the	RAIR	is	not	yet	clear.	The	relex	has	
been	reported	to	be	intact	in	c-Kit	deicient	mice	in	
one study, while another has reported IAS relax-
ation in response to rectal distension is reduced in 
c-Kit	deicient	mice	[595,614].	Thus	in	the	sphinc-
ter, ICC do not participate in neurotransmission 
but may be involved in regulating muscle tone, and 
basal	myogenic	tone	is	lower	in	ICC	deicient	mice	
compared	with	controls	[614].

Thus	 ICC	 in	 the	 rectum	and	anus	differ,	 relecting	
the different functions of these two tissues. There is 
also growing evidence that ICC play a role in sen-
sory mechanisms in the gastrointestinal tract. Vagal 
afferent nerve endings are found in close proximity 
to ICC and it has been suggested that they are in-
volved in stretch perception. In the stomach, muta-
tions resulting in the loss of c-Kit or its ligand result 
in loss of vagal intramuscular mechanosensitivity 
(see	 [636]),	 Furthermore,	 in	 the	 bladder,	 intersti-
tial cells release ATP when stretched, a chemical 
known	to	sensitise	afferent	nerves	[87].

5. FUTURE DIRECTIONS FOR RESEARCH

Our lack of understanding of the physiology of the 
IAS and rectum hinder the development of new 
treatments for faecal incontinence. The distribu-
tion, types and regulation of interstitial cells and 
their activity in the anorectal region requires further 
investigation and this may yield novel drug targets. 
Several	 receptor	 systems	 have	 been	 identiied	
within	 the	 IAS	 that	 warrant	 further	 attention	 (α1-
adrenoceptor, muscarinic) and regulators of ICC 
activity may also be potential drug targets.

Drug development should be easier for faecal in-
continence than urinary incontinence, since the 
location of the internal sphincter allows drugs to 
be administered topically as a gel by the patient. 
This has the benefit of avoiding any undesirable 
adverse effects that may be observed with oral 
administration. Surprisingly few drugs with actions 
on the IAS are currently in use, but this may re-
flect the lack of research support anorectal prob-
lems attract. The lack of knowledge in this area 
will make the development of new drug therapies 
difficult.	 A	 few	 clinical	 trials	 have	 examined	 α1-
adrenoceptor agonists in patients with faecal in-

continence but the numbers of patients have been 
very small.

One problem when using receptor agonist as a 
treatment option is that tissues may become de-
sensitised to the drug. This is a general phenom-
enon the importance of which varies depending on 
the receptor subtype and the tissue in which the re-
ceptor	is	found.	Whether	the	IAS	α1-adrenoceptor	
undergoes desensitisation is unknown and this 
will be critical information for the development of a 
clinically useful drug.

The	emergence	of	 the	RhoA/ROK	pathway	as	an	
important regulator of myogenic sphincter tone 
also offers new possibilities for the development of 
novel treatments. More selective inhibitors of the 
RhoA/ROK	isoforms	could	be	developed.	Alterna-
tively, it has been suggested that small interfering 
RNA	 (siRNA)	 may	 provide	 a	 more	 selective	 ap-
proach	to	inhibiting	this	pathway	[625].

Two other cellular approaches to treatment include 
the use of stem cells to improve anal pressure 
[637]	 and	 the	 bioengineering	 of	 new	 sphincters	
using	the	patient’s	own	smooth	muscle	cells	[638].	
Both techniques are in the very early stages of 
development and problems associated with blood 
supply to developing tissue and the establishment 
of a functional innervation once transplanted into 
the	patient,	pose	major	obstacles	to	development.

1.		Integrate	research	obtained	from	isolated	cells,	
tissue and organs to inform data from whole-
organism measurements.

2.  Increase research activity in poorly-investigated 
areas;	 e.g.:	 LUT	 outlow	 tract;	 lower	 GIT;	 ner-
vous regulation of LUT and LGIT function.

3.		Use	genome-wide	bioinformatic	surveys	to	gen-
erate testable hypotheses regarding the physi-
ological and pathophysiological functions of the 
LUT and LGIT

4.  Investigate the pathophysiology of the LUT and 
LGIT by: developing animal models to address 
speciic	pathophysiologies;	using	human	tissues	
from	patients	with	clinically-deined	pathologies.

5.  Integrate multidisciplinary approaches to inves-
tigate LUT and LGIT function through collabo-
rations in areas of e.g.: physical/mathematical 
modelling of LUT and LGIT function and physi-
ological measurements; bioinformatics, genomics 
and cellular signalling; protein structure modelling 

IX. RECOMMENDATIONS FOR RE-
SEARCH CONCERNING LOWER 

URINARY TRACT (LUT) AND LOWER 
GASTROINTESTINAL TRACT

RESEARCH (LGIT)
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and generation of novel receptor ligands; tissue 
engineering.

6.  Develop centres of excellence in LUT and LGIT re-
search and integrate expertise from university de-
partments, academic medical units and industry. 

7.		Encourage	 translational	 research	 to	 develop	
alongside basic research units. 

8.  Develop inter-institutional research-training pro-
grammes to allow new researchers the opportu-
nity to better interact and exchange ideas

9.  Allow researchers-in-training better access to 
international meetings through reduced registra-
tion charges and travel grants.

10.		Lobby	 research-funding	 organisations	 about	
the medical and social importance of LUT and 
LGIT disorders.

AA arachidonic acid

ABMA		 α,β-methylene	ATP

ACh  acetylcholine

ADP  adenosine diphosphate

AMPA		 	α-amino-3-hydroxy-5-methyl-lisoxazole-4-propionic	
acid

2-APB  2-aminoethoxydiphenyl borate

APUD   cells Amine Precursor Uptake and Decarboxylase 
cells 

5ARI		 5α-reductase	inhibitor

ASIC acid-sensing (proton-gated) ion channel

ATP adenosine triphosphate

AUA  American urological association

β-AR		 β-adrenoceptor

BCP bladder compliance 

BK  large conductance Ca2+-activated K+ channel

BoNT/A  botulinum neurotoxin type A

BOO	 bladder	outlow	obstruction

BPH  benign prostatic hyperplasia

BWT  bladder wall thickness

CaD  caldesmon

CaM  calmodulin

cAMP  cyclic adenosine monophosphate

CB  cannabinoid receptor

CBD cannabidiol

cGMP cyclic guanosine monophosphate

CGRP		 calcitonin	gene-related	peptide

ChAT  choline acetyltransferase

CHT1	 choline	transporter

CNS  central nervous system

CO  carbon monoxide 

COX cyclo-oxygenase

Cr  creatinine

CRP		 C-reactive	protein	

Cx43,	Cx26	connexin	proteins	(numbered	subtypes)

CXCL1	 Chemokine(C-X-C	motif)ligand	1

DIDS  diisothiocyano-2,2’-stilbenedisulphonic acid

DO detrusor overactivity

DRG	 dorsal	root	ganglion

DSM  detrusor smooth muscle

DWT  detrusor wall thickness

EAG	 channel	ether-a-go-go	K+ channel

EFS		 electrical	ield	stimulation

ENaC		 epithelial	Na+ channel

EP	 prostaglandin	E	receptors

ERK		 extracellular	signal-regulated	kinase

EUS		 external	urethral	sphincter

FAAH  fatty acid amide hydrolase

FaNaC		 FMRF-amide	activated	channel

FI  faecal incontinence

GABA	 γ-amino	butyric	acid

GC guanylyl cyclase 

G-I Tract gastro-intestinal tract

GRK		 G	protein-coupled	receptor	kinase

HO-1,HO-2		haem	oxygenase,	

HCN              channel    hyperpolarization-activated cyclic nucleo-
tide-gated channel

HERG	 channel		human	ether-a-go-go	family	K+ channels

5-HT 5-hydroxytryptamine

IAS  internal anal sphincter

IBS  increased bladder sensation

IC interstitial cell

ICC	 interstitial	cell	of	Cajal

IC/BPS  interstitial cystitis/bladder pain syndrome

ICI intercontraction interval 

IDO  idiopathic detrusor overactivity

IF	 intermediate	ilaments

IL-6 Interleukin-6 and other numbered subtypes

IP3	 inositol	trisphosphate

IPSS  international Prostate Symptom Score

IR	 immunoreactivity

KCl  potassium chloride

kDa  kiloDalton (unit of molecular weight)

Kir		 inward-rectiier	K+ channel

KNCQ		 family	of	delayed	rectiier	voltage-gated	K+ channels

KO knock-out

L4-L5 spinal lumbar segments 4,5

LC  light chain

LGIC ligand-gated ion channel

LMN  lower motoneurone 

L-NAME		 N	(G)-nitro-L-	arginine	methyl	ester

LP lamina propria

LUT lower urinary tract

X. ABBREVIATIONS AND
NOMENCLATURE
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M1,M2,M3	muscarinic	receptor	(numbered	subtypes)

MCP monocyte chemo-attractant protein

mGluR	 metabotropic	glutamate	receptor

MHC  myosin heavy chain

MHz  megahertz (frequency)

MLC myosin light chain

MLCK  myosin light chain kinase

MLCP  myosin light chain phosphatase

mRNA		 messenger	ribonucleic	acid

MUI  mixed urinary incontinence 

MVP maximal voiding pressure

NANC  non-adrenergic, non-cholinergic

NMDA  N-methyl-D-aspartate

NSAID		 non-steroidal	anti-inlammatory	drugs

NCX  Na+-Ca2+ exchanger

NDO  neurogenic detrusor overactivity

NGF  nerve growth factor

NIRS		 near-infrared	spectroscopy	

NKA  neurokinin A

nNOS neuronal nitric oxide synthase

NMMHC  non-muscle myosin heavy chain

NO nitric oxide

OAB overactive bladder

OEtA		 oleoyl	ethyl	amide

P2X ionotropic family of purinergic receptors

P2Y metabotropic family of purinergic receptors

PACAP  pituitary adenylate cyclase activating polypeptide

PARC	 pulmonary	and	activation-regulated	chemokine

PBOO  partial bladder outlet obstruction

pdet  detrusor pressure

PDGF platelet-derived growth factor

PG prostaglandin

PGP 9.5 protein gene product 9.5

PKC  protein kinase C

PMCA  plasma membrane Ca,Mg-ATPase

PT pressure threshold for voiding

Qmax		 maximum	low	rate

QoL		 quality	of	life

ROK		 rho-activated	kinase

RR	 ruthenium	red

RT-PCR	 reverse	transcriptase	polymerase	chain	reaction

RTX		 resiniferatoxin

SCI	 spinal	cord	injury

SERCA	 Mg2+-dependent	SR	Ca2+-ATPase

siRNA		 small	interfering	RNA	

SK  large conductance Ca2+-activated K+ channel

SMC smooth muscle cell

SP  substance P

SR		 sarcoplasmic	reticulum

SUI  stress urinary incontinence 

SU-IC suburothelial-IC

SUR		 sulphonylurea	receptor

T8-T9  spinal thoracic segments 8,9

TARC	 T	cell-directed	CC	chemokine

TEA		 tetraethylammonium

TEP		 transepithelial	potential

Tm  tropomyosin

7-TMR	 Seven	transmembrane	spanning	receptor

TNF-α		 tumour	necrosis	factor-α

TRP	 transient	receptor	potential	cation	channel

TTX  tetrodotoxin

TUMT  transurethral microwave therapy

TURP		 transurethral	resection	of	the	prostate

UDP uridine diphosphate

UEBW		 ultrasound	estimation	of	bladder	weight	

UMN  upper motoneurone 

USS urgency severity score

UUI  urinary urge incontinence

VIP  vasoactive intestinal peptide

Vmax  maximum contraction velocity 

WT  wild-type

ZIP		 kinase	a	serine/threonine	kinase	mediating	apoptosis

ZO-1	 a	tight	junction	protein

Notes on convention of units and symbols

1		SI (Systeme Internationale) units have been 
used in the report; based on units of length (me-
tre, m); mass (kilogramme, kg); time (second, 
s); electric current (ampere, A); amount of sub-
stance (mol, M):

2		Preixes	are	k	(103),	m	(10-3),	μ	(10-6),	n	(10-9),	p	(10-12). 

3		Derived	 units	 are	 combinations	 of	 SI	 units	 and	
include: voltage (V, = kg.m2.s-3.A-1);	resistance	(Ω	
= V.A-1);	conductance	(S	=	Ω-1); force (Newton, N 
= kg.m.s-2); frequency (Hz, s-1); pressure (Pascal, 
Pa=Nm-2).

4  Some non-SI units, derived from SI units, include 
gramme (g), minute (min).

5		Some	 non-SI	 units	 without	 a	 precise	 deinition	
are sometimes used: these include litre (l, ap-
proximates to dm3); mmHg and cmH2O as units 
of	 pressure	 (1	mmHg	≈	 0.133	 kPa;	 1	 cmH2O	≈	
0.0981	kPa).	

6  The molar unit of concentration (moles per dm3	

solvent) is used, denoted by the letter M. Thus, 
the non-standard form of concentration - mol/L - 
is avoided, as it is meaningless in the SI system 
of units.

7		Symbols	 for	 ions	 in	 solution,	 eg	 Ca2+, Na+, K+, 
Mg2+ etc, refer to the species that are presumed 
to take part in chemical reactions. No assump-
tions	 are	made	 about	 the	 activity	 coeficient	 of	
the species in solution.
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Levels of Evidence

This book attempts to use Levels of Evidence 
throughout. The Oxford Centre for Evidence Based 
Medicine has laid down guidelines that apply to 
Levels of Therapeutic Interventions and Grades 
of Recommendations to Patients; the existence of 
dispute regarding each major conclusion should 
be documented.  However this advice does not re-
ally apply to the basic sciences, where randomized 
controlled trials are not a common format of inves-
tigation, and acute studies with internal controls 
are more common.

Within this chapter we intend to be selective and re-
port	scientiic	evidence	that	has	appropriate	controls	
and	achieves	statistical	signiicance.		Other	catego-
ries of evidence, e.g. uncontrolled studies, anecdotal 
information, hypothesis or speculation will be re-
ferred to as such.

Of	some	importance	in	this	ield	are	species	differ-
ences, and efforts have been made to make it very 
clear when each new topic is introduced in which 
species the observation was made with special 
emphasis as to the extent comparable data exists 
for humans.

In this report, we intend to indicate whether the con-
clusions are based on (A) peer-reviewed papers in 
reputable journals (B) evidence in book chapters or 
reviews, and (C) Abstracts: abstracts will only be 
mentioned if they refer to a systematic study with 
good statistical methodology.

The urothelium can be thought of as a first re-
sponder to various types of stress that can in-
clude physiological, psychological and disease-
related factors. Alterations of bladder urothelium 
at the molecular and structural levels have been 
reported in both patients and animals modeled for 
various bladder disorders.  It is likely that many 
therapies currently used in the treatment of blad-
der disease may target urothelial receptors and/or 
their release mechanisms.

OVERVIEW

I. UROTHELIUM  

Neural Control

This chapter deals with individual components 
regulating the neural control of the urinary bladder.  
This chapter has been completely remodeled and 
updated with the focus on factors and processes 
involved in the two models of operation of the blad-
der: storage and elimination.  There has been sig-
niicant	new	information	since	the	last	consultation	
in	a	number	of	ields:

•	 The urothelium and impact of various 
stresses on barrier as well as cell-signaling 
(‘sensory web’) as well as possible thera-
peutic targets

•	 The location and properties of bladder afferents 
including factors involved in regulating afferent 
sensitization including cross-talk between blad-
der and the bowel

•	 The	neural	control	of	the	pelvic	loor	muscle	and	
pharmacology of urethral and anal sphincters 
highlighting integral role in coordinating somatic 
and visceral function

•	 Efferent pathways to the urinary bladder 

•	 Abnormal lower urinary tract function includ-
ing abnormalities in afferent signaling, urine 
storage, voiding as well as co-morbid disor-
ders associated with bladder pain syndrome 
and incontinence

Also incorporated are sections dealing with the 
current understanding of brainstem neuronal 
networks, which regulate lower urinary tract 
function[1-4].  The importance is reflected in 
the current advances in functional brain imaging 
which have had a major impact on understand-
ing CNS control of the human bladder.  This 
section has been completely revised to include 
recent advances in understanding of the central 
pathways regulating the control of detrusor and 
sphincter, discussion of homeostatic function 
and evidence that structural damage to critical 
connecting neural pathways may contribute to 
urgency incontinence.

L. BIRDER,

T. CHAI, D. GRIFFITHS, D. GRUNDY, K. THOR, R. VALENTINO

Consultant
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and enhance the barrier function of a dysfunctional 
urothelium.[15-19] (Figure 2 )

The apical surface of the urothelium is also covered 
with a sulfated polysaccharide glycosaminoglycan 
(GAG) or mucin layer that is thought to act as a 
nonspeciic	anti-adherence	factor	and	as	a	defense	
mechanism against infection.[20-22] In addition, dur-
ing	bladder	illing	the	umbrella	cells	become	lat	and	
squamous and this shape change is accompanied by 
vesicular	trafic	(i.e.	exocytosis/endocytosis),	adding	
membrane to the apical surface thereby increasing 
overall urinary bladder surface area.[11, 23, 24] This 
process of ongoing replacement of apical membrane 
by newly fused discoid vesicles also serves to main-
tain the urothelial barrier. [25]There is evidence that 
this stretch-induced exocytosis is dependent on ac-
tivation of epidermal growth factor receptor (EGFR).
[26, 27] These processes allow the bladder to ac-
commodate	increasing	volumes	of	urine	during	illing	
without compromising the barrier function. There is 
some	evidence	that	supericial	urothelial	cells	exhibit	
a lower level of endocytotic activity, which may be a 
protective mechanism against internalization of toxic 
substances excreted in the urine.[28] Exocytosis/
endocytosis (vesicular recycling) may also play an 
important role in modulating the release of a number 
of neurotransmitters/mediators as well as regulation 
of the function of many receptors and ion channels in 
urothelial cells. [29, 30]

2.  UROTHELIAL CELLS AND REPAIR

 Epithelial integrity is maintained through a complex 
process of migration and proliferation (to restore cell 
numbers) and differentiation (to restore function).
[31] Basal cells, which are thought to be precur-
sors for other cell types, normally exhibit a low (3-6 
month) turnover rate, in fact the slowest turnover of 

1. ANATOMY AND BARRIER FUNCTION 

The urothelium is the epithelial lining of the lower uri-
nary tract between the renal pelvis and the urinary 
bladder.  Urothelium is composed of at least three 
layers (the exact number of layers is species de-
pendent):  a basal cell layer attached to a basement 
membrane,	an	 intermediate	 layer,	and	a	supericial	
or apical layer composed of large hexagonal cells 
(diameters	of	25-250	μm)	known	as	‘umbrella	cells’.
[5-8] These umbrella cells exhibit a distinctive plasma 
membrane that contains both ‘hinge’ and ‘plaque’ re-
gions (Figure 1 ).  The umbrella cells (which are also 
termed	facet	or	supericial	cells)	are	interconnected	
by tight junctions (which are composed of multiple 
proteins such as the claudins) and are covered on 
their apical surface (nearly 70-80%) by crystalline 
proteins called uroplakins that assemble into hex-
agonal plaques.[9-11] Uroplakins and other urothelial 
cellular differentiation markers, such as cytokeratin 
20,	are	not	expressed	 in	 the	stratiied	epithelium	of	
the urethra.  There have been suggestions in early 
studies in some species, that the umbrella cells and 
perhaps also the intermediate cells may have pro-
jections to the basement membrane.[6, 7]The ability 
of the bladder to maintain the barrier function, de-
spite large alterations in urine volume and increases 
in	 pressure	 during	 bladder	 illing	 and	 emptying,	 is	
dependent on several features of the umbrella cell 
layer.  These features include tight-junction com-
plexes that reduce the movement of ions and solutes 
between cells and specialized lipid molecules and 
uroplakin proteins in the apical membrane, which re-
duce the permeability of the cells to small molecules 
(water, urea, protons).[7, 12] The lipid composition of 
the apical membrane is unusual in composition and 
is rich in cholesterol, phosphatidylcholine, phospha-
tidylethanolamine and cerebroside.[13] Recent stud-
ies suggest that liposomes, consisting of an aqueous 
core enclosed in one or more phospholipid bilayers, 
may help to restore urothelial-barrier function. Lipo-
somes have typically been used to transport drug 
molecules in a variety of cells. Urothelial cells appear 
to take up liposomes via an endocytotic process, pro-
viding evidence for a possible mechanism by which 
liposomes act as a drug delivery system.[14] In addi-
tion, empty liposomes have shown promise to repair 

Figure 1 . Ultrastructural features of umbrella cell 
apical membrane. Left: Scanning electron micro -
graph (high magniication) of apical surface of 
rabbit umbrella cell layer (hinges «H» marked with 
arrows). Right, high power view of tight junctions. 
(from Apodaca, 2004; Truschel et al., 1999).

Figure 2. (A,B) Fluorescent images following ap-
plication of liposomes. A, liposomes instilled in a 
rat bladder forming a coating (green) on urothelial 
surface and in B, liposomes (in green) attached to 
primary cultured urothelial cell membrane. In C, 
rats treated intravesically with protamine sulfate 
(PS) exhibit damaged urothelium; D, rats treated 
with PS followed by liposomes had intact urothe -
lium demonstrating protective effect of liposomes 
(from Kaufman et al., 2009 and Nirmal et al.,2012)
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any mammalian epithelial cells.[13, 32] It has been 
suggested that neither urine-derived factors nor 
cyclic mechanical changes contribute to urothelial 
proliferation and differentiation. However differen-
tiation of urothelial cells in culture can be stimulated 
by prostaglandin (which is abundant in the urine)
[9, 33] and accelerated proliferation can occur in 
various bladder pathologies. For example, using 
agents (protamine sulfate; cyclophosphamide) that 
damage the umbrella cell layer, it has been shown 
that the urothelium rapidly undergoes both func-
tional and structural changes in order to restore the 
barrier in response to injury.[28, 34, 35] Following 
disruption of the barrier, in the early stages of re-
generation	the	supericial	cells	may	appear	smaller	
in size and often covered with microvilli.[34] In some 
pathologies,	a	deiciency	or	defect	in	maturation	or	
terminal	differentiation	of	supericial	umbrella	cells	
have been reported, though the factors which may 
be involved are not yet known.[36]

The processes underlying urothelial repair is com-
plex, involving several structural elements, signaling 
pathways, trophic factors and the cellular environ-
ment. Furthermore, the interaction between these 
biochemical signals and mechanical forces in the 
bladder during the course of urothelial repair is not 
well understood. For example, the initiation of uro-
thelial proliferation or differentiation of intermediate 
cells is thought to involve up-regulation of growth 
factors	 such	 as	 ibroblast	 growth	 factor	 and	 nerve	
growth factor (NGF).[37, 38] In addition, members 
of	 the	 PPARγ	 and	 EGFR	 signaling	 pathways	 may	
contribute to urothelial ‘re-epithelialization’ in wound 
repair.[33] There is also evidence that Hedgehog/
Wnt signaling acting across the basal urothelial 
cell-stromal cell boundary, contributes to increases 
in urothelial proliferation in response to injury.[39] 
Though the urothelium maintains a tight barrier to ion 
and	solute	lux,	a	number	of	local	factors	or	stressors	
such as tissue pH, mechanical or chemical trauma, 
hormonal changes or bacterial infection can modu-
late the barrier function of the urothelium.[7, 29, 40] 
Stress-mediated activation of the hypothalamic-pitu-

itary-adrenal axis can result in increased production 
of corticotrophin releasing factor, which can regulate 
neuroendocrine and autonomic responses to stress.  
The net effect can include disruption of the epithe-
lial barrier and increased prevalence of infection.  In 
addition, altered levels of circulating estrogens have 
been associated with changes to the urothelial struc-
ture including epithelial shedding or mucosal atrophy.
[41, 42] Other conditions such as bladder pain syn-
drome/interstitial cystitis (BPS/IC), senescence or 
spinal cord injury are also associated with changes 
in the urothelial barrier.[43, 44] Studies utilizing aged 
animals	 have	 demonstrated	 signiicant	 alterations	
to the bladder mucosa including areas of mucosal 
denudation.[45, 46] In addition, there is evidence in 
many types of epithelium (including uro-epithelium) 
that adhesion molecules such as members of the 
cadherin family play important roles in establishing 
and maintaining epithelial-cell contacts.[47] Altered 
urothelial-cadherin expression has been reported 
in BPS/IC patient bladder urothelium. Disruption of 
urothelial barrier integrity has also been linked to the 
expression of substances such as antiproliferative 
factor (APF), which also slows urothelial cell growth.
[48-50] APF, a frizzled 8 protein detected in the urine 
of patients with BPS/IC, is secreted by bladder epi-
thelial cells obtained from these patients. Treatment 
of	urothelial	cells	 from	normal	patients	with	puriied	
APF decreases the expression of adhesion and tight 
junction proteins. 

Both physiological and psychological stress can re-
sult in a failure of urothelial and suburothelial ‘de-
fensive’ systems and thereby promote changes in 
both urothelial barrier and signaling function.  For 
example, alterations in proteins including proteogly-
cans and bacterial defense molecules may lead to 
distinctive changes in urothelial structure and play 
a role in bacteria adherence.[51] In this regard, 
urinary tract infections produced by uropathogenic 
Escherichia coli (UPEC) are initiated by bacte-
rial adherence to uroplakin proteins on the apical 
surface of umbrella cells.[40, 52] (Figure 3A ) The 
UPEC	 express	 ilamentous	 adhesive	 organelles	

Figure 3A: Image depicts an intracel -
lular bacterial “ pod” on surface of a 
C3H/H3J mouse bladder infected with 
UT189. (from Anderson et al.,2003).

In B: E Coli of the bladder causes pain 
and inlammation. The endotoxin (LPS) 
on bacterial cell wall produces  pain 
signals to spinal  cord/brain. (modiied 
from ICA update 2011).



184

(type 1 pili) that mediate bacterial attachment, in-
vasion and apoptosis of the urothelial cells. It has 
been suggested that urothelial differentiation (and 
increased uroplakin III expression) plays a pivotal 
role in sensitizing urothelial cells to UPEC-induced 
infection and possible cell death.[53] Even acute 
contact (within hours) of the mucosal surface by 
bacteria may result in altered urothelial barrier func-
tion.[54] UPEC can also internalize within umbrella 
cells	forming	intracellular	colonies	(bioilm-like	pods)	
of UPEC that has been implicated in the mechanism 
of chronic urinary tract infections. UPEC are able 
to commandeer the endocytic/exocytic machinery 
of urothelial cells, residing inside fusiform vesicles.
[55] This permits the bacteria to escape elimination 
during voiding and re-emerge into the urine during 
distension.  When expelled into the urine during the 
storage phase, the urine may provide a nutrient-rich 
environment optimizing bacterial survival. Evidence 
supports a role for endotoxin (lipopolysaccharide, 
LPS) on the bacterial cell wall in mediating the pain 
associated with UPEC infection.[56] (Figure 3B ).

Disruption of urothelial function can also be induced 
by	more	 remote	 pathological	 conditions	 that	 inlu-
ence neural or hormonal mechanisms. For exam-
ple, spinal cord transection in rats leads to a rapid 
alteration in the urothelial barrier including ultra-
structural changes and increased permeability.[44] 
The changes are blocked by pretreatment with a 
ganglionic blocking agent, suggesting an involve-
ment of efferent autonomic pathways in the acute 
effects of spinal cord injury on bladder urothelium. 
Other types of urothelial-neural interactions are 
also likely, based on the recent reports that various 
stimuli induce urothelial cells to release chemical 
mediators that can in turn modulate the activity of 
afferent nerves.[7, 29] This has raised the possibil-
ity that the urothelium may have a role in sensory 
mechanisms in the urinary tract.   

In	 summary,	 modiication	 of	 the	 urothelium	 and/or	
loss of epithelial integrity in a number of pathologi-
cal conditions can result in passage of toxic/irritat-
ing urinary constituents through the urothelium or 
release of neuroactive substances from the urothe-
lium.  This may lead to changes in the properties of 
sensory nerves and in turn sensory symptoms such 
as urinary frequency and urgency.  Thus chemical 
communication between the nervous system and the 
urothelial cells may play an important role in the gen-
eration of urinary bladder dysfunction.

3.  UROTHELIAL HETEROGENEITY

Studies (comparing a number of species) have 
shown that the major part of the urinary tract is 
lined with a fully differentiated urothelium.[9] Find-
ings in cultured cells reveal a distinct difference 
in morphology of ureteral and bladder urothe-
lial cells, supporting a difference in cell lineage. 
Present evidence suggests at least 3 urothelial 
lineages: 1) those of the ureter/renal pelvis, 2) 

detrusor/trigone and 3) bladder neck/proximal 
urethra.[57] There seems to be no apparent dif-
ference between the urothelium of the trigone 
compared to the detrusor, in contrast to cells from 
the proximal urethra.[9, 58] In this region, there 
is a transition from urothelium to a stratified or 
columnar epithelium accompanied by a lack of 
urothelial-specific differentiation markers. In ad-
dition, peptide/amine-producing endocrine cells 
termed ‘paraneurons’ are distributed within the 
urethral epithelia.  These cells, which are often 
exposed to the lumen and may share similarities 
to GI enterochromaffin cells, are covered with mi-
crovilli (Figure 4 ), and may also serve a sensor 
role for chemical as well as mechanical signals.
[59] The functional significance of these findings 
has yet to be determined.

4.  ROLES FOR UROTHELIAL CELLS IN VIS -
CERAL SENSATION

While urothelial cells are often viewed as bystanders 
in the process of visceral sensation, recent evidence 
has supported the view that these cells function as 
primary transducers of some physical and chemical 
stimuli and are able to communicate with underlying 
cells including bladder nerves, smooth muscle and 
inlammatory	cells.	(Figure 5 )

The urothelium is able to respond to a wide variety 
of	 mechanical	 stresses	 during	 bladder	 illing	 and	
emptying by activating a number of possible trans-
ducer proteins.  Possibilities of mechanical signals 
include bladder pressure, tension in the urothelium 

Figure 4. Images despicts “ open type” paraneu-
rons in the dog urethra. A, paraneuron reaching 
the lumen; B-D, Scanning EM identiies (arrows) 
microvillous cells among the epithelial cells. A: 
x14.000; b: x4600, c: x12,000, d: x16,000. (from 
Hashimoto et al., 1999).
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or bladder wall, torsion, geometrical tension, move-
ment of visceral organs and even urine tonicity. Al-
terations in the composition of urine are a type of 
stress whose contents can vary in both their rate of 
delivery as well as the particular constituents. 

Additional lines of evidence suggest that urothelial 
cells participate in the detection of both physical and 
chemical stimuli.  Bladder nerves (afferent and ef-
ferent) are localized in close proximity, and some 
within, the urothelium.[60-63] In addition, urothelial 
cells express numerous receptors/ion channels simi-
lar to that found in both nociceptors and mechano-
receptors.		And	inally,	these	cells	secrete	a	number	
of transmitters or mediators capable of modulating, 
activating or inhibiting sensory neurons.

a) Urothelial-Neuronal Signaling

Recent studies have shown that both afferent and 
autonomic efferent nerves are located in close 
proximity to the urothelium.  Peptidergic, P2X- and 
TRPV1-	 immunoreactive	 nerve	 ibers	 presumed	
to arise from afferent neurons in the lumbosacral 
dorsal root ganglia are distributed throughout the 
urinary bladder musculature as well as in a plexus 
beneath and extending into the urothelium.[29, 62] 
In humans with neurogenic detrusor overactivity in-
travesical	administration	of	resiniferatoxin,	a	C-iber	
afferent neurotoxin, reduces the density of TRPV1 
and P2X3 immunoreactive suburothelial nerves, in-
dicating that these are sensory nerves.[64, 65] In 
addition, immunohistochemical studies have also 
revealed both adrenergic (tyrosine hydroxylase) 
positive as well as cholinergic (choline acetyltrans-
ferase, ChAT) positive nerves in close proximity to 
the urothelium.[61] 

A network of cells with morphologic characteristics 
similar	to	those	of	myoibroblasts	or	interstitial	cells	
is also detected in the suburothelial space of the 
bladder in both humans and animals.[66-70] These 
cells, which are extensively linked by gap junctions 
and have close contacts with nerves, can respond 
to neurotransmitters, such as ATP released from 
nerves or urothelial cells, suggesting that they could 
act as intermediaries in urothelial-nerve interac-
tions.[66, 69, 71] Thus the anatomic substrates for 
bidirectional urothelial-neural communication exist 
within the urinary bladder.

b)  Involvement of the Urothelium in “Sensing” 
Chemical and Mechanical Stimuli

The involvement of urothelial function in sensory 
signaling	is	suggested	by	the	inding	that	urothelial	
cells express various receptors that are linked to 
mechano- or nociceptive sensations.  Examples 
of neuronal “sensor molecules” (receptors / ion 
channels)	 that	 have	 been	 identiied	 in	 urothelium	
include receptors for purines (P2X [1-7] and 
P2Y [1,2,4]) adenosine (A1, A2a, A2b and A3), 
norepinephrine	(α	and	β),	acetylcholine	(muscarinic	
and nicotinic), protease-activated receptors 
(PARs), amiloride- and mechanosensitive epithelial 
sodium channels (ENaC), bradykinin (B1 and B2), 
neurotrophins (p75, trkA, EGF family Erb1-3), 
corticotrophin releasing factor (CRF1 and CRF2), 
estrogens	(ERα	and	ERβ),	endothelins	and	various	
TRP channels (TRPV1, TRPV2, TRPV4, TRPM8 
and TRPA1). [72-82]The expression of these 
various receptors enable the urothelium to respond 
to a number of “sensory inputs” from a variety of 
sources.  These inputs include increased stretch 

Figure 5. Hypothetical model depicting possible interactions between bladder nerves, urothelial cells, 
smooth muscle, interstitial cells and blood vessels. Urothelial cells can also be targets for transmitters 
released from nervesor other cell types. Urothelial cells can be activated by either autocrine (i.e. auto 
regulation) or paracrine (release from nearby nerves or other cells) mechanisms.
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during	 bladder	 illing,	 soluble	 factors	 (many	 found	
in the urine) such as epidermal growth factor 
(EGF), or chemical mediators/peptides/transmitters 
such as substance P, calcitonin gene-related 
peptide (CGRP), corticotrophin releasing factor 
(CRF), acetylcholine, adenosine or norepinephrine 
released	from	nerves,	inlammatory	cells	and	even	
blood vessels.[29, 30, 83, 84] 

Various stimuli can lead to secretion of numerous 
chemical substances such as neurotrophins, pep-
tides, ATP, acetylcholine, prostaglandins, prostacy-
clin, nitric oxide (NO) and cytokines that are capa-
ble of modulating the activity of underlying smooth 
muscle [71, 85] as well as nearby sensory neurons. 
For	 example,	 urothelial-speciic	 overexpression	 of	
NGF results in increased bladder nerve ‘sprouting’ 
and increased voiding frequency.[86, 87] It has been 
shown that urothelial-derived NO can be released in 
response to mechanical as well as chemical stimu-
lation and may either facilitate or inhibit the activity 
of bladder afferent nerves conveying bladder sensa-
tion.[82, 88] In this regard, activation of urothelial-
receptors and release of inhibitory mediators may 
explain in part, the mechanism of action for therapies 
(e.g.	β3-adrenergic	receptor	agonists)	in	treatment	of	
bladder disorders such as OAB.[89-91]

The mechanism underlying release of chemical me-
diators from the urothelium, including whether all 
sensory “inputs” stimulate membrane turnover (i.e. 
vesicular exocytosis) is not well understood.  What 
little is known about the roles and dynamics of mem-
brane-bound cytoplasmic vesicles in urothelial cell 
physiology is derived from measurements of mem-
brane	 capacitance	and	microscopy	of	 ixed	 tissues	
and cells.  For example, there is evidence that once 
released, ATP can act as an important autocrine me-
diator, which can induce membrane turnover as well 
as enhance both stretch induced exocytosis and en-
docytosis.[92] Alterations in membrane turnover can 
not only increase apical surface area (as described 
above) but also regulate the number and function of 
receptors and channels at the cell surface.

There is evidence that epithelial cells in different or-
gan systems may express similar receptor subtypes.
[93-95] Accordingly, epithelial cells could use multiple 
signaling pathways, whose intracellular mechanisms 
differ according to location and environmental stimu-
li.		This	would	permit	a	greater	lexibility	for	the	cell	to	
regulate function and respond to complex changes 
in their surrounding microenvironment.  Whether 
urothelial-sensor molecules all feed into a diverse ar-
ray of signaling pathways or share similarities with 
systems such as olfaction, whereby hundreds of re-
ceptors share identical transduction cascades[96], is 
yet to be uncovered.

1. PURINERGIC RECEPTORS

Since	 the	 irst	 report	 of	 distension-evoked	ATP	 re-
lease from the urothelium there is now abundant 
evidence supporting a role for urothelially-derived 

release of ATP in autocrine and paracrine signaling 
within the lower urinary tract.  ATP is abundant in the 
cell cytoplasm and can be released extracellularly by 
several mechanisms including vesicular exocytosis, 
transporters such as a member of the ATP-binding 
cassette (ABC) transporter superfamily, or anion-se-
lective channels such as the maxi-anion channel.[75] 
ATP is released from both the apical and basolateral 
urothelial surfaces in response to bladder stretch and 
can act on P2X2 and P2X3 urothelial receptors to 
stimulate stretch-induced exocytosis.[92] (Figure 6 ) 
The expression of both P2X and P2Y receptors in 
nerve	ibers	and	myoibroblasts	in	close	proximity	to	
the bladder lumen and the sensitivity of these cells to 
ATP suggests that basolateral ATP release from the 
urothelium	may	also	 inluence	 function	of	myoibro-
blasts and bladder nerves.[97] The amiloride-sensi-
tive apical sodium channel, ENaC, may be involved 
in mechanotransduction by controlling basolateral 
release of ATP.[98] In addition, intercellular commu-
nication	mediated	by	gap	junctions	in	myoibroblasts	
could provide a mechanism for long-distance spread 
of signals from the urothelium to the detrusor muscle.
[71] Interestingly, this type of nucleotide-mediated 
wave of cell-cell communication may also play a role 
in the response to injury.[99] While evidence sup-
ports a role for ATP and purinergic receptors in mod-
ulating symptoms in several urologic diseases, the 
mechanisms underlying activation of the micturition 
pathway at lower bladder volumes (during urgency) 
and mediators (amount; type) involved are not un-
derstood.  In addition, the directionality of transmit-
ter release, the mixture of receptor subtypes in the 
apical and basolateral domains and interactions be-
tween multiple-transmitters is likely to affect the na-
ture of the output in both health and disease.

2. TRP CHANNELS

The ability of capsaicin to evoke NO release from 
rat	urothelium,	reported	in	1998,	provided	the	irst,	
albeit indirect, demonstration that TRPV1 channels 

Figure 6. Image is a 3-dimensional reconstruction 
(taken with a confocal microscope) depicting local-
ization of P2X3 (green; nuclei blue) in the urothe-
lium (from wang et al.2005).
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are expressed in urothelial cells and that urothelial 
cells and afferent nerves, which also express these 
channels, share a number of common properties.
[100] This ion-channel protein is activated by capsa-
icin, as well as to moderate heat, protons, nitro-fatty 
acids and lipid metabolites such as anandamide (an 
endogenous ligand of both cannabinoid and vanil-
loids receptors).[101, 102] Activation of urothelial 
cells with capsaicin or resiniferatoxin can increase 
intracellular calcium, evoke transmitter (nitric oxide, 
NO or ATP) release and elicit transient currents.[82, 
103] Similar to that in sensory neurons, urothelial-
response to vanilloids are enhanced by low pH, 
blocked by TRPV1 antagonists and eliminated in 
TRPV1 null mice.[62] In afferent neurons, TRPV1 
is thought to integrate/amplify the response to vari-
ous stimuli and to play an essential role in the de-
velopment	of	inlammation-induced	hyperalgesia.		It	
seems likely that urothelial-TRPV1 might participate 
in a similar manner, in the detection of irritant stimuli 
following	bladder	inlammation	or	infection.	

Though TRPV1-null mice are anatomically normal, 
they exhibit a number of alterations in bladder func-
tion, including a reduction in stretch-evoked and 
hypotonic-evoked ATP release and stretch-evoked 
increase in membrane capacitance.[62] In addition, 
TRPV1 knockout mice have a higher frequency of 
low-amplitude, non-voiding bladder contractions 
suggesting the possibility of a small but ongoing 
role for TRPV1 in normal urine storage function. Al-
tered responses to distension were also detected in 
TRPV1 null mice, demonstrating a role of TRPV1 in 
excitability of lower threshold bladder afferents.[104] 
These relatively benign changes may result from 
TRPV1 expression not only in afferent nerves that 
form close contacts with bladder epithelial (urotheli-
al) cells but also in urothelial cells themselves. These 
indings	demonstrate	that	the	functional	signiicance	
of TRPV1 in the bladder extends beyond pain sensa-
tion to include participation in normal voiding func-
tion, and is essential for mechanically evoked puri-
nergic signaling by the urothelium.

3. ADDITIONAL TRP CHANNELS

Much less is known about the involvement of other 
TRPs in bladder function or disease.  TRPV4 which 
is a nonselective cation channel activated by a num-
ber of stimuli including heat, shear stress, changes 
in osmolarity and lipid ligands is expressed mainly 
within the epithelium of the urinary bladder.[105] 
While	a	deinitive	role	for	TRPV4	in	bladder	function	
has not been established, there is evidence that null 
mice exhibit impaired voiding responses and, intra-
vesical instillation of a TRPV4 agonist in the rat trig-
gers	a	novel	voiding	relex	which	could	regulate	the	
late phase of micturition.[63, 106] Additional studies 
suggest activation of urothelial-TRPV4 facilitates 
bladder	relexes	via	activation	of	mechanosensitive,	
capsaicin-	 (insensitive)	C	ibers.[107]	 In	addition,	 in	
the awake ewe, TRPV4 may also be involved in a 
urethra	to	bladder	relex,	proposed	to	facilitate	blad-

der emptying.[108] Another member of the TRP 
family, TRPA1 (characterized as a thermoreceptor 
activated	 by	 noxious	 cold),	 is	 expressed	 in	 C-iber	
afferents as well as urothelium and agonists to this 
channel	 induce	bladder	hyperrelexia.[109]	Of	 inter-
est	is	the	inding	that	hydrogen	sulide,	which	may	be	
formed	during	infection/inlammation,	is	an	activator	
of TRPA1. [110]

4. ACETYLCHOLINE AND THE UROTHELIUM

There is evidence that the urothelium expresses the 
full complement of muscarinic receptors as well as 
enzymes necessary for the synthesis and release 
of acetylcholine.[83, 111] Further, the urothelium is 
able to release acetylcholine following both chemi-
cal and mechanical stimulation. [83] The mechanism 
underlying acetylcholine release from urothelium 
may be through organic cationic transporters (OCTs) 
rather than vesicular exocytosis, differing from that 
of bladder nerves.[112] Once released, urothelial-
derived acetylcholine is likely to exert effects via a 
number of sites including smooth muscle, nerves as 
well as urothelial associated-muscarinic or nicotinic 
receptors, the latter that could contribute to feed-
back mechanisms modifying urothelial function.[79, 
113] In addition, stimulation of urothelial-cholinergic 
receptors elicits release of mediators such as nitric 
oxide, prostaglandin as well as ATP, which could alter 
bladder sensation by stimulating nearby sensory af-
ferent nerves.[79, 114-116]

Thus, targeting muscarinic receptors and/or uro-
thelial synthesis or release mechanisms may play 
an important role in the treatment for a number of 
bladder disorders.  By inhibiting SNARE-dependent 
exocytotic processes, botulinum toxin A (BoNT/A) 
can prevent the release of transmitters from blad-
der nerves as well as translocation of various recep-
tors and channels to the plasma membrane.[117] 
Urothelial-derived acetylcholine may not be sensitive 
to BoNT/A, however studies have shown that other 
transmitters (such as ATP) released by the urothe-
lium can be blocked by this treatment in addition to 
normalizing the expression of urothelial-receptors 
(TRPV1; muscarinic) and trophic factors.[118, 119] 
[120, 121] Preliminary studies using immunoblotting 
indicate expression of the SNARE proteins SNAP23; 
SNAP25 (Birder unpublished observations) as well 
as	 the	high	afinity	 binding	 site	SV2	 in	both	 rodent	
(Birder unpublished observations) and human mu-
cosa[122]. These and other studies suggest that the 
urothelium may be a target for this treatment and that 
urothelial-released mediators may contribute to sen-
sory urgency. 

5.  CLINICAL SIGNIFICANCE OF THE SENSORY 
WEB

Defects in urothelial sensor molecules and urothelial-
cell signaling are likely to contribute to the pathophys-
iology of bladder diseases. For example, a number of 
bladder conditions (BPS/IC, spinal cord injury (SCI), 
chemically-induced cystitis) are associated with 
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augmented release of urothelial-derived ATP, which 
is likely to result in altered sensations or changes in 
bladder	 relexes	 induced	 by	 excitation	 of	 purinergic	
receptors	on	nearby	sensory	ibers.[76,	123]	ATP	can	
also act in an autocrine manner that would act to fa-
cilitate its own release from urothelial cells. Augment-
ed expression/release of urothelial-derived chemical 
mediators is likely to reduce the threshold for activa-
tion of nearby bladder afferents. Thus, the urothelium 
has the potential for amplifying signals, both within 
the urothelium and the bladder wall and contributing 
to a gain of function in sensory processing. Stressors 
that can impact on this ‘gain of function’ include alter-
ations in levels of trophic factors as well as stress and 
steroid hormones. For example, altered levels of cir-
culating estrogens may play a role in urinary bladder 
dysfunction, including urgency and frequency.[124] 
The resulting structural and functional abnormalities 
may lead to enhanced signaling between the urothe-
lium and underlying cells.

Changes in epithelial signaling/barrier function would 
not be unique to the urinary bladder.  For example, 
airway epithelia in asthmatic patients as well as ke-
ratinocytes in certain types of skin diseases also 
exhibit a number of similar abnormalities and com-
promised repair processes.[125, 126] This is particu-
larly relevant given the high incidence of associated 
diseases that can include both visceral and somatic 
conditions, many of which exhibit a shared loss of 
epithelial barrier function. Taken together, epithelial 
cells can respond to a number of challenges (includ-
ing environmental pollutants and mediators released 
from	nerves	or	nearby	 inlammatory	cells)	 resulting	
in altered expression and/or sensitivity of various 
receptor/channels as well as changes in release of 
mediators, all of which could impact function.

1.  OVERVIEW:  PROPERTIES OF AFFERENT 
NEURONES

The bladder and lower urinary tract serves to store 
and evacuate urine and is controlled by a complex 
hierarchy of neural mechanisms organized by local, 
spinal and brain circuits. Most of the time is spent 
in storage mode during which the bladder accom-
modates	urine	and	maintains	continence	via	relexes	
that prevent contraction of bladder smooth muscle 
and contract the urethral sphincter. This switches 
during micturition when the bladder contracts and 
the sphincter opens to facilitate voiding. This switch 
relies on sensory signals, which provide the input 
to	 the	 relex	 circuits	 that	 control	 bladder	 illing	 and	
emptying and are also the source of both non-painful 
sensations of fullness and pain. Dysfunction leads 
to a number of distressing disorders such as over-
active bladder syndrome (OAB) and Bladder Pain 
Syndrome/Interstitial Cystitis (BPS/IC) with symp-
toms including urgency, pain and urinary inconti-
nence. Currently available therapeutic approaches 

are aimed primarily at reducing bladder contraction 
in order to relieve intravesical pressure and maintain 
continence. Interest in bladder afferent signalling has 
been fuelled by the recent realization that symptoms 
are a feature of dysregulated storage rather than 
exaggerated contractile responses and therefore 
targeting afferent mechanisms may be a rational ap-
proach to treatment.

Our understanding of bladder afferent signalling has 
been advanced by studies that are designed to re-
veal	irstly,	the	morphological	features	of	the	afferent	
terminations in both the periphery and spinal cord; 
secondly, identify the receptors and ion channels 
present on these terminations that determine affer-
ent excitability and, thirdly, by recording electrophysi-
ologically	the	action	potentials	in	afferent	ibres	it	has	
been possible to characterize the stimulus-response 
functions of the various populations of afferents con-
veying sensory information towards the CNS. Such 
afferent recordings have been performed in vivo in 
anaesthetized animals and in vitro using isolated tis-
sue preparations. In vivo studies have the advantage 
that	relex	function	remains	intact	although	they	may	
be	 inluenced	 by	 the	 use	 of	 anaesthetics.	Also,	 by	
maintaining vascular perfusion, tissue oxygenation 
will be better maintained, and blood borne factors, 
including leukocytes, important for neuro-immune 
functions, can be recruited to the bladder milieu. Sim-
ilarly, any biochemical factors released into the tissue 
will be rapidly eliminated into the blood stream. How-
ever, an intact vascular supply may also offer a num-
ber	of	disadvantages.	Relex	changes	in	blood	low	
may	 lead	 to	secondary	alterations	 in	afferent	iring,	
while	in	the	absence	of	blood	low	there	is	the	poten-
tial for surgical and pharmacological interventions to 
probe	stimulus-response	function.	For	example,	lat-
sheet preparations with the urothelium uppermost in 
a tissue bath allow the pinpoint mapping of receptive 
ields	and	the	localized	application	of	stimuli	directly	
to the surface of the urothelium.  In contrast, surgical 
removal of the urothelium and sub-urothelial tissue 
has been used to determine the source of afferent 
signals from different layers of the bladder wall and 
the role of urothelial factors in afferent activation. 
The perfusion medium can incorporate drugs to tar-
get	 speciic	 ion	 channels	 and	 receptors	 that	would	
be lethal to the whole animal or can be manipulated 
(calcium-free conditions) to attenuate processes that 
require calcium entry for downstream signalling. The 
combination of these different approaches has been 
essential in understanding the nature of sensory sig-
nalling from the lower urinary tract.

2. PATHWAYS TO THE SPINAL CORD

Afferent	ibres	reach	the	lower	urinary	tract	via	pel-
vic, hypogastric (lumber splanchnic) and pudendal 
nerves. These nerves are mixed nerves that also 
contain the efferent parasympathetic, sympathetic 
and	motor	ibres	supplying	the	bladder,	urethra	and	
sphincters.  Axonally transported dyes applied to 
these nerves are taken up and transported to the 

II.  AFFERENT NEURONES
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cell bodies in the lumbosacral dorsal root ganglia 
and the terminations in the spinal cord. Mapping the 
distribution of these dorsal root ganglia (DRG) al-
lows the pattern of innervation to be determined in 
detail and when used in combination with immuno-
cytochemistry provide information on the neuronal 
phenotype. Moreover, these neurones can be iso-
lated and maintained in cell culture and the label-
ling	using	to	identify	speciic	functional	properties	of	
bladder projecting sensory neurones.

Only a small proportion of DRG neurones supply 
the viscera with majority supplying somatic targets 
in the skin and skeletal muscles. Those supplying 
the bladder are pseudounipolar with a central pro-
jection into the dorsal horn of the spinal cord and 
a peripheral axon that terminates at different lev-
els in the bladder wall. DRGs supplying pelvic and 
pudendal afferents originate in the thoracic, lumbar 
and sacral regions while hypogastric afferents arise 
mainly from the rostral lumbar dorsal root ganglia. 
The central projections of these DRG neurons carry 
the sensory information from the lower urinary tract 
to second order neurons in the spinal cord. These 
second order neurons provide the basis for spinal 
relexes	 and	 ascending	 pathways	 to	 higher	 brain	
regions involved in micturition and in mediating sen-
sation (described elsewhere in this volume).

The cell size of bladder DRGs is consistent with there 
being 2 populations of afferent with one connecting 
to	small	unmyelinated	C-ibre	afferents	and	the	other	
to	inely	myelinated	A-delta	ibres.	These	cell	bodies	
can	be	 further	classiied	according	 to	 the	presence	
or absence of certain biochemical markers, namely 
peptidergic and non-peptidergic. Many unmyelinated 
afferents are peptidergic, containing calcitonin-gene 
related peptide (CGRP) and many of these also con-
tain substance P as well as various other peptides. 
However,	some	small	myelinated	ibres	also	express	
CGRP.	Non-peptidergic	 neurones	 can	 be	 identiied	
by labelling for isolectin IB4, which recognizes ter-
minal sugar residues on the cell membrane. Both 
small and medium sized DRGs are labelled with IB4. 
This non-peptidergic subgroup also expresses P2X3 
receptors, which is predominantly found in small un-
myelinated	ibres.	TRPV1	and	other	sensory	markers	
described below are expressed on both peptidergic 
and non-peptidergic populations.

Staining for these sensory markers have also been 
used to identify the terminations of sensory affer-
ents in the bladder wall. CGRP-containing afferent 
ibres	are	abundant	 in	 the	bladder	wall	and	distrib-
uted within 4 different layers distinct layers: within the 
urothelium, around the base of the urothelium within 
the lamina propria, in the muscle and associated with 
blood	vessels	in	the	serosa.	These	ibres	have	con-
spicuous varicosity, which are release sites for stored 
transmitter indicating a role for these afferents in so 
called	“axon	relexes”.	Upon	activation	the	afferents	
convey information towards the CNS but also release 
mediators onto cells in their vicinity to mediate local-

ized responses. Targets for these mediators include 
vascular smooth muscle, detrusor muscle, urothe-
lium,	ibroblast-like	cells,	mast	cells	and	other	neu-
rons.	In	the	human	bladder,	CGRP	containing	ibres	
occur only infrequently in nerves in the muscle but 
are moderately frequent in the suburothelial layer. 
Some	of	these	ibres	synapse	on	intramural	ganglia	
within the bladder forming the basis for local neural 
relexes.[127-130]	 Ultrastructural	 studies	 of	 human	
bladder have found only unmyelinated nerves in the 
urothelium and immediate suburothelial layer, small 
myelinated nerves being closely associated with the 
smooth muscle layers.[131] The plexus of afferent 
nerves in the lamina propria is thickest in the neck 
of the bladder and in the initial portion of the ure-
thra, and becomes progressively less dense in the 
adjacent regions such that cranial region of the blad-
der have no afferent axons. In contrast, the affer-
ent innervation of the musculature is more uniform 
throughout the bladder.  

3.  FUNCTIONAL PROPERTIES OF BLADDER 
AFFERENTS

Recording	from	bladder	afferents	has	conirmed	the	di-
versity of afferent populations described above based 
on morphology.[132] Conduction velocity measure-
ments	conirm	the	predominance	of	ibres	conducting	
action	potentials	in	the	A-delta	and	C-ibre	range.	The	
majority of these are mechanosensitive, responding to 
bladder	illing	with	a	range	of	thresholds	from	volumes	
that	would	be	encountered	under	normal	bladder	illing	
to extreme levels of distension that would be consid-
ered noxious and give rise to pain. Those with lower 
thresholds have small myelinated axons while unmy-
elinated	 ibres	 have	 generally	 higher	 thresholds	 for	
activation. Other afferents do not respond to bladder 
illing.		Some	can	be	activated	by	intraluminal	chemi-
cals such as hypertonic saline, capsaicin or ATP, sug-
gesting they may function as chemoreceptors. Others 
may be so called “silent afferents” that have been de-
scribed elsewhere including the gastrointestinal tract. 
These	afferents	can	be	sensitized	during	inlammation	
suggesting a role in signaling pain. 

A series of studies have used open-sheet prepara-
tions of guinea-pig bladder to examine the diver-
sity of bladder afferents and to attempt to correlate 
structure with function. Low threshold afferents 
have terminals in the muscle where they have been 
described as having “antenna-like endings” and are 
referred to as stretch sensitive muscular mechano-
receptors. [133-135] Since these afferents also re-
spond to contraction of the detrusor muscle there 
are also called tension receptors since they re-
spond to tension generated by both elongation dur-
ing stretch and shortening during contraction. High 
threshold afferents are also likely to terminate in the 
deeper muscle layers or in the serosa. These mech-
anosensitive	endings	have	receptive	ields	(located	
by mechanical probing) associated with blood ves-
sels. These likely respond to high levels of stretch 
that distort the bladder wall but may also become 
sensitized	in	response	to	inlammation.
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Another class of mechanoreceptor can be activated 
by stretch and by light stroking of the urothelium. 
These endings are referred to as muscular-mucosal 
by analogy to similar endings in the bowel wall but 
muscular-urothelial mechanoreceptor may be a more 
correct term. Their sensitivity could arise because 
the afferent terminal branches to supply the muscle 
and urothelium or a single ending in the lamina pro-
pria might detect changes in muscle tension and 
stimulation of the urothelium.[136] Zagorodynuk et 
al suggest that non-peptidergic “grape like” endings 
in the lamina propria may be the substrate for these 
endings. Other urothelial endings respond to stroking 
but not stretch and some of these are stimulated by 
luminal chemicals such as capsaicin, acid and are 
temperature-sensitive. Peptidergic afferents identi-
ied	by	dye	illing	 from	the	pelvic	nerve	may	be	the	
basis for these epithelial responses.

Mechanosensitivity can arise either directly as a 
consequence of mechanosensitive ion channels on 
the sensory nerve ending or secondary to chemi-
cals released in response to stimulation, which in 
turn activate the ending secondary to stimulation of 
ligand-gated ion channels. As outlined below there is 
considerable debate as to the role of the urothelium 
in sensory signaling. One attempt to resolve this has 
been to dissect off the urothelium and lamina propria 
and determine the impact on mechanosensitivity. In 
the case of muscular and serosal mechanoreceptors 
removal of the urothelium has little impact on disten-
sion response, suggesting these endings may be di-
rectly responsive, although the nature of the mecha-
nosensitive ion channels has yet to be elucidated. 

In contrast the response of muscular-urothelial end-
ings to distension is markedly attenuated following 
removal of the surface layers of urothelium.[135] The 
same is true for the mucosal endings. This could 
imply that the urothelium is involved in transducing 
stimuli. However, an alternative view might be that 
dissection causes damage to the underlying nerves 
that are no longer able to respond to any stimulus.  
An alternative approach to determining the role of 
the urothelium may rely on pharmacological manipu-
lations that interfere with urothelial signaling. In this 
respect the response of low threshold mechanore-
ceptors was unchanged in calcium-free buffer, which 
would be expected to prevent urothelial mediator re-
lease through exocytosis.

More	 recent	 studies	 in	 the	mouse	 identiied	 similar	
populations of afferents and used a systematic clas-
siication	system	to	establish	the	relative	proportion	
of these different types of afferents in the pelvic and 
lumbar splanchnic nerve supply. The basis for clas-
siication	 and	 the	 relative	 distribution	 of	 the	 termi-
nals and projecting pathway is shown in Figure 7 . 
Another important observation in this study was the 
inding	 that	 both	 low	 threshold	 and	 high	 threshold	
mechosensitivity became heightened following ex-
posure	to	inlammatory	mediators	which	has	implica-
tions for our understanding of how sensory signaling 
is altered in disease and a basis for altered mictu-
rition and sensations such as pain.[137] There are 
also	recent	studies	that	identiied	and	characterized	
sacral	afferents	responding	to	‘low’	through	the	ure-
thra.[138] These are important observations whereby 
properties	 of	 these	 low-responsive	 afferents	 seem	

Figure 7. LUT afferent nerve classes and distribution. A, iber classes in bladder wall and urethra. B, in pelvic 
nerve 4 types of mechanosensitive ibers were identiied by stretch, stroke and probe. C, proportion of afferent 
iber types recorded in pelvic nerve. D, low and high threshold receptive ields of pelvic nerve muscle ibers 
based on response to stretch. E, receptive ields of 4 pelvic nerve iber classes (Kanai and Andersson, 2010).



191

to parallel that of cutaneous afferents.  This could be 
important in terms of restoration of bladder emptying 
following spinal cord injury.

4. MODULATING AFFERENT SENSITIVITY

The discussion above has emphasized how stim-
ulus-response	 function	 can	 be	 used	 to	 deine	 the	
features of the various sub-populations of afferents 
that supply the lower urinary tract.  The relationship 
between	stimulus	and	response	is	not	ixed	but	can	
be changed according to the mechanical and chemi-
cal environment of the sensory ending. Contractions 
can distort the afferent ending while connective tissue 
elements will transmit or dissipate stimulus energy 
within the tissue determining for example whether a 
response is rapidly or slowly adapting to maintained 
stretch. Similarly, chemicals released from a variety of 
cells within the bladder wall and particular the urothe-
lium	and	lamina	propria	will	inluence	afferent	iring.	

Many	 mediators	 are	 released	 during	 inlammation,	
injury and ischemia, from platelets, leukocytes, lym-
phocytes,	macrophages,	mast	cells,	glia,	ibroblasts,	
blood vessels, muscle and neurons.  Each cell type 
may release several of these modulating agents. 
Some mediators act directly on sensory nerve ter-
minals, while others act indirectly, causing release of 
yet	other	agents	from	nearby	cells.		This	“inlamma-
tory soup” acts on sensory nerve terminals to modify 
signalling (this is often referred to as “plasticity”). The 
increased sensitivity to both mechanical and chemi-
cal stimuli may contribute to chronic pain states – a 
feature of clinical relevance. Moreover, since these 
afferents	also	trigger	relexes	that	coordinate	bladder	
function, sensitization can also cause detrusor over-
activity	or	dysrelexia.	Various	experimental	models	
have been employed to examine changes in the 
bladder innervation in disease. These include spinal 
cord injury, bladder outlet obstruction, and various 
models of hyperactivity based upon chemical injury 
and autoimmune reactions to name just a few. While 
these models have generated a wealth of information 
there is some concern about their translational value 
and as a consequence their predictive value when 
testing novel therapeutics.[139]

Local mediators may include neurotrophins, amines, 
purines, prostanoids, proteases, and cytokines. They 
produce their effects on visceral afferent nerves by 
three distinct processes.  First, they can act direct-
ly, by opening ion channels on the nerve terminals.  
Secondly, they can sensitize endings, without caus-
ing direct stimulation, but causing hyperexcitability 
to other chemical and mechanical stimuli. This can 
occur when G-protein coupled receptors (GPCRs) 
are activated by mediators, which act via second 
messenger systems, to phosphorylate membrane 
receptors and ion channels that control excitability.  
Thirdly, as is the case for neurotrophins, they can 
change the phenotype of the afferent nerve over long 
periods.  For example, they may alter expression 
of channels, receptors or mediators in the sensory 

neuron.[140] They may also modulate ligand-binding 
characteristics	 or	 coupling	 eficiency	 of	 receptors.		
The result of sensitization is a leftward shift in the 
stimulus-response function. This means that for any 
given level of stimulation a greater afferent barrage 
is generated. Peripheral sensitization normally de-
velops rapidly and is relatively short-lived. However, 
in	the	presence	of	maintained	injury	or	inlammation,	
the sensitization can be prolonged by changes in 
gene	 expression.	Genes	 inluenced	 in	 this	 way	 in-
clude those that determine the amount and pattern of 
neurotransmitters release by central nerve terminals 
in the brain and spinal cord.  This alters the way that 
sensory signals are processed within the CNS and 
contributes to “central sensitization”. [141]

Role of the urothelium in sensory signal transduction

The urothelium can no longer be considered a pas-
sive barrier protecting against diffusion of urine con-
stituents.  Recent evidence suggests instead that the 
urothelium possesses sensory functions and may 
transduce mechanical and chemical stimuli to under-
lying	structures	including	smooth	muscle,	ibroblast-
like cells, immune cells and bladder nerves including 
the terminals of afferents which are located in close 
proximity, or even within, the urothelium. The recent 
evidence supporting involvement of a number of 
these urothelially-derived factors in sensory signal-
ling and the therapeutic potential of targeting these 
signalling pathways is considered below.

a) Nitric oxide 

Enzymes responsible for the generation of nitric ox-
ide (NO) are expressed in both the urothelium and 
in	the	adjacent	nerve	ibres.	Knockout	mice	in	which	
neuronal NOS has been deleted do not have an ob-
vious bladder phenotype. The same is true when in-
ducible NOS is knocked out. However, NO may be 
involved in bladder dysfunction since expression of 
NOS is elevated in neurogenic bladder and release 
of NO may be reduced in experimental interstitial 
cystitis. Munoz et al [142]recently found that while 
electrical stimulation-evoked release of some urothe-
lial mediators (ATP) was attenuated by disruption of 
the urothelium, release of NO was maintained which 
may suggest that under these conditions NO is de-
rived from suburothelial structures. Interestingly, NO 
release triggered by cholinoreceptor stimulation was 
lost after urothelial disruption, consistent with NO de-
rived from multiple sources including the urothelium.

A recent study by Aizawa et al (2010) examined the 
effect of NO on sensory signalling by directly record-
ing afferent activity arising from the bladder in vivo.
[107]  Release of NO can be inhibited using non-me-
tabolyzable analogues that compete with L-arginine 
as substrate for NOS.  On such inhibitor, L-NAME,  
increased	the	afferent	response	to	bladder	illing	by	
about 50%, which was reversed by activation of NO 
pathways with L-arginine. This data suggests that 
NO is able to inhibit afferent activity, an observa-
tion consistent with earlier cystometric analysis of 
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the effect of activating the NO pathway.[143, 144] In 
addition to studying NO mechanisms in the normal 
bladder, Aizawa and colleagues also showed that 
application	of	L-arginine	signiicantly	inhibited	hyper-
sensitivity induced by the cyclophosphamide metab-
olite acrolein that is used experimentally as a model 
for BPS/IC. The actions of NO are mediated through 
elevation of the intracellular second messenger 
cGMP. In contrast, phosphodiesterase (PDE) type 5 
terminates the action of NO, and PDE inhibitors can 
be used therapeutically to prolong the action of NO. 
Behr-Roussel et al found that inhibition of PDE5 at-
tenuated bladder afferent activity in a rat model of 
spinal cord injury,[145] an indication that this might 
represent a target for treatment of hypersensitivity 
disorders of the bladder such as BPS and OAB.

b) Purinergic Signalling

ATP acting via purinergic receptors modulates blad-
der function mediated by both afferent and efferent 
pathways involved in urine storage and emptying. It 
is well established that the urothelium releases ATP 
in response to stretch and that this acts in a para-
crine	 fashion	 to	 inluence	 the	 function	 of	myoibro-
blasts and bladder afferent nerves. P2X2 and P2X3 
receptors are expressed on unmyelinated afferent 
ibres	 innervating	the	bladder,	and	thus	the	hypoth-
esis has been put forward that mechanosensitivity, 
at least in those afferents in proximity to the urothe-
lium, involved ATP release by stretch and activation 
of P2X2 and P2X2/3 receptors on the afferents.[146, 
147] The sensitivity of bladder afferents to ATP and 
mechanical stimuli has been directly examined. In 
the rat, 90% of bladder afferent neurons responded 
to	 the	P2X	agonist	αβ-methylene	ATP	and	were	 in-
hibited by the P2X antagonist 2’, 3’-O-trinitrophenyl-
ATP (TNP-ATP) which suggests that pelvic nerve af-
ferents from the rat bladder express predominantly 
P2X(2/3) heteromeric receptors. In the mouse the 
majority of both low and high threshold receptors 
were	 sensitized	 by	 αβ-methylene	ATP,	 i.e.	 the	me-
chanical threshold was reduced and peak activity 
was increased during distensions.[148] In addition 
some ‘silent’ afferents became mechanosensitive af-
ter treatment with ATP. The absence of sensitization 
in P2X3 knockout mice indicated that the responses 
were mediated by the P2X3 receptor. These knock-
out mice exhibit a marked urinary bladder hypore-
lexia,	characterized	by	decreased	voiding	frequency	
and increased bladder capacity, but normal bladder 
pressures.[149, 150] In addition, they have reduced 
pain-related behaviour in response to injection of 
ATP. Recently, Sadananda et al [151] investigated 
whether other stimuli, besides bladder distension, 
could stimulate urothelial ATP release. They com-
pared ATP release levels in rat bladder when subject-
ed to stretch, capsaicin and acid. Interestingly, the 
amiloride-sensitive apical sodium channel, ENaC, 
may be involved in mechanotransduction by control-
ling basolateral release of ATP.[98] Adenosine is also 

produced and released by the urothelium, and may 
play important roles in modulating sensory afferent 
function and smooth muscle contraction.[152]

In the normal bladder, it is believed that a balance 
between the excitatory effects of ATP and inhibito-
ry effects of NO release may determine micturition 
thresholds and frequency and that this balance may 
be disturbed in bladder disorders. Elevated ATP lev-
els have been demonstrated in patients with detru-
sor overactivity and BPS [153], Munoz et al, using a 
rat model of detrusor overactivity (diabetic bladder), 
found increased levels of ATP but normal levels of 
NO.[142] Conversely in an underactive bladder mod-
el, induced by chronic sugar intake, NO levels were 
increased while ATP remained normal. This suggests 
that the balance between ATP and NO is altered in 
bladder dysfunction. 

c) Cholinergic Mechanisms

The discovery that ACh can be released from the hu-
man bladder urothelium has led to the concept that 
cholinergic mechanisms could contribute to sensory 
signalling.[154] This concept has been reinforced by 
clinical	 indings	 showing	 that	 anticholinergic	 drugs,	
the current mainstay for the treatment of bladder 
overactivity,	 appear	 to	 exhibit	 eficacy	 during	 the	
bladder storage phase when parasympathetic cho-
linergic activity is minimal. 

A number of studies have examined the effect of 
cholinoreceptors	on	bladder	afferent	iring.	However,	
the	data	are	conlicting	and	a	consensus	has	yet	to	
emerge. In vivo studies using clinical anticholinergic 
agents such as oxybutynin and darifenicin suggest 
that inhibiting muscarinic receptors, attenuates the 
afferent	response	to	bladder	illing.[155,	156]	How-
ever, due to the nature of in vivo studies it is unclear 
if these effects are direct, at the level of the sensory 
terminal, or secondary to altered muscle tone follow-
ing either peripheral or central effects on parasym-
pathetic transmission.  Similarly, Matsumoto et al 
found that stimulating muscarinic receptors induced 
bladder hyperactivity, and that this was blocked by 
inhibiting the M2 receptor, suggesting that M2 recep-
tors play a role in cholinergic modulation of bladder 
afferent excitability. However, it is important to note 
that in this study, excitability was inferred from cys-
tometry and afferent activity was not measured di-
rectly.[157] In contrast, Masuda et al (2009) found 
that pharmacological activation of muscarinic recep-
tors	 attenuated	micturition	 relexes	 in	 the	 rat	 sug-
gesting that muscarinic receptor activation leads to 
attenuated afferent signalling.[158] Such inhibition 
has been observed in afferent recording studies us-
ing isolated bladder preparations in which any sec-
ondary effects on muscle tone could be controlled 
[104]. In these studies blocking cholinesterase ac-
tivity to augment endogenous cholinergic activity 
lead to attenuated afferent signalling that could be 
reversed by antimuscarinics. Surprisingly, antimus-
carinics alone had no effect on bladder afferent re-
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sponses to distension suggesting that acetylcholine 
release during stretch was not part of the sensory 
transduction	pathway	but	cholinergic	 inluences	be-
come manifested only under circumstances in which 
acetylcholine release is increased. 

How ACh and muscarinic receptor pathways could 
modulate transmission is unclear. It is possible that 
there is a direct action and in this respect DRG neu-
rones retrogradely labelled from the bladder have 
been shown to express M2, M3 and M4 receptors.
[159] However, stimulation of muscarinic receptors 
on the urothelium causes the release of other ex-
citatory and inhibitory mediators including ATP and 
NO.[83, 160] It is possible therefore that muscarinic 
receptors modulation of afferent activity is indirect via 
the release of a secondary mediator. Such a view is 
supported by the observation that bladder hypersen-
sitivity, triggered by cholinergic stimulation was abol-
ished by inhibition of P2X receptors, suggesting that 
muscarinic receptors and purinergic receptors may 
work in tandem to modulate afferent transmission.
[161] These studies highlight the complex nature 
of cholinergic signalling in the bladder, and indicate 
that more research is necessary to fully understand 
whether muscarinic receptors on the afferent limb 
could become a therapeutic target for OAB.

d) Botulinum Toxin

Botulinum toxin A (BoNT/A) inhibits the vesicular 
release of acetylcholine following uptake into pre-
synaptic nerve terminals (see Figure 8 ) and proteo-
lytic cleavage of the SNARE protein SNAP-25 which 
prevents docking and fusion of synaptic vesicles at 
the	neuro-muscular	 junction.	BoNT/A	was	irst	clini-
cally used in the bladder to treat neurogenic bladder 
overactivity caused by spinal cord injury[162]. Since 
then, intravesical injections of BoNT/A has proved 
a highly effective treatment for patients with detru-
sor overactivity, with numerous studies reporting 
improvements in the sensory symptoms of urgency 

and urinary frequency.[163] Since acetylcholine can 
be released from the urothelium it is possible that 
BoNT/A is acting at this level to modulate sensory 
signalling. In addition, there is recent evidence that 
SNAP-25, the intracellular target for proteolysis by 
BoNT/A, is expressed in the urothelium (Birder un-
published). This is consistent with experimental data 
showing that BoNT/A inhibits the release of ATP and 
augments NO release from the urothelium in animal 
models of spinal cord injury.[164] Others have shown 
that application of BoNT/A directly attenuated affer-
ent	iring	in	ex	vivo	mouse	models	[165-167].	Other	
potential targets for BoNT/A include the suburothe-
lial sensory nerve endings, and in this respect a de-
crease in suburothelium immunoreactivity for P2X3 
and TRPV1 has been reported in human bladders 
following treatment with BoNT/A[168].  BoNT/A has 
been shown to inhibit the release of CGRP and sub-
stance P from afferent nerve terminals.[169] 

e)  Transient Receptor Potential (TRP) Cation 
Channels

A number of different members of the transient recep-
tor potential (TRP) channel family are expressed in 
the bladder mostly in association with sensory nerve 
ibres	involved	in	mechanotransduction	and	nocicep-
tion. TRPV1, TRPV2, TRPV4, TRPM8, and TRPA1, 
have all been shown to be expressed in the bladder. 
TRPV1 has been shown to play an integral role in 
modulating the excitability of bladder afferents and 
the generation of hypersensitivity, induced by blad-
der	inlammation.[62,	65]	It	is	through	desensitization	
of this receptor that agents like resiniferatoxin act 
to treat symptoms in OAB.[170] TRPV1 is predomi-
nantly expressed on sensory nerves and has been 
identiied	within	nerve	plexuses	 running	 in	both	 the	
muscle layer and suburothelium. In addition some 
investigators have also demonstrated that TRPV1 is 
expressed within the urothelium, however the speci-
icity	of	commercially	available	TRPV1	receptor	anti-
bodies has been questioned.[106] 

Interest in TRPV4 has been fuelled by the observa-
tion of impaired voiding behaviour in knockout mice.
[106] This channel shows mechanosensitivity and is 
proposed	 to	 play	 a	 role	 in	 the	micturition	 relex	 by	
activating	C-ibre	afferents.[171]	However,	the	site	of	
action of TRPV4 agonists may in fact be the urothe-
lium which expresses the TRPV4 channel,[63] partic-
ularly in association with adherence junctions where 
they may be preferentially activated by stretch and 
lead to the release of ATP.[172] Inhibition of TRPV4 
has recently been shown to improve symptoms in a 
model of experimental cystitis.[173] 

TRPA1 is also expressed in the bladder and is par-
ticularly	associated	with	C-ibre	endings	in	the	subu-
rothelium that co-localize CGRP. Agonists acting at 
the	receptor	cause	bladder	hyper-relexia	and	is	sug-
gested to play a role in mechanotransduction and in 
signalling pain. TRPA1 has also been demonstrated 
in the urothelium at both transcriptional and protein 

Figure 8. Hypotheses for the pathways mediating 
the effects of botulinum toxin in afferents.
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levels. Expression is increased in a spinal cord injury 
model and both pharmacological blockade and RNA 
knockdown of TRPA1 were effective in normalizing 
bladder	relex	function.	[174]

TRPM8	was	irst	described	as	a	cold	receptor	and	in-
terest in its role in the bladder stems from the obser-
vation that instillation of cold saline into the bladder 
elicits a contractile response (at pressures or volumes 
below the threshold for normal voiding). This response 
to a cooling stimulus (which has been referred to as 
the	 bladder	 cooling	 relex)	was	 originally	 thought	 to	
indicate a supraspinal neurological lesion and the test 
(termed the ‘ice water test’)[175] has been used in the 
diagnosis of bladder disorders such as detrusor over-
activity.	Expression	of	TRPM8	has	been	identiied	on	
bladder	afferent	 ibers	and	on	 the	cell	 bodies	 in	 the	
DRG where it co-localizes with nociceptive markers 
such as CGRP and IB4. [176]Previously Lashinger et 
al (2008) showed that application of a TRPM8 channel 
blocker, decreased voiding frequency and abdominal 
motor responses in the rat[177] suggesting that in ad-
dition to cold sensing TRPM8 may also be involved in 
the afferent control of micturition and nociception.  

f) Cannabinoids

The multi-centre CAMS study (Cannabinoids in Mul-
tiple Sclerosis) reported that the use of cannabis 
based	 extracts	 signiicantly	 improved	 symptoms	 of	
urge incontinence and detrusor overactivity in pa-
tients with multiple sclerosis. This observation has 
provoked interest in the study of expression and 
function of cannabinoid receptors in the bladder. En-
dogenous cannabinoids can potentially interact with 
TRPV1 but in addition can act on G-protein coupled 
cannabinoid receptors 1 and 2 (CB1, CB2). In the 
human	 bladder,	 both	 receptors	 could	 be	 identiied	
in the urothelium and detrusor where CB1 receptors 
were more abundant than CB2.[178] In patients with 
bladder pain syndrome and idiopathic detrusor over-
activity	 (IDO),	 a	 signiicant	 increase	 in	nerve	 ibres	
expressing CB1 in the urothelium was observed, 
strongly suggesting a role for CB1 in overactive blad-
der.[179] In contrast, Gratzke and colleagues[180] 
found CB2 receptors predominated in the urothe-
lium,	suburothelium	and	on	sensory	nerve	ibres	and	
found that CB2 agonists inhibited nerve induced con-
tractions of the bladder providing evidence that CB2 

receptors are important in micturition. 

Expression	of	CB1	receptors	were	also	identiied	in	
the	urothelium	and	on	nerve	ibres	in	the	detrusor	of	
mouse bladder.[181] These receptors co-localized 
with P2X3 receptors, suggesting an interaction be-
tween cannabinoid and purinergic systems. In ad-
dition, a synthetic cannabinoid active at both CB1 
and CB2 receptor was shown to inhibit the evoked 
release of CGRP from afferent nerve terminals.
[182] Functional experiments also found a reduc-
tion	in	distension	evoked	afferent	iring	in	response	
to application of a CB1 agonist. In particular, high 
threshold afferents typically associated with noxious 
stimuli were directly affected.  Taken together these 
studies suggest that CB receptors in the bladder 
may have a modulatory role in sensory afferent sig-
nalling and a greater understanding of which could 
lead to new therapeutic strategies for treatment of 
bladder disorders. Understanding the differential 
roles of CB1 and CB2 receptors may add a new di-
mension to our ability to target these pathways.

g) Adrenoreceptors 

Alpha-1-adrenoreceptor	 (α1-AR)	 antagonists	 are	
the	 current	 irst	 line	 for	 treatment	 of	 lower	 urinary	
tract symptoms (LUTS) due to benign prostatic 
hyperplasia (BPH). By inhibiting prostatic smooth 
muscle contraction, these agents relieve bladder 
outlet obstruction (BOO). In addition, recent data 
report an improvement in other symptoms, such as 
frequency, nocturia and urgency, suggesting that 
they	may	also	act	via	 the	afferent	system	 to	 inlu-
ence storage function.  Adrenoreceptors have been 
detected throughout the urothelium and on the sen-
sory neurones innervating the bladder.[183, 184] 
Bladder afferent responses to distension in vivo 
are inhibited following intravesical application of 
the	clinical	α1-AR	antagonist	Tamulosin.	Moreover,	
chronic	systemic	treatment	with	two	different	α1-AR	
antagonists	inhibited	relex	voiding	in	a	rat	model	of	
BOO.[185]  A recent experimental study by Nagabu-
kuro	et	al	investigated	changes	in	afferent	iring	fol-
lowing treatment with a number of commonly used 
clinical drugs. The study found that Tamulosin treat-
ment	signiicantly	attenuated	activation	of	the	early	
gene c-fos in the spinal cord, used as a marker for 
sensory neuronal activation. [186]

Figure 9: Dichotomizing afferents. Panels depict retrogradely labeled cell bodies in rat DRG following urinary 
bladder and colon injections of Alexa Fluor 388 and 647-conjugated cholera toxin B (CTB). A, CTB-positive blad-
der afferents, B, CTB-positive distal colon afferents and C-dual labeled cells. (from Christianson et al., 2007).
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In	 contrast	 to	 the	 α-adrenoreceptors,	 the	 beta	 adr-
enoreceptors	(βARs)	mediate	relaxation	of	the	blad-
der smooth muscle in response to sympathetically 
released	 noradrenaline.	 The	 β3-AR	 subtype	 is	 the	
predominant isoform responsible for relaxation of the 
human	 detrusor	 and	 β3-AR	 agonists	 are	 currently	
in clinical trials for the treatment of OAB. A recent 
study	by	Kullmann	et	al	demonstrated	the	presence	
of	the	β3-AR	in	the	urothelium	and	observed	inhibi-
tion	of	voiding	contractions	in	response	to	the	β3-AR	
agonists	TAK-677	and	BRL37344.	 	This	effect	was	
independent of any changes in smooth muscle tone 
suggesting	that	β3-AR	could	also	participate	in	blad-
der afferent function.[187]

5.  CROSS TALK BETWEEN THE BLADDER 
AND BOWEL

Patients with IBS often report bladder symptoms 
including nocturia, frequent and urgent micturition, 
and incomplete emptying.[188] The counterpart 
is also true with patients with BPS complaining of 
bowel symptoms.[189] These observations are con-
sistent with the concept of cross-organ sensitization 
which extends to different abdominal and pelvic 
structures and contributes to a more generalized 
chronic pelvic pain syndrome reviewed recently 
by Brumovski et al.[190] In experimental models 
inlammation	of	 the	colon	has	been	shown	to	 lead	

to increased frequency of bladder contractions and 
altered	micturition	relexes.[191]	In	contrast,	experi-
mental	bladder	 inlammation	has	been	 reported	 to	
sensitize the bowel to distension. [192] Such cross-
organ sensitization has also been demonstrated be-
tween the uterus, pelvic urethra and vagina. In men 
there is the potential for cross-organ sensitization 
between the prostate and other pelvic organs.

The mechanisms underlying cross-organ sensiti-
zation have not been fully elucidated but there are 
potentially several levels at which the sensory inner-
vation to the different pelvic structures can interact. 
In terms of periphery mechanisms there is evidence 
that	 afferent	 ibres	 branch	 extensively	 to	 innervate	
multiple target structures. Different retrograde tracer 
injected into the bladder and bowel results in a num-
ber of DRG neurones carrying both labels although 
the numbers are low (Figure 9 )[193].  Similarly, 
dichotomizing afferents have been shown to inner-
vate the colon and uterus with DRGs expressing 
TRPV1 and P2X3 receptors implying a role in no-
ciception. Sensitization of the endings in one organ 
by	local	 inlammation	would	likely	 impact	on	overall	
sensitivity following upregulation in excitability in all 
terminal	 receptive	 ields.	 Central	 sensitization	 may	
also contribute to cross-organ sensitization (Figure 
10). Excitability of spinal neurons receiving afferent 
input from the bladder has been shown to respond 
to afferent input from other pelvic structures such as 
the colon.[194, 195] Second order neurones in the 
spinal cord therefore receive convergent input from 
various visceral structures as well as somatic inputs. 
The later explains the phenomenon of referred pain 
where sensations from the viscera are experienced 
in	 the	associated	somatic	sensory	ield,	 the	classic	
example being angina. Such viscero-somatic con-
vergence has been extensively investigated and only 
recently has viscero-visceral referral received atten-
tion. Nevertheless convergent inputs would explain 
the	poor	localization	of	pelvic	pain	and	the	dificulty	
in diagnosis and treatment.

The	urethral	rhabdosphincter	and	pelvic	loor	mus-
cles are important in maintenance of urinary conti-
nence and in preventing descent of pelvic organs 
(i.e. pelvic organ prolapse, POP).  It is estimated 
that 11 % of US women will undergo a surgical 
procedure for POP or urinary incontinence during 
their lifetime.[196] Because of the importance of 
understanding	 pelvic	 loor	 function,	 recent	 clinical	
and preclinical studies have focused on this topic.  
Reviews of functional anatomy[197] and neural con-
trol[198]	of	the	pelvic	loor	muscles	and	the	urethral	
and anal rhabdosphincter have been published.

1.   STRUCTURAL ELEMENTS OF THE PELVIC 
FLOOR (FIG. 11)

The	 pelvic	 loor	 [197]	 in	 women	 is	 a	 bowl-shaped	
structure comprised of bone, muscle, and connective 

III.  NEURAL CONTROL OF FEMALE 
PELVIC FLOOR MUSCLES AND 

RHABDOSPHINCTERS 

Figure 10: Schematic representation of convergent 
afferent pathways: (1) Convergence of sensory 
neural pathways within a DRG, (2) Convergence of 
afferent information in the spinal cord. (3) conver-
gence of afferent inputs from two diffrent pelvic or-
gans in the brain. Anterograde AP propagation from 
the brain, spinal cord and DRG to the periphery is 
shown by dotted lines. (from Malykhina 2007).
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tissue.  The rim of the bowl is formed by the bones of 
the pelvic girdle (sacrum, ilium, ischium, and pubis).  
The “bottom” of the bowl is lined with striated muscle: 
the iliococcygeus and pubococcygeus (which togeth-
er comprise the levator ani - LA - muscle), the coc-
cygeus, and puborectalis [197, 199, 200] muscles.  
The muscles are attached to the bone and to each 
other with various connective tissue supports.  These 
three components, bone, muscle, and connective tis-
sue provide support of the pelvic viscera (i.e. rectum, 
vagina, and bladder) but also allow for excretory and 
sexual function.  

The viscera, as well as striated muscles that 
serve as true sphincters - urethral and anal rhab-
dosphincters, attach to pelvic floor muscles and 
each other by connective tissue but do not attach 
directly to bone.  The urethrovaginal sphincter, 
the compressor urethrae muscle, the ischio-
cavernosus, and bulbospongiosus muscles are 
additional striated perineal muscles that are in-
timately associated with the viscera.[197, 199, 
200]  During embryogenesis, the rhabdosphinc-
ter and perineal muscles develop from the clo-
aca with a two-week delay in striated muscular 
differentiation compared to the LA and other 
skeletal muscles.[201, 202]  Furthermore, rhab-
dosphincters are completely separated from the 
LA muscles by connective tissue.[199] Thus, the 
striated muscles associated with the viscera (i.e. 
rhabdosphincters) are quite distinct from the stri-

ated skeletal muscle of the pelvic floor (e.g. LA).  
The urethral rhabdosphincter has been referred 
to by many names, including the external urethral 
sphincter, the striated urethral sphincter, the stri-
ated urethralis muscle and other names.  The 
term “external urethral sphincter” is downplayed 
because the urethral rhabdosphincter is not really 
external to the lower urinary tract; it surrounds the 
middle of the urethra.  Therefore the term urethral 
rhabdosphincter is recommended.

2.  PERIPHERAL INNERVATION OF THE 
FEMALE LEVATOR ANI (LA) MUSCLES

The	LA	muscle	of	the	pelvic	loor	is	innervated	by	
the LA nerve in human, (Fig. 11A )[203, 204] squir-
rel	monkey	[205-207],	dog[208],	cat	(Karicheti	and	
Thor, unpublished observations) and rat.[209, 210]  
The LA nerve primarily arises from sacral spinal 
roots (e.g. S3-S5 in humans) and travels along 
the intrapelvic face of the LA muscle with a high 
degree of variability in branching patterns.[203] In 
humans, there is some controversy whether or not 
the pudendal nerve also innervates the LA muscle.
[211-213] In human female fetus samples, a con-
tribution to LA innervation by the pudendal nerve 
was only seen in about half the samples.  A recent 
detailed study of women 45-55 years of age, us-
ing an elaborate Sihler’s stain to trace branches 
down	to	single	ibers,	did	not	describe	any	contri-
bution of the LA muscle from the pudendal nerve.
[204]	In	animal	studies,	a	number	of	indings	refute	

Figure 11. A) Sagittal drawing of medial surface of a woman’s pelvic loor showing the course of the 
LA nerve (LAN) from the sacral roots (S3-S5) across the internal surface of coccyeus (Cm), iliococcy-
geus (ICm) puborectalis (PRm) and Pubococcygeus (PCm) muscles. S=sacrum; C=coccyx; IS=ischial 
spine; OIm=obturator internus muscle; ATLA=arcus tendineus LA; U=urethra; V=vagina; R=rectum.  B) 
Drawing of a posterior view of the hip muscles showing the course of the pudendal nerve (PN) from 
the S2-S4 roots across the lateral surface of the superior gemellus (SG) and obturator internus (OIm) 
muscles, through the pudendal canal (PC), and its branching into the inferior rectal nerve (IRN) and 
perineal nerve (PeN).  P=periformis muscle; STL=sacroturberous ligament; C=coccyx; IS=ischial spine; 
SSL=sacrospinous ligament; S=sciatic nerve; EAS=external anal sphincter; IG=inferior gemellus mus-
cle.  Adapted from Barber et al., 2002.
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an innervation of the LA muscles by the pudendal 
nerve:

1. a marked decrease in LA muscle mass and 
myocyte diameter, as well as vacuolization of 
the muscle following transection of the LA nerve 
(Fig. 12 ) but not after pudendal neurectomy.
[205, 210]  

2. transection of the LA nerve abolished LA muscle 
EMG activity in rats,[209] while transection of 
the pudendal nerve had no effect on LA EMG 
activity but abolished rhabdosphincter activity.

3. an absence of contractions of LA muscles upon 
electrical stimulation of pudendal nerve efferent 
ibers	 (Thor	 and	Karicheti,	 unpublished	 obser-
vations in cats and rats).  

4. only a single motor endplate zone is found in 
the LA muscle, located at the point of LA nerve 
insertion into the muscle.[205, 210]  

5. large	α	motor	neuron	axons	 (i.e.	10	μm	diam-
eter), which are a hallmark of skeletal muscle in-
nervation, are not found in the pudendal nerve. 
[214] [210]

6. distinct populations of motor neurons, extremely 
unique in phenotype, are labeled following ap-
plication of tracers to the pudendal nerve versus 
the LA nerve[208, 215-220].  

Thus, divergent techniques support the conclusion 
that only the LA nerve innervates the LA muscles 
with	 no	 signiicant	 contribution	 from	 the	 pudendal	
nerve in non-human species. These direct observa-
tions, coupled with the distinct embryological origins 
of LA muscles versus rhabdosphincter and perineal 
muscles [201, 202], as well as a respective “com-
partmentalization” of the rhabdosphincter and peri-
neal muscles by connective tissue[199], are in line 
with distinct “special somatic” motor innervation of 
the rhabdosphincter by the pudendal nerve versus 
typical skeletal motor innervation of the LA muscle 
by the LA nerve.  The work in human female fetal 
samples[212, 213] suggests that an innervation 
of the LA muscle by the pudendal nerve should be 
considered, especially during the perinatal period.  
Whether these pudendal branches to the LA muscle 
recede during maturation or aging should also be 
considered	in	light	of	the	dificulty	identifying	them	in	
older women[204]. 

The complexity of the perineal region, which consists 
of various small muscles [puborectalis, compressor 
urethrae, urethrovaginal sphincter, urethral and anal 
rhabdosphincter, ischiocavernosus, and bulbocav-
ernosus), blood vessels, connective tissues, and 
nerves,	makes	dissection,	identiication,	and	nomen-
clature	of	speciic	nerve	branches	and	muscles	dif-
icult	 in	 cadavers.	 	 Indeed,	 even	 the	 nomenclature	
of the muscles themselves is uncertain[199, 200].  A 
recent study has suggested more attention to detail 
and more rigorous adherence to “origin – insertion” 
nomenclature standards are being adopted[204]. 

Detailed anatomical, histological, and physiologi-
cal studies of the small, intricate muscles of the 
perineum coupled with studies of their afferent and 
efferent neurons in humans and larger laboratory 
species (where they can be readily visualized) is an 
important	area	 for	 future	 research.	 	As	a	irst	 step,	
agreements	 regarding	 muscle	 classiication	 should	
be established in regard to which muscles actually 
comprise	 the	 LA	 or	 pelvic	 loor	 versus	 those	 that	
are more intimately associated with the viscera.  In 
other	 words,	 should	 “pelvic	 loor	 muscles”	 include	
only the skeletal striated muscles such as pubococ-
cygeus, iliococcygeus, coccygeus, and puborectalis 
muscles, while non-skeletal striated muscle such as 
urethralis, urethrovaginal sphincter, and compressor 
urethrae	be	distinguished	from	the	pelvic	loor?		Are	
these latter muscles similar to the urethral and anal 
rhabdosphincter?	 	 Presumably,	 characteristics	 of	
their muscular function, their innervation, their phar-
macological responses, or physiological integration 
with visceral function may allow better understanding 
of their roles in excretion or sexual function. 

Clarity regarding pudendal versus LA nerve innerva-
tion is also important because attributes ascribed to 
pudendal nerve involvement may be more correctly 

Figure 12: A, H&E stained levator ani (LA) muscle 
taken from squirrel monkey that had a bilateral LA 
nerve transection 2 yr earlier. Note shrunken, darkly 
stained muscle ibers and fat cell inlitraton (un-
stained areas) compared with healthy muscle ibers 
from control (inset). (Adapted from Pierce et al.) B, 
LA muscle stained with wheat germ agglutin-rhoda -
mine isothiocyanate showing muscle spindle and 
associated intrafusal ibers (L.Pierce and K. Thor, 
unpublished observations).
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ascribed to LA nerve involvement.  For example, the 
intrapelvic positioning of the LA nerve on the sur-
face of the muscles may expose it to damage as the 
fetal head passes through the birth canal[203] and 
may contribute to the correlation between parity and 
POP[197].  This positioning also allows exposure to 
electrical current applied with a St. Mark’s electrode 
situated in the rectum with subsequent EMG acti-
vation of the LA muscle.  The LA nerve positioning, 
close to the ischial spine, also risks entrapment by 
sutures used for various POP suspension surgeries 
or may account for dyspareunia, pelvic pain, and/or 
recurrent prolapse[221] associated with such sur-
gery.  Finally, since the ischial spine is a landmark for 
transvaginal “pudendal nerve” block[212], the pos-
sibility that this procedure also anesthetizes the LA 
nerve should be considered.

a) LA Motor Neurons

Retrograde tracing studies in cats[222], dogs[208], 
and squirrel monkeys[216] identify LA motor neurons 
in a longitudinal column in the sacral ventral horn of 
the spinal cord, while in rats[223-225]  they are in 
the L6-S1 ventral horn.  In contrast to dense packing 
of sphincter motor neurons in Onuf’s nucleus[215, 
217-220], the LA motor neurons are distributed more 
diffusely.  Furthermore, LA motor neurons show a 
bimodal distribution of large neurons (presumably 
α	motor	neurons)	and	small	neurons	(presumably	γ	
motor neurons) in contrast to the uniform intermedi-
ate size of pudendal motor neurons.  The two sizes of 
LA motor neurons are in keeping with the presence 
of	muscle	 spindles	 (whose	 intrafusal	muscle	 ibers	
are	 innervated	 by	 γ	 motor	 neurons)	 in	 LA	 muscle	
(Fig. 12A )[226-228], while muscle spindles are ab-
sent from the rhabdosphincter muscles[226, 229-
233];	consequently	LA	may	exhibit	 Iα	(muscle	spin-
dle)	evoked	monosynaptic	stretch	relexes,	whereas	
the urethral rhabdosphincter does not[218, 234-236].

LA motor neuron processes (dendrites or axon col-
laterals) project into two important areas in the sacral 
spinal cord [206].  One area, medial lamina VI, is 
where	primary	afferent	 ibers	 from	muscle	 spindles	
and Golgi tendon organs terminate[237, 238], again 
suggesting an important role for stretch-activated re-
lex	 contractions	of	 LA	muscles.	 	The	 second	area	
is to Onuf’s nucleus that contains rhabdosphincter 
motor neurons.  These LA motor neuron processes 
form close appositions with sphincter motor neurons 
in both monkey[216] and rat[223, 225].  Presumably, 
these	 appositions	 relect	 a	 neuroanatomical	 sub-
strate for coordination of the rhabdosphincter and the 
pelvic	 loor	muscles	 during	micturition	 and	 defeca-
tion.  These projections could be dendrites receiving 
common afferent input with rhabdosphincter motor 
neurons or axon collaterals transmitting information 
to rhabdosphincter motor neurons, which might pro-
vide insight into functional coordination.

Ovariectomy in rats reduced LA neuron dendritic 
arbors, while estradiol and progesterone expanded 
them, indicating hormonal regulation[239]

b) LA Afferent Innervation

Afferent	 LA	 ibers	 innervate	 muscle	 spindles	 (Fig. 
12A)[205, 226] and Golgi tendon organs[227] which 
are common in skeletal muscles but absent in the 
rhabdosphincters[226, 229-233].  Cholera toxin B 
(CTB) injection into the LA muscle[206] of squirrel 
monkeys labels approximately 4 times as many af-
ferent neurons versus motor neurons.   About 25% 
of these primary afferent neurons are large, myelin-
ated	 (i.e.	 RT-97	 neuroilament	 positive)	 neurons	
and are negative for the peptide transmitter calcito-
nin-gene-related peptide (CGRP), binding sites for 
isolectin-B4 (IB-4), and the growth factor receptor, 
TrkA.  Of the remaining small, RT97 negative neu-
rons, approximately 50% contain CGRP, IB-4 bind-
ing sites, and TrkA.  It is tempting to speculate that 
large, myelinated afferent neurons signal proprio-
ceptive information from muscle spindles [205] and 
Golgi	tendon	organs	and	in	turn	control	relex	activ-
ity of the LA muscles, while the small peptidergic, 
IB-4, TrkA positive neurons transmit nociceptive in-
formation.   In addition, large sensory neurons may 
regulate	 bladder	 relex	 pathways	 during	 LA	motor	
activity;	while	the	small	peptidergic	ibers	might	play	
a	role	in	bladder	hyperrelexia	associated	with	pel-
vic	loor	trauma	or	nerve	entrapment.

CTB labeled afferent terminals were only seen 
in medial lamina VI of the lumbosacral spinal 
cord[206], an area for termination of large, myelinat-
ed proprioceptive terminals[237, 238].  The absence 
of	CTB	labeling	in	the	supericial	dorsal	horn,	which	
should contain the central terminals of small pepti-
dergic, IB-4, and TrkA positive afferent neurons, is 
likely due to an inability of small afferent neurons to 
transganglionically transport CTB rather than a true 
absence of LA nociceptive terminals in the region.  
Experiments with a tracer (e.g. horseradish peroxi-
dase, HRP) that is transported to nociceptive spinal 
terminals	should	be	done	to	conirm	this.

3.  REFLEX ACTIVATION OF PELVIC FLOOR 
MUSCLES

There is little preclinical information regarding re-
lex	 control	 of	 pelvic	 loor	muscles	 associated	with	
visceral function (e.g. micturition).  A recent study in 
female	rabbits[240]	showed	that	during	bladder	illing	
(i.e. the storage phase), the pubococcygeus muscle 
was active, while during micturition it was quiet.  The 
same study showed the opposite relationship for the 
ischiocavernosus and bulbospongiosus muscles, 
which	 were	 silent	 during	 bladder	 illing	 but	 active	
during micturition.  One study in the male rat[241] 
indicated that the pubocaudalis muscle is active dur-
ing bladder contractions and shows high frequency 
bursting like the urethral rhabdosphincter EMG.  

Preliminary studies (Fig. 13 , Mori and Thor, unpub-
lished) in female rats also indicated that the pelvic 
loor	muscles	 could	 be	 activated	 during	 a	micturi-
tion contraction under certain circumstances.  Pu-
bocaudalis EMG activity increased during a mictu-
rition contraction in 50% of the rats under control 
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conditions.  The remaining rats showed micturition-
associated pubocaudalis EMG activity after ad-
ministration	 of	 various	 drugs	 (e.g.	 α2	 adrenocep-
tor antagonists) known to enhance motor neuron 
relexes[242].		The	pubocaudalis	muscle	EMG	was	
always smaller (about 80% smaller) than the ure-
thral rhabdosphincter EMG and was only elicited 
by	 a	 fast	 bladder-illing	 rate,	 suggesting	 that	 the	
pubocaudalis	 relexes	 require	 a	 stronger	 afferent	
drive	from	the	bladder	than	rhabdosphincter	relex-
es (Fig. 13 ).  The micturition-related pubocaudalis 
EMG activity exhibited phasic, high frequency burst-
ing (like the rhabdosphincter EMG) but was much 
less prominent (dashed lines in Fig. 13B ).  Further-
more, the pubocaudalis muscle exhibited very little 
activity preceding or following a bladder contraction 
in contrast to rhabdosphincter EM.  Thus although 
there are some similarities in pubocaudalis and 

rhabdosphincter EMG activity, there are also dis-
tinctions that suggest separate but possibly over-
lapping control mechanisms.

The iliocaudalis muscle also exhibited an increase 
in EMG activity during bladder contractions (Fig. 
13C) in 60% of the rats.  However, the iliocaudalis 
activity never showed phasic bursting during mic-
turition and instead showed only an asynchronous 
tonic discharge (Fig. 13D ).  Even after facilitatory 
drug treatments, when the iliocaudalis activity was 
strongest, no bursting was observed.   To evoke 
iliocaudalis EMG activity, the bladder infusion rate 
was rapid, and the signal was again smaller than 
the rhabdosphincter EMG signal.  Thus, both the 
iliocaudalis and pubocaudalis appear to have a 
weaker activation from bladder pathways than the 
rhabdosphincter.  The pubocaudalis muscle exhib-
its a weak phasic bursting pattern during micturition 

Figure 13.  Examples of pubocaudalis (A and B) and iliocaudalis (C and D) EMG activity during continuous 
illing cystometry in female rats.  Top tracing: bladder pressure; middle tracing: urethral rhabdosphincter 
(URS) EMG activity; and bottom tracing: pubocaudalis (PC, A and B) or iliocaudalis (IC, C and D) EMG ac-
tivity.  In A, the rat of bladder infusion was increased from 0.1 to 0.5 ml/min and in C from 0.1 to 0.2 to 0.5 
ml/min as indicated by the brackets.  In panel A, note that the URS activity increases preceding the bladder 
contraction and the activity is maintained for a period of approximately 30 sec after the contraction while 
the PC EMG is only active during the bladder contraction.  Increasing the infusion rate produces continu-
ous activity of the URS while the PC is activated only during the bladder contraction.  Panel B shows the 
contraction marked by the arrow in panel A at a faster time scale.  Note the characteristic phasic bursting 
pattern of the URS EMG during the high frequency oscillations (HFOs) of the bladder pressure.  Note that 
the PC EMG also shows phasic activity during the bladder contraction that is temporally correlated with 
the URS bursting (indicated by dashed lines).  In panel C from a different rat, activity in the iliocaudalis is 
not detectable during bladder contractions until the bladder infusion rate is increased to 0.5 ml/min, when 
the IC EMG is consistently activated with each bladder contraction at the same time as the URS EMG.  
Panel D shows the contraction marked by the arrow in panel A at a faster time scale.  Note that in contrast 
to the bursting pattern of the URS during the bladder HFOs that the IC EMG shows only asynchronous, 
tonic activity with no evidence of bursting.  (S. Mori and K.B. Thor, unpublished).
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crossing of the midline, between the left and right 
pudendal	nerve	terminal	ields	has	been	described	
in monkey anal rhabdosphincter[245].  The rhabdo-
sphincter of both men and women contain neuronal 
nitric oxide synthase (nNOS), which is contained in 
a	subpopulation	(43%)	of	the	muscle	ibers,	as	well	
as	 nerve	 ibers,	 with	 concentration	 at	 the	 neuro-
muscular junction in humans and sheep[246-248].  
Additionally, nNOS has been localized to pudendal 
motor neurons, which innervate the rhabdosphinc-
ter in rats, cats, monkeys, and humans[249, 250].  
nNOS is responsible for producing the transmitter 
nitric oxide (NO).   While NO is known to increase 
cGMP levels in many types of smooth muscle; its 
role in control of striated muscle and in neuromus-
cular transmission is not well established[251].  An 
NO donor has been shown to reduce urethral pres-
sures at the level of the rhabdosphincter[252], but it 
is	dificult	to	determine	if	the	effect	is	on	smooth	or	
striated muscle.

The possibility that the urethral rhabdosphincter re-
ceives a “triple innervation” from somatic, parasym-
pathetic, and sympathetic nerves[253] was raised 
in early histological studies. However, this has been 
disputed by subsequent studies[254] that showed 
no physiological effects of autonomic nerve stimula-
tion on striated sphincter function and showed that 
the	autonomic	ibers	are	only	“passing	through”	the	
outer layer of striated muscle to reach the inner lay-
ers of smooth muscle.

a)  Urethral and Anal Rhabdosphincter Motor 
Neurons

Pudendal motor neurons that innervate the ure-
thral and anal rhabdosphincters (and bulbocaver-
nosus and ischiocavernosus) muscles are situated 
along the lateral border of the sacral ventral horn 
in Onuf’s nucleus in human[255] monkey[217, 256], 
dog, cat[219, 220, 257], hamster[258] and guinea 
pig[259].  Studies in cat[218], monkey[217], and hu-
man [255] show that urethral rhabdosphincter mo-
tor neurons occupy a ventrolateral position and anal 
rhabdosphincter motor neurons occupy a dorsome-
dial	 position	within	 the	 conines	of	Onuf’s	 nucleus	
(Fig. 14A ).  However in other species, urethral and 
anal rhabdosphincter motor neurons are located in 
separate nuclei (Fig. 14E ).  In rat[215], anal sphinc-
ter (and bulbospongiosus) motor neurons are locat-
ed medially in the ventral horn, just ventrolateral to 
the central canal; while the urethral sphincter (and 
ischiocavernosus) motor neurons are located in the 
same region as others species, i.e. along the lateral 
edge of the ventral horn.  In the domestic pig[260] 
and Mongolian gerbil[261], anal sphincter (and bul-
bospongiosus) motor neurons are located just dor-
solateral to the central canal.

Sphincter motor neurons are different from motor 
neurons that innervate skeletal muscles.  They 
are	 densely	 packed	 within	 the	 conines	 of	 Onuf’s	
nucleus and exhibit tightly bundled dendrites that 
run	rostrocaudally	within	the	conines	of	the	nucleus.		

(similar but weaker than that of the urethral rhabdo-
sphincter), while the iliocaudalis shows only asyn-
chronous,	tonic	iring	during	micturition.  

A	recent	detailed	study	of	pelvic	loor	muscle	activity	
in	female	rats	during	bladder	illing	and	voiding	also	
found	 that	 “pelvic	loor	muscle”	activity	was	highly	
variable	during	bladder	illing	and	voiding,	while	the	
rhabdosphincter EMG activity was reliable[209].  
This study also reported that LA EMG activity did 
not increase in response to bladder pressure eleva-
tion by manual compression of the bladder with a 
cotton swab but did increase in response to a pinch 
of the perineal skin.  Transecting the pudendal or 
LA nerves eliminated only rhabdosphincter or pelvic 
loor	muscle	activity,	respectively.		Thus	it	appears	
that segmental activation of LA muscle by bladder 
pathways is very weak.  

4.  PERIPHERAL INNERVATION OF URE -
THRAL AND ANAL RHABDOSPHINCTERS

The urethra and anal canal are surrounded by bands 
of	striated	muscle	ibers;	the	urethral	and	anal	rhab-
dosphincters, respectively as they pass through the 
pelvic diaphragm.  The muscles do not attach to 
skeletal structures and thus act as true sphincters 
(i.e. contraction produces virtually no movement ex-
cept constriction of the lumen).  In addition, there 
are small, thin bands of striated muscle (compres-
sor urethra, urethrovaginal sphincter, bulbocav-
ernosus, and ischiocavernosus) that surround the 
urethra, vagina, and/or rectum and have connective 
tissue attachments to the perineal body[197].  

The urethral rhabdosphincter, anal rhabdosphincter, 
bulbocavernosus, and ischiocavernosus muscles 
are innervated by the pudendal nerve[203, 215, 
217-220, 241, 243], which originates from the S2-4 
sacral roots and passes along the lateral surface of 
the internal obturator and coccygeus muscles and 
through Alcock’s canal (Fig. 11B ).  As the nerve 
passes through the canal, it branches into the in-
ferior rectal nerve (which innervates the anal rhab-
dosphincter), the perineal nerve (which innervates 
the urethral rhabdosphincter, the bulbospongiosus 
muscle,	 the	 ischiocavernosus	 muscle,	 supericial	
transverse perineal muscle, and the labial skin), 
and the dorsal nerve of the clitoris.  The branches 
of	the	perineal	nerve	are	more	supericial	than	the	
dorsal nerve of the clitoris and, in most cases, travel 
on the superior surface of the perineal muscula-
ture. The terminal branch of the perineal nerve to 
the striated urethral sphincter travels on the surface 
of the bulbocavernosus muscle then penetrates the 
urethra to innervate the sphincter from the lateral 
aspects (Fig. 11B ).		The	speciic	innervation	of	the	
smaller bands of muscles attached to the perineal 
body has not been characterized.

Nerve fascicles[244], as well as the motor nerve 
terminals and end plates[228] of the urethral rhab-
dosphincter, are preferentially located along the 
lateral aspects of the urethra in rat.  Overlap, or 
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Transverse dendrites are particularly unique in 
bundling and projecting laterally into the lateral 
funiculus, dorsally towards the sacral parasympathetic 
nucleus, and dorsomedially towards the central 
canal (Fig. 14 )[218, 257, 262]. This is similar to 
bladder preganglionic neurons[263], suggesting that 
rhabdosphincter motor neurons and preganglionic 
neurons receive inputs from similar spinal regions. 
The dense packing and dendritic bundling of sphincter 
motor neurons may be related to their special 
sphincteric function and facilitate simultaneous 
activation of sphincter motor units.  Recurrent axon 
collaterals (Fig. 14D)[257] in the absence of recurrent 
inhibition[234, 264] suggests a recurrent facilitation 
that may also reinforce simultaneous activation.  
Finally, the arrangement of peripheral motor nerve 

terminals bilaterally at dorsolateral and ventrolateral 
positions in the urethra may also provide symmetrical 
force generation[228].

Rhabdosphincter motor neurons are also physiologi-
cally different from skeletal muscle motor neurons in 
that	they	do	not	exhibit	signiicant	monosynaptic	in-
puts[234], Renshaw cell inhibition[234], nor crossed 
disynaptic inhibition[264].   Patch clamp recordings 
from urethral rhabdosphincter motor neurons in 
spinal slices[265] demonstrate higher resting mem-
brane potentials, higher membrane resistance, and 
a lower rheobase compared to other motor neurons 
in the slice (Fig. 15A-C ).  These in vitro results are 
similar to in vivo results that also showed unique 
passive membrane properties (e.g. high input resis-
tance, low rheobase, short after-hyperpolarization, 

Figure 14.  A-C. Composite drawings (A1-C1) and photomicrographs (A2-C2) of pudendal motor neurons 
in cat labeled by application of horseradish peroxidase (HRP) to the pudendal nerve as seen in transverse 
(A), horizontal (B), and sagittal (C) sections.  The photographs provide raw data from 1 of the single sec-
tions used to make the corresponding composite drawing.  Note that the dendrites of pudendal motor neu-
rons project into the lateral funiculus (LF).  D=dorsal, V=ventral, M=medial, L=lateral, R=rostral, C=caudal.  
DDB=dorsal dendritic bundle, LDB=lateral dendritic bundle.  Primary afferent terminal labeling can also be 
seen in Lissauer’s tract (LT), the lateral pathway (LP), medial pathway (MP), and dorsal gray commissure 
(DGC) in panel A1.  (Primary afferents were not drawn in panel A1, only motor neurons). Adapted from Thor 
et al., 1989.  D. Composite drawing of a single pudendal motor neuron labeled by intracellular injection of 
HRP showing the transverse (D1) and sagittal (D2) distribution of dendrites (Designations, such as 1d/l, 2l, 
3l, 6 etc., indicate individual dendrites that are seen in both panels D1 and D2).  The arrow head in the insert 
of D1 indicates the cell’s axon.  The dashed line in D2 represents the border between the ventral horn and 
ventral funiculus.  Inset in D1 is a 3D rendition of the neuron.  Adapted from Sasaki et al 1994.  E. Diagrams 
comparing locations of urethral rhabdosphincter and ischiocavernosus (IC) versus anal rhabdosphincter 
and bulbospongiousus (BS) motor neurons in various species.
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5.  REFLEX ACTIVATION OF URETHRAL AND 
ANAL RHABDOSPHINCTERS

Rhabdosphincter motor neurons can be activat-
ed via segmental[214, 234-236] and descending 
pathways (Fig . 16)[234, 270, 271].  The segmen-
tal inputs can be activated by stretch receptors 
and nociceptors in the bladder or urethra or geni-
talia[272-274].  Electrophysiological studies in 
cats[214, 218, 235, 236, 275, 276] show that stimu-
lation of either pelvic nerve or pudendal nerve affer-
ent	ibers	can	activate	polysynaptic	spinal	segmen-
tal	relexes	that	can	be	recorded	at	central	delays	of	
1.5 msec with intracellular electrodes in sphincter 
motor neurons[277, 278] and at a latency of about 
10 msec from electrodes placed on pudendal nerve 
efferent	ibers	or	inserted	directly	into	the	urethral	or	
anal rhabdosphincter muscles[275, 279-281].  The 
segmental	relex	 is	considered	polysynaptic	based	
on the latency[234, 277, 278] and retrograde tran-
synaptic labeling of interneurons in laminae I and 
V of the dorsal horn and in the dorsal gray com-
missure by pseudorabies virus (PRV) injected into 
the urethral rhabdosphincter[269].  The dorsal horn 
interneurons are likely those that participate in the 
segmental	relex	activation	of	sphincter	motor	neu-
rons while the dorsal gray commissure interneurons 
are likely inhibitory (see below).  Studies in rats also 
show that electrical stimulation of afferent axons in 
the	pelvic	 nerve	elicits	 relexes	 in	 pudendal	 nerve	
efferent	ibers	or	the	urethral	rhabdosphincter[282,	
283] similar to the cat.  Also similar to the cat, PRV 
injected into the urethral rhabdosphincter[284] la-
bels interneurons in laminae I and V of the dorsal 
horn and in the dorsal gray commissure.

Previously, the afferent inputs from the urinary blad-
der have been emphasized as being of primary im-
portance	 for	 activation	 of	 the	 segmental	 relex	 by	
pelvic nerve stimulation because bladder distension 
will activate the urethral rhabdosphincter[285].  This 
relex	activation	is	often	referred	to	as	the	“guarding	
relex”	or	“continence	relex”.		However,	recent	stud-
ies are placing greater emphasis on urethral afferent 
ibers[273,	286,	287].		It	is	tempting	to	speculate	that	
the	guarding	relex	is	actually	activated	more	vigor-
ously	by	urethral	afferent	ibers	if	urine	inadvertently	
begins to pass through the bladder neck and into the 
proximal urethra, with a requirement for a rapid clo-
sure of the more distal urethral sphincter (i.e. guard-
ing against urine loss) compared to simple bladder 
distension or increases in intravesical pressure.

The	greater	 importance	of	urethral	afferent	ibers	 is	
also suggested by experiments where bladder affer-
ent	ibers	are	electrically	 stimulated.	 	For	example,	
in studies by McMahon et al[235], electrical stimula-
tion	of	pelvic	nerve	ibers	close	 to	 the	bladder	was	
not	 able	 to	 evoke	 pudendal	 nerve	 iring	 in	 a	 large	
proportion of cats but placement of electrodes more 
centrally	on	 the	pelvic	nerve	was	able	 to	evoke	ir-
ing.	 	Karicheti	and	Thor	(unpublished	observations)	
also found that stimulating nerve bundles close to the 

membrane bistability, and non-linear responses to 
depolarizing current injection, which was recently 
reviewed[266]).  This combination of biophysical 
properties is uniquely conducive to simultaneous, 
prolonged, tonic activity, in keeping with the ana-
tomical and functional properties described above.

b)  Afferent Innervation of the Urethral and Anal 
Rhabdosphincters

Various studies have characterized primary afferent 
neurons sending axons into the pudendal nerve[215, 
218, 267].  However this nerve carries the innervation 
to many visceral structures (e.g. urethra, genitalia, 
rectum, vagina) in addition to skin and rhabdosphinc-
ters,	thus	it	is	dificult	to	speciically	characterize	the	
sensory innervation of the sphincters per se.  Nev-
ertheless, the paucity of large sensory neurons in 
sacral dorsal root ganglia following application of 
tracers to the pudendal nerve suggests that the sen-
sory innervation of the rhabdosphincters does not 
contain	 large	myelinated	ibers	(i.e.	Type	Ia	and	Ib)	
that innervate these sensory organs[226, 229-233] 
that typically innervate muscle spindles, Golgi ten-
don organs, or Pacinian corpuscles.  Indeed, mul-
tiple investigators using various techniques have not 
found muscle spindles or Golgi tendon organs in the 
rhabdosphincters.		This	is	consistent	with	the	inding	
that the pudendal nerves lack small g motor neuron 
axons (which innervate muscle spindles) [231] and 
the absence of rhabdosphincter connections to bone 
by tendons.  On the other hand, Pacinian corpuscle-
like structures have been found in the urethra of 
cat[233]	 and	may	play	 a	 role	 in	 sensing	urine	 low	
during micturition to inhibit sphincter activity and/or 
reinforce detrusor contractions.

The	spinal	terminals	of	pudendal	primary	afferent	i-
bers are distributed throughout laminae I, V, VII, and 
the dorsal gray commissure (Fig. 14A2 ), while label-
ing	in	laminae	III	and	IV	is	well-deined	and	restrict-
ed to the medial third of the dorsal horn[218].  This 
restricted pattern in laminae III and IV is consistent 
with the somatotopic organization expected for cuta-
neous mechanoreceptors originating in the perineal 
skin[268].  Local injection of tracers targeted to the 
urethral and anal rhabdosphincters [218, 269] only 
produced labeling of the spinal terminals of primary 
afferent neurons in lateral and medial lamina I, the 
intermediate gray matter, and the dorsal commissure 
gray matter, not in laminae III or IV.  Since the HRP 
likely spread into the urethra and rectum, it is pos-
sible that this labeling occurred in visceral as well as 
rhabdosphincter afferent pathways.  However, since 
no labeling was seen in large diameter primary af-
ferent neurons nor in terminals in medial laminae 
III	 and	 IV	 (cutaneous	 ields)	 nor	medial	 lamina	 VI,	
an	 area	where	 large	 diameter	myelinated	 ibers	 of	
muscle spindle and Golgi tendon organs nerves ter-
minate [237, 238] it is reasonable to conclude that 
the	rhabdosphincters	are	not	signiicantly	innervated	
by	large	myelinated	nerve	ibers	typically	associated	
with other striated muscle.
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Figure 15. Membrane properties, responses to noradrenaline, and involvement of TASK and SKCa channels 
in retrogradely-labeled rhabdosphincter motor neurons recorded using patch clamp electrophysiology in 
L5/6 spinal cord slices from 6-14 day old female rats.  Comparison of resting membrane potential (RMP, A), 
input resistance (B), and rheobase (C) in urethral rhabdosphincter motor neurons (dorsolateral nucleus, 
DLN), axial motor neurons (Ventral nucleus, VN), and hindlimb motor neurons (retrodorsolateral nucleus, 
RDLN).  D) Noradrenaline (NA, 20 μM) depolarizes rhabdosphincter motor neurons and induces robust iring.  
E) NA and phenylephrine (PE), and alpha1 adrenoceptor agonist, increase input resistance, rheobase, and 
iring rate-current injection (F-I slope) relationship in a prazosin-sensitive (alpha1 adrenoceptor antagonist) 
manner in rhabdosphincter motor neurons. Signiicant and reversible, mean increases in RMP (F) and iring 
frequency (G) in rhabdosphincter motor neurons produced by NA (20 μM).  Doxapram (H), a TASK channel 
blocker, at 10 μM (D10) and 100 μM (D100), mimics NA’s ability to depolarize rhabdosphincter motor neu-
rons.  Decreasing extracellular pH to 6.5 (I), which closes TASK channels, mimics NA’s ability to depolarize 
these neurons. NA signiicantly reduces the afterhyperpolarization (AHP) in rhabdosphincter motor neurons 
(J) in a prazosin-resistant manner.  Apamin (A), an SKCa channel blocker, reduces AHP (K), increases the F-I 
slope (L) and occludes NA’s ability to reduce the AP and increase the F-I slope. Apamin does not inluence 
the input resistance (M) or holding current (N), nor occludes NA’s ability to do so. From Yashiro et al., 2010.
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bladder is often ineffective in producing a spinal re-
lex	to	the	urethral	rhabdosphincter,	but	in	the	same	
animals	 it	 evokes	 relex	 activity	 on	 the	 hypogastric	
nerve (indicating that the electrical stimulation is ac-
tivating	bladder	afferent	ibers).		Furthermore,	it	was	
possible	to	consistently	evoke	a	relex	when	the	stim-
ulus was applied more centrally on the pelvic nerve, 
which	would	 include	ibers	 from	the	urethra.	 	Since	
the more central electrode placement would also ac-
tivate	 colonic	 and	 genital	 afferent	 ibers,	 additional	
experiments	are	needed	to	speciically	compare	ure-
thral	versus	bladder	versus	colonic	afferent	ibers	in	
evoking	the	“guarding	relex”.	

Electrical	stimulation	of	pudendal	afferent	ibers	also	
evokes	a	spinal	relex	to	activate	the	rhabdosphincter	
in cat[235, 279, 288] and rat[282, 283].  Since some 
urethral	 afferent	 ibers	 (as	 well	 as	 rectal,	 genital,	
and	cutaneous	afferent	ibers)	travel	in	the	pudendal	
nerve, it is possible that the spinal urethral rhabdo-
sphincter activation by pudendal afferent stimulation 
is	also	a	manifestation	of	the	“guarding	relex”.	

Sphincter	 relexes	 in	 the	cat	also	exhibit	prolonged	
changes in excitability following short trains (5-10 
second) of electrical stimulation of afferent axons in 
the pudendal nerves[288].  Recordings from sphinc-
ter motor neurons in the sacral spinal cord and from 
rhabdosphincter peripheral motor axons revealed 
that stimulation of pudendal afferent axons elicited 
not only short latency transient responses but also 
sustained activity persisting for 3-30 seconds after 
the end of the stimulus train [288].  The persistent 
activity was associated with a small membrane de-
polarization and was terminated by small hyperpolar-
izing currents.  Similar persistent activity has been 
observed in hindlimb motor neurons with slow axonal 
conduction velocities similar to those of sphincter 
motor neurons[289].

6.  INHIBITION OF URETHRAL RHABDO -
SPHINCTER (URS) REFLEXES DURING 
VOIDING

Voiding	is	induced	voluntarily	or	relexively	by	neural	
circuitry in the brain.[3] For voiding to occur, there 
must be contraction of the bladder and simultane-
ous relaxation of the urethral rhabdosphincter. These 
responses are mediated by descending projections 
from neurons in the pontine micturition center (PMC) 
that	excite	the	sacral	autonomic	outlow	to	the	blad-
der	 and	 inhibit	 the	 motor	 outlow	 to	 the	 sphincter	
(Fig. 16 ).  This coordination is lost following spinal 
cord injury.[3] Electrical or chemical stimulation in the 
PMC in cats excites the bladder and inhibits sphinc-
ter EMG activity[269, 270, 290-292] and hyperpolar-
izes sphincter motor neurons[288]. The descending 
inhibitory pathway from the PMC to sphincter mo-
tor neurons is thought to involve spinal GABAergic 
inhibitory neurons in the dorsal commissure of the 
sacral spinal cord (Fig. 16 ) [293, 294].  A role for gly-
cinergic and enkephalinergic interneurons in the dor-
sal commissure has also been proposed[269, 294-

298] in mediating inhibition of the sphincter during 
voiding (Fig. 16 ).

In addition to supraspinal inhibitory mechanisms, a 
“spinal,	urine	storage	relex,	inhibitory	center”	(SUS-
RIC) was found that inhibited both the somatic and 
the	 sympathetic	 urine	 storage	 relexes	 controlling	
the urethral rhabdosphincter and smooth muscle, 
respectively, in the cat[280, 299].  Activation of this 
inhibitory center by electrical stimulation of the pel-
vic	nerve	afferent	ibers	occurs	simultaneously	with	
the	activation	of	the	URS	relex	itself.		The	latency	of	
the inhibition was < 50 msec and had a duration of 
500-1,000 msec.  Activation of this inhibitory center 
explains the diminished capacity of the URS evoked 
relex	 to	 follow	 frequencies	of	pelvic	afferent	stimu-
lation greater than 5 Hz[280, 299].  Physiological 
stimulation	of	the	pelvic	nerve	afferent	ibers,	which	
occurs with distension of the bladder, has also been 
reported to inhibit rhabdosphincter EMG activity in 
both spinal intact [276] and spinalized cats [236] in 
the absence of a bladder contraction and its associ-
ated inhibitory mechanisms.  Possibly the inhibition 
of rhabdosphincter activity by distension of the blad-
der represents a physiological corollary for the inhi-
bition of rhabdosphincter activity by high frequency 
electrical	 stimulation	of	pelvic	nerve	afferent	 ibers.		
Although the inhibitory effects are localized to the spi-
nal cord caudal to the T12 level, they are regulated by 
supraspinal systems that respond to 5-HT1A recep-
tor activation and enhance sphincter activity through 
disinhibition[300-302].  A possible clinical correlation 
of SUSRIC activation may be the elegant demon-
stration in men that conditioning stimuli applied to 
the dorsal nerve of the penis (i.e. pudendal nerve 
afferent	 ibers)	 inhibited	 urethral	 rhabdosphincter	
contractions	relexively	evoked	by	magnetic	stimula-
tion of the spinal cord applied at intervals of 20 - 100 
msec after the conditioning stimuli[303].

The situation is different is rats, where the urethral 
rhabdosphincter activity shifts from a tonic, asyn-
chronous	 iring	 pattern	 during	 urine	 storage	 to	 a	
phasic bursting pattern during voiding, resulting 
in well-documented “high frequency oscillations” 
(HFOs) of pressure recorded from the urethra or 
bladder[269].	 	 These	 HFOs	 contribute	 to	 eficient	
voiding in the rat, and their suppression due to 
drug treatment[300], pudendal nerve damage[269, 
304, 305], spinal cord transection[269, 282, 306], 
or	 STZ-induced	 diabetes[307-312]	 (Kullmann	 and	
Thor,	unpublished	observation)	 results	 in	a	signii-
cant	 drop	 in	 voiding	 eficiency	 and	 an	 increase	 in	
postvoid residual urine volumes.

7.  SUPRASPINAL ACTIVATION OF RHABDO -
SPHINCTERS AND PELVIC FLOOR MUSCLES

Supraspinal activation of urethral and anal rhabdo-
sphincter motor neurons can be mediated in response 
to voluntary (i.e. corticospinal[256]), as well as invol-
untary	relexic	inputs	(e.g.	during	coughing,	sneezing,	
vomiting) presumably from nucleus retroambiguus in 
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Figure 16.  Drawing of proposed model for spinal and Supraspinal excitation and inhibition of rhabdosphinc-
ter pudendal motor neurons with an example of the evoked potential recorded by an electrode on the puden-
dal nerve in response to electrical stimulation of the pelvic nerve at 0.5 Hz and a table showing the predomi-
nant effects of various receptor subtypes on evoked potentials recorded from the pudendal nerve or urethral 
rhabdosphincter.  Red stellate shapes and lines represent excitatory neurons and their axonal pathways, 
respectively; while the black oval shape and line represent an inhibitory interneuron and its axonal pathway.  
Simulation of the pelvic nerve activates a polysynaptic spinal relex arc that produces an evoked potential 
recorded from axons of sphincter motor neurons in Onuf’s nucleus at a latency of about 10 msec.  In addi-
tion, this stimulation also activates inhibitory interneurons that, after 50 msec delay, produce inhibition of 
sphincter motor neurons for about 1,000 msec (see text for details).  Presumably this arrangement allows 
low frequency pelvic afferent activity (1 Hz) to increase sphincter activity during urine storage and to inhibit 
sphincter activity when the pelvic afferent activity markedly increases (> 5 Hz) as might occur with very large 
bladder volumes or during a micturition contraction.  The model includes GABAergic, glycinergic, or en-
kephalinergic inhibitory neurons located in the dorsal gray commissure.

In addition to spinal excitatory sphincter relexes, Supraspinal pathways originating in the medullary nucleus 
retroambiguus (NRA) and the pontine “L region” can activate sphincter motor neurons during Valsalva ma-
neuvers and during urine storage, respectively.  When micturition occurs, neurons in the pontine micturition 
center (PMC) provide descending activation of the GABAergic, glycinergic, or enkephalinergic neurons in 
the dorsal gray commissure to inhibit sphincter motor neurons and allow voiding to begin.  In addition to 
these predominant pathways, various other areas of the brain (e.g. medullary raphe serotonergic pathways, 
pontine locus coeruleus noradrenergic pathways, etc) provide “modulation” of the relexes. Those excitatory 
and inhibitory modulatory pathways that have been explored pharmacologically are also listed in the table.  
For simplicity, the inhibition associated with PMC activation and the inhibition associated with pelvic nerve 
stimulation are shown passing through the same inhibitory interneuron.  However, no evidence yet exists that 
this is the case.  

Abbreviations: IC=inferior colliculus; NG=nucleus gracilis; NC=nucleus cuneatus; TrigN=spinal nucleus of 
the trigeminal nerve; LRN=lateral reticular nucleus; pyr=pyramidal tract; mlf=medial longitudinal fasciculus; 
ll=lateral lemniscus; bc=brachium conjunctivum; bp=brachium pontis; GABA=gamma amino butyric acid; 
GLY=glycine; ENK=enkephalin; TRH=thyrotropin releasing hormone; NMDA=N=methyl D=aspartate; AMPA=a-
amino=3=hydroxy=5-methyl=4=isoxazoleproprionic acid; 5-HT=5-dihydroxytryptamine (from Thor 2010).
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the caudal medulla (Fig. 16 )[271, 285, 313-316].  Nu-
cleus	 retroambiguus	 also	 innervates	 the	 pelvic	 loor	
muscles[222, 317], as well as abdominal muscles, 
consistent with a role in raising intra-abdominal pres-
sure during Valsalva maneuvers.  Generally, the pelvic 
loor	and	rhabdosphincter	muscles	are	activated	as	a	
functional unit when voluntarily contracted.  However, 
differential activation of the rhabdosphincter and the 
pelvic	loor	muscles	has	been	demonstrated[244],	in-
dicating distinct CNS control systems and innervation.     

Rhabdosphincter motor neurons are unique among 
somatic motor neurons in receiving input from the 
paraventricular hypothalamus[270], although the 
function of this input has not been determined.  In 
addition, their input from brainstem serotonergic and 
noradrenergic neurons is among the densest in the 
spinal cord [318-321].    

8.  NEUROCHEMICAL ANATOMY OF RHAB -
DOSPHINCTER MOTOR NEURONS 

In addition to their unique morphology, neurophysiol-
ogy, and supraspinal inputs, rhabdosphincter motor 
neurons in Onuf’s nucleus also exhibit a plethora of 
unique and highly diverse neurotransmitters, recep-
tors, ion channels, and growth factors (Figs. 16, 17  
and Table 1 ) and indicate a role in continence and/
or sexual function.

a)  Pharmacology of Urethral and Anal Rhabdo-
sphincters (Fig. 16)

The excitatory amino acid neurotransmitter, glu-
tamate, mediates initiation of action potentials in 
rhabdosphincter motor neurons (and subsequent 
rapid contraction of the muscle) by binding to NMDA 
and AMPA receptors [242, 282, 322-329].  Thus it is 
useful to think of these transmitters as part of the 
“hardwired”	 relex	circuitry	 that	 is	 involved	 in	all	or	
none activation of consistent and reliable storage 
relexes,	as	compared	to	monoamines	and	peptide	
transmitters (see below).

The inhibitory amino acids glycine, acting through 
strychnine-sensitive ionotropic receptors[297, 298], 
and GABA, acting through both GABA-A (ionotropic) 
and GABA-B (metabotropic) receptors[260, 295, 
330, 331] are thought to be major inhibitory trans-
mitters regulating rhabdosphincter activity.  Clinical 
studies indicate that systemic[332] or intrathecal[331, 
333] administration of the GABA-B agonist, baclofen, 
may reduce bladder-sphincter dyssynergia in some 
patients with neurogenic bladder.

In addition to amino acid transmitters, the monoamine 
transmitters (norepinephrine and serotonin) are also 
important in modulating rhabdosphincter motor neu-
ron activity [334].  It was the preferential distribution 
of norepinephrine and serotonin terminals in Onuf’s 
nucleus[318-321] that led to extensive animal studies 
of noradrenergic and serotonergic control of rhabdo-
sphincter function and eventual clinical studies of du-
loxetine, a norepinephrine and serotonin reuptake in-
hibitor, as a treatment for stress urinary incontinence 
[274, 315, 316, 335-338].   Elegant studies in humans 

using magnetic stimulation of brain and sacral nerve 
roots[339] have indicated that duloxetine increases 
the excitability of rhabdosphincter motor neurons to 
both supraspinal and segmental inputs to increase 
urethral pressures.  Importantly, duloxetine’s ability 
to increase urethral rhabdosphincter activity did not 
interfere with the inhibition of sphincter activity dur-
ing voiding (i.e. bladder-sphincter synergy was well-
maintained)[274].  Similar clinical results occurred 
after administration of S,S-reboxetine, a selective 
norepinephrine reuptake inhibitor[340, 341].  This ap-
proach of increasing synaptic levels of serotonin and/
or norepinephrine is logical, since it has been shown 
that noradrenergic and serotonergic terminals asso-
ciated with rhabdosphincter motor neurons show an 
age-dependent decrease in density in rats[342] that 
might explain the increased incidence of stress in-
continence with aging.  

Multiple adrenergic receptor subtypes play a role in 
control of rhabdosphincter motor neurons, and the 
results with norepinephrine reuptake inhibitors indi-
cate that these receptors can be activated by endog-
enous norepinephrine[275].  Strong evidence exists 
that a1 adrenoceptors excite rhabdosphincter motor 
neurons[275, 343].  Patch clamp studies[265] have 
shown that norepinephrine produces a direct depo-
larizing effect, accompanied by an increase in input 
resistance and decreased rheobase (Fig. 15D-G ).  
These excitatory effects are largely mimicked by the 
α1	adrenoceptor	agonist,	phenylephrine,	blocked	by	
the	α1	adrenoceptor	antagonist,	prazosin,	but	were	
resistant to apamin (Fig . 15M-N), a small conduc-
tance	 Ca+2	 activated	 K+	 (SKCa)	 channel	 blocker.		
The depolarization, increase in input resistance, and 
decrease in rheobase produced by norepinephrine 
was	mimicked	by	a	doxapram,	a	TASK	(TWIK-relat-
ed	 acid-sensitive	 K1)	 channel	 blocker,	 or	 reducing	
extracellular pH to 6.5 (Fig. 5H-I , manuscript in prep-
aration, Yashiro, Thor, Burgard, et al., 2012).  Doxa-
pram and pH 6.5 effects also occluded the responses 
to norepinephrine (manuscript in preparation, Yashi-
ro,	Thor,	Burgard,	et	al.,	2012).		These	indings	indi-
cate that norepinephrine is working through a second 
messenger	system	to	close	TASK	K+	channels	and	
increase rhabdosphincter motor neuron excitability 
(manuscript in preparation, Yashiro, Thor, Burgard, 
et al., 2012).   In addition to the depolarization, in-
crease in membrane resistance, and decrease in 
rheobase, norepinephrine also increased excitability 
of rhabdosphincter motor neurons by reducing the 
afterhyperpolarization (Fig. 15J ) and increasing the 
iring	frequency	of	the	neurons	(Fig. 15D )[265].  Both 
of these effects are blocked by apamin (Fig. 15K-L ), 
indicating	closure	of	SKCa	channels	 is	 responsible	
for the reduction in afterhyperpolarization.  Surpris-
ingly, afterhyperpolarization reduction by norepi-
nephrine was resistant to prazosin, indicating that 
this	effect	is	not	mediated	by	α1	adrenoceptors.

Excitatory	effects	of	α1	adrenoceptor	stimulation	on	
rhabdosphincter neurons are supported by clinical 
studies[343] where decreases in rhabdosphincter 



207

activity were seen after administration of prazosin to 
human subjects.  On the other hand, strong evidence 
exists	 that	α2	adrenoceptor	stimulation	has	 the	op-
posite effect, i.e. inhibition, of rhabdosphincter activ-
ity[275,	344,	345].	 	 Importantly,	relex	activity	 in	the	
sympathetic pathway to the urethral and anal smooth 
muscle (i.e. the hypogastric nerve) shows similar ad-
renergic pharmacology - an enhancement of activity 
by	α1	adrenoceptors[275,	346]	and	inhibition	of	activ-
ity	by	α2	adrenoceptors[275,	347].		Our	lab	(Yashiro,	
Thor, and Burgard) has been unable to demonstrate 
direct	 inhibitory	effects	of	α2	adrenoceptor	agonists	
in extensive patch clamp studies of rhabdosphincter 
neurons in neonatal rat spinal cord slices, indicating 
that the inhibitory effects seen in vivo are mediated 
via presynaptic or interneuronal actions.

Multiple subtypes of serotonin (5-hydroxytrptamine, 
5-HT) receptors are also involved in modulating 
rhabdosphincter motor neuron excitability.  Strong 
evidence exists that 5-HT2 receptors can excite 
sphincter motor neurons[279].  Indeed duloxetine’s 
facilitatory effects on rhabdosphincter activity in 
anesthetized cats are mediated in part through ac-
tivation of 5-HT2 receptors[274].  Both 5-HT2A and 
5-HT2C receptor agonists increase rhabdosphinc-
ter EMG activity in dogs, guinea pigs, and rats[348, 
349].  Recent in vitro rat spinal cord slice patch clamp 

studies show that part of this effect may be directly 
on rhabdosphincter motor neurons, as opposed 
to interneurons[350], since 5-HT induces a direct 
depolarization of rhabdosphincter motor neurons.  
The effect of 5-HT to enhance the bistable behav-
ior,	plateau	potentials	and	persistent	iring	of	motor	
neurons[351] very likely contributes to its facilitatory 
effect	on	sphincter	relexes	and	sphincter	motor	neu-
ron	iring[288].		Interestingly,	substance	P,	a	peptide	
transmitter that is co-localized with 5-HT in raphespi-
nal nerve terminals, also produces direct depolariza-
tion of rhabdosphincter motor neurons in rat spinal 
cord slices[352], and thyrotropin releasing hormone 
(TRH), another peptide transmitter co-localized with 
5-HT in nerve terminals, induces excitation of rat 
sphincter activity[353, 354] in vivo.  

Immunohistochemical and molecular studies in 
humans and dogs[348] have shown that 5-HT2A, 
5-HT2B, and 5-HT2C receptor subtypes are asso-
ciated with Onuf’s nucleus motor neurons.  In ad-
dition, 5-HT2C receptor mRNA has been localized 
to anal sphincter motor neurons in the rat[355].  
On the other hand, another immunohistochem-
istry study with retrograde labeling of urethral 
rhabdosphincter motor neurons and ischiocaver-
nosus motor neurons in male rats indicates that 
the 5-HT5A receptor is associated with the rhab-

Figure 17.  Examples of the unique and remarkable association of various neurotransmitters and receptors 
with pudendal motor neurons in various species.  A-D.  NK-1 receptors binding (A) from Charlton et al., 
1985, 5-HT1A receptor binding (B) from Thor et al., 1993, 5-HT5A receptor immunoreactivity (C) from Doly 
et al., 2004, 5-HT7 receptor immunoreactivity (D) from Doly et al. 2005 in rat L6 transverse spinal sections.  
E. Cat Leu-enkephalin immunoreactivity in S1 transverse section from Glazer et al 1980.  F. GAP-43 immu-
noreactivity in transverse section of human S1 spinal cord.  Large and small open arrows indicate GAP-43 
staining in the dorsal horn and Onuf’s nucleus, respectively.  Adapted from Brook et al., 1998.  G. [125]I-NPY 
autoradiograph of transverse section of human S3 spinal cord.  Adapted from Mantyh et al., 1994.  H. p75 
immunoreactivity in a longitudinal section from rat L6 spinal cord through the dorsolateral nucleus of the 
pudendal nerve.  Adapted from Koliatos et al., 1994. DH=dorsal horn, CC=central canal, DM=dorsomedial nu-
cleus of the pudendal nerve, DL=dorsolateral of the pudendal nerve, SPN=sacral parasympathetic nucleus, 
vm=ventromedial nucleus, RDL=retrodorsolateral nucleus, df=dorsal funiculus, ON=Onuf’s nucleus.
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dosphincter motor neurons, while the 5-HT2A re-
ceptor is preferentially associated with the ischio-
cavernosus motor neurons[137] and thus may be 
preferentially involved in sexual function.  

As described above, supraspinal 5-HT1A receptor 
stimulation also enhances rhabdosphincter activity 
in cats[280, 299-302].  Importantly, the excitatory 
effects of 5-HT1A receptor agonists on the rhab-
dosphincter can still be “over ridden” by inhibitory 
mechanisms during voiding, i.e. bladder-sphincter 
synergy remains despite 8-OH-DPAT induced en-
hancement of rhabdosphincter activity[280, 299, 
301, 302, 356].  The enhancement of sphincter 
activity by 8-OH-DPAT in cats is not seen follow-
ing acute[280, 299] or chronic[300, 301] spinal 
cord transection, indicating the 5-HT1A receptors 
mediating these effects are located supraspinally.  
5-HT1A receptor activation may inhibit supraspinal 
neurons that facilitate SUSRIC-mediated inhibition 
of	sphincter	relexes	and	thereby	facilitate	URS	ac-
tivity through disinhibition.

In spinal cord injured rats that have lost micturi-
tion-associated HFO bursting of the urethral rhab-
dosphincter, 5-HT1A receptors have been shown 
to restore the bursting.    Chang et al[306] further 
showed that the center responsible for bursting 
activity in spinal rats was located between the T11 
and L4 spinal segments.  In the studies of Gu et 
al[301], 5-HT1A receptor stimulation had no effect 
on sphincter activity in control rats or on the asyn-
chronous rhabdosphincter activity that precedes, 
and follows, micturition-associated bursting, in the 
spinal rats.  8-OH-DPAT only restored the bursting 
pattern during micturition in spinal rats.

In addition to amino acid and monoamine control 
of the rhabdosphincter motor neurons, peptides 
have	 also	 been	 shown	 to	 inluence	 their	 activity.		
Onuf’s nucleus is densely innervated by the opioid 
peptides encephalin (Fig. 17E ) and dynorphin[296, 
357-359].  In cats, the k opioid receptor agonist, 
ethylketocyclazocine, selectively inhibits spinal 
rhabdosphincter	 relexes[281].	 	However,	attempts	
to block sphincter inhibition during voiding with high 
doses of the opioid receptor antagonist, naloxone, 
were unsuccessful, indicating the enkephalins are 
not mediating physiological inhibition.  In spinal in-
tact rats, it was found that a k2 opioid receptor ago-
nist inhibits the rhabdosphincter bursting pattern 
associated with micturition, leading to decreased 
voiding	eficiency[300].				In	these	studies,	k	opioid	
receptor	stimulation	had	no	inluence	on	the	asyn-
chronous rhabdosphincter activity that precedes 
and follows micturition-associated bursting, only 
on the bursting itself.  Onuf’s nucleus is abundantly 
invested with other peptidergic terminals.  Excit-
atory effects of peptides; vasopressin, thyrotropin-
releasing hormone (TRH) and substance P (SP), on 
rhabdosphincter motor neurons have been demon-
strated[352-354].

9. LA AND RHABDOSPHINCTER NEUROPATHY

Childbirth is a risk factor for development of pel-
vic organ prolapse (POP)[360].  Furthermore, 
various studies have indicated damage to the 
innervation of the pelvic floor muscles, which 
might be expected to initiate pelvic descent and 
prolapse[361-366].  Early studies using puden-
dal nerve terminal latency as a measure of nerve 
damage[367] were met with skepticism for many 
reasons, however with more sophisticated analy-
ses using EMG interference patterns a more re-
cent series of elegant studies[365, 366, 368, 369] 
have provided evidence that LA nerve damage 
accompanies parturition in about 25% of wom-
en with approximately 1/3 of those continuing 
to show evidence of nerve damage at 6 months 
after parturition[365, 369].  Importantly, women 
undergoing elective Caesarian section (i.e. with-
out preceding labor) showed no signs of LA nerve 
damage[366].  Furthermore, changes in function 
of the urethral rhabdosphincter were also associ-
ated with pregnancy (i.e. before labor), and these 
remained evident at 6 months postpartum[365, 
366].  In rabbits[370], it has also been shown that 
multiparous females have thinner, longer, and 
weaker pubococcygeus muscles than nulliparous 
females, which may indicate nerve damage also 
occurs in this species.  A recent study compar-
ing continent and incontinent women[371] also 
demonstrated that incontinent women showed 
evidence of poor neuromuscular function of the 
rhabdosphincter, and the authors indicated that 
there was a correlation with age.

Because the pelvic floor supports the viscera, 
damage to the LA innervation and subsequent 
muscle flaccidity was thought to promote POP.  
To test this expectation experimentally, the LA 
muscles were bilaterally denervated in 7 squir-
rel monkeys[207], which is a species that shows 
age- and parity- correlated POP similar to hu-
mans[372].  Surprisingly, these monkeys showed 
no POP following this procedure for 2-3 years 
after surgery, despite showing statistically signifi-
cant decreases in LA muscle mass and myocyte 
diameter (Fig. 12A ), as well as vacuolization of 
the muscle.   Thus, these experiments suggest 
that, in the absence of childbirth, the pelvic floor 
muscle innervation plays a minor role in providing 
visceral support and suggests that the connective 
tissue plays the major role.    In women, the ap-
pearance of levator ani muscle abnormalities in 
magnetic resonance images after vaginal delivery 
concluded that frank damage of the LA muscle 
(and presumably the associated connective tis-
sue) is correlated with sphincter damage, pro-
lapse and incontinence [373, 374].  Thus, future 
research might focus on the changes in pelvic 
ligaments or extracellular matrix that occur with 
pregnancy, childbirth, and aging.  Possibly after 
childbirth and stretching of the pelvic connective 
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tissue, the muscle plays a compensatory role.  In 
support of this possibility, it was shown that LA 
muscle mass and myocyte diameter in monkeys 
with naturally occurring POP was equal to or 
greater than age-, parity-, and weight-matched 
monkeys without POP[207, 375], suggesting that 
LA muscle stretching might induce reflexes and 
subsequent muscle activity and hypertrophy.

Relative contribution of LA and pudendal nerves 
to continence mechanisms during sneezing in 
rats and cats.

Analysis of the urethral closure mechanisms dur-
ing sneeze-induced stress conditions in anesthe-
tized female rats and cats has revealed that pres-
sure increases in the middle portion of the urethra 
are mediated by reflex contractions of the rhabdo-
sphincter as well as the pelvic floor muscles[285, 
376]. Transection of the pudendal nerves reduced 
sneeze-induced urethral reflex responses by 67% 
and transecting the nerves to the iliococcygeus 
and pubococcygeus muscles reduced urethral re-
flex responses by an additional 25%. Transecting 
the hypogastric nerves and visceral branches of 
the pelvic nerves did not affect the urethral re-
flexes indicating that sneeze-evoked urethral re-
flexes in normal rats were not mediated by these 
autonomic pathways. However, hypogastric nerve 
transection in conscious, chronic spinal cord in-
jured, female rats reduced urethral baseline pres-
sure, reduced post-void residual urine volumes, 
reduced maximal voiding pressure, and increased 
voiding efficiency.  This indicates that sympathetic 
pathways to the bladder neck and proximal ure-
thra contribute to urethral pressure and functional 
outlet obstruction and voiding dysfunction after 
spinal cord injury in unanesthetized animals, but 
not during sneezing[377].

Summary

Neural control of the pelvic floor (LA and coccyg-
eus) is provided by the LA nerve, while the ure-
thral and anal rhabdosphincters are controlled by 
the pudendal nerve.  LA motor neurons are simi-
lar in morphology to other skeletal motor neurons, 
showing	large	α	and	small	γ	neuronal	populations	
diffusely distributed in the sacral ventral horn.  One 
distinguishing feature, however, is projections 
from LA motor neurons into Onuf’s nucleus, the 
location of rhabdosphincter motor neurons.  Pre-
sumably these projections coordinate pelvic floor 
and rhabdosphincter function.  This proposed co-
ordination of visceral and rhabdosphincter activity 
with pelvic floor muscle activity is one important 
area for future research.  Rhabdosphincter mus-
cles and their innervation are remarkably different 
from skeletal muscles.  The rhabdosphincter stri-
ated muscles do not have Golgi tendon organs 
and muscle spindles, which are common in skele-
tal muscles.  In addition, the rhabdosphincters are 
intimately associated with the urethra and anal 

canal and participate extensively in voiding and 
sexual function.  Thus it should not be surpris-
ing that rhabdosphincter motor neurons are quite 
distinctive from skeletal muscle motor neurons.  
In contrast to the diffuse distribution of LA mo-
tor neurons in the sacral ventral horn, the rhab-
dosphincter motor neurons are densely packed 
within Onuf’s nucleus (and homologous nuclei in 
other species).  Finally, rhabdosphincter neurons 
exhibit a number of unique membrane properties 
that may contribute to simultaneous activation 
and which are distinctive from skeletal muscle 
motor neurons.  Important species differences 
exist in the spinal localization of anal sphincter 
neurons.  Other distinguishing characteristics of 
rhabdosphincter motor neurons are their unique 
morphology, their association with abundant neu-
rotransmitters and receptors, a diverse physiol-
ogy, and a rich pharmacology.  These differences 
presumably reflect their integral role in coordinat-
ing somatic and visceral function during micturi-
tion, defecation, and copulation.  Denervation of 
both the pelvic floor and the rhabdosphincters has 
been associated with childbirth and aging.

Marker References 
Enkephalin (296, 357, 358, 378) 
CGRP (378, 379) 
Somatostatin (378, 380) 
Norepinephrine (318, 321) 
Serotonin (318, 319, 321, 358) 
Dopamine (381) 
Substance P (358) 
nNOS (247, 248, 250) 
CRF (382) 

Transmitters 

CPON (378) 
5-HT1A (383) 
5-HT2A  (384) 
5-HT2C (348, 355) 
5-HT5A (384, 385) 
5-HT7 (386) 
D2 (387) 
NPY2 (388) 
NK1 (389) 

Receptors 

TRP-V2 (390) 
Ion channel CaV1.3 (391) 

P75 (growth 
factor receptor) 

(392) 

CNTF receptor a (393) 
GAP-43 (394, 395) 

Growth-
related 

TrkC (396) 

Table 1.  Neuronal markers preferentially associated 
with rhabdosphincter motor neurons in Onuf’s nu-
cleus.  nNOS = neuronal nitric oxide synthase; CRF 
= corticotrophin releasing factor; CPON = C-lank-
ing peptide of neuropeptide Y; 5-HT = 5-hydroxytrp-
tamine; D = dopamine; NPY = neuropeptide Y; NK = 
neurokinin; TRP = transient receptor potential; CaV 
= voltage sensitive Ca+2; CNTF = ciliary neurotroph-
ic factor; GAP = growth associated peptide; trk = 
receptor tyrosine kinase
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Three main neural pathways regulate lower urinary 
tract efferent activity: 1) sacral parasympathetic (pel-
vic) nerves provide excitatory input to the bladder; 2) 
thoracolumbar sympathetic nerves provide inhibitory 
input to the bladder and excitatory input to the bladder 
neck and urethra; and 3) sacral somatic (pudendal) 
nerves innervate the striated muscles of the sphinc-
ters	and	pelvic	loor.[397]	This	section	will	describe	
the spinal and then peripheral pathways controlling 
efferent drive to the bladder. Efferent innervation to 
the rhabdosphincter is discussed in Section III. 

Parasympathetic and sympathetic pre-ganglionic 
neurons release acetylcholine, which acts on nico-
tinic	 receptors	 to	 activate	 post-ganglionic	 ibres.	 In	
some species they also release opioid peptide trans-
mitters and express nitric oxide synthase[398]; there 
is also evidence of involvement of pituitary adenylate 
cyclase activating peptide (PACAP), a peptide pres-
ent in visceral afferent neurones, and of prostaglan-
dins within the spinal cord.[399]

Parasympathetic	 post-ganglionic	 ibres	 terminate	
predominately at the detrusor muscle and release 
acetylcholine, resulting in detrusor contraction during 
voiding. Studies in animals have shown that sympa-
thetic	post-ganglionic	ibres	predominately	terminate	
at the mucosal and urothelial level, releasing nor-
adrenaline (NA), contributing to bladder relaxation 
during storage (via stimulation of beta-adrenergic 
receptors expressed in detrusor).

1. PREGANGLIONIC NEURONS

Parasympathetic preganglionic neurons are located 
in the lateral part of the sacral intermediolateral gray 
matter in a region termed the sacral parasympathetic 
nucleus. The neurons are small, fusiform-shaped 
cells which send dendrites into lateral lamina I of the 
dorsal horn, the lateral funiculus and medially into 
the dorsal grey commissure (DGC). The bladder pre-
ganglionic motor neurons are located in the S1-S3 
segments in the cat,[400] guinea-pig[401], dog[401] 
and monkey[402]. In cat and guinea pig, these motor 
neurons are bilaterally located ventrolaterally in the 
intermediolateral column. The rat is different, as pre-
ganglionic motor neurons are located at L6-S1;[403, 
404] unilateral ventral root rhizotomy at the L5 level 
in the rat decreases peak cystometric pressures.
[405] The parasympathetic preganglionic neurones 
project through the ventral spinal roots to the major 
pelvic ganglion.[406-408] 

At spinal levels L1–L2, both the intermediolat-
eral horn and the DGC contain sympathetic pre-
ganglionic neurones whose axons also project to 
the major pelvic ganglion. Electrical stimulation 
of	 the	 lumbar	 sympathetic	 chain	 evokes	 iring	 in	
the pelvic nerve and in postganglionic nerves on 
the surface of the bladder and colon, at latencies 

of 60-150 ms.[409] With ageing, there is selective 
attrition of preganglionic sympathetic neurones in 
L1–L2, which project to the pelvic ganglion, with 
reductions in the extent of the dendritic arbors of 
remaining cells. [406, 407, 410]

In spinal cord injured patients, where disruption to 
pathways at pre-ganglionic levels is observed, sev-
eral groups have used neural stimulation techniques 
to restore normal bladder function. Stimulating para-
sympathetic pre-ganglionic roots at S3 with implant-
ed electrodes elicits two principal responses[411]: 
at low levels of stimulation, the external urethral 
sphincter,	 external	 anal	 sphincter	 and	 pelvic	 loor	
muscles are contracted. At high levels of stimulation, 
parasympathetic activation contracts the detrusor 
muscle,	 leading	to	eficient	emptying	of	 the	bladder	
when the sphincter muscle relaxes.[412] 

The recent increase in the use of sacral neuromod-
ulation for the treatment of detrusor overactivity has 
resulted in numerous potential theories of its ac-
tions, including stimulation of efferents, direct effect 
on the muscle, stimulation of the afferents, induc-
tion	of	spinal	plasticity,	and	modiications	of	cortical	
activation.[413]

The DGC also contains a group of interneurones, 
which have recently received more attention as main 
players	in	the	guarding	relex	(these	are	further	dis-
cussed below in Bladder and Outlet.[414]

2. GANGLIA

The peripheral ganglia are the link in the relay of 
autonomic innervation to the lower urinary tract and 
reproductive organs, along with a substantial part of 
the extrinsic motor innervation of the lower bowel. 
There are species differences in organization and 
neurochemistry of pelvic ganglion cells and their spi-
nal inputs. Large mammals have a plexus of pelvic 
and intramural ganglia, containing both sympathetic 
and parasympathetic neurons. The guinea pig is in-
termediate in complexity, with separate posterior and 
anterior plexuses innervating different pelvic organs. 
In the rat and mouse, the pelvic plexus consists of 
the major pelvic ganglia (MPG) and a number of 
small accessory ganglia. 

Within the pelvic plexus there is topographical rep-
resentation of the pelvic organs. In the female dog, 
neurons supplying different pelvic organs are located 
in separate ganglia, which possess a distinctive com-
position of neurone types and different preganglionic 
supply.[415] Neurons retrogradely labelled from 
the urinary bladder mainly occur in ganglia located 
at the vesico-ureteric junction. They comprise cat-
echolaminergic calbindin neurons and noncatechol-
aminergic neurons containing calbindin or NOS, with 
relatively	sparse	pericellular	varicose	nerve	ibres.	In	
male mice[416], the major pelvic ganglia are close to 
the dorsal surface of the prostate gland. Their main 
inputs are the pelvic nerves, and the hypogastric 
nerve from the inferior mesenteric ganglion. The 

IV. EFFERENT PATHWAYS TO THE 
BLADDER



211

major outputs are the penile (cavernous) nerve and 
the supply to the urogenital organs. 

Functionally, the preganglionic sympathetic and 
parasympathetic neurons synapse on post-ganglion-
ic	ibres	within	the	speciic	ganglia,	releasing	acetyl-
choline, which acts on nicotinic receptors. Patients 
with megacystis-microcolon-intestinal-hypoperistal-
sis syndrome (MMHIS)[417] have reduced or no al-
pha-3 nicotinic receptor subunit.[418] Selective gene 
knockout mice lacking the alpha-3 nicotinic receptor 
subunit alone or the beta-2 and beta-4 subunits in 
combination[419], develop severe bladder disten-
sion	soon	after	birth,	and	later	overlow	incontinence.	
The detrusor muscle in these animals contracts 
in	 response	 to	 ield	 stimulation	 or	muscarinic	 ago-
nists, but not nicotinic agonists[420], indicating the 
potential importance of alpha-3, beta-2, and beta-4 
nicotinic receptor components in functional control of 
voiding, but not their location. 

About half of the cholinergic ganglion cells contain 
VIP, distributed throughout most of the ganglion, with 
a cluster near the origin of the penile nerve.[416] 
Neurones with NPY are numerous and apparently 
randomly distributed throughout the ganglion, with 
marked variation between mouse strains. All norad-
renergic neurons contain NPY, but many NPY neu-
rons are not noradrenergic. Many of the cholinergic 
NPY neurons also contain VIP. Neurons immunos-
tained for choline acetyl transferase (ChAT) have 
a complementary distribution to noradrenenergic 
neurons. ChAT is seen in varicose axon terminals 
closely associated with ganglion neurons. Neither 
NPY nor VIP is present in preganglionic terminals, 
except for a small number of individual neurones. 
The latter may arise from viscerofugal neurons in 
the myenteric plexus of the lower bowel.[421] Ty-
rosine hydroxylase (TH) is expressed by one-third 
of neurons, almost all co-expressing dopamine beta 
hydroxylase (DBH). Numerous TH axons are pres-
ent in the hypogastric nerve, but very few in the pel-
vic nerve, supporting a primarily sympathetic origin. 
Non-neuronal cells containing TH are also present, 
resembling	 small,	 intensely	 luorescent	 cells	 ob-
served in many other autonomic ganglia. 

The bladder wall itself contains intramural ganglia, 
and small clusters of autonomic ganglion cells are 
present in the adventitial connective tissue and 
among the detrusor muscle bundles. There is spe-
cies variation in the extent of intramural innervation 
of the bladder; ganglia are present in many species 
such as the guinea pig, while the rat bladder con-
tains the postsynaptic innervation alone.[422] The 
ganglia are found throughout the bladder wall and 
vary considerably in size.[130, 423] They show im-
munoreactivity to vasoactive intestinal polypeptide 
(VIP), nitric oxide synthase (NOS), neuropeptide 
Y (NPY) and galanin (Gal) in varying amounts. 
However,	 they	 do	 not	 contain	 enkephalin	 (ENK),	
substance P (SP), calcitonin gene related peptide 
(CGRP) or somatostatin (Som)[129], suggesting 

that cell bodies of sensory neurones are not located 
in the intramural ganglia. Postganglionic sympa-
thetic	 nerves,	 identiied	with	 antibodies	 to	TH	and	
NPY, also synapse on these neurones. Nicotinic 
receptors	have	been	identiied	on	intramural	nerve	
cell bodies within the bladder. [420]

3. TERMINAL NERVE FIBERS

Smooth muscle cells in the bladder are grouped into 
fascicles, several of which make up a muscle bun-
dle. They receive a dense innervation, which runs in 
line with the axis of the fascicle and is derived from 
coarse nerve trunks in the connective tissue around 
the fascicles and bundles. This innervation mediates 
the widespread co-ordinated detrusor contraction 
accompanying voiding. The anatomical relationship 
between the preterminal innervation and the muscle 
fascicles has been described in a serial sectioning 
study in the human bladder.[424] The nerve supply 
is distributed by a series of dichotomous branchings, 
illustrated schematically in Figure 18 . Adjacent to 
the muscle bundles, 1 or 2 primary nerve trunks run 
parallel to the long axis of the bundle. These give 
rise to circumferential peribundle branches. Both the 
longitudinal and circumferential trunks give off trans-
verse interfascicular branches, entering the bundle 
perpendicular to its long axis, approximately at the 
midpoint of the bundle. Within the bundle they give 
axial interfascicular branches running along the long 
axis within and closely adjacent to individual fasci-
cles, ending in the preterminal and terminal varicose 
intrafascicular axial innervation. 

The majority of nerves running in the detrusor stains 
positively for acetylcholinesterase and for vesicular 
acetylcholine transferase (VAChT)[423, 425, 426] 
and are thought to be parasympathetic. Electrical 
ield	stimulation	studies	have	been	used	to	elucidate	
the neurotransmitter content from muscle strips (with 
or without mucosa). Acetylcholine and ATP appear to 
provide the bulk of the excitatory input, since electri-
cal	ield	stimulation	responses	are	blocked	by	mus-
carinic receptor antagonists combined with puriner-
gic antagonists. Both transmitters are released in the 
innervated muscle layer and persist after removal of 
urothelium.	By	using	high-frequency	ield	stimulation,	
it is possible to delineate the cholinergic and puri-
nergic component.[427] Apart from acetylcholine and 
ATP, there are additional substances present in para-
sympathetic efferents (VIP, NOS, Gal), which allow 
immunohistochemical	 subclassiication	 of	 nerve	 i-
bres, and raise the question as to whether additional 
transmitters (other than ACH/ATP) have a role in nor-
mal micturition function or disease pathophysiology.

Cholinergic nerves are also present in the suburothe-
lium; most of them in addition contain NPY and TH 
and some contain NOS. In the muscle of the trigone, 
the most common axons contain both VIP and NPY, 
with noradrenergic axons forming only a sparse sup-
ply. Indeed, noradrenergic neurons are rare in the 
detrusor and absent in the mucosa.[416]



212

4. TRANSMITTERS

a) Glutamate

Glutamate is present in the terminals of primary af-
ferent neurons in the spinal cord along with interneu-
rons	and	ibres	originating	in	the	medulla	oblongata.	
In general, glutamatergic neurons tend to be excit-
atory, contrasting with generally inhibitory effects of 
glycinergic neurons; however, excitatory/ inhibitory 
effects of transmitters can be reversed by the na-
ture of the post-synaptic neuron. Thus, glutamater-
gic neurons can indirectly have an inhibitory effect 
if an inhibitory neuron is interposed before the ulti-
mate target.[428] Glutamate acts on spinal neurons 
through a variety of receptor subtypes. These include 
NMDA receptors, which are important in controlling 
polysynaptic	 relex	 pathways	 at	 the	 lumbosacral	
levels. The NMDAR1 glutamatergic receptor sub-
unit is present in the spinal cord of male rats, and is 
expressed in the SPN. Glutamate is present in the 
dorsal root ganglion cells supplying the bladder[429], 
and the NMDAR1 sub-unit is also present in L6 dor-
sal root ganglion cells of the rat.[430] In female rats 
intrathecal injection of an NMDA receptor antagonist 
decreases bladder contraction pressure.[431] With 
ageing, there is a decrease in the density of glutama-
tergic	 synaptic	 inputs,	 which	may	 inluence	 urinary	
tract function.[408]

b) Glycine/ gamma amine butyric acid 

Glycinergic and GABAergic interneurones have a 
major role in neural control processes mediating 
bladder function. [432]Glycinergic/ GABAergic pro-
jections to the lumbosacral cord inhibit the micturi-
tion	 relex	 and	 also	 inhibit	 glutamatergic	 neurons.
[433] Clinically, detrusor overactivity can be inhibited 
by GABA receptor activation.[330] Rectal distention 
prolongs the interval, decreases the amplitude and 
shortens the duration of bladder contractions in rats; 
this effect is not seen after simultaneous intrathecal 
injection of low dose strychnine (a selective glycine-
receptor antagonist) and bicuculline (GABA-A recep-
tor antagonist), suggesting that the inhibitory recto-
vesical	 relex	 involves	 glycinergic	 and	 GABAergic	
mechanisms in the lumbosacral spinal cord, which 
may be synergistic.[434]

Indeed, in the spinal cord, several transmitters syner-
gistically mediate the effects of modulatory pathways 
that	inluence	the	onward	progression	of	efferent	ac-
tivity. In a rat model of neurogenic bladder dysfunc-
tion (autoimmune encephalomyelitis), an exaggerat-
ed descending excitatory control arises at the spinal 
segmental level, which gives rise to detrusor over-
activity. Some animals with autoimmune encephalo-
myelitis	develop	detrusor	arelexia	rather	than	over-
activity;[413] in these animals, the excitatory control 
is probably dominated by segmental inhibition, medi-
ated primarily by glycine receptor activation. Spinal 
shock in rats induces an alteration of glycine/gluta-
mate concentration ratio. [433] A change in the ra-
tio of excitation and inhibition was also observed in 

humans suffering from spasticity and pain [435]. This 
balance of inputs, and the potential plasticity of neu-
ronal circuits, is crucial in understanding pathophysi-
ological processes.

c) Serotonin

Spinal	relex	circuits	involved	in	voiding	function	have	
a dense serotonergic innervation.[436] Immunocyto-
chemical studies in rats, cats and primates show that 
lumbo-sacral sympathetic and parasympathetic au-
tonomic nuclei receive serotonergic inputs from the 
raphe nuclei.[320, 321, 437, 438] Activation of the 
central serotonergic system can suppress voiding by 
inhibiting the parasympathetic excitatory input to the 
urinary bladder, and 5-HT elicits a prolonged activa-
tion of thoracic sympathetic preganglionic neurons. 
Stimulation of the raphe nuclei in the cat inhibits 
relex	bladder	activity.[439-441]	 5-HT1A	and	5-HT2	
receptors are present in the SPN. However, in differ-
ent species serotonin (5-hydroxy tryptamine, 5-HT) 
may have varying functions in the central nervous 
control of bladder activity. For example, activation of 
5-HT1A	receptors	facilitates	relex	bladder	activity	in	
rats,[436, 442] and has been used to reverse the ef-
fects of diabetes mellitus [443]. 

Inhibitory effects on bladder activity are most likely 
mediated primarily by 5-HT1A receptors. The trans-
mitter released by inhibitory interneurons has not 
been	 identiied.	Activation	of	5-HT1A	and	5-HT3	 re-
ceptors also inhibits afferent input passing from the 
bladder to the brain. Blockade of 5-HT1A receptors 
in	 raphe	 neurons	 would	 increase	 raphe	 neuron	 ir-
ing	and	enhance	serotonergic	control	of	spinal	relex	
mechanisms. This effect would promote urine storage 
by enhancing sphincter activity and depressing blad-
der activity.[302, 444] Indeed, 5-HT1A receptor activa-
tion is associated with increased rhabdosphincter ac-
tivity in spinal intact but not spinalised animals [280].

d) Adrenergic

Descending catecholaminergic neurones are pri-
marily located in the upper medulla or pons[342] 
(Figure 18 ).	 In	 clinical	 use,	 non-selective	 α1-
adrenergic	 antagonists	 inluence	 urine	 low	 and	
storage phase lower urinary tract symptoms; the 
two effects probably occur by different mechanisms, 
and central or peripheral locations may be respon-
sible.[445]	Relex	bladder	 activity	 is	modulated	by	
at	 least	 two	 spinal	 α1-adrenergic	 mechanisms.	
Firstly,	 there	 is	 inhibitory	 control	 of	 relex	 bladder	
contractions, probably by modulation of afferent 
processing. Secondly, there is excitatory modula-
tion of the amplitude of bladder contractions due to 
regulation of the descending glutamatergic limb of 
the	 spinobulbospinal	 bladder	 relex	 pathway.[446,	
447]	 α1A	 adrenoceptors	 comprise	 70%	 and	 α1B-
adrenoceptor	30%	of	the	α-adrenergic	receptors	in	
the rat lumbar	spinal	cord,[448]	while	α1D	adreno-
ceptors	do	not	appear	to	have	a	signiicant	role.

Blood pressure, vascular resistance and tissue blood 
low	 are	 also	 regulated	 by	 α-adrenergic	 receptors.	
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Aging	 is	 thought	 to	 impact	 pelvic	 blood	 low	 and	
thus, bladder function. Pharmacological blockade 
of	the	vascular	α1B-adrenoceptor	may	increase	pel-
vic	blood	low	and	contribute	 to	an	 improvement	 in	
bladder dysfunctions associated with aging and/or 
hypertension.[449]		β3-adrenoceptors,	although	well	
documented peripherally, are also present in the rat 
sacral spinal cord. They are upregulated in rat mod-
els of partial urethral obstruction.

e) Substance P 

Substance P- containing terminals are closely ap-
posed to both sympathetic and parasympathetic pre-
ganglionic neurons projecting to the major pelvic gan-
glion.[450] Substance P- containing afferents in the 
pelvic nerve terminate in the outer laminae of the dor-
sal horn and in the region of the SPN and DGC.[451] 
Substance P is also located in intraspinal neurons 
located in the dorsal horn[452] or DGC[453]. In young 
adult rats, substance P in the ventral horn is almost 
exclusively co-localized with serotonin and derived 
from descending axons of medullary neurons[454, 
455] and is also often co-localized with serotonin in 
axon terminals in the lumbosacral spinal cord.[456] 
Functionally,	 substance	 P	 affects	 micturition	 relex	
activity;[457] intrathecal administration of Substance 
P at spinal levels L5–S1 induces bladder contraction. 

[458]	 Substance	 P	 also	 increases	 the	 iring	 rate	 of	
sympathetic preganglionic neurons.[459] Studies in 
the rat show that substance P levels decline with age-
ing in both the dorsal and ventral regions of the lum-
bosacral cord.[460, 461] Substance P-immunoreac-
tive innervation of the dorsolateral nucleus (supplying 
the EUS) is not obviously altered with ageing. [462]

f) Purinergic 

ATP is released together with noradrenaline and neu-
ropeptide Y from sympathetic nerves. It is also released 
as a cotransmitter with acetylcholine from parasympa-
thetic nerves supplying the bladder. Cotransmission 
likely offers subtle, local variations in neurotransmis-
sion and neuromodulation mechanisms.[463]

5.  PELVIC ORGAN INTERACTIONS AT THE 
EFFERENT NEURAL LEVEL

a) Bladder and Outlet

Neural coordination of physiological and behav-
ioral functions depends on convergence within the 
nervous system of information from relevant areas. 
There is extensive convergence of pelvic organ in-
put[464, 465] at the levels of the spinal cord, dorsal 
column nuclei, solitary nucleus, medullary reticular 
formation, and thalamus.[466] The fundamental role 

Figure 18: Diagram of the pelvic autonomic 
nerves in radical hysterectomy. Top panel 
Transverse section through the pelvis show-
ing the bladder, cervix and rectum. Left side 
represents the conventional technique, right 
side represents the nerve sparing technique. 
Scale bar 250 µm. a, Vesicouterine ligament, 
conventional, b, vesicouterine ligament, 
nerve sparing; c, Sacrouterine ligament, 
conventional; d, Sacrouterine ligament, 
nerve sparing. Lower panel: Frontal sections 
through the uterus and cardinal ligament. UA, 
uterine artery, UV, uterine vein, SN, splanch-
nic nerves, HN, hypogastric nerve. Left side 
represents the conventional technique, right 
side represents the nerve sparing technique. 
Scale bar 250 µm. A, Posterior cardinal liga-
ment, conventional; B, posterior cardinal 
ligament, nerve sparing. From (Maas, 2005).
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of spinal and supraspinal mechanisms in maintaining 
normal lower urinary tract synergy, between the blad-
der and sphincter, is well recognized. 

In this context, the role of spinal interneurons must be 
considered. Involuntary bladder emptying during urine 
storage is considered to involve somatic nerve activ-
ity originating from cells in the lateral ventral horn, in 
a region called Onuf’s nucleus. Normally, cholinergic 
sphincter moto-neurons project to the urethral striated 
muscle/rhabdosphincter via the pudendal nerve, re-
sulting in its contraction.[3] This contraction can be ac-
tivated by bladder afferent activity conveyed through 
pelvic nerves, and is considered to be organized by 
interneuronal circuitry in the spinal cord. It is thought 
to come into play in response to sudden increases 
in bladder pressure – for example, during a cough, 
sneeze, laugh. With aging, there is a loss of innerva-
tion at the terminal muscle level, which is displayed 
as	a	loss	of	striated	muscle	ibres	in	the	sphincter	and	
thus, a loss of urethral closing pressure. [467]

Synergic lower urinary tract function may also be a 
feature of the peripheral innervation, independent of 
CNS co-ordination. In the female minipig, pre-gan-
glionic pelvic nerve stimulation evokes a pressure 
increase in the bladder and a pressure decrease in 
the urethra.[468] It remains to be determined whether 
this observation suggests pre-determined, separate 
inputs to the bladder (excitatory to the bladder, inhibi-
tory to the outlet), or whether the divergence occurs 
at postganglionic motorneuron level, which send 
branches supplying both bladder and urethra. In the 
latter arrangement, release of different neuromuscu-
lar transmitters from branches of the same motorneu-
rone, or interposition of an additional intermediary 
cell would be required. The former is circumstantially 
supported by the observed co-localization of acetyl-
choline- and nitric oxide-related enzymes.[469] 

b) Bladder and Bowel

Clinicians are familiar with the detrimental effect of 
bowel disorders on lower urinary tract activity. Physi-
ologically,	the	efferent	limb	of	the	micturition	relex	is	
inhibited by afferent input from the rectum;[470] thus, 
rectal distention inhibits bladder activity via glyciner-
gic and GABAergic mechanisms in rats. Dual label-
ing studies show that many neurones in Barrington’s 
nucleus supply both colon and bladder, with smaller 
populations supplying the two organs separately 
(Figure 19 ) – with dorsal neurons being bladder-re-
lated and ventral neurons being colon-related.[471] 
At the level of the major pelvic ganglion, double-la-
beled cells are relatively infrequent, but processes 
of colonic-retrograde-labeled cells often surround 
cell bodies of equivalent cells for the bladder. Dual-
labeled cells in the spinal cord are rare.

c) Bladder and Prostate/Uterus

Voiding dysfunction is commonly associated with 
symptoms of chronic prostatitis/chronic pelvic pain 
syndrome, suggesting a prostate-bladder neural re-
lex.	Electrical	stimulation	of	 the	prostate	 following	

transection of the prostate nerves or lidocaine injec-
tions into the prostate, evokes changes in bladder 
cystometry parameters.[472] Anatomically, voiding 
cannot	be	 initiated	unless	the	prostate	irst	rotates	
around the symphysis.[473] This preceding action 
of the prostate is suggestive of a higher centre ef-
ferent coordination. 

Neurons labeled from the prostate are found mainly 
in L1-L2 whereas neurons labeled from the bladder 
are found mainly in L6-S1. Double-labeled neurons 
are located in L1-L2 mainly in the dorsal gray com-
missure. However, the number of bladder neurons 
are much greater than that of prostate, and both neu-
rons	increase	signiicantly	at	longer	incubation	times.
[474] At the brainstem level, double-labeled neurons 
are more common (Figure 20 ).

Inlammation	of	the	uterine	horn	or	colon	gives	rise	
to	inlammation	in	the	bladder,	an	effect	that	can	be	
eliminated by sectioning the hypogastric nerve.[475] 
Similarly,	inlammation	of	the	bladder	causes	height-
ened sensitivity of uterine cannabinoid receptors, 
likely inhibiting its adrenergic input.[476] Bladder 
overactivity	 induced	 by	 inlammation	 is	 inluenced	
by estradiol, probably mediated through effects on 
the sympathetic nervous control of the bladder.[477] 
There are several potential mechanisms by which 
neural	input	could	contribute	to	emergence	of	inlam-
mation in neighboring organs  (Figure 21 );

1. A	dorsal	 root	 relex;	hypogastric	afferents	 from	
the	inlamed	organ	could,	via	a	spinal	interneu-
ron, sensitize and antidromically activate other 
hypogastric	 afferents	 from	 a	 non-inlamed	 or-
gan.[478]

2. Axon	relexes	occurring	in	hypogastric	sensory	
nerves that branch to supply more than one pel-
vic organ. Though such branching has not yet 
been	speciically	identiied,	a	small	proportion	of	
single	afferent	ibres	may	branch	to	supply	the	
colon and bladder.[478]

3. Input	from	the	inlamed	organ	(via	the	hypogas-
tric nerve) activates neurons in the dorsal horn 
that activate postganglionic neurons in the pel-
vic ganglion via thoracolumbar preganglionic 
neurons.

4. A spinal mechanism could be mediated by intra-
spinal connections to lumbosacral preganglionic 
neurons (as seen for gynaecological organs).
[479]

5. A suprasacral mechanism could be mediated 
through the brain stem.[471, 480, 481]

6. EFFERENT INHIBITION

The sympathetic pathway contributes to inhibition 
of parasympathetic efferent input to the detrusor 
smooth muscle. In isolated whole bladders, there 
is a high level of spontaneous contractile activ-
ity,[482-487] suggesting active neural inhibition of 
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the bladder during urine storage. In a novel perfused 
decerebrate preparation of the whole rat, ganglion 
blockade using hexamethonium also leads to an in-
crease in spontaneous activity.[488] Rat brainstem/ 
spinal cord/ bladder preparations or neonatal spinal 
cord/ bladder preparations show tonic inhibition, aris-
ing at L6-S1 and involving a peripheral ganglionic 
synapse.[489, 490] Clearly, efferent inhibition of the 
bladder facilitates urine storage.

In the neonatal rat, considerable activity arises in 
the bladder wall when inputs from the lumbosacral 
spinal cord are disrupted.[485] Selective spinal 
cord and root lesions indicate that intrinsic bladder 
activity of the neonatal rat is tonically inhibited by 
parasympathetic	efferent	outlow.	This	path	is	addi-
tional to the predominant cholinergic preganglionic 
efferents	mediating	 the	main	voiding	 relexes.	The	
functional difference in the two sets of cholinergic 
ventral root efferents may result from differing syn-
aptic targets, since both are blocked by the nicotinic 
antagonist hexamethonium. Thus, inhibitory effer-
ents must synapse with noncholinergic inhibitory 
neurons in the major pelvic ganglia, in contrast to 
excitatory efferents synapsing with the cholinergic 
detrusor innervation.

In	addition	to	efferent	input,	local	relexes	may	con-

tribute to the inhibition of detrusor activity, probably 
driven by interstitial cells[491], so that peripheral 
autonomous activity increases as a result of bladder 
distension.[486] This has been proposed to signify 
the	presence	of	a	regional	regulatory	inluence[492]	
and a peripheral “pacemaker” [493]and various 
mechanisms for the propagation of activity within the 
bladder wall.

7. PERIPHERAL EXCITATORY MECHANISMS

Agonist exposure appears to elicit contraction by 
two different mechanisms, comprising a component 
derived from direct stimulation of the muscle cell 
(‘classical’ efferent), and a separate component that 
is more phasic, responsible for the obvious pressure 
luctuations.	 The	 latter	 ‘intrinsic’	 mechanism	 may	
involve an intermediary cell type.[494] Optical imag-
ing and calcium-/ voltage-sensitive dyes in whole rat 
bladder preparations have detected electrical activ-
ity moving in a coordinated manner from localized 
regions over the entire bladder.[99, 495] The isolated 
whole bladder shows regionalized responses when 
exposed to cholinergic/ muscarinic agonists.[485, 
494, 496, 497] Dynamic migrating localities of con-
traction and elongation, give rise to a complex mix of 
micro motion phenomena, including micro contrac-
tions, micro stretches and propagating waves. 

Figure 19: A, Fluorescent micrographs of sections at the level of (A1) the major pelvic ganglion, (A2, B1, B2 
and C1) the lumbosacral spinal cord and (C2) Barrington’s nucleus of rats injected with PRV-Beta-GAL in 
the bladder and PRV-GFP in the colon and having different survival times. The viscera, tracer and survival 
time are indicated in each photomicrograph. BD, bladder. CO, colon. A1. Separate labeling from both virus-
es is apparent in the MPG at 48 hours. A2. In the same case, only occasional cells are labeled in the spinal 
cord. B1. Substantial labeling from both organs is visible in the preganglionic parasympathetic column of 
the spinal cord and most cells are singly labeled from either the colon or the bladder. The arrow points to 
a rare double-labelled neuron. B2. Bladder- and colon-related neurons in close proximity. Processes from 
the colon-related neuron (arrow heads) are apposed to the bladder-related neuron. C1. Increasing survival 
time results in greater number of double-labelled cells (arrows). In most double labeled cells PRV-Beta-
GAL label from the bladder is surrounded by PRV-GFP label from the colon. C2. Section from Barrington’s 
nucleus from the same case as C1 indicating that only a few cells are transsynaptically labeled from the 
bladder and none from the colon at the survival time. Arrow heads point to the surface of the fourth ven-
tricle and stars indicate the location of trigeminal mesencephalic neurons. Calibration bars: 50 µm A1 and 
A2, 30 µm B2 and C1, 50 µm B2, 50 µm C2.  From Rouzade-Dominquez et al., 2003.
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Several species show differences in contractile ac-
tivity according to the region of the bladder from 
which a muscle strip is taken. Different effects are 
seen according to stage of development- sponta-
neous activity is high in bladder strips from neona-
tal rats, but small or almost non-existent in adults 
and reemerges in older bladders.[498] The likely 
functional	 signiicance	 of	 peripheral	 excitatory	
mechanisms	is	exempliied	by	the	rodent	neonate	
voiding	relex,	which	is	induced	by	parental	stimu-
lation of the perineum, prior to establishment of 
mature control by the higher micturition centres.
[499] The physiological role of such activity in the 
older adult is not known, but could include; 1. Op-
timization	of	the	bladder	wall	coniguration	for	vol-
ume	contained,	to	ensure	eficient	voiding	regard-
less of volume,[500] 2. Stimulation of ‘in series’ 
receptors for signaling bladder volume,[501] 3. A 
mechanistic component of accommodation dur-
ing	illing,	a	counterintuitive	suggestion	supported	
by the observation that accommodation in the co-
lon involves synchronous contraction and relax-
ation,[502] 4. Maintaining the voiding contraction 
until complete evacuation is achieved.[503]

The integral role of the brainstem in bladder func-
tion was initially realized by the demonstration in 
cats that micturition was abolished by lesions at 
the level of the inferior colliculus whereas lesions 
anterior to the colliculus facilitated micturition, 
presumably by removing inhibitory influences.[1, 
504] Anatomical and physiological studies in both 
rat and cat have delineated midbrain-pontine-
spinal cord circuits in reflexes controlling filling, 
storing and emptying of the bladder. The roles of 
pontine nuclei revealed by animal models trans-
lates well to humans as indicated by brain imag-
ing during micturition[505-507] and clinical cases 
showing that specific pontine lesions can result in 
either bladder continence or incontinence prob-
lems.[506, 508, 509] This section will review the 
anatomical and physiological evidence for the 
pontine-midbrain circuitry that regulates the para-
sympathetic and sympathetic motor innervation of 
the detrusor and smooth muscle of the urethral 

Figure 20. Neurons in selected brain nuclei, arranged in caudal to rostral order labeled by virus from the 
bladder or from the prostate. A: Raphe and gigantocellular reticular nuclei. Double-labeled neurons are com-
mon. B: The A5 adrenergic nucleus. Note that there are numerous double-labeled neurons. C: The locus 
coeruleus. Several neurons are double-labeled. D: Barrington›s nucleus (the pontine micturition center). 
Bladder virus labels the overwhelming number of neurons. Only a few neurons contain prostate virus. E: The 
paraventricular nucleus. Approximately equal numbers of bladder and prostate neurons. Some are double-
labeled. F: The medial preoptic nucleus. Only bladder neurons are found.  From Nadelhaft et al., 2002.

V. PONTINE-MIDBRAIN CONTROL OF 
BLADDER FUNCTION
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sphincter. Additionally, recent evidence that this 
circuitry is positioned to coordinate the visceral 
response of micturition with a central limb that is 
important for initiating micturition-associated be-
haviors will be discussed. 

1.  AFFERENT PATHWAYS LINKING THE 
BLADDER AND URETHRA TO THE PONS 
AND MIDBRAIN 

Sensations of bladder fullness are conveyed to the 
spinal cord by the pelvic and hypogastric nerves, 
while input from the bladder neck and urethra is car-
ried in the pudendal and hypogastric nerves. Affer-
ents arising from the bladder and urethra are mecha-
noreceptive	 (Aδ	 ibres)	 and	 nociceptive	 (C	 ibres).	
The most important afferents for initiating micturition 
are	those	passing	in	the	pelvic	nerves,	whose	ibers	
terminate in discrete regions of the lateral aspect of 
the dorsal horn of the lumbar and sacral spinal cord 
(see [3, 510, 511] for reviews). Many of these dorsal 
horn neurons make spinal connections that mediate 
segmentally	organized	 relex	 responses.	 	However,	
a proportion of the spinal interneurons send ascend-
ing	 projections	 to	 speciic	 nuclei	 in	 the	 pons	 and	
midbrain that can regulate bladder activity through a 
descending loop (Figure 22) . The interpretations of 
the circuitry through which the bladder initially com-
municates with the brain vary somewhat depending 
on the species in which the anatomy was charac-

terized.  Initial characterizations using the cat as a 
model point to the periaqueductal gray (PAG) region 
of the midbrain as the initial site of termination of 
spinal afferents. [512] In this species anterogradely 
labeled	ibers	from	the	lumbosacral	spinal	cord	form	
a	dense	terminal	ield	particularly	in	the	lateral	PAG.		
As the PAG is a prominent afferent to Barrington’s 
nucleus (the pontine micturition center), which in 
turn projects to the preganglionic parasympathetic 
neurons that innervate the detrusor, the anatomical 
indings	in	the	cat	suggested	a	loop	comprised	of	spi-
nal neurons carrying bladder information to the PAG 
and the PAG in turn relaying this information to back 
to the bladder through descending projections from 
Barrington’s nucleus to the preganglionic parasym-
pathetic neurons that innervate the detrusor.  Later 
studies in the rat using retrograde tracing from Bar-
rington’s nucleus and anterograde tracing from the 
spinal cord provided evidence for direct projections 
from spinal neurons to Barrington’s nucleus, taking 
the PAG out of the primary loop in this species.[513] 
This	would	be	consistent	with	the	inding	that	lesions	
anterior to the inferior colliculus (i.e., between the 
Barrington’s nucleus and the PAG) do not abolish the 
micturition	relex.	Given	the	role	of	the	PAG	in	noci-
ception and defensive behavior it is likely that in rats 
the	PAG	exerts	an	 inluence	on	micturition	 through	
Barrington’s	 nucleus	 under	 speciic	 conditions	 but	
that it is not necessary for micturition to occur with 
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Figure 21. Five compatible mecha-
nisms by which hypogastric nerve i-
bres can contribute to the process of 
inlammatory induction between or-
gans. A.Branching sensory afferents. 
B. Dorsal root relex. C. Multisynap-
tic route involving sensory afferents 
from the inlamed organ to the T-13/
L1 segment of the cord followed by 
output from preganglionic ibres in 
the T13/L1 segment to postganglionic 
in the pelvic ganglion that innervate 
the uninlamed organ. D. Multisynap-
tic route involving sensory afferents 
from the inlamed organ to the T13/L1 
segment of the cord followed by out -
put from preganglionic ibres in the 
L6-S2 segments to postganglionic 
ibres in the pelvic ganglion that in-
nervate the uninlamed organ. E. Mul-
tisynaptic route involving sensory 
afferents from the inlamed organ to 
the T-13/L1 segment of the cord fol-
lowed by output from preganglionic 
ibres in the L6-S2 segments to post-
ganglionic ibres in the pelvic gan-
glion that innervate the uninlamed 
organ. In this case the multisynaptic 
route includes ascending connec -
tions from spinal cord to brain and 
descending connections from brain 
to L6-S2. From Winnard et al., 2006.



218

bladder	illing.	The	PAG	may	also	play	an	important	
role in relaying bladder information to limbic and cor-
tical brain regions as well as in integrating descend-
ing information from these regions, which provide 
contextual information concerning the appropriate-
ness for micturition. [511]. Although these putative 
circuits are based on animal models, a pivotal role for 
both	the	PAG	and	PMC	has	been	conirmed	in	man	
using positron emission tomography and functional 
magnetic imaging with and without a full bladder (see 
Figure 23 ).[2, 514, 515] [516]

2.  DEFINING THE CENTRAL CIRCUITRY 
REGULATING BLADDER FUNCTION BY 
TRANSNEURONAL TRACING

Transneuronal retrograde tracing from end organs 
with pseudorabies virus (PRV) has been an invalu-
able tool in delineating the central circuitry that regu-
lates visceral function.[517] The population of rat 
brain neurons labeled from PRV injections in either 
the bladder wall or urethra of the rat exhibit an over-
lap and similar time course of labeling, supporting a 
close coordination of detrusor and urethral muscle 
function by brain circuits as previously suggested.
[284,	518-520]	The	irst	neurons	to	be	labeled	in	brain	
from bladder or urethra and therefore the most direct 
links to the spinal efferents are the ventral medul-
lary raphe, parapyramidal reticular formation, A5 and 
Barrington’s nucleus.  The PAG, hypothalamus and 
medial preoptic nucleus, which are prominent affer-
ents to Barrington’s nucleus, are labeled at a slightly 
later time when the LC, cortex and red nucleus are 

also labeled. Interestingly, PRV labeling from other 
pelvic viscera including the distal colon yield a similar 
pattern and time course suggesting a certain degree 
of central coordination of these functions.[471, 521]

The PRV studies provide information regarding some 
hierarchy of neurons that is anatomically linked to the 
bladder and/or urethra. However, the PRV technique 
does not imply precise information about connectivity 
or functionality. This must be delineated by additional 
tract tracing between putatively connected brain nu-
clei and physiological studies. Of the brain regions 
that are initially labeled with PRV from the bladder 
or urethra, most anatomical, electrophysiological and 
imaging studies to date implicate Barrington’s nucle-
us as pivotal in regulating bladder function in both 
animals and man.

3.  BARRINGTON’S NUCLEUS: THE PONTINE 
MICTURITION CENTER (PMC) 

In	1925	Barrington	was	the	irst	to	describe	a	pontine	
control centre for micturition in the cat through lesion 
studies. [1, 504]This region was better localized to a 
nucleus in the dorsal pons  (now termed Barrington’s 
nucleus) using more discrete lesions that abolished 
micturition and caused urinary retention in cats and 
rats.[522, 523] Lesions in humans as a result of 
stroke or multiple sclerosis in an analogous region 
similarly result in urinary retention in man. [524]

In both cat and rat, Barrington’s nucleus is in the 
dorsal pons lying ventromedial to the rostral pole 
of the locus coeruleus (LC) in the rat and within the 

Figure 22. Schematic depicting information low be-
tween the bladder, spinal cord and brain. In the rat 
spinal cord interneurons relay information about the 
bladder to the pontine micturition center (PMC), Bar-
rington’s nucleus and the PAG. The PMC also gets 
input from the PAG, lateral hypothalamus and me-
dial preoptic nucleus. PMC neurons project to the 
locus coeruleus (LC) and preganglionic parasympa-
thetic neurons of the lumbosacral spinal cord that 
innervate the detrusor. There are also projections 
to premotor neurons in the dorsal gray commissure 
that innervate and inhibit Onuf’s nucleus which proj-
ects to the urethral sphincter. A pontine continence 
center (PCC) has been proposed in the cat and is 
localized to the L-region of the pons. Neurons here 
project to Onuf’s nucleus.
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LC in the cat.  Notably the LC in rats and cats dif-
fer substantially in that the LC is homogeneous in 
the rat with all neurons containing norepinephrine, 
whereas it is more heterogeneous in the cat, with 
norepinephrine neurons being interdigitated with 
non-norepinephrine neurons.[525] In humans, com-
parable regions in the pons can be imaged and found 
activated when the bladder is full (see Figure 23 ) [2]. 
Barrington’s nucleus is retrogradely labeled from the 
lumbosacral spinal cord and in the rat is distinct from 
cholinergic neurons of the lateral dorsotegmental nu-
cleus and norepinephrine neurons of the LC (Figure 
24A).[526, 527]  Anterogradely-labeled axon termi-
nals from Barrington’s nucleus target the lumbosa-
cral preganglionic column. Ultrastructural studies in 
cat demonstrate direct projections from Barrington’s 
nucleus that form asymmetric (excitatory-type) syn-
apses with parasympathetic preganglionic moto-
neurones innervating the bladder.[293] Barrington’s 
nucleus neurons are antidromically activated from 
the	dorsolateral	funiculus	of	the	irst	sacral	segment,	
providing	physiological	conirmation	of	its	spinal	pro-
jections.[528-530]

Physiological	 studies	 have	 conirmed	 the	 role	 of	
Barrington’s nucleus in micturition.   Both electrical 
and chemical activation of Barrington’s nucleus neu-
rons in rats and cats initiates bladder contractions 
and relaxes the urethral sphincter.[292, 531-533] 
Precise mapping of sites at which chemical stimu-
lation elicits bladder contractions demonstrates a 
well-deined	area	localized	to	Barrington’s	nucleus.
[533] Single unit recordings in rat pons revealed 3 

types of responses to bladder contraction, an exci-
tation that occurred only prior to contraction (E1), an 
excitation that occurred prior to and was maintained 
during contraction (E2) and an inhibition during con-
traction.[534] Neurons that were activated just prior 
to contraction and that maintained activation dur-
ing contraction were found in Barrington’s nucleus 
while the other two types of neurons were scattered 
throughout the pontine tegmentum.  Similar results 
were reported in cats during cystometry.[530] More 
recently, bladder distention was found to excite 
nearly 80% of juxtacellularly labeled Barrington’s 
nucleus neurons.[481]  

Neuronal recordings in cats that were localized to 
the rostral medial medulla (reticularis gigantocellu-
laris and magnocellularis) revealed many neurons 
that were activated antidromically from the spinal 
cord (L1) and discharged in or out of phase with 
bladder contractions.[530] Some of these neurons 
responded at short latency following stimulation of 
Barrington’s nucleus, supporting direct orthodromic 
activation. This suggested the existence of two de-
scending pathways from Barrington’s nucleus for ini-
tiating micturition: one direct to the parasympathetic 
preganglionic neurones and the other via the medial 
reticular formation. 

Micturition also requires an inhibition of the urethral 
sphincter to be coordinated with detrusor contrac-
tion.  This is controlled by somatic motoneurons of 
Onuf’s nucleus. Barrington’s nucleus neurons do not 
project to Onuf’s nucleus. Rather, in the cat a diffuse 
region ventrolateral to Barrington’s nucleus, termed 
the L-region, is though to provide pontine control of 
sphincter function through its projections to Onuf’s 
nucleus.[535] For coordination between the detrusor 
and sphincter, there should be some form of recipro-
cal communication between these regions. However, 
a lack of connections between Barrington’s nucleus 
and the L-region are argue against sphincter regula-
tion by Barrington’s nucleus through this route.[536] 
Rather it has been proposed that Barrington’s nucle-
us indirectly inhibits Onuf’s nucleus neurons though 
excitatory projections to GABA premotor interneu-
rons in the dorsal gray commissure.[536] Addition-
ally, Barrington’s nucleus projections onto inhibitory 
interneurones located in the intermediolateral cell 
column at the sacral segmental level have been 
described	 that	 may	 provide	 an	 inhibitory	 inluence	
over Onuf’s nucleus and both glycine and GABA are 
thought to play a role here.[294, 298] 

Together,	 the	 anatomical	 and	 physiological	 ind-
ings described above point to Barrington’s nucleus 
as being the command center for initiating and or-
chestrating the act of bladder emptying.  More recent 
evidence discussed below suggests a more complex 
role for Barrington’s nucleus neurons in coordinating 
a	central	response	to	bladder	illing	with	the	visceral	
response of bladder emptying through Barrington’s 
nucleus projections to the norepinephrine nucleus, 
locus coeruleus (LC).

Figure 23. Brain areas involved in the regulation 
of urine storage.  Ameta-analysis of positron-
emission tomography and functional MRI studies 
that investigated which brain areas are involved in 
the regulation of micturition reveals that the thala-
mus, the insula, the prefrontal cortex, the ante-
rior cingulate, the periaqueductal grey (PAG), the 
pons, the medulla and the supplementary motor 
area (SMA) are activated during the urinary stor-
age. From DasGupta et al.,2007.
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collateral projections to the preganglionic para-
sympathetic spinal neurons and the major norepi-
nephrine nucleus, locus coeruleus (LC).[537]

a) Normal Function

The LC, a cluster of neurons lying along the wall of 
the fourth ventricle just dorsolateral to Barrington’s 
nucleus, is the major source of norepinephrine in 
the brain.[538, 539]  A characteristic anatomical fea-
ture of LC neurons is their massive projection sys-
tem that innervates the entire neuraxis, serving as 
the sole source of norepinephrine in cortex and hip-
pocampus.[538, 540] The LC-norepinephrine sys-
tem initiates arousal in response to diverse stimuli. 
A representative example of this is the increase in 
LC neuronal activity elicited by elevations in bladder 
intravesicular or colonic intraluminal pressure.[541-
543] LC activation elicited by these visceral stimuli 
is temporally correlated with cortical electroenceph-
alographic (EEG) indices of arousal (e.g., desyn-
chronization and a shift from high amplitude, low 
frequency activity to high frequency activity).[540, 
542] In rats Barrington’s nucleus is involved in this 
response as lesions prevent LC activation by pelvic 
visceral stimuli.[544] Notably, simultaneous record-
ings of cortical EEG and bladder pressure during 
cystometry in unanesthetized rats indicate an offset 
between EEG correlates of arousal and micturition 
threshold such that cortical arousal precedes blad-
der emptying (Figure 25 )[545]. This is consistent 
with the idea that the behavioral program for voiding 
should be initiated before bladder emptying.

Recordings of LC neurons in non-human primates 
performing operant tasks suggest a role for the LC-
norepinephrine system in facilitating decisions relat-
ed to task-directed behavior, i. e., whether to main-
tain behavior in an ongoing task or to disengage and 
seek alternative strategies in a dynamic environment.
[546] Tonic LC activation favors disengagement from 
ongoing behavior and tasks involving focused atten-
tion and promotes scanning of the environment for 
alternate strategies.[546-548] As bladder pressure 
rises towards micturition threshold the tonic excita-
tion of LC neurons is speculated to increase arousal 
and facilitate disengagement from ongoing behavior 
and a shift towards the initiation of elimination-relat-
ed behaviors. Thus, Barrington’s nucleus neurons 
are central to coordinating the descending limb of the 
micturition	relex	with	a	central	limb	that	facilitates	a	
switch from on-going non-voiding related behavior to 
voiding behaviors (Figure 26A ) [549].  Importantly, 
the LC projects to cortical regions that are proposed 
to exert conscious control over micturition. 

b) Pathological Consequences

Barrington’s nucleus projections to the LC can also 
relay signals from pathologic events in bladder to the 
forebrain, thereby providing a mechanism by which 
bladder disorders can have neurobehavioral con-
sequences (Figure 26B ).  This was demonstrated 
in a rat model of partial bladder outlet obstruction 

Figure 24. Barrington’s nucleus at different rostro-
caudal levels in the rat identiied by retrograde la-
beling from the lumbosacral spinal cord (A) or its 
CRF-immunoreactive neurons (B).  A1-A3) Coronal 
sections through the rat pons proceeding from 
rostral to caudal. The blue-black labeled neurons 
are retrogradely labeled from the lumbosacral spi -
nal cord.  In A1 and A2, the brown labeling is cho-
line acetyltransferase immunoreactivity, indicating 
cholinergic neurons of the lateral dorsal tegmental 
nucleus. In A3 the most caudal section is at the lev-
el of the rostral pole of the LC with brown labeling 
indicating immunoreactivity for tyrosine hydroxy-
lase, the enzyme that synthesizes norephineph-
rine.  In B1-B3 the blue-black labeled neurons show 
CRF-immunoreactivity with the brown labeling as 
described for panel A above. In B2 and B3 a dense 
CRF terminal ield is present just dorsolateral to 
Barrington’s nucleus.  Note the similar distribution 
of retrogradely labeled and CRF immunoreactive 
neurons at each level. The retrogradely labeled 
neurons are a distinct population from the choline 
acetyltransferase immunoreactive neurons and 
LC neurons.  Open arrows in B show dual labeled 
CRF and choline acetyltransferase immunoreac-
tive neurons. V= fourth ventricle, daggers indicate 
the mesencephalic trigeminal nucleus.  Bar=80 μm.  
Modiied from Valentino et al., 1995.

4.  BARRINGTON’S NUCLEUS, THE LOCUS 
COERULEUS AND CENTRAL RESPONSES 
TO BLADDER INFORMATION.

Micturition requires a central component so that 
bladder emptying is coordinated with a set of 
behaviors.  If animals are asleep they must be 
aroused.  If engaged in some ongoing behavior 
that is not compatible with urination, this must be 
interrupted and behavior should be redirected to 
be compatible with the visceral response. Recent 
evidence suggests that neurons of Barrington’s 
nucleus neurons serve the role of coordinating vis-
ceral and behavioral limbs of micturition through 
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(PBOO).[550] Baseline LC neuronal activity was toni-
cally elevated in PBOO rats compared to rats with 
sham surgery and was not further increased by el-
evations	 in	bladder	pressure.	This	was	 relected	at	
the level of the cortical EEG as a persistent desyn-
chronization and a shift from high amplitude, low fre-
quency activity to low amplitude, high frequency ac-
tivity, effects indicative of hyperarousal  (Figure 27 ).
[550] Additionally, a prominent theta frequency oscil-
lation was apparent in PBOO rats, especially those 
with	a	urodynamic	proile	characterized	by	numerous	
non-voiding contractions.[550] Theta oscillations are 
hypothesized to coordinate activity in different brain 
regions in preparation for motor responses to sen-
sory input.[551] Tonic LC activation is necessary for 
PBOO effects on cortical EEG activity because se-
lective chemical lesion of forebrain LC projections 
prevents these effects without altering urodynamics.
[550] The persistence of an activated cortical EEG 
and theta rhythm in PBOO rats suggests a state of 
hyperarousal and a decreased ability to grade or 
discriminate between different magnitudes of blad-
der	pressure	changes.	This	could	explain	the	inding	
that some individuals can have chronic retention and 
enlarged bladder, yet no sensation or urge to urinate.  
Importantly, an effect on sensorimotor processing 
could also affect cortical processing of non-bladder 
related stimuli and adversely impact on functions re-
quiring focused attention. 

The	 PBOO	 model	 exempliies	 how	 pathology	 that	
originates in the bladder can have pronounced ad-
verse central consequences through the Barrington’s 

Figure 25. Cortical EEG activation precedes the 
micturition threshold.  Simultaneous recording of 
cortical EEG (black trace) and bladder pressure 
(red trace) in a rat.  Note the desynchronization 
(decreased amplitude and increased frequency) of 
the cortical EEG as bladder pressure begins to rise 
and continuing until after the micturition threshold 
is reached.  Following micturition, cortical EEG re-
sumes to a state of decreased activity as indicated 
by high amplitude waves. From Kiddoo et al., 2006.

Figure 26.  Schematic indicating how Bar-
rington’s nucleus projections to the LC and spi-
nal cord coordinate visceral and central limbs 
of micturition and also can relay pathology be -
tween the brain and bladder.  A) Barrington’s 
nucleus neurons in the rat get afferent informa -
tion from the bladder (blue arrow).  Increasing 
intravesicular pressure activates these neurons.  
Through projections to the preganglionic para-
sympathetic neurons in the lumbosacral spinal 
cord, Barrington’s nucleus initiates bladder 
contraction.  The same neurons are positioned 
to activate the LC-norepinephrine system which 
projects to the cortex and can initiate arousal 
and facilitate a shift toward voiding behaviors.  
B) The same circuit provides a means by which 
bladder pathology can have neurobehavioral 
consequences.  Particularly by activating LC 
neurons, this can produce hyperarousal, anxiety 
and sleep disturbances.  Psychological stress -
ors can impact on this circuit, perhaps through 
the PAG to affect bladder function.  Barrington’s 
nucleus (BN), locus coeruleus (LC), periaque-
ductal gray (PAG).  From Valentino et al., 2011.
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other brain regions are retrogradely labeled from 
Barrington’s nucleus although these are not as 
prominent as the PAG, lateral hypothalamus and 
medial preoptic area.  Most notably, some neu-
rons in motor cortex, insular cortex and infralimbic 
cortex are retrogradely labeled from Barrington’s 
nucleus and may serve to provide cortical control 
over bladder function.[555] The primary afferents 
to Barrington’s nucleus in the cat are similar to 
those reported in rat.[562] In addition inputs are 
described from the ventromedial pontomedullary 
tegmental	ield	and	this	has	been	hypothesized	to	
play a role in establishing a neuronal set-point or 
threshold beyond which micturition occurs.[563]

Figure 27.  Partial bladder outlet obstruction 
(PBOO) produces enduring alterations in cortical 
electroencephalographic (EEG) activity in rat.  In 
both A and B, the top panel shows a raw EEG trace 
and the bottom panel shows the power spectrum 
analysis of the same trace.  A) EEG recordings 
and power spectra from an unanesthetized rat ex-
posed to sham surgery recorded at 1 and 3 weeks 
after the surgery.  Note the high amplitude waves 
in the raw trace and the predominance of power in 
the 0.4 Hz range in the power spectrum.  B) EEG 
recordings and power spectra from an unanesthe -
tized rat exposed to PBOO surgery recorded at 1 
and 3 weeks after the surgery.  Note the lack of 
large amplitude waves in raw traces compared 
to the sham rat.  The power spectra show a theta 
oscillation (6-8 Hz) that becomes especially prom-
inent at 3 weeks and a shift to the right toward 
higher frequencies compared to the sham rat.  
Modiied from Rickenbacher et al., 2008.

nucleus projections to the LC.  It is not clear whether 
this occurs in humans. However, evidence for anxi-
ety and sleep disorders in men with benign prostatic 
hypertrophy and in males and females exhibiting oth-
er bladder disorders is consistent with this process.
[552, 553] Evidence for a causal role of the LC-nor-
epinephrine system suggests that pharmacological 
manipulation of the activity of this system may be a 
useful therapeutic approach for central sequelae of 
overactive bladder.  

Interestingly, a consequence of PBOO on the Bar-
rington’s nucleus circuit is the loss of responses of 
Barrington’s nucleus to acute increases in bladder 
pressure to micturition threshold. [550]This may be 
relevant to the visceral pathology because it repre-
sents a loss of central regulation of bladder function.  
Like spinal cord injury, the loss of central control 
could lead to local spinal regulation of the micturition 
relex	that	is	thought	to	underlie	the	detrusor	overac-
tivity often seen in patients with overactive bladder.
[554] Thus, consequences of PBOO on Barrington’s 
nucleus neuronal activity may feed-forward to further 
contribute to the bladder dysfunction in addition to 
having central consequences.

5.  SUPRASPINAL INPUTS TO BARRINGTON’S 
NUCLEUS

Afferents to Barrington’s nucleus would be posi-
tioned to initiate or regulate bladder activity and 
could be targets for modulating urinary function.  The 
most prominent afferents in the rat are the PAG, lat-
eral hypothalamus and medial preoptic area.
[555] Particularly, the lateral and ventrolateral PAG 
densely innervate Barrington’s nucleus. As described 
above, the PAG receives bladder afferent information 
from spinal interneurons and this may be an indirect 
route through which the bladder communicates with 
Barrington’s nucleus that is in addition to a more di-
rect route. The PAG afferents can trigger micturition 
as	evidenced	by	the	inding	that	chemical	stimulation	
of ventrolateral PAG can cause voiding.[556] PAG 
stimulation can also elicit sphincter activation with-
out bladder contraction suggesting an involvement in 
both voiding and storage functions.[556]

The lateral hypothalamus, particularly, the perifor-
nical region is a major source of afferents to Bar-
rington’s nucleus.[555] Like the PAG, the lateral 
hypothalamus is involved in defensive responses 
and modulation of Barrington’s nucleus by these 
two afferents likely plays a role in urination as a 
component of the defense response.[557, 558]  A 
third major afferent arises from the medial preoptic 
area and these have been demonstrated to directly 
contact spinal-projecting Barrington’s nucleus neu-
rons.[559] Many of these neurons express estro-
gen receptor alpha, suggesting that this is an es-
trogen sensitive pathway.[560] The medial preoptic 
region has been suggested to provide an inhibi-
tory	 inluence	 during	 sleep	 and/or	 sexual	 activity	
to suppress micturition.[511, 526, 561] Neurons in 
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6. DEFENSIVE STRATEGIES AND MICTURITION.

It	 is	itting	 that	 two	of	 the	most	prominent	afferents	
to Barrington’s nucleus (the periaqueductal gray and 
lateral hypothalamus) are critical components of the 
circuitry that underlies acute defensive behaviors 
because urination is a component of the acute de-
fensive response. Stimulation of the PAG can trigger 
micturition together with defensive behaviours.[564, 
565] Certain laboratory stressors, such as water 
avoidance, can produce an enduring increase in mic-
turition frequency.[566] On the other hand, inhibition 
of micturition can also be evoked by stimulation of 
rostral dorsal and caudal ventral PAG regions.[567] 
This	may	be	related	to	the	inding	that	social	stress	
in rodents, such as being a subordinate in a social 
hierarchy can induce prolonged urinary retention 
with prominent changes in urological function and 
structural changes in the bladder. [568],[569-572] In 
the resident-intruder rodent model of social stress, 
subordinate	 rats	 develop	 a	 urodynamic	 proile	 that	
resembles that produced by PBOO, with increased 
intermicturition interval, bladder capacity and micturi-
tion volume and numerous non-micturition contrac-
tions (Figure 28 ).[571] Interestingly, the urodynamic 
proile	 associated	 with	 social	 stress	 can	 be	 distin-
guished from that produced by PBOO by its lack of 
elevated micturition pressure, implying that it results 
from a loss of central drive to the detrusor as op-
posed to increased sphincter tone. This suggests 
that control of the two muscles is not necessarily 
interdependent. Like PBOO, social stress increases 
bladder mass and in mice some of the same tran-
scription factors that are thought to be involved in 
PBOO-related bladder remodeling are upregulated 
by social stress, including NFAT and MEF2.[572] 
Urinary retention may be a visceral component of a 
defensive response to subordination that is mediated 
in part by certain aspects of the periaqueductal gray.  

Social stress-induced urinary retention may involve 
the stress-related neuropeptide, corticotropin-releas-
ing factor, CRF, which is highly expressed in Bar-
rington’s	nucleus	neurons	and	has	an	inhibitory	inlu-
ence within Barrington’s nucleus projections to the 
preganglionic parasympathetic neurons that drive 
the bladder (Figure 30B )(see below). CRF mRNA 
and protein are overexpressed in Barrington’s nucle-
us neurons in rats exposed to repeated social stress 
but not to repeated restraint stress, which does not 
alter urodynamic function.[571] 

The social stress-induced voiding dysfunction in the 
rodent may model dysfunctional voiding character-
ized by urinary retention in humans. In children 
dysfunctional voiding associated with detrusor hy-
poactivity has been hypothesized to arise from ad-
verse events that are temporally proximal to toilet 
training[573, 574]. Consistent with this, children with 
voiding postponement have a less balanced family 
environment and more psychiatric co-morbidity com-
pared to children with other types of voiding dysfunc-
tion.[575] In adults urinary retention has been as-

sociated with a history of sexual abuse, depression 
and social anxiety.[576, 577] As in the rat model, the 
persistence of retention can have severe structural 
consequences and proceed to chronic renal insuf-
iciency.[578]	 Even	 in	 the	 absence	 of	 such	 severe	
consequences, the importance of the impact of so-
cial stress on urological health is underscored by a 
recent study of over 1000 women demonstrating sta-
tistically	signiicant	associations	between	urinary	in-
continence and psychosocial problems with feelings 
of vulnerability.[579]

7.  COORDINATION OF BLADDER WITH OTH -
ER PELVIC VISCERA BY BARRINGTON’S 
NUCLEUS

Transneuronal tracing studies with pseudorabies vi-
rus injection into different pelvic viscera suggests that 
Barrington’s nucleus neurons are also positioned to 
regulate activity of multiple pelvic viscera, including 
bladder, distal colon and sex organs, and perhaps 
coordinate activity between viscera. Dual PRV label-
ing from colon and bladder results in a large popula-
tion of Barrington’s nucleus neurons that are double 
labeled from both viscera, suggesting that their ax-
ons diverge to innervate both bladder and colonic 
parasympathetic efferents[481].  PRV labeling from 
the penis, prostate and perineal muscles also sug-
gests an overlap of central neurons and time course 
of labeling with bladder.[521] Chemical stimulation of 
Barrington’s nucleus neurons increases distal colon-
ic intraluminal pressure and this is abolished by mus-
carinic antagonists.[580] Notably, most Barrington’s 

Figure 28.  Social stress alters bladder urodynam-
ics.  Cystometric recordings of bladder pressure 
and bladder capacity of A) a control rat and B) a rat 
that was exposed to resident-intruder stress for a 
period of 7 days.  The bladder of the stressed rat 
shows numerous nonvoiding contractions, pro-
longed intermicturition intervals and greater blad-
der capacity, compared to the unstressed control 
rat.  From Wood et al., 2009.
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nucleus neurons are activated by increases in blad-
der pressure and many of these are also activated 
by increases in colonic intraluminal pressure indicat-
ing that these neurons receive convergent informa-
tion	from	both	viscera.[471)	Although	these	indings	
suggest a role for Barrington’s nucleus in coordinat-
ing bladder and colonic activity, currently there is no 
evidence that Barrington’s nucleus impacts on ongo-
ing distal colon activity. Furthermore, the activity of 
the distal colon is highly dependent on other factors 
such as pressure gradients and the enteric nervous 
system.  Nonetheless, the link between Barrington’s 
nucleus neurons and other pelvic viscera implies that 
pathology arising from pelvic viscera other than the 
bladder could have similar central consequences as 
those reported for bladder. For example, this circuit 
may underlie the well-documented co-morbidity of 
psychiatric and colonic symptoms that characterize 
irritable bowel disorder.[581, 582]

8.  THE PONTINE CONTINENCE CENTRE (PCC)

The bladder’s function of urine storage requires de-
trusor relaxation accompanied by urethral sphincter 
contraction.	 	Studies	 in	 the	 cat	 identiied	a	pontine	
continence center also termed the L-region that is 
distinct from and lying ventrolateral to the micturi-
tion center[535]. Neurons in this region project se-
lectively to Onuf’s nucleus in the sacral cord, which 
contains the urethral sphincter motoneurones, and 
do	not	project	to	spinal	regions	inluencing	detrusor.	
The	majority	of	neurons	in	this	continence	center,	ire	
during the relaxation phase of bladder contractions 
and	 the	onset	of	 their	 iring	can	be	prior	 to	 the	 ini-
tiation of bladder relaxation.[583] Indeed, this would 
make sense if their prime function were to close the 
urethral sphincter. Another potential role for these 
neurons is in off-switching micturition. Supporting 
this, stimulation of this region stops micturition, ex-
cites	 the	pelvic	loor	musculature	and	contracts	 the	
urethral sphincter.[531] Conversely, bilateral lesions 
of the PCC cause incontinence, excessive detru-
sor activity, an inability to store urine and relaxation 
of the urethral sphincter.[531] However, there is no 
anatomical evidence for connections between Bar-
rington’s nucleus and the L-region and it has been 
suggested that Barrington’s nucleus and the “conti-
nence center” function independently.[536] Notably, 
the L-region has been characterized primarily in cat 
and there is little evidence to date for a similar region 
in rat or human.

9.  NEUROTRANSMITTERS & MODULATORS 
WITHIN BRAINSTEM NETWORKS CON -
TROLLING BLADDER

Knowledge	of	 the	neurochemical	 signals	within	 the	
central circuits controlling micturition is important for 
understanding how these circuits function and how 
they can be manipulated for the treatment of blad-
der dysfunctions.  These are reviewed in detail in 
[3, 510] Much of the current knowledge is based on 
studies using cat and less is known of rat or primate.  

Glutamate is thought to be the primary neurotrans-
mitter within Barrington’s nucleus neurons that in-
nervate the preganglionic parasympathetic neurons 
responsible for detrusor contraction. Both NMDA and 
non-NMDA receptors have been implicated in this re-
sponse.[322, 584-586]

Barrington’s nucleus neurons express CRF mRNA 
and	protein	and	a	dense	CRF	terminal	ield	is	pres-
ent in the region of preganglionic parasympathetic 
neurons of the rat lumbosacral spinal cord.[587, 588]  
Recent	indings	suggest	 that	CRF	has	an	 inhibitory	
inluence	 in	 this	same	pathway.[533]	Thus,	discrete	
chemical activation of Barrington’s nucleus neurons 
elicits bladder contraction that is enhanced by block-
ing	the	CRF	inluence	in	the	lumbosacral	spinal	cord	
with a CRF antagonist.  Interestingly, CRF excites LC 
neurons and this is temporally correlated with corti-
cal EEG correlates of arousal.[589] It is tempting to 
speculate that CRF release in the divergent spinal 
and LC projections of Barrington’s nucleus neurons 
serves to increase arousal while inhibiting bladder 
contraction.  In this way it may be important in creat-
ing the offset between central and visceral compo-
nents of micturition so that the appropriate behaviors 
can be initiated prior to bladder emptying.  CRF is 
upregulated in Barrington’s nucleus neurons by the 
same social stress that causes urinary retention (see 
above), suggesting that this may be causal to the 
social stress-induced urinary retention that results in 
bladder dysfunction.[571]  

Serotonin appears to affect nervous control of bladder 
function at multiple levels including sensory process-
ing of bladder wall afferents within the dorsal horn of 
the spinal cord and at the level of the spinal motoneu-
rones. In all cases this appeared to be an inhibitory 
inluence	on	detrusor	muscle	activity	but	excitatory	on	
urethral sphincter.[350] It was proposed that 5-HT1A 
receptors were located on the terminals of sensory af-
ferent	ibers	to	depress	neurotransmitter	release.	Sim-
ilarly, a predominance of an inhibitory effect evoked 
from the midline raphe system extending from the 
pons to medulla on micturition in cats has been de-
scribed.[590] However, the site of this inhibitory action 
(i.e. supra-brainstem, pons or spinal cord) is unknown. 
A study of raphe neuronal recordings demonstrated 
that	 their	iring	was	 related	 to	bladder	pressure	with	
66% related to storage.[590] These data support a 
role of the raphe system in suppressing micturition 
and facilitating external urethral sphincter activity in 
cats, which is consistent with earlier studies identify-
ing a central inhibitory role for 5-HT1A receptors.[302] 
In stark contrast, this does not seem to be the case in 
the rat where 5-HT1A system facilitates micturition as 
indicated by the effects of 5-HT1A antagonists, under-
scoring the importance of species differences in inter-
preting effects.[591, 592]

Future challenges

Although advances have been made in our under-
standing of central control of bladder function during 
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the last few years, many challenges remain. If we 
are to study the human condition in the laboratory, it 
is	important	to	ind	species	that	best	models	human	
physiology and pathology.  Much of our knowledge 
has been based on physiological and anatomical 
studies in the cat although more recent studies have 
focused on rat.  Some of the species differences that 
would lead to different interpretations have been dis-
cussed above. The last decade has seen a major 
shift towards the use of genetically altered mice in 
neuroscience as these provide invaluable tools for 
creating unique animal models of disease and elu-
cidating	 the	 roles	of	 speciic	genes	and	proteins	 in	
speciic	functions.		Although	there	is	many	examples	
of studies using genetically altered mice to under-
stand bladder tissue, the use of mouse models for 
understanding neural regulation of the bladder is 
rare.  In vivo mouse studies present challenges of 
size.  Nonetheless, these can be overcome as new 
technology for recording and stimulating brain re-
gions advances. 

Although our knowledge in how the brain regulates 
the detrusor has advanced, less is known of the cen-
tral regulation of the urethral sphincter.  Particularly, 
the coordination between detrusor and sphincter ac-
tivity at the level of the spinal cord or its regulation 
by supraspinal circuits is not well understood. This 
is critical for understanding the pathophysiology and 
treatment of urinary incontinence. 

Very little has been done in the realm of sex differ-
ences in regulation of bladder function.  Clearly, 
there are sex differences in certain types of bladder 
disorders. Notably, Barrington’s nucleus is regulated 
by afferents from a sexually dimorphic nucleus, the 
medial preoptic nucleus that are also sensitive to es-
trogen. Basic research studies are often performed 
in either male or female animals with little consider-
ation as to the role of sex and there are no studies of 
systematic comparisons between male and female 
subjects.  By contrast, brain imaging in humans have 
been addressing this issue.[505, 593-595]  Nonethe-
less, the human studies are limited by the degree of 
anatomical resolution and do not allow for precise 
manipulation	of	speciic	circuit	components	that	can	
be done in animals. 

Whereas neuroscience research has come a long 
way in understanding how the brain processes visu-
al, olfactory and auditory signals, the analogous pro-
cessing of visceral information by the brain is has re-
ceived comparatively little attention.  This may stem 
in part because of a tendency for specialize rather 
than integration. Electrophysiological recording tech-
nology, optogenetic methods of neuronal stimulation, 
computational analysis and network modeling has 
greatly advanced in the last decade. This technol-
ogy is currently available for understanding how the 
brain processes information from the bladder in nor-
mal and diseased states, how neural circuits in turn 
respond to control bladder function and how this is 
organized with respect to processing other informa-

tion and regulation of other behaviors.  The next few 
years should make use of this state-of-the-art tech-
nology to advance into this frontier.

1. BACKGROUND

This chapter is based on the material presented at 
the previous International Consultation on Inconti-
nence, which was largely written by Professor Clare 
Fowler, and I am grateful to her for this and for al-
lowing me to use material from other recent reviews. 
The aim of the chapter is to update the clinical and 
experimental evidence for the role of the forebrain in 
bladder control, and to summarize in a simple work-
ing model our understanding of the brain regions me-
diating	speciic	aspects	of	human	bladder	behaviour.	

The importance of the frontal cortex and pons in the 
control of voiding was clearly recognized prior to 
functional brain imaging, which, however, has tended 
to obscure the older clinical evidence summarized in 
Table 2 . Most functional imaging studies have been 
carried out using either positron emission tomogra-
phy (PET) or functional magnetic resonance imaging 
(fMRI). A few used single-photon emission computed 
tomography (SPECT) or near-infrared spectroscopy 
(NIRS). All these methods provide indirect measures 
of	regional	blood	low,	assumed	to	be	related	to	 lo-
cal neuronal activity, but PET is good for measuring 
long-lasting states of a system, while fMRI is better 
for following relatively fast events. SPECT has rath-
er poor temporal and spatial resolution. Functional 
NIRS is a relative newcomer that measures absorp-
tion of near-infrared light so as to quantify cortical 
activity from the changing concentrations of deoxy- 
and oxy-haemoglobin just beneath the skull. Despite 
limited	 penetration	 depth	 (≈	 10	 mm)	 and	 modest	
spatial resolution, it has great advantages: it requires 
no scanner, is relatively inexpensive, can be used in 
an ordinary urodynamics laboratory, and has good 
temporal resolution that can present results in real 
time, simultaneously with urodynamic pressure and 
low	signals.	Preliminary	results	suggest	that	similar	
regions to those seen with fMRI are activated with 
bladder	illing	or	detrusor	overactivity.

2.  ROLE AND IMPORTANCE OF CEREBRAL 
CONTROL OF VOIDING

In order to understand the cerebral control of void-
ing	 it	 is	helpful	irst	 to	examine	what	would	happen	
if there were no such control.  Provided brainstem 
and midbrain are intact, micturition is organized in 2 
phases,	 storage	and	 voiding,	 governed	by	 relexes	
involving the brainstem and spinal cord. During stor-
age (99.8% of the time in health) the urethral sphinc-
ter mechanism contracts tonically, preventing urine 
leakage, while the detrusor remains relaxed, so as to 
avoid developing a pressure that would expel urine. 
Urethral	contraction	is	maintained	by	sacral	relexes	

VI. FOREBRAIN CONTROL OF
BLADDER FUNCTION
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Key brain 
regi ons 

Patho logy  Number 
of cases 

Effect on  bladder behavi our 

Fron tal    

 Various causes of frontal lobe 
pathology (4) 

36 Altered bladder sensation and 
incontinence in absence of intellectual 
deterioration or retention 
3 cases had retention  

 Frontal lobe tumours (600) 7 Frequency, urgency incontinence 

 Frontal abscess (603) 1 Retention 

 Frontal abscess/haematoma(602) 2 Retention 

 Anterior cerebral vascular lesions 
(601) 

 Various bladder disorders and 
hemiparaesis 

 ACG    

 Bilateral infarction of anterior cingulate 
gyri (614)   

1 Complex behavioural changes and 
incontinence 

 Glioma of ACG and supplementary 
motor cortex (615) 

1 Urgency incontinence with loss of 
sensation 

Insula    

 Glioma of insula and inferior frontal 
gyrus (615) 

1 Incontinence without loss of bladder 
sensation  

Hypothalamus    

Pituitary tumours extending into the 
hypothalamus (603) 

3 Urgency incontinence, weight loss, 
psychiatric symptoms 

Cystic lesion of hypothalamus (632) 1  

 

Ruptured anterior cerebral aneurysm 
(634) 

5  

PAG     

 Presumed inlammatory lesion (91) 1 Urinary retention 

Pons Posterior fossa tumours  Voiding dificulty 

Brain stem tumors(638)   
Brainstem vascular lesions (601)   
Brainstem gliomas in children (639) 24 Voiding dificulty 
Developmental malformation  (635) 1 Urinary retention and disordered eye 

movements 
Low grade glioma (636) 1 Paraparesis, urinary retention and 

disordered eye movements 
R pontine lesion, unknown (524) 1 Urinary retention and disordered eye 

movements 

 

Herpes encephalitis (637) 1 Urinary retention and disordered eye 
movements 

Table 2. Clinical evidence for the involvement of speciic brain regions in bladder control.

known	collectively	as	 the	 ‘guarding	relex’;	detrusor	
relaxation is ensured by absence of excitatory para-
sympathetic input as well as active sympathetic inhi-
bition	provided	by	spinal	relexes.[3]

During human voiding the urethral sphincter re-
laxes,	 facilitating	 urine	 low,	 and	 the	 detrusor	
contracts so as to expel urine. This coordinated 
relaxation and contraction of urethra and bladder 
respectively is driven by a long-loop spinobulbo-
spinal	 relex[3],	 shown	 schematically	 in	 Figure 
22 of the companion chapter on pontine-midbrain 
control.	 As	 the	 bladder	 ills,	 increasingly	 strong	
bladder afferents travel via synapses in the sacral 
cord to the brainstem and midbrain, where they 
synapse in the central periaqueductal gray (PAG) 
and possibly Barrington’s nucleus or pontine mic-
turition center (PMC) (green lines in Figure 22 ). 

There are differing views about how the brainstem 
circuitry is organized. One is that, if the afferent 
signals exceed a trigger level in the PAG, efferent 
ibres	in	the	PAG	are	excited	and	they	in	turn	excite	
the pontine micturition center (PMC).[596, 597] An-
other is that there is continuous communication be-
tween PAG and PMC and the trigger level is set in 
the PMC (DeGroat 2012, in press), which may also 
receive direct afferent input. In cats, the voiding 
relex	is	intact	after	brain	transection	between	PAG	
and PMC[598], consistent with the second view. 
Regardless, if the trigger level is exceeded, effer-
ent signals from the PMC descend to the sacral 
cord (blue lines in Figure 22 ), where they excite an 
indirect inhibitory pathway via the nucleus of Onuf 
that leads to sphincter relaxation[599] and an ex-
citatory pathway to the bladder that leads to detru-
sor contraction; thus voiding occurs. Therefore the 
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spinobulbospinal	voiding-relex	pathway	 functions	
as a switch, either “off” (storage) or “on” (voiding). 

In the absence of higher control, this switching 
behaviour would lead to involuntary bladder emp-
tying (i.e. incontinence) whenever the bladder 
volume	 reached	 a	 critical	 level	 suficient	 to	 trig-
ger the brainstem switch. However underlying this 
apparently simple mode of behaviour are complex 
networks of cerebral neurons. During storage of 
urine the ascending afferent signals received by 
the PAG are relayed to higher regions of the brain, 
generating unconscious changes as well as con-
scious bladder sensations which are factored into 
the assessment of whether voiding is appropriate. 
Crucially, motor output from these higher centres is 
able to suppress or promote voiding by manipulat-
ing the brainstem switch. 

This arrangement forms the substrate for the bladder 
behaviour characteristic of our species. Embarrass-
ment caused by inappropriate voiding and feelings 
of shame about incontinence are deeply embedded 
in human behaviour. Voiding at a socially accept-
able time and place is achieved by maintaining strict 
voluntary	control	of	the	voiding	relex.	Knowledge	of	
the extent to which one’s bladder content is ‘safe’ is 
central in this process. Thus, voluntary control of the 
bladder and urethra has 2 important aspects: regis-
tration	of	bladder	illing	sensations	and	manipulation	
of	the	voiding	relex	switch.	The	PAG	seems	to	have	a	
pivotal role in both. On the one hand it receives blad-
der afferents[599] and transmits them to higher brain 
centres and into the realm of conscious sensation. 
On the other hand it receives projections from many 
higher centres and provides critical input to the PMC.
[511] This input, together with some direct input from 
the hypothalamus (Figure 22 ), normally suppresses 
excitation	of	 the	PMC	during	bladder	illing,	so	pre-
venting voiding or incontinence. Thus the net effect 
of higher control is tonic suppression of the voiding 
relex.	If	voiding	is	necessary	(bladder	volume	is	ad-
equate), and is judged (perhaps unconsciously) to be 
safe, and is consciously assessed to be socially ac-
ceptable, suppression can be voluntarily interrupted 
to allow the brainstem switch to be turned on.

3.  CORTICAL AND SUBCORTICAL CEN -
TRES INVOLVED IN BLADDER CONTROL. 
EVIDENCE FROM OBSERVATIONS OF LE -
SIONS AND FROM FUNCTIONAL BRAIN 
IMAGING IN HUMANS

a) Frontal Lobes

Although	Andrew	and	Nathan	[4]	were	not	the	irst	to	
describe disturbances of micturition resulting from a 
variety of causes of frontal lobe pathology, their cel-
ebrated paper reporting the syndrome of frequency, 
urgency (and in some patients faecal) incontinence, 
is	regarded	as	seminal	in	the	ield.		Their	description	
of these patients cannot be improved upon: 

“[They] were not demented, indifferent or lacking in 

social awareness; they were much upset and embar-
rassed … The acts of micturition and defaecation 
occur in a normal manner; what is disturbed … is 
the higher control of these acts. The lesion causes 
frequency and extreme urgency of micturition when 
the patient is awake, incontinence when asleep. The 
sensation of gradual awareness of increasing full-
ness of the bladder and the sensation that micturi-
tion is imminent, are impaired. When the syndrome is 
less pronounced, the sensation underlying the desire 
to micturate is absent, whereas the sensation that 
micturition is imminent still occurs. Then the patient 
is waylaid by a sudden awareness that he is about to 
pass urine; when neither sensation is experienced, 
the	 patient	 is	 amazed	 to	 ind	 that	 he	 has	 passed	
urine.	The	threshold	of	the	micturition	relex	is	much	
lowered. In the most complete form of the syndrome, 
the patient cannot inhibit the detrusor contraction of 
the	micturition	relex;	he	is	thus	forced	to	empty	his	
bladder	as	soon	as	the	relex	occurs.	When	the	syn-
drome is less pronounced, the patient can make a 
conscious effort to stop the act of micturition, and he 
may or he may not succeed …”

The cases of leucotomy in Andrew and Nathan’s se-
ries were regarded as most useful for localizing the 
lesion	causing	the	syndrome.	The	signiicant	plane	
of the lesion lay Immediately anterior to the tips of 
the ventricles and the genu of the corpus callosum. 
Such lesions involved grey matter, in particular the 
superomedial part of the frontal lobe (Figure 29D ); 
but they caused a permanent disorder of the con-
trol of micturition and of defaecation only when they 
involved some of the white matter lateral to the an-
terior horns of the lateral ventricle (Figure 29 A-C ). 

Figure 29 A, B and C. Location of white-matter le-
sions causing persisting incontinence (red ellips -
es), based on Andrew and Nathan’s Figures 10A,B  
and C (1). D: Nathan’s sketch of the grey-matter 
lesions causing transient incontinence (stippled 
black dots) ( private commnunication).
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Subsequently the same features were observed in 
7 patients out of a series of 50 consecutive fron-
tal tumours[600]. In an analysis of patients with 
acute hemispheric strokes the occurrence of dis-
turbance of micturition was found to be more com-
mon in frontal than occipital lobe lesions and there 
was an association with hemiparesis.[601] 

In 3 cases, Andrew and Nathan observed that le-
sions in similar areas to those discussed above 
led to urinary retention rather than incontinence 
(Table 2 ). Three further cases of frontal lesions 
with urinary retention have been reported. Suc-
cessful treatment brought recovery of bladder 
function. [602, 603]

White-matter damage that causes permanent in-
continence (Figure 29 A-C ) appears to do so by 
disrupting a pathway (from medial frontal cortex to 
brainstem, either direct or via the thalamus) car-
rying the signal that maintains continence by toni-
cally inhibiting the voiding reflex during storage 
(see discussion below and Figure 32 ). In confir-
mation, recent studies have identified white-mat-
ter disease (white-matter hyperintensities [WMH] 
or leukoaraiosis) as the pathology underlying a 
triad of symptoms commonly seen in the elderly 
– incontinence, impairment of gait and cognitive 
disability.[604-606]	The	Kuchel	group	used	struc-
tural MRI (FLAIR) to demonstrate that the burden 
of white-matter disease in right inferior frontal re-
gions and selected white-matter tracts predicted 
incontinence, incontinence severity, and degree 
of bother. The Pittsburgh group[606] used fMRI to 
show that, in elderly incontinent women, regional 
brain activations and deactivations became more 
prominent with increased global WMH burden, 
suggesting that activity aimed at suppressing 
urgency was augmented. Damage affecting the 
anterior thalamic radiation seemed to be particu-
larly associated with urinary incontinence and in-
deed this tract includes the pathway from medial 
prefrontal cortex to brainstem that appears to be 
critical for continence (see Figure 32 ). It would 
appear from this account that bilateral lesions 
would be required to cause incontinence, yet in 
practice a lesion on one side seems to be suffi-
cient.  Andrew and Nathan’s suggestion – that this 
is because a unilateral lesion is likely to involve 
the fibres connecting one side with the other– is 
difficult to follow.

Imaging studies (see Table 2 ), using PET[514, 
593, 607-609] or fMRI[60, 515, 610, 611], are in 
agreement that, during bladder filling, storage and 
withholding of urine, there is activity in the right 
inferior frontal or dorsolateral prefrontal cortex, 
perhaps extending into the lateral part of the supe-
rior frontal cortex (Figure 30A,B ). There is some 
right-sided predominance. In contrast there is little 
evidence for activation of the medial parts of the 
frontal cortex during storage (Figure 30C ). One 
PET study showed medial frontal activity during 

sacral nerve stimulation[611], but this is difficult to 
interpret; another study that showed medial frontal 
activity during filling[612] employed SPECT imag-
ing, which has poor spatial resolution. An fMRI 
study showed abnormally weak activation in me-
dial prefrontal cortex in subjects with urge incon-
tinence[515], and further analysis suggested that 
bladder filling tends to provoke deactivation in this 
region.[594] Regardless, there is little overlap with 
the superomedial frontal region described by An-
drew and Nathan [4], except possibly in part of the 
anterior cingulate gyrus (see Figure 30D ). These 
observations are consistent with the concept that 
functional imaging reveals grey-matter activation 
or deactivation, while lesions may damage critical 
links in white-matter connecting pathways also.

There have been many studies showing connec-
tions between the medial and orbital prefrontal 
cortex and PAG; see [511, 613] for summary. Pre-
sumably this pathway is the one discussed above 
that is responsible for tonic suppression of the 
voiding reflex and maintenance of continence, 
and is susceptible to disruption by white-matter 
lesions. Prefrontal involvement in voiding is con-
sidered in section 3.

b)  Anterior Cingulate Gyrus (ACG), Supple-
mentary Motor Cortex (SMA) and Insula

The anterior cingulate is an extensive area with 
parts serving varied functions.  The cases of an-
eurysm in Andrew and Nathan’s series of frontal 
lobe pathologies were thought to have involved 
the anterior end of the cingulate gyrus.[4] Incon-
tinence was observed as part of a complex be-
havioural disorder following bilateral infarction of 
the anterior cingulate gyri.[614] A recent report of 
a patient in whom a glioma in the right posterior 
ACG and supplementary motor area was resected 
described how she experienced urgency inconti-
nence and loss of bladder sensation following sur-
gery.[615]  

Many functional imaging studies have observed 
responses (mostly activations) in ACG to bladder 
filling, storage or withholding[514, 515, 593, 607, 
609, 612, 616]. The reported locations form a trail 
extending from dorsal to ventral ACG, suggesting 
that different parts of the ACG respond to the very 
varied experimental paradigms that were used 
(Figure 30D ). Response to bladder filling in the 
dorsal ACG and adjacent supplementary motor 
area (SMA) is abnormally pronounced in patients 
with urge incontinence[515, 594] when, with full 
bladder but without any actual bladder contrac-
tion, they experience the abnormal sensation of 
urgency (a compelling desire to void that is difficult 
to inhibit [617], also associated with fear of leak-
age, i.e. embarrassment).[618] Thus urgency is a 
powerful homeostatic and social emotion that pro-
vides strong motivation to void together with motor 
output aimed at suppressing incontinence until a 
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socially acceptable location can be reached. fMRI 
observations in rats confirm activation in the cin-
gulate cortex during bladder filling[619] although 
whether this region is homologous with the human 
dACC, and whether rats ever experience urgency, 
is not known.  

The dACC or midcingulate is the cortical region 
associated with motivation and can be considered 
as the limbic motor cortex.[620] It is an essential 
integrator of afferent bodily function that drives 
sympathetic output[621], playing a similar role for 
several organ systems. For example it contrib-
utes to heart rate regulation via the sympathetic 
nervous system.[621, 622] By analogy, the dACC 
may be involved in sympathetic regulation of blad-
der and urethra, acting on alpha- and beta-adre-
noreceptors that can respectively tighten the ure-
thral smooth muscle and relax the bladder, thus 
helping to control incontinence. 

dACC and adjacent sensorimotor areas, espe-
cially the supplementary motor area (SMA) (see 
Table 3 ), seem to form a functional complex that 
is often co-activated. The SMA is also activated 
during purely voluntary contraction of the pelvic 
floor muscles and striated urethral sphincter.[607, 
623-626] Thus SMA activation during urgency may 
reflect tightening of the striated urethral sphincter, 
via somatic pathways that might include the brain-
stem nucleus called the pontine continence center 
or L-region[531] (see Figure 32  and Figure 22 ).

Co-activation of the insula and ACC is frequently 
seen in functional brain imaging studies[627] and 
has been seen in almost all functional imaging 
bladder experiments. The insula, an island of cor-
tex deep beneath the operculum of the temporal 
and fronto-parietal lobes, is regarded as the seat 
of “interoception”, the sense of the physiological 
condition of the entire body,[628] including viscer-
al sensation.[629, 630] A key feature of such sen-
sations is an association with an affective, motiva-
tional aspect: hence their value in homeostasis. 
Consistent with this role, the Pittsburgh group has 
shown a correlation between the degree of blad-
der filling and insula activation in healthy controls 
with an exaggerated increase in activation at high 
volumes in women with poor bladder control.[515] 
The homolog of the insula in the rat responds to 
bladder filling, although it is also activated during 
voiding[619]. 

Given these observations it is remarkable that 
there has not been more reported cases of blad-
der dysfunction from insular lesions. One patient 
in whom a glioma affecting the inferior frontal gy-
rus and the insula was excised experienced incon-
tinence without loss of bladder sensation.[615]

Imaging studies during storage or withholding of 
urine show that regions reported as insula form a 
cluster near the expected location (Figure 30A ).

Figure 30: A, Reported locations of peak of ac-
tivation during bladder filling, storage and with-
holding of urine projected onto right lateral sur-
face of brain. This shows insula and adjacent 
lateral frontal area activation. The insula is about 
2-mm deeper than the brain surface shown. In B, 
As in A but showing regions of activation pro-
jected onto lateral surface of the brain, mostly 
activation of lateral prefrontal cortex. Note the 
overlap with A. In C, Medial prefrontal area acti-
vated during withholding of urine with the ellipse 
as the projection of the white matter area shown 
in Fig 29 in the midline plane. In D, Cingulate gy-
rus areas activated on withholding of urine or full 
bladder. From Griffiths and Tadic, 2008.

Figure 30E. Brainstem areas activated during storage 
or voiding.  From Grifiths and Tadic, 2008.
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dACC [-6 14 34] + 
bladder	illing in 
women with OAB 

(594) 

dACC [0 6 30] + 
normal women (640) 

dACC (BA 32) 
[-8 8 42] 

+ 
women with urgency (650) 

Cingulate (dACC)  [-2 18 22] + 
normal males with 
increasing volume – 
PET 

(514) 

L & R cingulate  

 

[-2 -4 36] &  

[10 6 36] 
- 

men - deactivation 
with increasing ‘urge’ 
- PET 

(514) 

ACC (BA 32) 
[8 43 7] 

+ 
normal males  during 
storage 

(609) 

ACC  (BA 24,32)   
[8 36 -4] - 

deactivated  in 
normal men – PET  

(607) 

Region ( BA) 

[MNI] 

activation  (+) 
or  

deactivation  (-) 

sub jects & s ituation Reference 

R frontal operculum, 
anterior insula 

[38 10 12]   + normal women (599) 

L anterior Insula [-26 -3 15] + 
normal males, using 
PET 

(609) 

L insula [-40 14 2] + 
Normal males – PET (608) 

R posterior insula [50 -4 2] + 
normal women  (594) 

R insula [44 6 4] + 
normal women (649) 

R insula [38  -4  16] + 
women with OAB and 
urgency 

(649) 

R anterior insula/ 
lateral frontal cortex  

[32 32 -8] + 
normal women (594) 

R & L insula  [34 8 16] &  
[-46 0 4] 

+ 
normal women (640) 

R & L insula [34 2 10] & 
[-34 14 10] 

+ 
women with OAB (594) 

R & L insula (BA 13) 
[+38  12  2] 

+ 
women with urgency (650) 

R inf frontal [50 8 14] + 
women with urgency (649) 

R & L inf frontal [58 6 14] & 

[-30 28 -6] 
+ 

normal women with 
full bladder 

(649) 

R Inf frontal [56 40 16] + 
normal males with 
increasing volume (514) 

L & R middle frontal [-36 38 44] &
 [46 48 26] 

+ 
normal males with 
increasing volume 

(514) 

Table 3. Selected regional activations and deactivations during the storage phase (bladder illing, with-
holding of urine, or full bladder with urgency but without bladder contraction). BA = Brodmann Area; [x y 
z] = Montreal Neurological Institute (MNI) coordinates.
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L & R parietal   
 

[-56 -48 52] 
& [58 -28 56] 

+ 
normal males with 
increasing volume 

(514) 

R inf parietal lobule [36 -44 44] + women with urgency (649) 
R & L inf parietal 
lobule   

[62 -22 26] & 
 [-60 -26 28] + normal women

 
(640) 

L & R premotor 
cortex    

[-62 6 12] &  

[50 2 28] 
- 

normal males, 
deactivation with 
‘urge’ – PET 

(514) 

Medial thalamus   [4 -6 8] + 
normal women with 
bladder	illing 

(640) 

Medial thalamus  [2 -2 8] + 
bladder	illing in 
women with OAB 

(594) 

R & medial thalamus  [22 -17 17] & 
[-2 -13 17] 

+ 
normal males during 
storage 

(609) 

Hypothalamus  
 

[4 -12 -6] - normal males 
deactivation with 
‘urge’ – PET  

(514) 

Hypothalamus  

 

[4 -14 -8]  + 
[activation in normal 
response to bladder 
illing] 

(594) 

R putamen   

 

[22 4 2] + 
[activation during 
storage] 

(609) 

R & L putamen [22 -6 10] & 

[-28 –6 10] 

 Connectivity with  R 
Ins and dACC during 
storage 

(640) 

L & R caudate [-18  -18 30]   
 & [14-22 24]  

- 
deactivation in OAB 
women

 (606) 

Claustrum [30 14 8] + 
Urgency in UI women (649) 

Precuneus    [-16 -44 42] + 
bladder	illing in 
women with OAB 

(594) 

Cuneus   

 

[10 -90 8] + 
bladder	illing in 
women with OAB 

(594) 

Medial prefrontal    [6, 62, 24] - deactivation with illing  (640) 

Genual ACC   
 

[4, 38, -2] - deactivation with illing  (640) 

Medial frontal
 (BA 10) 

[-4 60 -8 
- 

OAB women, 
deactivation with 
urgency 

(650) 

Medial superior 
frontal 

(BA 9) 
[-8 52 22] - 

deactivation in OAB 
women 

(606) 

Subgenual ACC
 

(BA 32) 
[-6 38 -4] 

- 
deactivation with 
urgency in OAB 
women 

(650) 

L & R 
parahippocampal 
gyrus 

(BA 19) 
[-26 -44  -2] &

 [28  -48  -8] 
- 

deactivation in OAB 
women 

(606) 

Fusiform gyrus (BA 19) 
[34  -72 -12] 

+ 
OAB women with 
urgency 

(650) 

Medial temporal 
gyrus  

(BA 21)  
[50 -1 0] - 

deactivated in normal 
men – PET 

(607) 
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area.[515] It has been suggested that these con-
nections allow the hypothalamus to inhibit voiding 
unless the situation is judged to be safe.

e) Pons

The demonstration by Barrington[504] in the cat 
that a centre existed at the level of the pons nec-
essary for activation of micturition, provided the 
background for recognizing a comparable centre 
in humans and the early report of the association 
of	dificulty	with	micturition	with	posterior	fossa	tu-
mours. Later histories of individual cases of dis-
crete pontine lesions[524, 635-637] and reports of 
dificulties	with	micturition	or	retention	as	a	feature	
of brainstem gliomas in children[638, 639] or vas-
cular	 lesions	 [509],	conirmed	 the	 likely	existence	
of a comparable centre in humans. Studies using 
MRI to visualize the precise location of the respon-
sible lesions, sited this in the dorsolateral pons, 
including the pontine reticular nucleus and the re-
ticular formation, adjacent to the medial parabra-
chial nucleus and locus coeruleus[509]. Lesions in 
this location are frequently associated with distur-
bances of consciousness and respiration and blad-
der symptoms may therefore be overlooked. The 
commonest clinical association of urinary retention 
arising from a pontine lesion is an internuclear op-
thalmoplegia or disorder of eye movements.

Functional imaging experiments have shown a 
cluster of activations near the postulated location 
of this pontine micturition centre (PMC), Figure 
29E. There are 3 reports of PMC activation during 
voiding[505, 593, 608], consistent with the “switch” 
concept.	One	report	of	 response	 to	bladder	illing	
seems to support the view (see section 2) that the 
PMC receives continuous input from PAG and/or 
afferents from the bladder. However, excitation 
during	bladder	illing[594]	might	be	either	excitato-
ry or inhibitory, a distinction that cannot be made 
by functional imaging. The PMC homolog is acti-
vated during voiding in the rat.[619]

A few studies suggest activation of the postulated 
pontine L-region or continence centre, somewhat 
ventral, lateral and/or caudal to the PMC (Figure 
22): during storage[514], during failed attempt to 
void[593], during imagined voiding[505], and dur-
ing imaginary inhibition of voiding[624]. However, 
not all these studies recognized the L-region as 
such.

f) Other Regions

The regions discussed in sections 3.1 to 3.5 are 
observed in lesion, imaging and (in some cases) 
animal studies of bladder function. The triad insula/
ACG/prefrontal cortex is well known from studies 
of other organ systems[621]. Other regions rel-
evant to bladder control however have been re-
vealed only by functional imaging (see Table 3 ). 
They include parts of parietal and frontoparietal 

[505, 515, 593, 608, 612, 631] There is slight 
right-sided predominance, not visible in Figure 
30 where right and left sides are projected on the 
same brain surface. In healthy subjects, insular 
activation	 becomes	 stronger	 with	 increasing	 ill-
ing of the bladder, consistent with its postulated 
role in bladder sensation.[594] In normal elderly, 
this	 insular	 response	 to	 bladder	 illing	 decreases	
with age, consistent with age-associated loss of 
sensation. However, insula activity cannot by itself 
be responsible for conscious desire to void or ur-
gency, because these sensations are lost following 
extensive frontal lesions,[632] suggesting that in-
tegrity of connecting pathways between insula and 
frontal cortex is essential for conscious sensation. 
Cingulate and insula involvement in voiding is con-
sidered in section 3.

c) Periaqueductal Grey (PAG)

A single case history describes a young man pre-
senting with urinary retention in whom the only 
abnormality found was a small, presumed inflam-
matory lesion in the PAG.[633] Presumably in 
other cases the clinical picture was dominated by 
other symptoms and deficits that were more strik-
ing to a neurologist.

The brainstem/midbrain activations reported dur-
ing the storage and voiding phases seem to clus-
ter in 3 distinct regions (Figure 30E ), one of them 
being	the	PAG.	PAG	response	to	bladder	illing	is	
reported in 3 studies.[514, 515, 609] This response 
may	 relect	 increased	 afferent	 signals	 arriving	 at	
the PAG (Figure 22 ) or increased inhibitory activ-
ity from the medial PFC, needed to prevent trig-
gering	of	 the	 voiding	 relex	 (see	Figure 32 ). The 
PAG responded to imagined voiding in one fMRI 
study[624], but not to real voiding.

d) Hypothalamus

Lesions at this site as a cause of bladder symp-
toms are rare but 3 cases of pituitary tumours, 
extending upwards into the hypothalamus have 
been described with urgency incontinence or re-
tention, weight loss, psychiatric disturbance and 
bitemporal field restriction.[603] Other instances 
include gliomas involving the hypothalamus or 
vascular disturbances of the anterior hypothala-
mus. Andrew and Nathan also reported five pa-
tients with bladder symptoms appearing after a 
ruptured cerebral aneurysm and speculated that 
the site of lesion responsible was the anterior hy-
pothalamus.[634] 

Animal observations suggest that the anterior and 
caudal hypothalamus have monosynaptic projec-
tions to the PAG and PMC.[511] Correspondingly, 
two human brain imaging reports suggest response 
to	 bladder	 illing	 in	 a	 region	 near	 the	 caudal	 hy-
pothalamus,[514, 594] and one near the preoptic 
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cortices, posterior cortex (precuneus, posterior 
cingulate cortex), parts of the limbic system (hip-
pocampal complex, amygdala), and various parts 
of the cerebellum. 

Functional imaging has occasionally shown activ-
ity in the basal ganglia, particularly the striatum 
(e.g. caudate- see Table 3 ) and putamen [640]. 
Correspondingly, dopamine pathways are thought 
to have a profound inhibitory effect on the PMC in 
health which is lost in Parkinson’s Disease (PD) 
[641]. The subthalamic nucleus (STN), also part of 
the basal ganglia, is the site of deep brain stimula-
tion (STN-DBS) used to treat PD. Patients whose 
motor symptoms are effectively treated experience 
an	increased	bladder	volume	at	irst	sensation	and	
at capacity with the stimulator on.[642-644] A de-
tailed	PET	imaging	study	showed	a	signiicant	 in-
teraction between bladder state and STN-DBS in 
ACC and lateral frontal cortex. [644]

4. VOIDING

Forebrain changes have been much less studied 
during voiding than during storage, mainly be-
cause of technical limitations of fMRI. The insula 
was activated in only one[608] of four imaging 
studies of real [593, 607] or imagined [624] void-
ing, suggesting that it is not strongly involved in 
this phase of micturition. All 4 studies revealed 
ACG involvement, particularly of the perigenual 
part of the ACC adjacent to the ventromedial pre-
frontal complex.

Further reports are as follows.

PET studies of voiding. One fMRI study of voiding in 
the anesthetized rat[619] showed several regional 
activations,	but	human	homologs	are	dificult	to	es-
tablish. Blok and Holstege used PET to show that a 
pontine region probably homologous with the PMC 
was activated during voluntary voiding in humans, 
suggesting	that	the	voiding	relex	had	indeed	been	
triggered.[505, 593] They showed also that the 
right inferior frontal gyrus (or lateral prefrontal cor-
tex) was activated during voiding. The perigenual 
cingulate, close to the ventromedial prefrontal cor-
tex which, during storage, is typically deactivated 
(see Table 3 ), was activated during voiding. This 
change may indicate that the tonic inhibition of the 
voiding	relex,	which	 the	medial	 frontal	cortex	ex-
erts to maintain continence (Figure 32 ), has been 
switched off, allowing voiding to take place. During 
voiding the PAG was activated, as were a number 
of other regions, including the hypothalamus and 
right inferior frontal gyrus. 

Some subjects who were unable to void in the 
scanner failed to show activation either in the peri-
genual region or in the PMC. They did however 
show activation of a different region in the pons, 
believed to be the L-region[531]  or pontine stor-
age center (see Figure 32 and Figure 22 ). This 

suggests involuntary tightening of the urethral 
sphincter.

Nour et al [608] using PET, demonstrated many 
regional activations during voiding, including the 
PAG and a pontine region close to the PMC. How-
ever, the perigenual region was not activated, 
while the supplementary motor area, dACC, and 
left insula were unexpectedly active.

Imagined voiding. In a group of 11 healthy women, 
relaxation	of	the	pelvic	loor,	as	if	intending	to	void	
but without actually voiding, evoked activations in 
many of the same regions as contraction of the 
pelvic	loor muscles.[624] Thus this does not seem 
to be a good model of real voiding. In fact, a pon-
tine region apparently homologous with the pon-
tine continence center or L-region (but not recog-
nized as such by the authors), was activated, just 
as in Blok’s subjects who tried but were unable to 
void in the scanner. [505]

Involuntary voiding. A preliminary fMRI study of in-
voluntary voiding (detrusor overactivity, DO)[645] 
showed marked deactivation of the frontal cortex 
during	DO,	a	inding	that	awaits	conirmation.

5.  WORKING MODEL OF BRAIN / BLADDER 
CONTROL

We have seen that many forebrain regions re-
spond with altered neuronal activity to bladder 
filling or voiding, and thus presumably form part 
of the brain-bladder control network (Table 2 ). 
Some are part of a general ‘homeostatic afferent 
brain network’ that processes sensation and gen-
erates appropriate output for many different or-
gan systems.[594, 629, 630] This is not surprising 
because the ultimate purpose of bladder control 
is to maintain homeostasis by ensuring that the 
bladder is emptied regularly, yet only when safe 
and appropriate. Sensations such as desire to 
void and urgency are homeostatic emotions[621, 
622, 630] that both motivate behaviour and pro-
vide corresponding motor output. [596]

The brain regions involved in bladder control are 
believed to be organized in neural circuits that 
perform different tasks related to homeostasis, an-
swering questions regarding the adequacy of blad-
der	 illing,	 and	 the	 safety	 and	 social	 appropriate-
ness	of	voiding,	as	well	as	the	relex	or	mechanical	
aspects dealt with by the brainstem switch. We 
should therefore expect forebrain control of the 
switch to involve both limbic circuits (concerned 
with basic emotion and safety) and cortical cir-
cuits (concerned with social propriety [646] and 
conscious decision-making). In the working model 
shown in Figure 32 , the PAG and PMC form the 
brainstem	 switch.	 The	 PMC	 is	 the	 inal	 efferent	
brain nucleus involved in bladder control. The PAG 
receives numerous projections from forebrain re-
gions,[647, 648] including the medial and orbital 
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Figure 31. An early conceptual framework that 
suggests a scheme for the connections between 
various forebrain and brainstem structures that 
are involved in the control of the bladder and the 
sphincter in humans. Arrows show probable direc -
tions of connectivity but do not preclude connec-
tions in the opposite direction. Reproduced, with 
permission Fowler et al., 2008 and based on the 
work of Kavia et al.2005.
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prefrontal cortex.[613] Possible pathways that con-
nect these regions to form the neural circuits that 
govern bladder and urethral behaviour are shown 
schematically in Figure 31  and sketched provi-
sionally in the working model (Figure 32 ), which 
incorporates as far as possible the lesion and func-
tional imaging observations described above.

a) The Normal Continence Mechanism

During	urine	storage,	as	the	bladder	ills	it	generates	
afferent signals (purple ascending pathway in Fig-
ure 32 ) that are transmitted to the brainstem switch 
but do not trigger it. They are relayed from the PAG 
via the thalamus to the insula (red circuit) and, if ac-
tivation is strong enough, generate a desire to void. 
Propagation of this insular activity to the lateral and 
medial prefrontal cortex enables both a conscious 
decision about voiding and an assessment of social 
propriety and possible embarrassment. If no void-
ing is planned, a return pathway from the medial 
frontal cortex to the brainstem tonically suppresses 
the	voiding	relex.	The	pathway	may	run	directly	or	
via the thalamus in the anterior thalamic radiation 
(not shown in Figure 32 ). The resulting red circuit is 
postulated to be the normal continence mechanism. 
When	there	is	a	normal	sensation	of	bladder	illing	
it exerts negative feedback on the brainstem switch, 
preventing incontinence. Interruption of the nega-
tive feedback, for example by white-matter damage 
in the mPFC-PAG pathway, leads to incontinence. 
During normal daily life however there is usually 
no conscious awareness of the bladder at all. The 
mechanism that monitors bladder behaviour in this 
situation requires further research. One possibility 
is a circuit involving the parahippocampal complex 
and hypothalamus (Figure 32  and section 5.3).

b) A Back-up Continence Mechanism 

Activation of dACC and SMA, associated with ur-
gency, suggests the possibility of another neural cir-
cuit – in yellow in Figure 32  – in which an ascend-
ing signal from the PAG travels via the thalamus to 
the dACC and SMA, generates urgency and sends a 
descending efferent signal that suppresses bladder 
contraction and tightens the urethral sphincter, us-
ing sympathetic (via dACC) and somatic (via SMA) 
pathways that may involve the pontine L-region. Be-
cause urgency is evoked in extreme circumstances 
this probably should be regarded as a back-up conti-
nence mechanism.

What ascending signal activates the dACC and the 
SMA	and	generates	urgency?	The	conventional	view	
is that the bladder or the urethra generates abnor-
mal – or merely greater – afferents if leakage threat-
ens, but an alternative is that the PAG should use 
its knowledge of the brainstem switch to generate a 
signal indicating how close the switch is to being trig-
gered. This signal, relayed via the thalamus to the 
dACC, would presumably evoke urgency if triggering 
were imminent.

c) Limbic or Paralimbic Circuits

Both of the continence mechanisms just described 
use cortical circuits that involve conscious blad-
der	 sensation.	However	 bladder	 illing,	 especially	
in women with OAB experiencing urgency, some-
times provokes subcortical or limbic changes, par-
ticularly parahippocampal deactivations (Table 2 
and Figure 32 ). These subcortical changes may 
have a number of functions:

1)  They presumably evoke no conscious sensa-
tion,	 and	 therefore	 may	 relect	 an	 automatic	
evaluation of bladder events that occurs at small 
bladder volumes, maintaining continence with-
out conscious awareness. 

2)		They	may	relect	evaluation	of	the	safety	of	void-
ing. The resulting “safe/unsafe” signal would be 
relayed to the brainstem switch (PAG and/or 
PMC), perhaps via the hypothalamus  (Figures 
31, 32 and 22). 

3)  They may represent the substrate concerned 
with basic emotions such as fear, on which the 
ventromedial prefrontal cortex builds the sec-
ondary, social emotion called urgency.

d) Voiding

Referring to Figure 32 , if voiding is voluntarily 
decided upon in the prefrontal cortex a series 
of stereotypical actions follows (finding a toilet, 
adjusting clothing, adopting the correct pos-
ture) and ultimately the red return pathway from 
mPFC to brainstem PAG is silenced, removing 
inhibition of the voiding reflex and allowing ac-
tivation of the PMC – provided that other PAG 
inputs, notably from the hypothalamus (reflecting 
safety), permit it.

6.  CONCLUSION: CORTICAL CONTROL OF 
BLADDER FUNCTION

The fact that voiding and continence are under 
forebrain control is now well established by mul-
tiple lines of evidence. Some of the brain regions 
involved are known with reasonable certainty, al-
though further investigations, particularly of normal 
behaviour, voiding, and different age groups of both 
genders,	 will	 be	 helpful.	 The	 speciic	 functions	 of	
these regions and the pathways connecting them 
are less well known but they can be speculatively 
organized in a working model comprising a few 
neural circuits that perform various tasks related to 
homeostasis and maintenance of continence. There 
is evidence that structural damage to certain criti-
cal connecting pathways causes or contributes to 
urgency incontinence. The working model is highly 
simpliied,	but	will	help	understanding	of	functional	
disorders such as overactive bladder and guide new 
research aimed at ameliorating the scourge of ur-
gency incontinence.
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Lower urinary tract (bladder and urethra) function, 
while dependent on autonomic neural control, does 
not mean that control of urinary continence and mic-
turition is involuntary.  On the contrary, unlike other 
autonomically innervated organs (i.e. heart), control 
of lower urinary tract function is highly volitional and 
dependent on neural connections to the brain.   This 
control in humans is established during the unique 
period of toilet training occurring between ages of 2 
and 3.  The exact mechanisms and pathways that 
are involved in this important and ubiquitous event 
are unknown.  It is likely that cortical inhibition of the 
micturition center are emphasized and strengthened 
during this time.

Later on in life, continence and/or micturition distur-
bances (interpreted by the patients as lower urinary 
tract symptoms) are likely associated with alterations/
dyregulation of these neural pathways.  However, 
the current diagnostic tools to detect these altera-
tions are not available.  Neurogenic alterations can 
be differentiated into pathologies that affect afferent 
versus efferent pathways.  Afferent dysfunction would 
involve abnormalities in sensation (both increased 
and decreased) including emergence of pain instead 
of	usual	bladder	illing	sensations.	Efferent	abnormali-
ties can be increased, reduced or uncoordinated. The 
following is not a comprehensive description of the 
entire scope of this complex arena, but focuses on 
key issues relevant in the clinical context. 

Basic investigations into abnormalities in lower uri-
nary tract function require a multi-modal approach us-
ing both animal models and human subjects.  While 
all animal models have issues related to relevance 
to human condition, animal models will continue to 
play a critical role in testing mechanistic hypotheses 
related to lower urinary tract physiology and patho-
physiology.  Using human subjects for translational 
studies, such as exploring for biomarkers related to 
lower urinary tract dysfunction, will provide additional 
mechanistic hypotheses that can be taken to the lab-
oratory for testing.

1.  ABNORMALITIES INVOLVING AFFERENT 
SIGNALING

a)  Bladder Pain Syndrome / Interstitial Cystitis 
(BPS/IC)

Although no consensus has been reached on the 
fundamental causes of BPS/IC, existing data sug-
gest three pathophysiological mechanisms: mast cell 
activation,	 neurogenic	 inlammation	 and	 epithelial	
dysfunction.[651] 

Mast Cell Activation  – Mast cells may be activated 
by a number of mechanisms within the bladder wall. 
Increased	permeability	with	inlux	of	potassium	ions	
may lead to sensory nerve upregulation/activation 

resulting in mast cell activation. Vasoactive, nocicep-
tive	 and	 pro-inlammatory	molecules	 released	 from	
mast cells can produce neuronal sensitization and 
secretion of neurotransmitters that further stimulate 
mast cells. Mast cell could interact with nerves and 
provoke a vicious cycle in BPS/IC, contributing to the 
painful symptoms of the disease.[652]

Neurogenic Inlammation – The close physical 
relationship	 between	 the	 C	 ibres	 and	 mast	 cells	
is of particular importance, as substance P (SP) 
released	 from	 the	 nerve	 ibres	 degranulates	mast	
cells. During degranulation, the mast cells release 
a	 multitude	 of	 proinlammatory	 agents	 including	
nerve	growth	factor	(NGF),	tumour	necrosis	factor-α	
(TNFα),	histamine,	heparin,	proteases,	interleukins,	
serotonin	 and	 others.	 This	 induces	 an	 inlamma-
tory response in the form of vasodilatation (red-
ness) and plasma protein extravasation (oedema). 
Additionally, newly released nerve growth factor 
(NGF) stimulates a further increase in the number 
of	 afferent	 ibres,	 thus	 increasing	 the	 potential	 for	
further releases of SP and the transmission of no-
ciceptive	impulses.	Inlammatory	models	of	cystitis	
result in increased levels of TNF-alpha, SP and 
NGF production in the bladder, paralleling the hy-
pothesized	neuro-inlammatory	etiology	of	IC.	[653]	
During mammalian development, NGF is required 
for the survival and growth of several populations 
of neurons. There is evidence to suggest that it also 
plays a role in the ongoing regulation of neural func-
tion,	as	well	as	 inlammation	and	pain.[654]	 In	 the	
urinary tract, NGF could be produced by the blad-
der, smooth muscle and urothelium.   In one study, 
patients with BPS/IC were found to have elevated 
levels of neurotrophic factors in their urine, includ-
ing neurotrophin-3, nerve growth factor and glial 
cell line-derived neurotrophic factor.[655] In another 
study, urine from BPS/IC patients have increased 
NGF[656], but interestingly did not have increased 
prostaglandin E2 (PGE2).  Another study showed 
increased NGF mRNA and protein in bladder biop-
sies from patients with BPS/IC compared with con-
trols[119].  However, the source of the NGF has not 
been always traceable, although a likely source of 
the NGF is the bladder urothelium.

A transgenic mouse with overexpression of NGF re-
stricted to the urothelium [86] was shown to exhibit 
similar phenotype to BPS/IC patients – that is uri-
nary frequency and pelvic pain. This animal model 
suggests that alterations in the bladder urothelium 
can drive overall changes in bladder function and 
increase pelvic pain sensation.  Therefore, this ani-
mal model is consistent with the data derived from 
human studies.  The importance of the bladder 
urothelium in pathophysiology of BPS/IC has been 
also been demonstrated by the discovery a novel 
glycononapeptide, antiproliferative factor (APF)[49] 
secreted by the BPS/IC bladder urothelial cells.  
APF inhibits in vitro proliferation of normal bladder 
urothelial cells grown in culture[657] and affects 

VII. ABNORMAL LOWER URINARY 
TRACT FUNCTION
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the ß-catenin signaling pathway.[658] However, 
whether APF affects neural signaling within the 
bladder is unknown.

Intravesical NGF is known to sensitize bladder af-
ferent	ibres,	and	sequestration	of	NGF	can	reduce	
inlammation	associated	with	chemical	cystitis	 in	a	
rat model[659]. Blockade of NGF using either en-
dogenous antibody or antibody against the NGF 
receptor, or a fusion protein that prevents interac-
tion between NGF and its receptor, prevents neural 
plasticity and bladder overactivity in experimental 
models of these conditions.[660] Other substances 
including neurotrophins, prostaglandins, and tachy-
kinins may also contribute to altered afferent excit-
ability.[661] The potential relevance of these chang-
es has been demonstrated in cats diagnosed with 
feline interstitial cystitis (FIC) (which demonstrates 
nearly all the characteristics and symptoms of hu-
man BPS/IC), in which capsaicin sensitive neurons 
are larger, with dorsal root ganglia that exhibit in-
creased excitability and slower desensitization to 
capsaicin.[662]	 These	 indings	 suggest	 changes	
in the properties of the primary afferent neurons, 
a	inding	 that	may	be	associated	with	 tendency	of	
NGF to stimulate TRPV1 expression.  

From the translational perspective, a monoclonal 
antibody to NGF, tanezumab, has been tested in a 
proof-of-concept trial in treating symptoms associat-
ed with BPS/IC.  This study showed that tanezumab 
had	signiicant	beneits	at	alleviating	BPS/IC	symp-
toms [663] compared to placebo suggesting prom-
ise for this agent that blocks NGF’s actions.  Further 
peer-reviewed publications are needed to determine 
whether this agent will be useful in a larger clinical 
population of BPS/IC patients.

b) Pelvic Organ Cross-talk

Another neurogenic phenomenon that might be relat-
ed to BPS/IC is that of pelvic organ crosstalk.  Inves-
tigators have theorized that because pelvic organs 
share the same innervation pathways that when one 
pelvic organ dysfunctions (i.e. colon) this can lead 
to bladder dysfunction similar to BPS/IC,[664, 665] a 
term coined cross-sensitization.  This theory is based 
on the notion that afferent input from one pelvic organ 
can lead to the dysfunction of another pelvic organ.  
Researchers are focusing on the mechanism of un-
derlying cross-sensitization and how those mecha-
nisms could be targeted for therapeutic intervention.

Clemens recently coined a term “afferent neurourolo-
gy” to describe the study of sensory signaling related 
to the genitourinary tract, which encompasses other 
organs besides the bladder including the prostate, 
urethra, vagina, testicles and scrotum.[666] There-
fore, disorders in afferent neurology would include 
other urologic symptoms perceived by the patients 
outside of the bladder including disorders, for ex-
ample, such as chronic prostatitis/chronic pelvic pain 
syndrome (CP/CPPS), pelvic pain syndrome, vaginal 
pain syndrome, and urethral pain syndrome.  These 

other conditions, because they are not perceived 
to be related to the bladder, are not the topic of this 
review.  However, Clemens’ review suggests that 
many of these afferent neurologic symptoms, includ-
ing BPS/IC, may be due to systemic pathophysiology 
rather than localized to the organ of suspicion.

2. INVOLVING ABNORMAL URINE STORAGE

a) Overactive Bladder / Detrusor Overactivity

Detrusor overactivity can be due to neuropathic 
conditions, bladder outlet obstruction or unknown 
causes.  Several observations on structural and 
functional properties of the bladder have been made 
in individuals with detrusor overactivity:

-  Patchy denervation is present within the bladder 
wall, while sensory neurones and parasympathetic 
ganglion cells are enlarged

-  Exaggerated spontaneous myogenic activity can 
be seen in isolated detrusor muscle strips, with in-
creased incidence of fused tetanic contractions

-  Muscle strips also show altered responsiveness to 
nervous and pharmacological stimuli 

-  Characteristic changes in smooth muscle ultra-
structure have been described.

Smooth muscle strips dissected from the bladder in 
detrusor overactivity often show altered responses 
to nerve stimulation and to various agonists. For 
example, in obstructed overactive bladders there is 
reduced contractile response to intrinsic nerve stimu-
lation, along with supersensitivity to muscarinic ago-
nists and potassium solutions.[667-670] Among neu-
ropathic	 conditions,	 spina	 biida	 is	 associated	 with	
supersensitivity to cholinergic agonists and potas-
sium solutions, but there is no change in the sensitiv-
ity to intrinsic nerve stimulation.[671] In spinal cord 
injury, there is no reduction in sensitivity to electrical 
ield	stimulation,	but	 the	maximum	 force	generated	
by	 each	 milligram	 of	 bladder	 tissue	 is	 signiicantly	
reduced. In idiopathic detrusor overactivity, bladder 
strips show supersensitivity to potassium, but not 
to muscarinic agonists, and there is a reduced con-
tractile response to intrinsic nerve stimulation.[672] 
Where functional denervation is present, there ap-
pears to be an increase in spontaneous contractile 
activity and presence of fused tetanic contractions, a 
feature more typical of well-coupled smooth muscles.
[673, 674] A common ultra-structural feature of the 
overactive detrusor is the emergence of protrusion 
junctions and ultra-close abutments between the 
smooth muscle cells.[675] Overall, the cells may be 
better coupled electrically in detrusor overactivity, 
perhaps allowing spontaneous activity to propagate 
over a wider area. Bladder biopsies from overactive 
detrusor show a patchy denervation; some muscle 
bundles may be completely denervated, whilst 
neighbouring ones appear normal and in other areas 
sparser innervation is also seen.[672, 676]  A similar 
pattern is seen in animal models.[668, 677] Overall, 
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these observations suggest that response to loss of 
local innervation by the smooth muscle cell may ex-
plain the altered behaviour of the bladder in detrusor 
overactivity.[667, 678]

Recent studies using function MRI or positron emis-
sion tomography (PET) of the brain in patients with 
urge incontinence and comparing to normal control 
subjects suggest that urge incontinence is associat-
ed with measureable changes in brain activities.[594, 
650]  Bladder control depends on neural networks 
within the brain regions including the pontine micturi-
tion center, periaqueductal gray (PAG), anterior cin-
gulate gyrus (ACG), insula, amygdala and prefrontal 
cortex. Neural targets, in addition to detrusor smooth 
muscle, may be target for future urge incontinence 
treatments.  

Preclinical studies in animal models of OAB / detru-
sor overactivity contribute further to our understand-
ing of the importance of neural control in this con-
dition. The main models relevant to OAB include (i) 
instillation of irritative agents into the bladder during 
cystometry,	 (ii)	 partial	 bladder	 outlow	 obstruction,	
(iii) the spontaneously hypertensive rat, (iv) spinal 
cord injury, and other CNS lesions similar to those 
responsible for bladder dysfunction in humans [679]
Irritative agents are employed in animals to evoke a 
painful	or	irritant	response,	in	particular	through	C-i-
bres. Both acetic acid and citric acid have been used, 
although the latter probably represents a better mod-
el since it is less irritant and therefore less likely to 
invoke	an	acute	inlammatory	response.	Both	agents	
have been shown to increase bladder contractile ac-
tivity, decrease bladder capacity and reduce bladder 
compliance, while micturition pressure remains nor-
mal or is increased, suggesting that this model may 
contribute to understanding of increased bladder 
sensory activity, as may occur during the symptom 
of urgency. These effects are due to stimulation of 
nociceptive	afferent	 ibres,	 conirmed	 through	dem-
onstration of increased c-fos expression in rat spinal 
cord and in regions of the periaqueductal grey. [680] 
This effect can be eradicated by desensitization of 
TRPV1 receptors on the sensory neurones following 
pretreatment with resiniferatoxin.[681]

Partial	 bladder	 outlow	 obstruction	 has	 been	
achieved through application of urethral ligatures 
or a constricting ring that results in partial urethral 
occlusion, mimicking the obstruction seen in men 
with BPH who often develop secondary OAB.[669] 
The animals develop cystometric features such as 
increased bladder capacity and non-voiding blad-
der contractions, with associated histological fea-
tures (muscle hypertrophy, patchy denervation and 
enlarged sensory neurones and parasympathetic 
ganglia) and detrusor functional features (sponta-
neous myogenic activity and altered response to 
stimuli) reminiscent of the human condition.[678] 
Afferent	 plasticity	 in	 animals	 with	 bladder	 outlow	
obstruction involves NGF, the content of which is 
increased in obstructed bladders prior to the en-

largement of bladder neurons and the development 
of urinary frequency.[682] The relevance of NGF in 
the response to obstruction in animals is suggested 
by	the	inding	that	rats	immunized	with	mouse	NGF	
in order to develop autoantibodies do not develop 
neural plasticity and urinary frequency in response 
to obstruction.[683] While neuronal changes are ev-
ident in the obstructed model, further observations 
appear to indicate that the overactive phenotype in 
obstructed rats derives from a combination of in-
creased propensity to localized muscle contraction, 
together with a tendency towards wider propagation 
of this activity in an organ that may have developed 
greater autonomy from central control as a result 
of the neuronal changes.[424] In this context, the 
relevance of peripheral contractile modules appears 
to emerge as the functional units of detrusor activity. 

The spontaneously hypertensive rat (SHR) is a ge-
netic model of hypertension, which is also known to 
exhibit abnormal bladder function; in particular, SHRs 
have been shown to have reduced bladder capac-
ity and voided volume, increased urinary frequency 
and increased occurrence of non-voiding contrac-
tions, associated with altered detrusor innervation 
and physiological response. Again, increased blad-
der smooth muscle NGF levels appear to be associ-
ated with these changes.[684] The bladders of SHRs 
also show increased levels of calcitonin gene-related 
peptide	immunoreactive	ibres	(presumably	afferent)	
with increased size of neuronal cross-sectional area 
proiles	for	bladder	afferents	in	the	L6–S1	dorsal	root	
ganglia as well as the major pelvic ganglia.[685] The 
potential importance of the afferent innervation in this 
model	can	be	highlighted	by	the	inding	that	intrathe-
cal application of antisense oligonucleotide against 
the tetrodotoxin- resistant sodium channel (Nav1.8) 
reduces bladder hyperactivity.[684, 686]

Spinal cord injury (SCI) in animals has been shown 
to result in changes in lower urinary tract function 
similar to those seen in humans.[687] Recovery of 
bladder	 function	 from	 the	 initial	 arelexia	 after	 SCI	
in animal models is dependent in part on plasticity 
of bladder afferent pathways and the unmasking of 
relexes	 triggered	 by	 the	 normally	 silent	 capsaicin-
sensitive	C-ibre	bladder	afferent	neurons,	 resulting	
in cystometric changes akin to those seen in neu-
rogenic detrusor overactivity. Studies in rats indicate 
that	the	increased	excitability	in	the	C-ibres	is	asso-
ciated with an increase in the expression of sodium 
channels from a high-threshold TTX resistant type to 
a low-threshold TTX-sensitive type.[688]

Recent clinical studies has been performed to 
determine whether neurosurgical somatic-to-
autonomic nerve re-routing can reverse detrusor 
arelexia	secondary	to	autonomic	neural	injury	sec-
ondary to spinal dysraphism[689]. The intended 
goal of this procedure is to trigger somatic afferent 
signal	 that	will	 be	 relected	 in	a	autonomic	motor	
relex.		Whether	this	procedure	will	have	potential	
for widespread clinical application to other neuro-
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logic	conditions	causing	detrusor	arelexia	remains	
to be seen.  Furthermore, this surgical nerve re-
routing procedure has been highly controversial 
arising from ethical concerns.[690]

Other animal models of CNS lesions associated with 
bladder dysfunction have also been developed. For 
example, a model of Parkinsonism secondary to 
6-hydroxydopamine injections into the substantia 
nigra pars compacta in rats has been developed, 
conirming	 the	 relevance	 of	 D1/D5	 dopaminergic	
stimulation in improving bladder capacity. Further-
more, a model of bladder overactivity associated 
with cerebral infarction due to occlusion of the middle 
cerebral artery in rats has been shown to lead to sig-
niicant	 ischaemia	within	 the	putamen	and	cerebral	
cortex,	conirming	 the	 importance	of	 these	areas	 in	
the control of micturition.[691] In this latter model, a 
role for glutamatergic and dopaminergic stimulation 
in the development of bladder dysfunction has been 
demonstrated.[691,	692]	These	indings	are	consis-
tent with the observation that anterior brain lesions in 
humans are more likely to be associated with inconti-
nence than posterior, occipital lesions.[601]

Additional evidence for the importance of emergent 
C-ibre	contribution	to	afferent	signalling	in	OAB	and	
detrusor overactivity can be found in experimental 
clinical studies. For example, patients with various 
idiopathic and neurogenic bladder dysfunctions have 
reduced current perception threshold to direct blad-
der stimulation [693] and urethral stimulation [694] 
frequencies	 that	 selectively	 stimulate	C-ibres,	 indi-
cating	increased	excitability	in	the	C-ibre	afferents	in	
these patients. Similarly, ice water instillation (which 
excites	C-ibres)	into	the	bladder	can	trigger	involun-
tary detrusor contraction in patients with neurogenic 
detrusor	overactivity.[695]	In	addition,	the	eficacy	of	
capsaicin and resiniferatoxin in the treatment of pa-
tients with both idiopathic and neurogenic detrusor 
overactivity	conirms	the	role	of	C-ibres	and	the	af-
ferent	limb	of	the	micturition	relex	in	bladder	storage	
conditions.[696]	 While	 the	 hyper-excitable	 C-ibres	
appear to be the conduit for the abnormal sensory 
signals from the overactive bladder, the origin of the 
sensations probably lies in the bladder wall itself, 
either in uncoordinated asynchronous localized de-
trusor contractile activity[697] which may lead to ur-
gency with negligible associated pressure rise within 
the bladder, or in a more co-ordinated propagation 
of autonomous contractile activity via emergent gap 
junctions providing more syncytial characteristics to 
the overactive detrusor.[675]

b)  Stress Urinary Incontinence

Stress urinary incontinence (SUI) is character-
ized	by	reduced	outlow	resistance	during	urinary	
storage due to weakness in the urethral sphincter 
mechanism. It is often associated with weakness 
of	the	pelvic	loor	and	urethral	musculature,	but	pe-
ripheral nerve dysfunction is also implicated, in par-
ticular pudendal nerve damage following childbirth 

in women.[698] Animal models have contributed to 
understanding of the importance of the peripheral 
innervation of the urethra in SUI, with development 
of disease models association with pudendal nerve 
crush and vaginal distension initiating neuropraxic 
nerve injury in rats[304] and mice[699]. The role of 
pharmacological neuromodulation in the treatment 
of SUI has shown that urethral function and there-
fore incontinence can be improved by augmenting 
somatic neuronal discharge using the serotonergic 
(5HT) and noradrenergic (NE) reuptake inhibitor 
duloxetine, which is thought to act in the sacral spi-
nal cord at Onuf’s nucleus, the pudendal somatic 
motor nucleus of the spinal cord which is densely 
innervated by 5HT and NE terminals,[700]. Du-
loxetine	has	shown	beneicial	effect	 in	a	placebo-
controlled, randomized clinical trial for treating 
stress urinary incontinence.[335]. The selective 
noradrenergic reuptake inhibitor, [S,S]-reboxetine 
in the treatment of SUI, indicate that the seroto-
nergic activity of duloxetine may be redundant and 
that effects are dependent solely on noradrenergic 
reuptake inhibition.[340, 701]

3. INVOLVING ABNORMAL VOIDING

a) Bladder Outlow Obstruction

Bladder	outlow	obstruction	(BOO)	is	typically	associ-
ated with prostatic enlargement in men, although it 
is also seen in women following surgery for stress 
urinary incontinence and in children secondary to 
proximal urethral valves. Bladder overactivity is seen 
in many patients with BOO, and this storage dysfunc-
tion together with the associated neuronal changes 
has been described above. The voiding dysfunction 
per se seen in patients with BOO is caused by a com-
bination of both passive and dynamic obstruction of 
the proximal urethra and, in some patients, by detru-
sor decompensation resulting in a deterioration in the 
contractile function of the bladder during voiding.

During obstructed voiding, the bladder is subject 
to high pressures required to expel urine through 
a region of high resistance. These pressures com-
promise	detrusor	blood	low	during	voiding	leading	
to periods of ischaemia and hypoxia, followed by 
reperfusion.[702) Recurrent cycles of ischaemia 
and reperfusion result in progressive neuronal dam-
age in the bladder wall, an effect that has been 
seen in animal models of obstruction and bladder 
distension, as well as in an in vitro model in which 
detrusor muscle is intermittently exposed to hy-
poxic glycopenic perfusate followed by oxygenated 
glucose-containing perfusate.[703] This neuronal 
damage initially has a patchy appearance, when it 
seems to be related to the development of an over-
active phenotype in pigs.[678] With time, however, 
bladder decompensation with incomplete voiding 
and chronic retention can develop, and this is as-
sociated with a more generalized detrusor denerva-
tion and reduced contractile response to neuronal 
stimulation in organ bath studies.[704]
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 Phase of Bladder 
Dysfunction 

Clinical Conditions Potential cell type dysfunction 

Bladder Storage 
Phase Disorders 

Detrusor overactivity  
Overactive bladder (urgency, 
urgency urinary incontinence) 
BPS/IC (bladder pain) 

Detrusor smooth muscle cells 
Bladder urothelial cells 
Suburothelial cells (myoibroblasts) 
Afferent neuronal cells 
Central nervous system neuronal cells 
Urethral smooth muscle cells 

Bladder Emptying 
Phase Disorders 

Urinary Retention 
Bladder outlet obstruction 

Detrusor smooth muscle cells 
Suburothelial cells (myoibroblasts) 
Efferent neuronal cells 
Central nervous system neuronal cells 
Urethral smooth muscle cells 

Table 4. Bladder Storage and Emptying Disorders, Associated Clinical Conditions / Types of Cells Affected

4. CO-MORBID DISORDERS

The	 signiicance	 of	 neural	 control	 mechanism	 in	
lower urinary tract dysfunction is further implied by 
a number of comorbid conditions that have been 
associated with BPS/IC and incontinence. Patients 
with BPS/IC and SUI are more likely to report de-
pressive symptoms. Findings on two validated de-
pression measures indicate that patients with inter-
stitial	cystitis	report	signiicantly	greater	depressive	
symptomatology than healthy controls, although 
less than 20% notice moderate or severe depres-
sive	 symptoms.	This	 inding	 is	 consistent	with	 the	
observation that patients with chronic pain experi-
ence a higher level of depressive symptoms than 
healthy controls and other chronically ill popula-
tions. Patients report low mood (56%), fatigue 
(63%),	 dificulty	 concentrating	 (49%),	 insomnia	 or	
excessive daytime sleepiness (49%) and are 3 to 4 
times more likely to report suicidal thoughts than the 
general population.[705] The association of BPS/IC 
[194]and incontinence [706] with depression has 
been corroborated in other studies, although a more 
recent study suggests that, after multivariate adjust-
ment	for	the	inluence	of	other	urogenital	symptoms,	
only	 the	symptom	of	nocturia	 remains	signiicantly	
associated with depression.[707]

BPS/IC has also been associated with other 
chronic pain conditions, especially fibromyalgia. 
An association has also been shown for child 
abuse.[194, 708] Based on recent improvements 
in understanding of pain processing pathways in 
the central nervous system, and in particular the 
role of limbic structures, especially the anterior 
cingulated cortex, hippocampus and amygdala, in 
chronic and affective pain perception, a condition 
termed limbic associated pelvic pain has been 
proposed to explain the concurrence of these 
various chronic pain conditions. This limbic dys-
function is manifest both as an increased sensi-

tivity to nociceptive afferents from pelvic organs, 
and as an abnormal efferent innervation of pelvic 
musculature, which undergoes tonic contraction 
as a result of limbic efferent stimulation, generat-
ing a further sensation of pain. The nociceptive 
afferents from these pelvic organs then follow the 
medial pain pathway back to the sensitized, hy-
pervigilant limbic system. Chronic stimulation of 
the limbic system by pelvic pain afferents again 
produces an efferent contraction of the pelvic 
muscles, thus perpetuating the cycle.[708]

Investigators have shown in an animal model that 
social stress in a virgin young male rat can lead to 
voiding dysfunction not dissimilar to bladder outlet 
obstruction (smooth muscle hypertrophy, enlarged 
bladder).[572] The social stress model (also called 
the social defeat, resident-intruder paradigm[709] 
is created by placing the virgin young male rat in 
the same cage as a retired male breeder.  These 
two animals can see and smell each other, but are 
physically separated by a screen.  The molecular 
mechanism underlying the bladder dysfunction 
could be secondary to corticotrophin-releasing fac-
tor (CRF).[571] The link between CRF and blad-
der	 innervations	was	irst	reported	by	de	Groat	 in	
1994.[382]	 Speciically,	 this	 early	 paper	 showed	
that CRF-like immunoreactivity was associated 
with bladder afferent projections in the sacral 
spinal cord suggesting that CRF may be a neu-
rotransmitter in the afferent pathway. Valentino’s 
work [571] showed that CRF is upregulated in Bar-
rington’s nucleus neurons during stress. These 
studies highlight the importance of higher neural 
centers integrating bladder function, thus linking 
bladder disorders to psychological variables such 
as emotion, behavior, and motivation.  Holstege 
has penned an editorial that highlights these con-
nections with the provocative title “Micturition and 
the Soul”.[511]
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PREFACE

A. THE OVERACTIVE BLADDER

For this 5th International Consultation on Incon-
tinence, the Committee on Pathophysiology has 
considered the causes of pelvic organ prolapse and 
urinary and faecal incontinence. Knowledge has in-
creased in the recent years about childbirth and preg-
nancy, leading to urinary and faecal incontinence. 

Special problems of the elderly have also been in-
cluded for this ICI. We have also been 2asked to 
consider pathophysiological mechanisms underlying 
pelvic organ prolapse. These three areas (urinary in-
continence, pelvic organ prolapse and faecal incon-
tinence) are closely interconnected by virtue of simi-
lar location within the body. In the case of women, 
childbirth and pregnancy may contribute to one or all 
of these conditions. Yet there are also neurological 
factors,	 and	gender	 speciic	 factors	which	must	 be	
considered in the evaluation of any given patient. 
Thus, we have tried to provide a balanced overview 
of the subject, keeping in mind both the common and 
the distinct qualities of the various conditions, while 
organising them in a logical, narrative manner that 
make any one section of the chapter easy to read.

In the area of women’s stress incontinence, intrin-
sic urethral function continues to receive increased 
attention. As newer pharmacological agents to 
provide neural stimulation of the striated sphincter 
appear, and the limits of vaginal suspensory op-
erations for correction of urethral dysfunction are 
reported, considerations of pathophysiology have 
shifted from the 50 year old paradigm regarding 
urethral mobility associated with vaginal prolapse 
in the genesis of incontinence. However, these 
newer directions should be considered against the 
background of half a century of observation and 
practical clinical experience. We therefore contin-
ue to recommend a balanced approach.

In the area of men’s incontinence, the greatest con-
cern remains the problem of sphincter injury 
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following radical pelvic surgery and brachytherapy. 
While many thousands of procedures are performed 
annually, our knowledge about sphincter anatomy 
and function has progressed little. Instead, empiri-
cal methods of treatment and hopefully prevention 
have been advanced to treat affected individuals, 
and insofar as prosthetic implants remain an ef-
fective method of treatment, enthusiasm for further 
basic research into male sphincter function remains 
limited. In contrast to this kind of sphincter injury, the 
causes of incontinence associated with bladder out-
let obstruction and prostatic enlargement have been 
well characterised, and little new knowledge has ap-
peared in recent years.

I. INTRODUCTION

The	 International	 Continence	 Society	 deines	 ur-
gency as “the complaint of a sudden compelling de-
sire	to	pass	urine,	which	is	dificult	to	defer”	[1].	The	
“overactive	bladder”	(OAB)	is	a	symptom	syndrome	
which	is	deined	by	the	presence	of	urgency,	with	or	
without urgency incontinence, but usually with fre-
quency and nocturia in the absence of infection or 
other	obvious	pathology	 [1].	Therefore,	urgency	 is	
the	pivotal	symptom	of	 the	OAB	syndrome.	A	bet-
ter understanding of the genesis of urgency and its 
relationship to other aspects of bladder function is 
required	to	unravel	the	pathophysiology	of	OAB	and	
to	develop	more	effective	treatments	[2].

OAB	 symptoms	 are	 suggestive	 of	 urodynamically	
demonstrable	detrusor	overactivity	(DO;	involuntary	
detrusor	contractions)	during	the	illing	phase	which	
may	 be	 spontaneous	 or	 provoked	 [1].	 However,	
OAB	is	not	 interchangeable	with	DO	regardless	of	
whether they are associated with reported urgency. 
Only	about	half	of	all	patients	with	DO	experience	
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urgency	[3],	whereas	among	patients	with	urgency	
44–69%	exhibit	DO	during	cystometric	studies	[4-7].	

The	 deinition	 of	 urgency	 as	 a	 complaint	 implies	
that it can only be measured in cognitively intact 
patients	[2,	8].	Quantifiable	and	objective	demon-
stration of urgency is difficult, and thus surrogate 
measures are often used as outcome measures 
in	 OAB,	 leading	 to	 inconsistency	 between	 clini-
cal trials. Urgency is a pathological sensation and 
does not necessarily involve the same mecha-
nisms as those underlying the physiologic desire 
to void upon bladder filling. Therefore, compari-
sons between urge in healthy people and urgency 
in patients may help our understanding of the 
mechanisms involved in the latter but, in fact, may 
be	misleading	[8].	

The	 emphasis	 on	 urgency,	 rather	 than	 DO,	 as	
the	defining	element	of	OAB	gives	 the	 condition	
a subjective foundation which renders derivation 
of basic science insights challenging. The subjec-
tive nature of urgency makes development of ani-
mal models impossible. Despite these limitations, 
most studies on mechanisms related to urgency/

Figure 1. Two possible origins of OAB symptoms; 1) decreased capacity to handle the afferent signals in the 
brain, and 2) abnormally increased afferent signals from the bladder and /or urethra.

OAB	 have	 employed	 the	 use	 of	 isolated	 tissues	
and experimental animals. Non-voiding contrac-
tion remains the most frequently used surrogate 
parameter	in	such	experimetal	animal	studies	[8].	
The	 pathophysiology	 of	 the	 OAB	 syndrome	 and	
DO	is	still	incompletely	known,	but	most	probably	
multifactorial. Against the background mentioned 
above, this section focuses on pathophysiology of 
OAB	and	 reviews	 studies	 that	 have	provided	 in-
sight	into	the	mechanisms	underlying	OAB	symp-
toms	and	DO.

DO	may	 be	 further	 characterised	 as	 neurogenic	
when there is a relevant neurological condition. 
The dependence of lower urinary tract (LUT) 
functions on complex central neural networks 
makes these functions susceptible to a variety of 
neurological disorders. Non-neurogenic aetiolo-
gies may be related to outflow obstruction, aging 
and female anatomical incontinence, but most 
cases are idiopathic. There may be two possible 
origins	 of	 OAB	 symptoms;	 1)	 decreased	 capac-
ity to handle the afferent signals in the brain, and 
2) abnormally increased afferent signals from the 
bladder and /or urethra (Figure 1 ).
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Two theories probably contribute in varying propor-
tion to the complex mechanisms underlying the gen-
esis	 of	DO	and	 the	 associated	 storage	 symptoms	
comprising	OAB,	have	been	put	forward	(Figure 2 ):

•	 The urothelium-based hypothesis: changes in 
urothelial receptor function and neurotransmitter 
release as well as in the sensitivity and coupling 
of the suburothelial interstitial cell network lead to 
enhancement	of	involuntary	contractions	[9,	10].

•	 The myogenic hypothesis: changes to the excit-
ability and coupling of smooth muscle cells with 
other myocytes or interstitial cells lead to the gen-
eration	of	uninhibited	contractions	[11,	12].

1. THE UROTHELIUM-BASED HYPOTHESIS

There is increasing evidence that urothelial cells 
play an important role in modulation of bladder 
activity by responding to local chemical and me-
chanical stimuli and then sending chemical signals 
to bladder afferent nerves. It has been shown that 
urothelial	cells	express	various	“sensor	molecules”	
such as receptors of bradykinin, neurotrophins, pu-
rines	 (P2X	and	P2Y),	 norepinephrine	 (NE)	 (α	and	
β	),	ACh	(nicotinic	and	muscarinic),	epithelial	Na	+	
channels (ENaC), and a number of transient recep-
tor potential (TRP) channels. These sensor mol-
ecules respond to mechanical as well as chemical 
stimuli and in turn release chemicals such as ATP, 

prostaglandins (PG), nerve growth factor (NGF), 
ACh,	 and	 NO.	 These	 agents	 are	 known	 to	 have	
excitatory or inhibitory actions on afferent nerves, 
which are located close to or in the urothelium (Fig-
ure 3 )	[10].

The urothelium interacts closely with the underly-
ing suburothelial layer, in particular the interstitial 
cell network contained within it, so that the whole 
structure	can	be	 regarded	as	a	 functional	unit	 [9].	
The suburothelium is an area composed of nerves, 
blood vessels, and connective tissue in intimate 
contact with the urothelium. Recently, the roles of 
the	 urothelium	and	 suburothelial	myoibroblasts	 in	
afferent activation have become the focus of in-
tense	interest.	The	C-ibre	afferents	generally	have	
endings in the suburothelial layer of the bladder 
wall, but in some cases, they also penetrate the 
urothelium	[13].	

ATP	was	the	irst	neurotransmitter	demonstrated	to	
be	released	directly	from	the	urothelium	[14].	Non-
vesicular ATP release is evoked by chemical stimuli 
or by stretch proportional to the extent of bladder 
distension	 [15-19].	 Both	 P2X	 and	 P2Y	 purinergic	
receptor	subtypes	have	been	identiied	in	the	blad-
der urothelium. It is now thought that these may re-
spond to urothelial-derived adenosine triphosphate 
(ATP) release in autocrine and paracrine signalling 
[15,	 16,	 20-23].	 By	 acting	 on	 structures	 such	 as	
nerves	[24]	and	interstitial	cells	in	the	suburothelial	
space, it is thought to trigger the underlying afferent 
signalling bladder fullness and pain and possibly 
even	to	activate	the	micturition	relex	[25].	

II. MECHANISMS UNDERLYING
INCREASED AFFERENT ACTIVITY

Figure 2. Mechanisms involved in increased afferent input from the bladder: the urothelium-based and myo -
genic theories
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After successful treatment with botulinum toxin in-
jection, a reduced immunoreactivity correlated well 
with	a	 reduction	 in	urgency	 [26].	Pathologically	 in-
creased amounts of urothelially released ATP in rats 
with spinal cord injury can be reduced on treatment 
with	botulinum	toxin	[27].	Sugaya	et	al	[28]	recently	
reported	 that	 improvement	of	OAB	symptoms	with	
antimuscarinic	 treatment	 was	 signiicantly	 corre-
lated with a decrease in urinary ATP level in female 
patients	with	OAB.

The presence and localisation of muscarinic recep-
tor	 protein	 and	 mRNA	 in	 the	 human	 [29-34]	 and	
mouse	 [35]	 urothelium	have	been	 studied.	All	 ive	
muscarinic subtypes are expressed throughout the 
urothelial	 layers	 with	 a	 speciic	 localisation	 of	 the	
M2	 subtype	 to	 the	 umbrella	 cells	 and	 M1	 to	 the	
basal	 layer,	with	M3	receptors	more	generally	dis-
tributed. Release of ACh from human urothelial and 
suburothelial sites increases with age, as well as 
during bladder stretch, and represents a functional, 
non-neuronal,	alternative	cholinergic	system	[31].	At	
therapeutic doses, antimuscarinics act mainly dur-
ing	the	illing	phase	and	exert	little	effect	on	detru-
sor	contraction	during	emptying	[36-38].	This	lends	
support to the suggestion that urothelial muscarinic 
receptors might be involved in the generation of af-
ferent impulses. 

Urothelial	 cells	 express	 both	 α	 and	 β	 adrenocep-
tor subtypes, stimulation of which has been shown 
to	trigger	the	release	of	ATP	and	nitric	oxide	(NO),	
respectively	 [39,	 40].	 Stimulation	 of	 urothelial	 β	
adrenoceptors also triggers an urothelially-derived 
inhibitory	 factor	 [41].	Catecholamines	could	be	 re-
leased	 from	 nerves	 adjacent	 to	 the	 urothelium;	
however, neither a role for catecholamines nor an 
altered	adrenoceptor	proile	has	yet	been	shown	in	
pathological conditions.

In addition to the changes in ACh-release mentioned 
above,	several	speciic	alterations	in	urothelial	func-
tion and ultrastructure have been demonstrated in 
OAB.	Expression	of	 the	mechanosensitive	ENaC	is	
increased	signiicantly	in	human	obstructed	bladders	

in comparison to unobstructed controls and corre-
lates	signiicantly	with	storage	symptom	scores	[42].	
It is possible that increased expression of mechano-
sensitive channels such as ENaC in the urothelium 
enhances substance release upon bladder stretch. 
Levels of PG, which is locally synthesised in blad-
der muscle and mucosa, and levels of NGF are in-
creased	in	subjects	with	OAB	in	comparison	to	con-
trols;	and	 in	symptomatic	patients,	 levels	of	PGE	2	
are positively correlated with voiding behaviour and 
maximum	cystometric	capacity	[43,	44].	Bladder	bi-
opsies from patients with both idiopathic detrusor 
overactivity	(IDO)	[45]	and	neurogenic	detrusor	over-
activity	(NDO)	[46]	have	shown	increased	urothelial	
TRPV1	expression.	This	may	be	in	accordance	with	
the fact that intravesical vanilloids (resineferatoxin) 
have	been	shown	to	improve	OAB	symptoms	in	pa-
tients with idiopathic detrusor overactivity as well as 
with	hypersensitivity	disorders	[47,	48].	

This sensory process is more complex than origi-
nally	 thought.	 A	 suburothelial	 layer	 of	 myoibro-
blasts (interstitial cells) that or a functional syncitium 
through	connexin	43	gap	junction	can	be	identiied	
in	 the	 bladder	wall	 [49,	 50].	These	myoibroblasts	
make close apposition to unmyelinated nerves (af-
ferent	C-ibre	nerves)	 [51].	The	studies	 investigat-
ing	 human	myoibroblasts	 show	 that	 the	 cells	 can	
respond	to	ATP	by	generating	an	intracellular	Ca2+	
transient, which is mediated by a P2Y receptor, most 
likely	 including	a	P2Y6	[52].	On	the	basis	of	these	
observations, it has been hypothesised that the 
close	 relation	 between	 nerves	 and	myoibroblasts	
allows	for	an	ampliication	of	the	afferent	system	in	
its response to stimulatory mediators such as ATP.

Overall,	up-regulation	of	urothelial	 function	and	 in-
creased release of various chemical mediators and 
known	 neurotransmitters	 may	 inluence	 afferent	
nerve	activity	to	generate	OAB	symptoms,	although	
the precise mechanism by which these processes 
interact with neural tissue to achieve signal trans-
duction	remains	to	be	clariied.

2. MYOGENIC HYPOTHESIS

Brading	and	Turner	[11,	12]	have	emphasised	that	
myogenic changes (regardless of aetiology) may 
contribute to the pathophysiology of idiopathic 
detrusor	overactivity.	On	the	basis	of	observation	
that denervation is consistently found in detru-
sor biopsy specimens from patients with various 
forms of non-neurogenic detrusor overactivity, 
it has been proposed that partial denervation of 
the detrusor may alter the properties of smooth 
muscle, leading to increased excitability and in-
creased	coupling	between	cells	 [53].	Thus,	 local	
contraction (activity) that occurs somewhere in 
the detrusor will spread throughout the bladder 
wall, resulting in coordinated myogenic contrac-
tion of the whole bladder. In addition, this local 
contraction in the bladder wall has been shown 
to	generate	afferent	discharge	[54,	55].	Recently,	

Figure 3. The urothelial afferent transduction 
system (modified from Yoshida M et al. 2010 [10])
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localised bladder activity was assessed by the mi-
cromotion detection method, demonstrating that 
women with increased bladder sensation on filling 
cystometry had a significantly higher prevalence 
of	 localised	 activity	 than	 the	 control	 group	 [56].	
This observation suggests that localized distor-
tion of the bladder wall simulates afferent activity, 
which would precipitate a feeling of urgency and 
detrusor	overactivity	[57,	58]	(Figure 4 ).

Although the relationships between intercellular 
communication and spontaneous mechanical ac-
tivity and the degree of involvement of different 
types of connexins (Cxs) need further study, Cx45 
and	Cx43	appear	to	be	the	most	prominent	Cxs	ex-
pressed in human detrusor smooth muscle tissue 
and	cultured	cells.	Observations	 in	 tissue	biopsies	
from	 patients	 with	 neurogenic	 DO	 and	 urgency	
symptoms clearly demonstrated an increase in the 
presence	of	Cx43-derived	gap	junction	channels	in	
detrusor	muscle	[59].	

In addition, another population of cells in the blad-
der known as interstitial cells has been proposed 
for a pacemaking role in spontaneous activity 
of	 the	bladder	 [60,	61].	Because	 it	 has	been	 re-
ported that the number of interstitial cells is in-
creased	 in	 a	 guinea-pig	model	 of	 BOO	 [62]	 and	
that c-kit tyrosine kinase inhibitors, which inhibit 
interstitial cell activity, decreased the amplitude of 
spontaneous contractions in the guinea-pig and 
human	bladder	[63,	64],	interstitial	cells	may	also	
be involved in the emergence of detrusor overac-
tivity because of enhanced autonomous detrusor 
muscle activity.

3. OTHER LOCAL FACTORS 

a) Ischaemia

Ischaemia/reperfusion has been proposed as a 
pathophysiological	 factor	 of	 OAB/DO.	 Recent	
studies suggest that arterial obstructive disease, 
such	as	atherosclerosis,	may	cause	OAB	in	both	
men and women via ischaemia, hypoxia and oxi-
dative	stress	in	the	bladder	[65-68].	DO	associat-
ed mitochondrial stress may have a central role in 
epithelial damage, smooth muscle cell injury and 
neurodegeneration. Superoxide dismutase and 
aldose reductase up-regulation in the overactive 
bladder imply intrinsic defensive reaction against 
free radicals that apparently fails to prevent oxi-
dative	damage	and	neurodegeneration	 [67].	HIF,	
TGF-β,	VEGF	and	NGF	up-regulation	in	the	isch-
aemic bladder was accompanied by the loss of 
mitochondrial structural integrity, fibrosis, and 
the degeneration of microvasculature and nerve 
fibres	 [69].	These	observations	may	suggest	 the	
role of ischaemia in the overactive bladder with 
impaired contraction, as reported in elderly pa-
tients without obstruction. Ischaemia may be a 
key factor in aging associated LUTS.

b) Inlammation

Recent studies have noted signs of inflammation 
in	 bladder	 biopsy	 specimens	 from	OAB	 patients	
[69,	70].	Increases	in	cytokines,	chemokines,	and	
growth factors have been reported in the urine of 
OAB	 patients	 [71].	 Consistent	 association	 of	 in-
creasing	 serum	 CRP	 levels	 and	 OAB	 has	 been	
also	demonstrated	[72,	73].	All	together,	these	re-
sults support the hypothesis for the role of inflam-
mation	in	the	development	of	OAB.

Figure 4. The myogenic hypothesis of the mechanisms involved in increased afferent input from the bladder
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The ‘neurogenic hypothesis’ suggests that damage 
to the central inhibitory pathways, or sensitisation of 
afferent nerves, leads to the unmasking of primitive 
voiding	 relexes	 which	 trigger	 overactive	 detrusor	
contraction	[74,	75].	Plasticity	both	in	the	peripheral	
innervation and within the CNS may have a patho-
physiological	role	in	DO	[76],	and	increased	release	
of nerve growth factor has been reported, which may 
alter	 the	 neural	 regulation	 of	 detrusor	 muscle	 [77-
79].	Peripherally,	neurological	diseases	might	cause	
a	sensitisation	of	C	ibres	that	are	silent	under	normal	
circumstances, thereby leading to the emergence of 
a	C-ibre-mediated	relex.

1. NEUROGENIC DETRUSOR OVERACTIVITY

Recent advances in functional brain imaging have 
made it possible to directly study the supraspinal 
control	system	operating	during	bladder	illing.	Com-
parisons between brain response in subjects with 
normal	 bladder	 function	 and	 those	 with	 OAB	 may	
give us a neural correlate of urgency and possible 
origins	of	OAB	symptoms	[80-82].	

While many neurological diseases predispose pa-
tients	to	neurogenic	detrusor	overactivity	(NDO),	 the	
only populations that have been systematically stud-
ied are adults with multiple sclerosis, adults with spinal 
cord injury (SCI) and children and young adults with 
myelodysplasia	[73].	As	a	sensation	it	can	be	affected	
by neurological disorders and may, therefore, be per-
ceived differently in patients with neurological lesions.

a) Suprapontine lesions

It is generally accepted that suprapontine lesions 
such as cerebrovascular disease and Parkinson’s 
disease	produce	DO.	The	patient	with	a	suprapon-
tine lesion loses voluntary inhibition of micturition, 
which corresponds to uninhibited overactive bladder 
according	to	a	classiication	by	Fall	et	al.	[83,	84]	.

Higher brain centres provide an additional level of 
urinary control, which is responsible for conscious 
sensation, volition and emotional response. Key 
higher centres include the prefrontal cortex, insular 
cortex and anterior cingulate gyrus, and functional 
brain imaging has shown changes in higher CNS 
activity	in	OAB	[75,	80,	81].	Although	such	observa-
tions have been made infrequently, they do point to 
some key areas for consideration. For example, the 
participation of several brain areas in urinary control 
may explain why brain diseases and senile cerebral 
atrophy are risk factors for lower urinary tract dys-
function	 [75].	Variation	 in	 observations	 between	 in-
dividuals implicates a diversity of processes in the 
mechanisms	that	underlie	OAB,	although	these	are	
expressed clinically in the common manifestation of 
OAB.	The	increased	activity	observed	in	certain	re-

gions	of	the	brain	in	patients	with	OAB	may	actually	
be compensatory, to counteract urgency, rather than 
being	 responsible	 for	 the	 symptom	 [75].	 This	 con-
founds interpretation of function, and there are many 
questions that still need to be answered.

Brain	 transection	 studies	 in	 animals	 with	 an	 intact	
neuroaxis showed that suprapontine areas gener-
ally	exert	a	 tonic	 inhibitory	 inluence	on	the	pontine	
micturition	 centre	 (PMC)	 [85,	 86].	 In	 humans,	 the	
cerebral cortex (medial frontal lobes) and the basal 
ganglia	are	thought	to	suppress	the	micturition	relex.	
Thus,	damage	to	the	brain	induces	DO	by	reducing	
suprapontine inhibition.

1. STROKE (CEREBRAL  INFARCTION)

The	mechanism	 of	 DO	 induced	 by	 cerebral	 infarc-
tion or Parkinson’s disease has been further studied 
using	animal	models	[87,	88].	In	the	central	nervous	
system, a glutamatergic pathway is known to play 
a role in both excitatory and inhibitory regulation of 
micturition	[88-90].	It	has	been	demonstrated	that	in	
the rat cerebral infarction model, bladder overactiv-
ity is mediated by NMDA glutamatergic and D2 do-
paminergic	excitatory	mechanisms	 [88],	 suggesting	
that cerebral infarction may alter a balance between 
the facilitatory and inhibitory mechanism that results 
in up-regulation of an excitatory pathway and down-
regulation of a tonic inhibitory pathway. 

2. PARKINSON ’S DISEASE

Parkinson’s disease (PD) is characterised by the de-
generation of dopamine-producing cells in the sub-
stantia nigra of the midbrain and Lowy body forma-
tion. PD is the most common cause of parkisonnism 
which is the neurological syndrome bearing the hall-
marks, hypokinaesia and postural instability. Urgen-
cy	occurs	in	33-54%	of	patients	with	PD.	Neurogenic	
DO	was	seen	in	45-93%	of	PD	patients	[91].	The	most	
widely	accepted	theory	of	pathophysiology	of	DO	in	
PD	is	that	basal	ganglia	inhibits	the	micturion	relex	
in	the	normal	situation	via	D1	receptors,	and	that	cell	
depretion in the substantia nigra in PD results in loss 
of	D1-mediated	inhibition	and	consequently	DO	[91,	
92].	The	 absence	 of	 dopaminergic	 tone	 via	D1	 re-
ceptors	may	 cause	 a	 dysfunction	 in	GABA	 regula-
tion	 in	 the	periaqueductal	gray	(PAG)	and	DO	[93].	
Kitta	et	al	[94]	demonstrated	an	increased	activation	
in the PAG, supplementary motor area, cerebellar 
vermis,	insula,	putamen	and	thalamus	during	DO	in	
male patients with PD. Compared with previous re-
sults in healthy volunteers the periaqueductal gray, 
insula, putamen and thalamus were common activa-
tion	sites	responding	to	bladder	illing,	while	the	pons	
was	not	 activated	during	DO,	 suggesting	alteration	
in	 brain	 activation	 sites	 in	 response	 to	 bladder	 ill-
ing	may	be	related	to	the	pathophysiology	of	DO	in	
patients with PD. 

b) Spinal cord lesions

A spinal cord lesion above the lumbosacral level elimi-
nates voluntary and supraspinal control of micturition, 
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leading	 to	 DO	 mediated	 by	 spinal	 relex	 pathways	
[85].	Disruption	below	the	level	of	the	pons	leads	to	
unsustained and uncoordinated detrusor contrac-
tions often associated with uncoordinated sphinc-
ter overactivity (detrusor-sphincter dyssynergia, 
DSD). Impairment or loss of bladder sensation is 
a typical feature.

Electrophysiological studies of the effect of capsa-
icin	on	voiding	relexes	have	shown	that	the	afferent	
limb	 of	 the	micturition	 relex	 in	 chronic	 spinal	 cats,	
consists	of	unmyelinated	C-ibre	afferents,	whereas	
in normal cats it consists of myelinated A-delta af-
ferents	[85,	95,	96].	Since	C-ibre	bladder	afferents	in	
the cat do not usually  respond  to  bladder  disten-
sion	[97],	a	considerable	reorganisation	of	relex	con-
nections takes place in the spinal cord following the 
interruption of descending pathways from the brain. 
In	humans	with	spinal	cord	lesions,	NDO	is	likely	to	
be	mediated	by	capsaicin-sensitive	C-ibre	afferents.	
Clinical experience with capsaicin supports the role 
of	 these	C-ibre	afferents	 in	 the	pathophysiology	of	
NDO.	Capsaicin	has	been	used	for	the	treatment	of	
NDO	 in	 patients	 with	 spinal	 cord	 injury	 or	multiple	
sclerosis. When administered intravesically, capsa-
icin increases bladder capacity, reduces micturition 
contraction pressure, decreases autonomic dysre-
lexia	and	reduces	the	frequency	of	incontinence	[98-
100].	More	 recently,	 resineferatoxin,	an	ultra-potent	
analogue	of	capsaicin,	has	also	been	used	[101-103].

Increased	TRPV1,	 P2X3	 and	 pan-neuronal	marker	
(PGP9.5) staining in suburothelial nerves and in-
creased	TRPV1	staining	in	the	basal	layer	of	the	uro-
thelium have been observed in patients with neuro-
genic	bladder	due	to	SCI	and	multiple	sclerosis	[26].	
Treatment	of	NDO	patients	with	 intravesical	capsa-
icin	or	resiniferatoxin	reduces	the	density	of	TRPV1,	
P2X3	and	PGP9.5	immunoreactive	nerve	ibres	and	
urothelial	TRPV1	immunoreactivity	in	those	patients	
exhibiting	 symptomatic	 improvement	 [104].	 Injec-
tions into the bladder wall of botulinum neurotoxin 
type	A	(BoNT/A),	an	agent	that	blocks	the	release	of	
neurotransmitters from afferent and efferent nerves, 
and	from	urothelial	cells,	also	reduces	NDO	and	the	
density	of	TRPV1-	and	P2X3-immunoreactive	nerves	
[105].	These	 results	 indicate	 that	an	abnormality	of	
the	C-ibre	afferent	innervation	contributes	to	NDO.

Upregulation	of	TRPA1	protein	and	mRNA	levels,	in	
bladder	 and	 in	 dorsal	 root	 ganglion	 (DRG;	 L6-S1)	
has been reported in rats with SCI. Moreover, HC-
030031	(TRPA1	antagonist)	treatment	decreased	the	
number	and	the	amplitude	of	DO,	suggesting	that	the	
TRPA1	activation	and	upregulation	seem	to	exert	an	
important	role	in	DO	following	SCI	[106].

Following SCI changes in the electrophysiological 
properties of bladder afferent neurons have also 
been observed consisting in multiple action poten-
tials	 (tonic	 iring)	 in	 response	 to	 long	 depolarizing	
current	 pulses	 [107].	 In	 addition,	A-type	K+	 chan-
nels are suppressed in parallel with an increased 
expression	of	TTX-sensitive	Na+	currents,	 thereby	

increasing	 excitability	 of	 C-ibre	 bladder	 afferent	
neurons[108].	 These	 electrophysiological	 changes	
contribute	to	the	emergence	of	the	C-ibre-mediated	
spinal	micturition	relex	following	SCI.

Despite the great achievements made in modern 
obstetric practice in developed countries during the 
last	 100	 years,	 delivery	 remains	 the	most	 stressful	
and dangerous event the female pelvic diaphragm is 
submitted to during a woman’s lifespan. 

Reduction in both perinatal and maternal mortality 
rates in recent decades has allowed us to focus in-
creasingly on maternal morbidity and the long-term 
sequelae of childbirth. Due to improved investiga-
tive techniques available over the past decade, the 
incidence and mechanisms of obstetric injury to the 
pelvic	loor	have	come	under	scrutiny.

However, the controversial debate on whether and 
how pregnancy and vaginal delivery are responsible 
for	pelvic	loor	damage	is	still	wide	open.

During pregnancy, muscular, connective and ner-
vous pelvic structures are already subjected to an-
atomical, morphological, functional and hormonal 
changes.	During	vaginal	delivery,	the	pelvic	loor	un-
dergoes an enormous amount of stretching to allow 
the passage of the newborn through it.

During the pregnancy and just after delivery, the 
functions	 sustained	by	 the	pelvic	 loor	 (urinary	and	
faecal continence, pelvic organ containment and 
sexual function) often begin to fail. Evident or hid-
den	 injuries	 of	 the	 pelvic	 loor	may	manifest	 them-
selves through symptoms of urinary and faecal in-
continence, prolapse or sexual dysfunction, with a 
considerable impact on quality of life.

If several mechanisms of birth trauma have already 
been investigated, a lot needs to be understood re-
garding	the	role	of	pregnancy	on	the	pelvic	loor.

The growing knowledge of the consequences of 
childbirth	 and	 pregnancy	 on	 the	 pelvic	 loor,	 offers	
the chance to develop prevention and treatment 
strategies. It is important that contributing obstetric 
factors	are	identiied	and	their	occurrence	minimised,	
in order to focus efforts on preventable risk factors.

1. POSTPARTUM URINARY INCONTINENCE

A	recent	systematic	review	of	33	studies	reported	
a	 33%	 prevalence	 of	 any	 type	 postpartum	 urinary	
incontinence	 (UI)	 in	 the	 irst	 3	months	 postpartum,	
with a prevalence of weekly and daily incontinence 
of	12%	and	3%	respectively.	The	prevalence	 in	the	
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vaginal	delivery	group	(31%)	was	double	that	of	the	
caesarean	 section	 group	 (15%).	 Long-term	 studies	
in	the	irst	year	postpartum	showed	small	changes	in	
prevalence	over	time	[109].	Cesarean	section	seems	
to	decrease	the	risk	of	postpartum	UI	[110,	111],	but	
its protective effect seems to diminish over time and 
disappears	after	multiple	deliveries	[111,	112].

In a recent cohort study extracted by the national 
Swedish	Medical	Birth	Registry	 between	 1973	 and	
1982,	 two	 groups	 were	 identiied:	 30,880	 women	
who	had	their	irst	and	all	subsequent	deliveries	by	
cesarean	 vs.	 an	 age-matched	 sample	 of	 60,122	
women who delivered vaginally only. Stress urinary 
incontinence (SUI) surgery was observed in 0.4% of 
the	cesarean	group	and	1.2%	of	 the	vaginal	group	
(follow-up time 26.9 years), and the risk of SUI is 
estimated to be 2.9 times higher after vaginal deliv-
ery compared with women after cesarean section. 
Among women with vaginal deliveries, rates of SUI 
surgery increased with the number of births, whereas 
in the cesarean delivery cohort it slightly decreased 
with a higher number of births. Compared with ce-
sarean delivery, the risk of SUI was more than dou-
bled for vaginal delivery with vacuum extraction and 
tripled for a vaginal non-instrumental delivery, but 
this lower risk for a vacuum extraction delivery has 
been in part explained by an overall lower birth rate 
in this subset of patients. After vaginal delivery, the 
incidence rates for SUI surgery steadily increased, 
reaching	a	peak	close	to	3	decades	after	the	irst	de-
livery. For cesarean delivery, the incidence of SUI in-
creased more slowly and started to diverge from the 
curve for vaginal delivery very early during follow-up 
(Figure 5 A )	[113].

After	the	irst	delivery,	women	who	delivered	vaginally	
seem to have at least a two-fold greater risk of uri-
nary incontinence than those who delivered by cesar-
ean. However, data for the rates of incontinence after 
elective	and	emergency	cesarean	section	are	mixed;	
therefore meaning that the information as to whether 
cesarean done before labour confers greater protec-
tion than cesarean done after labour is lacking. 

To understand the true impact of cesarean delivery 
on urinary incontinence, future studies must compare 
incontinence by planned (not actual) delivery modes, 
consider a woman’s entire reproductive career, focus 
on leakage severe enough to be problematic, consid-
er other bladder symptoms as well as incontinence, 
and take into account other risk factors, particularly 
antepartum	urinary	incontinence	[114].

2. ANAL INCONTINENCE

De-novo anal incontinence symptoms after childbirth 
are	 reported	as	up	 to	26-38%	between	6	weeks-6	
months	postpartum	[115-120].	

In a population-based survey estimating the post-
partum incidence of faecal incontinence, Guise et 
al.	[116]	reported	that	29%	of	8,774	women	reported	
faecal	 incontinence	 (deined	 as	 recurring	 episodes	

of	 involuntary	 loss	 of	 stool	 or	 latus	 since	 delivery)	
within	3-6	months	postpartum:	almost	half	(46%)	of	
them	reported	incontinence	of	stool,	and	38%	report-
ed	 incontinence	 of	 latus	 only.	 Approximately	 46%	
reported the onset of incontinence after the delivery 
of	 their	 irst	 child.	 Higher	 body	mass	 index,	 longer	
pushing, forceps-assisted delivery, third or fourth-
degree tears and smoking were associated with 
severe faecal incontinence. The authors conclude 
that in this population-based study, more than one 
in four women reported faecal incontinence within 6 
months of childbirth, with almost half reporting the 
onset	of	symptoms	after	delivery	of	 their	irst	child.	
Four	 in	 ten	 women	 reported	 loss	 of	 latus	 or	 stool	
during intercourse. Given the burden of this condi-
tion, both in number and social impact, coupled with 
the hesitancy of women in initiating this conversa-
tion, providers should ask women about symptoms 
of faecal incontinence during postpartum examina-
tions. Additionally, these data suggest that there may 
be	a	beneit	to	extending	postpartum	follow-up	visits	
beyond	the	typical	6-8	weeks	to	provide	surveillance	
for	potential	incontinence.	LEVEL	OF	EVIDENCE:	II.

Figure 5 [113] Incidence rates in relation to mode of 
delivery and time since irst childbirth
From: Leijonhufvud et al. Incontinence and pro -
lapse surgery after childbirth. Am J Obstet Gynecol 
2011[113]
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In comparison to cesarean section, vaginal delivery 
seems to be associated with an increased risk of anal 
incontinence. In a population-based study, Guise et 
al.	[115],	reported	that	vaginal	delivery	has	a	greater	
risk	 of	 FI	 compared	 to	 cesarean	 (OR	1.45;	 95%CI:	
1.29-1.64)	3-6	months	postpartum.	However,	a	vagi-
nal delivery without a tear or instrument assistance 
did not create a higher risk of FI than the risk with ce-
sarean	delivery.	Being	overweight	(body	mass	index	
>/=30	kg/m(2)),	pushing	for	greater	than	2	h,	and	con-
stipation were independently associated with post-
partum FI (p < 0.05) regardless of route of delivery. 

A self-administered survey of faecal incontinence 
symptoms and delivery events administered to 50 
women at 6 weeks postpartum, showed that vaginal 
delivery was associated with an increased risk of any 
faecal incontinence symptom in comparison with ce-
sarean	section	(43%	vs.	20%)	[117].

3. PELVIC ORGAN PROLAPSE

The occurrence rate of pelvic organ prolapse stage 
≥2	in	the	irst	3-6	months	postpartum	has	been	de-
scribed	in	literature	between	18.1-56%	[121-123].

In	a	cross-sectional	study	of	382	primigravid	women,	
pelvic organ support was explored 6 months postpar-
tum:	POP-Q	stage	≥II	was	present	 in	7.7,	18.1	and	
29.0% of women who delivered by cesarean section, 
spontaneous and instrumental vaginal delivery, re-
spectively. Spontaneous vaginal delivery increased 
the	 risk	 by	more	 than	 three	 times	 (OR	 3.19)	while	
instrumental vaginal delivery increased it more than 
ive-fold	(OR	5.52)	in	comparison	with	cesarean	sec-
tion. Instrument-assisted delivery did not increase 
the risk of prolapse in women who delivered vagi-
nally. The authors concluded that cesarean section 
is associated with a lower prevalence of pelvic or-
gan prolapse after delivery and instrument assisted 
delivery is not associated with an increased risk 
of postpartum prolapse among women who deliv-
ered	vaginally	[121].

In the cohort study extracted by the nationwide 
Swedish	Medical	Birth	Registry	[113],		POP	surgery	
was recorded in 2.2% of vaginal deliveries and 0.2% 
of cesarean sections (follow-up time 25.9 years). 
Among women who had only had vaginal deliver-
ies,	 rates	 of	 POP	 surgery	 increased	 with	 number	
of deliveries. In the cesarean delivery cohort, rates 
of	 POP	 surgery	 slightly	 decreased	 with	 increasing	
parity. Compared with a cesarean delivery, the risk 
of	 POP	 surgery	was	 increased	 nine-fold	 both	 after	
non-instrumental vaginal delivery and after vacuum 
extraction, whereas among women with forceps de-
livery a twenty-fold increase in risk was observed. 
The	incidence	rate	of	POP	in	women	with	cesarean	
deliveries showed very little variation over time, but 
started to diverge more notably from the vaginal de-
livery	cohort	10	years	after	the	irst	birth	(Figure 5B ).

The	association	between	cesarean	section	and	POP	
was	investigated	by	Larsson	et	al.	[124]:	the	Swed-

ish Hospital Discharge Registry was used to identify 
women with an inpatient diagnosis of pelvic organ 
prolapse, and the data were linked to the Swedish 
Medical	Birth	Registry.	A	 total	of	1.4	million	women	
were investigated. A strong and statistically sig-
niicant	 association	 between	 cesarean	 section	 and	
pelvic	organ	prolapse	was	found	(Adjusted	OR	0.18	
[95%	 CI:	 0.16-0.20]	 and	 overall	 hazard	 ratio=0.20	
[95%	 CI:	 0.18-0.22]).	 The	 authors	 concluded	 that	
cesarean section is associated with a lower risk of 
pelvic organ prolapse than vaginal delivery.

The incidence rate of urinary incontinence (UI) and 
anal incontinence during pregnancy in previously 
continent	women	has	been	 reported	as	39.1%	and	
10.3%	respectively.	Age,	baseline	body	mass	index,	
and	family	history	of	UI	were	signiicantly	associated	
with the occurrence of UI during pregnancy, while 
age and excess weight gain during pregnancy were 
associated with the occurrence of anal incontinence 
during	pregnancy.	The	identiied	risk	factors	for	both	
incontinences postpartum were incontinence during 
pregnancy	 and	 vaginal	 delivery.	 LEVEL	 OF	 EVI-
DENCE	II	[125].

About half of all women develop transient urinary 
incontinence	during	pregnancy	 [114];	 	SUI	 in	 preg-
nancy	was	a	signiicant	predictor	for	postpartum	in-
continence. The weight of the women and duration 
of	their	labour	were	also	signiicantly	associated	with	
the	development	of	SUI	postpartum	[126].

Women with incontinence before pregnancy were 
nearly three times more likely to have postpartum 
incontinence	[127].	

Among	272	eligible	women	attending	follow-up	at	2	
years postpartum, 26 (9.5%) women reported per-
sistent	SUI	since	pregnancy.	A	higher	BMI	in	preg-
nant women at term was recognised as an inde-
pendent risk factor for the persistence of SUI from 
pregnancy	to	2	years	post	partum	[128].

Fear of birth is a frequent cause of cesareans de-
manded	 by	 the	 patient	 [129,	 130].	A	 recent	 cross-
sectional study based on the Norwegian Mother and 
Child	Cohort	Study	(n=58.881),	reported	that	6%	of	
the sample preferred cesarean over vaginal delivery 
in	week	30	of	pregnancy;	16%	reported	“fear	of	giving	
birth”	as	the	reason	for	cesarean	preference	[131].	A	
general	fear	of	pelvic	loor	trauma	was	cited	as	the	
most	common	reason	for		this	choice	[132].	Despite	
being based on incomplete prognostic data, this 
feeling may be echoed increasingly among obstetric 
patients and may lead to an unselected, and even 
misguided, increase in cesarean delivery rates.

However, so far, there is no evidence from ran-
domised controlled trials, upon which to base any 
practice recommendations regarding planned cesar-
ean section for non-medical reasons at term. This 
has	 been	 demonstrated	 by	 Lavender	 et	 al.	 [133]:	
their	 aim	 was	 to	 ind	 out,	 from	 randomised	 trials,	
the effects on perinatal and maternal morbidity and 
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mortality, and on maternal psychological morbidity, 
of planned cesarean delivery versus planned vaginal 
birth in women with no clear clinical indication for ce-
sarean section. A search of the Cochrane Pregnancy 
and Childbirth Group’s Trials Register (December 
2005),	 MEDLINE	 (1974	 to	 April	 2005),	 EMBASE	
(1974	 to	April	 2005),	 CINAHL	 (1982	 to	April	 2005)	
and	PsycINFO	(1887	to	April	2005)	was	carried	out.	
The selection criteria were the following: compari-
sons of intention to perform cesarean section and 
intention	 for	women	 to	give	birth	vaginally;	 random	
allocation	to	treatment	and	control	groups;	adequate	
allocation	concealment;	women	at	term	with	a	single	
fetus with cephalic presentation and no clear medi-
cal indication for cesarean section. No studies were 
identiied	that	met	the	inclusion	criteria	[133].

To	 our	 knowledge,	 scientiic	 data	 are	 insuficient	 to	
justify an elective cesarean section in order to avoid 
pelvic	loor	symptoms	 in	a	woman	without	previous	
disorders	[134],	considering	that	pregnancy	itself	may	
be involved in the development of such problems.

A recent systematic review of Cochrane assessed 
the ability of cesarean delivery (CD), in comparison 
to vaginal delivery (VD), to preserve anal continence: 
21	reports	have	been	found	eligible	for	inclusion,	en-
compassing	31,698	women	having	had	6,028	CDs	
and	 25,170	 VDs,	 as	 the	 index	 event	 prior	 to	 anal	
continence	assessment.	Only	one	report	randomised	
women (with breech presentation) to CD or VD, but 
because	 of	 extensive	 cross-over,	 52.1%	 after	 ran-
domisation, it was analysed along with the other 20 
studies as treated, i.e. as a non-randomized trial. 
Only	one	of	these	reports	demonstrated	a	signiicant	
beneit	of	CD	in	the	preservation	of	anal	continence,	
a report in which the incidence of incontinence was 
extremely	high,	39%	in	CD	and	48%	in	VD,	question-
ing, relative to other reports, the timing and nature 
of	continence	assessment.	The	authors	did	not	ind	
any difference in continence preservation in women 
who had an emergency versus elective CD. They 
concluded	 that	without	 demonstrable	 beneit,	 pres-
ervation of anal continence should not be used as a 
criterion	for	choosing	elective	primary	CD	[135].
Despite the great advances that have been made in 
many areas of obstetric care, the effect of pregnan-
cy	on	the	morphology	and	function	of	the	pelvic	loor	
is still mostly unknown. Prospective data assessing 
the severity of urinary and anal incontinence during 
pregnancy are scarce.

1. EFFECT ON THE COLLAGEN

During pregnancy, hormones affect the biochemi-
cal composition of the solid matrix and hydration 
phases	constituting	all	pelvic	loor	tissue.	Remod-
elling mechanisms lead to changes in the organ-
isation, orientation, and diameter of the collagen 
ibres	as	well	as	the	crimp	structure	of	the	collagen	

ibrils	 reinforcing	 each	 tissue.	 Such	 effects	 can	
signiicantly	 affect	 the	 short	 and	 long-term	 visco-
elastic properties of the vaginal wall, the pubovis-
ceral muscles, and the perineal body, for example. 
They will largely determine (a) the extent and rate 
at which these structures can be stretched by an 
expulsive force acting cyclically on the fetal head, 
and (b) the resistance to stretch provided by those 
structures. The more a tissue exhibits creep be-
haviour, the further it will stretch under a constant 
load. And the more it exhibits relaxation behaviour, 
the more the stress in a tissue will decrease over 
time when held at a constant length, thereby help-
ing to lower the risk of rupture in the next load-
ing cycle. Were a tissue to exhibit viscoplasticity, 
it would behave as a solid below a critical level of 
stress,	but	above	that	level,	it	would	low	like	a	vis-
cous liquid. There is evidence that tensile failure in 
some soft tissues can be predicted by the product 
of the stress times the strain extent in the tissue, 
so mechanisms that lower one or both these vari-
ables will reduce the risk of rupture. Pregnancy is 
known	to	signiicantly	affect	the	instantaneous	stiff-
ness and relaxation behaviour of vaginal tissues in 
rats. However, accurate data are lacking for preg-
nant	human	pelvic	loor	tissues,	and	the	effects	of	
pregnancy on injury at  any tissue level, and on 
structural	failure,	are	as	yet	largely	unknown	[136].

Changes in collagen may result in greater mobil-
ity of the bladder neck resulting in stress inconti-
nence.	 In	 a	 study	 of	 116	 primigravidae,	 perineal	
ultrasound was used to assess bladder neck mo-
bility. Women with antenatal bladder neck mobility 
of more than 5mm on linear movement (equivalent 
to	>108°	rotation)	were	 found	 to	be	at	higher	 risk	
of developing postpartum stress incontinence. Ap-
proximately 50% of this group reported stress in-
continence	at	3	months	postpartum	[137].

There may be a group of women at an inherent in-
creased risk of developing incontinence due to ab-
normalities	 in	 collagen	 [138],	 as	 the	 collagenous	
component of the connective tissue contributes to 
structural support of the bladder neck. In pregnancy, 
the tensile properties of the connective tissue are re-
duced, with a reduction in total collagen content and 
increase	in	glycosaminoglycans	[139].

2. NATURAL HISTORY

Distinguishing the time of onset, severity, and persis-
tence of urinary and anal incontinences during and 
after pregnancy may provide an insight into the natu-
ral history of incontinence, and hence in the differ-
ences between transient incontinence due to the hor-
monal and mechanical effects of pregnancy and the 
damage	that	may	occur	as	a	result	of	delivery	[125].		

Solans-Domenech	et	al.	[125]	have	brought	to	light	
the high incidence of urinary incontinence and anal 
incontinence over the three trimesters of pregnancy, 
and particularly in the second trimester. In this co-
hort study, an incidence rate of urinary incontinence 

II. EFFECT OF PREGNANCY ON
PELVIC FLOOR FUNCTION
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during	pregnancy	of	 39.1%	and	10.3%	of	 anal	 in-
continence was found.

Figure 6  shows the evolution of severity of UI 
by data collection time, as well as the changes 
in trends between slight and moderate UI, with a 
tendency for slight to become moderate UI. The 
correlation between the severity of UI and level of 
interference in daily living was moderate but sta-
tistically significant in all periods of data collection 
with	 correlation	 coefficients	 of	 0.35,	 0.13,	 0.46,	
and	0.47	for	the	first,	second,	and	third	trimesters	
and postpartum, respectively.

Ten percent of women presented anal incontinence 
at some point during pregnancy: the evolution of the 
prevalence of anal incontinence in this study cohort 
is	2.3%,	6.8%	and	7.4%	in	the	irst,	second	and	third	
trimesters. The presence of anal incontinence was 
characterised	by	loss	of	latus	in	more	than	90%	of	
cases	 and	 common	 to	 all	 periods	 LEVEL	OF	EVI-
DENCE:	II	[125].

The prevalence of urinary and anal incontinence in a 
subgroup African American of pregnant adolescents 
(age:	 14-19	 years)	 in	 the	 third	 trimester,	 resulted	
even higher: 44% of patients complained of urinary 
urgency	 incontinence	 and	 43%	 of	 stress	 inconti-
nence;	12%	complained	of	faecal	and	41%	of	latal	
incontinence	[140].

Incontinence during pregnancy has been linked to 
age	[141],	body	mass	index	[142],	strenuous	physi-
cal	exercise	[143]	and	smoking	history	[142].

The risk of UI increases in pregnant women aged 
more	than	35	years,	in	women	who	are	overweight	or	
obese at baseline, and in those with a family history 
of UI, while the risk of anal incontinence rises with 
age and excessive weight gain during pregnancy 
[125].	Weight	 gain	greater	 than	 the	50th	percentile	

during	weeks	0–15	of	pregnancy	was	weakly	associ-
ated	with	a	higher	incidence	of	UI	at	week	30	com-
pared with weight gain less than or equal to the 50th 
percentile	[144].

The recent data regarding the relationship between 
urinary incontinence during pregnancy and its persis-
tence or worsening condition postpartum are contro-
versial:	the	results	of	Solans-Domenech	et	al.	[125]	
showed that the occurrence of UI and anal inconti-
nence during pregnancy is related to the presence of 
incontinence in the postpartum period, and vaginal 
delivery increases the risk of persistent incontinence. 
On	the	other	hand	Wesnes	et	al	[145]	conclude	that	
the association between incontinence postpartum 
and	mode	of	delivery	is	not	substantially	 inluenced	
by incontinence status in pregnancy and the predic-
tion of a group with high risk of incontinence accord-
ing to mode of delivery cannot be based on conti-
nence status in pregnancy.

3. FAMILIAL PREDISPOSITION

A familial predisposition in the evaluation of the ae-
tiology of urinary incontinence has also been con-
sidered,	 but	 the	 results	 are	 still	 controversial.	 Bu-
chsbaum	et	al.	[146]	investigated	the	role	of	vaginal	
delivery and familial factors in the development of 
urinary incontinence by comparing the prevalence 
of this condition in nulliparous women and their par-
ous sisters. Among this sample of biological sisters, 
urinary	incontinence	was	reported	by	47.6%	of	nul-
liparous	women	and	by	49.7%	of	parous	women	(P	
=0.782).	Considering	the	high	concordance	in	conti-
nence status between sister pairs, and considering 
that the majority of parous women are continent, an 
underlying familial predisposition toward the devel-
opment of urinary incontinence may be present. 
LEVEL	OF	EVIDENCE	II-2.

Figure 6. Evolution of the severity of urinary incontinence symptoms by time of data collection.
From: Solans-Domenech. Incontinence During Pregnancy and Postpartum. Obstet Gynecol 2010 [125].
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A	 recent	 article	 of	Nguyen	 et	 al.	 [147],	 analysed	 a	
large	population	comprising		1530	identical	and	234	
non-identical	 female	 twins	 (mean	 age	 41.3	 years),	
who	answered	a	speciic	questionnaire	 focusing	on	
symptoms of SUI. The two groups were comparable 
in	terms	of	age,	race,	parity,	BMI,	menopausal	status,	
tobacco use, mode of delivery and prior pelvic sur-
gery. The authors demonstrated that environmental 
factors	contributed	signiicantly	to	the	occurrence	of	
SUI	(shared	environmental	factors	contribute	77.6%	
of the variance, unique environmental factors contrib-
ute	to	20.9%	of	the	variance;	p<0.001).	The	heritabil-
ity	of	SUI	was	not	statistically	signiicant	for	the	con-
tribution	of	the	phenotypic	variance	(1.49%;	p=0.46).	
Additional analyses were performed on the subgroup 
of women without prior incontinence or prolapse sur-
gery	 (638	 twin	 pairs)	 and	 in	 the	 subgroup	 of	 twins	
with	 “pure	 stress	 urinary	 incontinence”	 (458	 twin	
pairs): the results in this cohort of patients showed no 
genetic	inluence.	The	authors	underscore	that	envi-
ronmental factors (in particular obstetric events) play 
a	 dominant	 role	 in	 middle-aged	 women;	 genetics	
contributed more toward the development of stress 
urinary incontinence in elderly women, as reported 
by	Rohr	et	al.	[148]:	“nurture”	before	menopause	and	
“nature”	during	aging.	LEVEL	OF	EVIDENCE	II.

Strong epidemiological evidence links vaginal 
childbirth and the development of postpartum 
incontinence and prolapse.

There would seem to exist three major mechanisms 
by which vaginal delivery might contribute to the pel-
vic	 loor	 trauma:	 	 a)	muscle	 trauma,	 b)	 connective	
tissue damage, c) nerve injury, d) vascular damage.

1. MUSCLE TRAUMA

The effect of delivery on muscular structure has been 
widely investigated, either with computer models, 
MRI and ultrasound. In a three-dimensional computer 
model	Lien	et	al.	 [149]	predicted	 levator	ani	muscle	
stretch during vaginal birth. Serial magnetic reso-
nance	images	from	a	healthy	nulliparous	34-year-old	
woman, and engineering graphics software, were 
used to construct a structural model of the levator ani 
muscles along with related passive tissues. The mod-
el	was	used	to	quantify	pelvic	loor	muscle	stretch	in-
duced during the second stage of labour as a model 
in which the fetal head progressively engaged and 
then stretched the iliococcygeus, pubococcygeus 
and puborectalis muscles. The largest tissue strain 
reached a stretch ratio (tissue length under stretch/
original	tissue	length)	of	3.26	in	the	medial	pubococ-
cygeus muscle, the shortest, most medial and ventral 
levator ani muscle. Regions of the ileococcygeus, 
pubococcygeus, and puborectalis muscles reached a 
maximal	stretch	ratio	of	2.73,	2.50,	and	2.28,	respec-

tively. Tissue stretch ratios were proportional to fetal 
head size: for example, increasing fetal head diam-
eter by 9% increased medial pubococcygeus stretch 
by the same amount. The authors demonstrated that 
the medial pubococcygeus muscles undergo the larg-
est stretch of any levator ani muscles during vaginal 
birth and it is therefore  at the greatest risk of stretch-
related	injury	[149]	(Figure 7 ).

Svabik	et	al.	[150]	showed	that	the	area	of	the	leva-
tor hiatus needs a distension of between 25% and 
245% to allow the passage of the fetal head, consid-
ering as average a cross-sectional fetal head area 
of	68	cm2,	based	on	Caucasian	biometric	data.

The occurrence rate of postpartum levator avulsion 
in	primiparae,	diagnosed	with	3D-4D	ultrasound	be-
tween 24 hours and 9 months after vaginal deliv-
ery,	 is	 reported	between	15-39.5%	 [151-157].	The	
incidence of levator trauma evaluated with MRI is 
reported	between	17.7%-19.1%	6-12	months	post-
partum	[158-161].	

III. PATHOPHYSIOLOGICAL
MECHANISM OF BIRTH INJURY TO 

THE PELVIC FLOOR

Figure 7. Simulated effect of fetal head descent on 
the levator ani muscles in the second stage of la -
bour.  From Lien et al, Obstet Gynecol 2004 [149].
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A	study	published	by	Novellas	et	al.	 [158],	 report-
ed	 an	 occurrence	 of	 19.1%	 levator	 abnormalities	
diagnosed with MRI in primiparae who underwent 
a caesarean section and they found that patients 
who underwent emergency cesarean sections had 
2.7	times	more	abnormalities	than	patients	who	un-
derwent	 elective	 cesarean.	 Only	 a	 study	 reported	
4	cases	of	 levator	defect	diagnosed	with	3D	ultra-
sound	following	emergency	cesarean	section	[156].

Avulsion of the pubovisceral muscle seems to oc-
cur more frequently after forceps delivery than 
after	 spontaneous	vaginal	delivery:	1-12	months	
postpartum the occurrence rate of levator avul-
sion after forceps reaches the incidence rate of 
59-72%	[151,	162].	

Kearney	 et	 al.	 [163]	 compared	 levator	 ani	muscle	
injury rates in primiparous women who had a for-
ceps delivery owing to fetal distress, with women 
delivered	by	 forceps	 for	second	stage	arrest;	 they	
compared these injury rates with a historical con-
trol group of women who delivered spontaneously. 
The major defect rates were 42% for women who 
delivered	 by	 forceps	 with	 a	 short	 second	 stage;	
63%	for	women	who	delivered	by	forceps	and	had	
a	prolonged	second	stage;	and	6%	for	spontaneous	
delivery.	The	odds	ratios	for	major	injury	were:	11.0	
for forceps and short second stage compared with 
spontaneous	delivery;	25.9	for	forceps	and	second	
stage	arrest	compared	to	spontaneous	delivery;	and	
2.3	for	 forceps	and	second	stage	arrest	compared	
with	 short	 second	 stage	 (P=0.07).	 These	 authors	
also	 conirmed	 that	 women	 delivered	 by	 forceps	
have a higher rate of levator ani injury compared 
with spontaneous delivery controls, but the length 
of	the	second	stage	of	labour	does	not	inluence	the	
effect of the forceps on the levator ani muscle.

Several obstetrical factors associated with the oc-
currence of levator avulsion have been investigat-
ed:	Valsky	et	al.	[153]	reported	that	a	fetal	head	cir-
cumference	≥35.5	cm	and	a	second	stage	of	labour	
≥110	min,	increased	odds	of	LAM	trauma	by	a	factor	
of	5.32.	DeLancey´s	group	[161]	demonstrated	that	
injuries to the levator ani muscles in women after 
their	 irst	 vaginal	 delivery	 are	 associated	with	 for-
ceps	use	(OR	14.7	[95%	CI:	4.9-44.3]),	anal	sphinc-
ter	 rupture	 (OR	8.1	 [95%	CI:	 3.3-19.5])	 and	episi-
otomy	(OR	3.1	[95%	CI:	1.4-7.2]);	vacuum	delivery	
(OR	0.9	 [95%	CI:	0.19-4.3]),	epidural	use	(OR	0.9	
[95%	CI:	0.4-2.0])	and	oxytocin	use	(OR	0.8	 [95%	
CI:	0.3-1.8])	seem	instead	to	have	a	protective	ef-
fect against the occurrence of pubovisceral avulsion 
after	delivery.	LEVEL	OF	EVIDENCE	II-3.

The levator ani muscle plays an independent role 
in pelvic organ support. The levator hiatus is the 
“hernial	 portal”	 through	which	 female	 pelvic	 organ	
prolapse develops and damage to the levator ‘plate’ 
leads to a weakening of muscular supports to the 
pelvic organs and an increase in load carried by 
connective tissue and fascia.

It has been demonstrated that increasing pelvic or-
gan prolapse is associated with increasing urogeni-
tal	hiatus	size	[164].

The	results	published	by	Dietz	and	Simpson	[165]	in	
a retrospective study of the urogynecological popu-
lation,	 showed	 that	prolapse	was	seen	 in	150/181	
(83%)	women	with	avulsion	and	 in	265/600	 (44%)	
women	without	avulsion,	giving	a	RR	of	1.9	 (95%	
CI:	1.7-2.1).	The	association	was	strongest	for	cys-
tocele	 (RR	2.3,	 95%	CI:	 2.0-2.7)	 and	 uterine	 pro-
lapse (RR 4.0, 95% CI: 2.5-6.5). The authors con-
clude that women with levator avulsion defects were 
about twice as likely to have pelvic organ prolapse 
of stage II or higher than those without.

Chen	 et	 al.	 [166]	 used	 a	 biomechanical	 model	 to	
explore how the impairment of the pubovisceral por-
tion of the levator ani muscle, of the apical vaginal 
suspension complex, or both might interact to affect 
anterior vaginal wall prolapse severity. The authors 
stated that once a certain degree of pubovisceral 
impairment was reached, the genital hiatus opened 
and	a	prolapse	developed;	 the	 larger	 the	pubovis-
ceral impairment, the larger the anterior wall pro-
lapse became. A 90% impairment of apical support 
led	to	an	increase	in	anterior	wall	prolapse	from	0.3	
cm	 to	 1.9	 cm	 (a	530%	 increase)	 at	 60%	pubovis-
ceral	 muscle	 impairment,	 and	 from	 0.7	 cm	 to	 2.4	
cm	(a	240%	increase)	at	80%	pubovisceral	muscle	
impairment.

The aetiological role of LAM integrity in bladder 
dysfunction is still not completely clear. A weakly 
signiicant	 association	 between	 levator	 avulsion	
and worsening or de novo urinary incontinence has 
been	 reported	 3	 months	 postpartum,	 through	 the	
use	of	ultrasound	[155].	Recent	evidence	questions	
this link, reporting that women with major levator de-
fect diagnosed by MRI are less likely to experience 
SUI	 [167],	and	 that	puborectalis	 trauma	evaluated	
by ultrasound is not associated with an increased 
risk	of	SUI	or	urodynamic	stress	incontinence	[168].	

The involvement of the urethral function in the pres-
ence of levator avulsion has been approached re-
cently, considering that it is often assumed that SUI 
may	be	due	to	abnormal	pelvic	loor	muscle	function	
or	anatomy.	Brincat	et	al	[169],	found	no	signiicant	
association between maximal urethral closure pres-
sure (MUCP) and urethral closure pressure with a 
pelvic	loor	contraction	or	Kegel		(KUCP)	in	women	
with or without LA defects (p = 0.94, p = 0.95). Ad-
ditionally, there was no correlation between MUCP 
and	vaginal	closure	force	(r	=	0.06,	p	=	0.41),	and	
there was a weak correlation between KUCP and 
vaginal	closure	force	(r	=	0.20,	p	=	0.01).	They	con-
clude	that	urethral	pressure	proiles	are	unrelated	to	
LA defect status after vaginal birth, indicating that 
the mechanism responsible for LA damage spares 
the	urethra.	Shek	et	al.	[157],	demonstrated	that	ex-
cept	 at	 the	bladder	neck,	 there	was	no	 signiicant	
association between urethral mobility and avulsion.
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With regard to anorectal function, Heilbrun et al. 
[159]	showed	a	weak	trend	towards	more	faecal	in-
continence in women with LAM avulsion and anal 
sphincter tears, but the interpretation of these results 
must take into account that this is a rather select 
group, with a special set of risk factors. 

One	might	speculate	as	to	how	85–90%	of	irst	time	
mothers can undergo vaginal birth without the fetal 
head overstretching and rupturing the U-shaped 
loop	of	pubovisceral	muscle	 tissue.	One	possibil-
ity is that the structure that lies in series with this 
muscle could protect it by stretching more than the 
muscle itself, just as a fusible link protects the wir-
ing harness of an automobile against an electrical 
short. That structure, the perineal body, located 
between the vagina and rectum and comprised of 
relatively soft connective tissue, has material prop-
erties that do appear to change in late pregnancy, 
but	these	remain	to	be	quantiied	[136].

2. NERVE INJURY

A geometric model has been used to predict the 
stretch ratios in the nerves innervating the levator 
ani, urethra, and anal sphincter during the second 
stage	of	 vaginal	 labour	 [170].	The	 results	 showed	
that the inferior rectal branch exhibited the maxi-
mum	 strain,	 35%,	 and	 this	 strain	 varied	 by	 15%	
from the scenario with the least perineal descent to 
that with the most perineal descent. The strain in the 
perineal nerve branch innervating the anal sphinc-
ter	reached	33%,	whereas	the	branches	innervating	
the posterior labia and urethral sphincter reached 
values	of	 15%	and	13%,	 respectively.	 It	was	 con-
cluded that during the second stage (a) nerves in-
nervating the anal sphincter are stretched beyond 
the	15%	strain	threshold	known	to	cause	permanent	
damage in the nonpregnant appendicular nerve, 
and (b) the degree of perineal descent is shown to 
inluence	pudendal	nerve	strain.

Pudendal nerve lesions usually result in demyelin-
ation	of	the	ibres;	axonal	breaks	may	occur	in	se-
vere cases where there is no recovery of the tissues 
[171].	c-Fos	expression	(an	early	reactive	nerve	in-
jury	marker)	 in	 the	L6	 to	S1	spinal	cord	segments	
was observed in rats after simulated birth trauma, 
indicating acute nerve injury or irritation in spinal 
neurons. Also, histological studies have revealed 
a marked decrease of ganglion cells in the neural 
plexuses posterolateral to the vagina in rats after 
simulated	birth	[172].

Neuromuscular	abnormal	pelvic	loor	activation	pat-
terns may also contribute to the development of 
postpartum	 pelvic	 loor	 disorders	 [173-175].	 Elec-
troneuromyography	studies	have	shown	that	80%	of	
primigravidae developed evidence of partial dener-
vation with signs of reinnervation and increase in the 
density	of	nerve	ibres	in	the	postpartum	period	after	
vaginal	delivery	 [176,	177].	The	 latency	 time	of	pu-
dendal	nerve	motor	ibres	increased	after	2	to	3	days	
following vaginal delivery, but values normalised 

after	 6	 months	 in	 66%	 [177].	 Most	 nerve	 lesions	
spontaneously recover within a year by regenerative 
processes	[171].	However,	pudendal	nerve	damage,	
even with partial reinnervation of the external anal 
sphincter muscle, may persist and become more 
marked	 in	 the	 long	 term	 [178].	 	Neurophysiological	
tests	revealed	nerve	damage	in	36%	of	women	with	
persistent	SUI	 at	 3	months	 postpartum.	Compared	
with nulliparous control subjects, patients with SUI 
and	POP	had	changes	in	the	levator	ani	and	external	
anal sphincter consistent with either motor unit loss 
or	failure	of	central	activation,	or	both	[179].

1. EPIDURAL ANALGESIA DURING LABOUR

Regional anesthesia for the relief of labour pain has 
become more popular during the past 20 years. De-
spite interest in its possible obstetric consequences, 
little attention has been paid to its potential effects 
on	the	pelvic	loor	and	perineal	injury.	

The available published data describe controversial 
results. Some studies suggest that epidural analge-
sia,	by	enabling	relaxation	of	the	pelvic	loor,	leads	
to greater control of crowning of the fetal head and 
consequently	fewer	perineal	tears	[180],	but	prolon-
gation of the second stage may also increase the 
incidence	of	pudendal	nerve	damage	[181,	182].

Robinson	 et	 al.	 [183]	 examined	whether	 epidural	
analgesia is associated with differences in rates 
of severe perineal trauma during vaginal deliver-
ies.	 Among	 women	 who	 had	 epidurals,	 16.1%	
(221/1376)	 had	 severe	 perineal	 tears	 compared	
with	9.7%	(55/	566)	women	who	did	not	have	epi-
durals	(P	<	.001;	OR	1.8,	95%	CI:	1.3-2.4).	When	
controlling for birth weight, use of oxytocin, and 
maternal age in logistic regression analysis, epi-
dural	 remained	 a	 signiicant	 predictor	 of	 severe	
perineal	injury	(OR	1.4,	95%	CI:	1.0-2.0).	Epidural	
use is consistently associated with increased op-
erative vaginal deliveries and consequent episioto-
mies, so the authors constructed a logistic regres-
sion model to evaluate whether the higher rates of 
those procedures were responsible for the effect of 
epidurals on severe perineal trauma. With opera-
tive vaginal delivery and episiotomy in the model, 
epidural was no longer an independent predictor 
of	perineal	injury	(OR	0.9,	95%	CI:	0.6-1.3).	They	
concluded that epidural analgesia is associated 
with an increase in the rate of severe perineal trau-
ma because of the more frequent use of operative 
vaginal delivery and episiotomy.

Carroll	et	al.	[184],	evaluated	whether	epidural	anal-
gesia was an independent risk factor for severe per-
ineal tears. Among women who had epidural anal-
gesia,	10.25%	(65	of	634)	had	severe	perineal	tears	
compared	with	5.22%	(111	of	2,125)	of	the	women	
who did not have epidural analgesia. After con-
trolling for major variables in a logistic regression 

IV. PERINEAL TRAUMA
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analysis,	epidural	analgesia	remained	a	signiicant	
predictor	 of	 severe	 perineal	 injury	 (OR	 1.5,	 95%	
CI	=	1.0-2.1).	A	 logistic	 regression	model	 examin-
ing predictors of instrument use found that epidural 
analgesia	 does	 signiicantly	 increase	 instrument	
use	 (OR	 3.01,	 95%	CI:	 2.2-4.0).	 The	 author	 con-
cluded that epidural analgesia is associated with an 
increase in severe perineal trauma as a result of an 
associated three-fold increased risk of instrument 
use. Instrument use in vaginal delivery more than 
triples the risk of severe perineal tears.

No	 signiicant	 association	 between	 anal	 sphinc-
ter injury and the use of epidural anesthesia was 
observed	 in	 91	 women	 in	 the	 retrospective	 study	
published	by	Christianson	et	al.	[185].	On	the	other	
hand,	Fitzgerald	et	al.	[186]	demonstrated	that	epi-
dural	was	signiicantly	associated	with	anal	sphinc-
ter tear when the analysis was adjusted for maternal 
age, race, and gestational age.

In	a	study	of	82	women,	Meyer	et	al.	[187]	assessed	
the	effects	of	epidural	analgesia	on	pelvic	loor	func-
tion. Eighty-two primiparous women (consisting of 
41	given	an	epidural	and	41	not	given	an	epidural)	
were investigated during pregnancy and at 2 and 
10	months	after	delivery	by	a	questionnaire,	clinical	
examination, and assessment of bladder neck be-
haviour, urethral sphincter function and intravaginal/
intra-anal pressures. Ten months after spontaneous 
delivery,	 there	were	no	signiicant	differences	 in	 the	
prevalence of SUI and decreased sexual vaginal re-
sponse, or in bladder neck behaviour, urethral sphinc-
ter	function	and	pelvic	loor	muscle	strength	between	
women who had or had not had epidural analgesia.

Sartore	et	al.	 [188]	 concluded	 that	 the	use	of	epi-
dural analgesia is not associated with symptoms 
related	 to	perineal	 trauma	and	pelvic	 loor	muscle	
weakness	3	months	after	vaginal	delivery.

In	a	prospective	observational	study	of	488	primipa-
rae,	Shek	et	al.	 [189],	demonstrated	with	3D	ultra-
sound that intrapartum epidural appeared to have a 
protective	effect	 (P=0.03;	OR	0.42;	 95%	CI:	 0.19-
0.93)	against	levator	trauma	at	the	time	of	irst	deliv-
ery.	Also	Kearney	et	al.	[161],	using	MRI,	conirmed	
that epidural reduce the risk of developing a levator 
defect during vaginal delivery.

2. ROLE OF EPISIOTOMY

The episiotomy, a surgical incision in the perineum 
made to enlarge the vaginal opening and facilitate 
delivery, was originally introduced on the assump-
tion that it would improve maternal and neonatal 
outcomes and rapidly became a part of standard 
obstetric	 care.	 However,	 since	 the	 1980s,	 routine	
use of episiotomy has been challenged, based on 
the	 lack	 of	 evidence	 of	 beneits	 of	 the	 procedure	
[190]	and	the	publication	of	multiple	studies	report-
ing increased blood loss at delivery, perineal scar 
breakdown and infection, postpartum pelvic pain, 
and	dyspareunia	[191-194].

Nowadays routine episiotomy is not recommended 
any more. Various types of episiotomy have been 
described	 in	 the	past	 (median,	modiied	median,	 J-
shaped episiotomy, mediolateral, lateral, radical later-
al and anterior) in papers and text-books (Figure 8 ). 
The description of mediolateral episiotomy (the most 
frequently used in Europe) in standard obstetrics 
textbooks differs widely: some publications provide 
only descriptive terms, the angle of incision varies 
between	31°	and	63°,	suggesting	the	wide	potential	
variation in the practice of episiotomy worldwide.

Some studies deal with the different use of various 
episiotomies in different countries (e.g. UK, Finland 
and	Greece)	[196-199].	However	randomised	trials	
comparing alternative methods or position of episi-
otomy	are	lacking,	resulting	in	Level	2b	or	Level	3	
of	evidence,	only.	To	ensure	Level	1	evidence	from	
randomised trials, there needs to be standardisation 
of the practice and reporting of the episiotomy inci-
sion.	However,	a	standardised	classiication	system	
has	 not	 been	 introduced	 yet,	 making	 it	 dificult	 to	
compare the various techniques. Even in the recent 
Cochrane	review	of	episiotomy,	an	exact	classiica-
tion	or	deinition	of	episiotomies	is	lacking	[200].

Some studies have demonstrated increased inci-
dence of third and fourth-degree lacerations associ-
ated	with	the	use	of	midline	episiotomy	[201,	202].	
The resulting damage to the internal and external 
anal sphincters can lead to devastating long-term 
sequelae, including faecal incontinence and recto-
vaginal	istulae	[203].	

Figure 8. Types of episiotomy. 1: median episioto -
my, 2: modiied median episiotomy, 3. ‘J’- shaped 
episiotomy, 4: mediolateral episiotomy, 5. lateral 
episiotomy, 6: radical lateral (Schchardt incision), 
7: anterior episiotomy (white arrow). From Kalis et 
al. Classiication of episiotomy: towards a stan-
dardization of terminology. BJOG 2012 [195].
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To	support	the	beneits	of	episiotomy,	some	clinicians	
have claimed that meticulous repair of a surgical epi-
siotomy yields improved wound healing when com-
pared	with	an	unpredictable	spontaneous	tear	[191].	
This assertion, however, has not been substantiated 
by	empirical	evidence	[204].	

Kalis	et	al.	[205]	evaluated	the	results	of	mediolateral	
episiotomy	with	an	 incision	angle	of	 60°:	 the	 study	
group comprised 60 consecutively recruited primipa-
rous women who required an episiotomy during de-
livery. The results showed that the angles differed 
signiicantly	 among	 the	 incision	 (60°),	 repair	 (45°),	
and	6-month	(48°)	measurements	(P	<	0.001).	There	
was a poor correlation between the suture angle and 
the angle measured at 6 months postpartum. No se-
vere perineal tear was diagnosed in the cohort. At 6 
months postpartum, only one woman reported mild 
symptoms	of	de	novo	anal	incontinence,	whereas	7	
women reported perineal pain related to episiotomy. 

Many institutions and individual obstetric practitio-
ners have decreased their performance of episioto-
my over the past 20 years, most likely as a result of 
practicing evidence-based medicine.

An electronic audit of the medical procedures data-
base	at	Thomas	Jefferson	University	Hospital	 from	
1983	to	2000	was	completed	to	determine	if	practice	
patterns have been altered by the large body of lit-
erature strongly advocating the selective use of epi-
siotomy.	Overall	episiotomy	 rates	 in	34,048	vaginal	
births	showed	a	signiicant	reduction	from	69.6%	in	
1983	to	19.4%	in	2000.	Signiicantly	decreased	risk	
of episiotomy was seen based upon year of child-
birth	(OR	0.87,	95%	CI:	0.86-0.87),	black	race	(OR	
0.29,	95%	CI:	0.28-0.31),	and	spontaneous	vaginal	
delivery	(OR	0.40,	95%	CI:	0.36-0.45).	Increased	as-
sociation with episiotomy was seen in forceps deliv-
eries	 (OR	 4.04,	 95%	CI:	 3.46-4.72),	 and	with	 third	
or	fourth-degree	lacerations	(OR	4.87,	95%	CI:	4.38-
5.41).	This	study	demonstrates	a	statistically	signii-
cant reduction in the overall episiotomy rate between 
1983	 and	 2000.	 White	 women	 consistently	 under-
went episiotomy more frequently than black women, 
even when controlling for age, parity, insurance sta-
tus,	and	operative	vaginal	delivery	[194].

A	population-based	register	of	514,741	women	with	
singleton vaginal deliveries recorded in the Finnish 
Medical	 Birth	 Register	 was	 reviewed.	 Primiparous	
and multiparous women who had undergone episi-
otomy were compared to women who had not under-
gone episiotomy, for possible risk factors. The rise 
of	 episiotomy	decreased	 from	71.5%	 in	 1997-1999	
to	54.9%	in	2006-2007	among	primiparous	women,	
and	from	21.5%	in	1997-2001	to	9.2%	in	2006-2007	
among multiparous women. The use of episiotomy 
decreased in not only low-risk but also high-risk 
women who had operative vaginal or breech deliver-
ies, macrosomic newborns, and oxytocin augmenta-
tion. The ratio of episiotomy use remained relatively 
unchanged in different subgroups even though epi-
siotomy policy became increasingly restrictive over 

time. The authors concluded that the spectrum of in-
dications for episiotomy  has not changed over time, 
and use of episiotomy has declined arbitrarily to a 
similar	extent	among	high	and	low-risk	women	[206].

To identify the risk factors for obstetric anal sphincter 
rupture	 (OASR),	 a	 retrospective	 population-based	
register	 study	 was	 carried	 out.	 A	 total	 of	 514,741	
women with singleton pregnancy and vaginal deliv-
ery	between	1997	and	2007	in	Finland	were	recruit-
ed.	Episiotomy	decreased	the	likelihood	of	OASR	for	
the	 primiparous	 [OR	 0.83,	 95%	CI:	 0.75-0.92],	 but	
not	the	multiparous	women	(OR	2.01,	95%	CI:	1.67-
2.44). Episiotomy was associated with decreased 
risks for obstetric anal sphincter rupture in vacuum 
assisted	 deliveries	 (OR	 0.70,	 95%	 CI:	 0.57-0.85).	
These results support the restrictive use of episiot-
omy, since 909 episiotomies appear to be needed to 
prevent	one	OASR	among	primiparous	women.	The	
equivalent estimate in vacuum assisted deliveries 
among primiparous women was 66, favouring rou-
tine	use	of	episiotomy	in	such	cases	[198].

Robinson	et	al.	 [207],	 carried	out	a	study	 to	 identi-
fy factors associated with the use of episiotomy at 
spontaneous	 vaginal	 delivery.	 They	 studied	 1576	
consecutive term, singleton, spontaneous vaginal 
deliveries;	the	association	of	demographic	variables	
and obstetric factors with the rate of episiotomy use 
were examined. The overall rate of episiotomy was 
40.6%	(640	of	1576).	Midwives	performed	episioto-
mies	at	a	lower	rate	(21.4%)	than	faculty	(33.3%)	and	
private	providers	 (55.6%)	 (P	=0.001).	After	 control-
ling for confounding factors with logistic regression, 
private practice provider was the strongest predic-
tor	of	episiotomy	use	(OR	4.1,	95%	CI:	3.1-5.4)	fol-
lowed	by	faculty	provider	(OR	1.7;	95%	CI:	1.1-2.5),	
prolonged	second	stage	of	labour	(OR	1.8;	95%	CI:	
1.2-2.7),	fetal	macrosomia	(OR	1.6;	95%	CI:	1.1-2.5),	
and	epidural	analgesia	(OR	1.4	95%	CI:	1.1-1.8).	The	
authors conclude that the strongest factor associated 
with episiotomy at delivery was the category of ob-
stetric	 provider.	 Obstetric	 and	 demographic	 factors	
evaluated did not readily explain this association.

A study was carried out to lower the episiotomy rate 
through physician education and to document the indi-
cation when episiotomy was performed. The interven-
tion consisted of an evidence-based lecture recom-
mending limited usage of episiotomy and requesting 
documentation of any indication for episiotomy. Data 
3	months	prior	to	the	intervention	were	compared	to	
those of the following year. For all vaginal deliveries, 
there	was	a	17%	decrease	in	the	rate	of	episiotomy,	
from	46.9%	 to	38.8%.	For	spontaneous	vaginal	de-
liveries, there was a 25% decrease in the episiotomy 
rate,	 from	40.8%	to	30.8%.	The	most	common	indi-
cations for episiotomy reported were routine/elective, 
41.0%;	vacuum,	18.6%;	forceps,	16.4%;	and	nonre-
assuring	fetal	heart	tracing,	10.9%	[208].

A review was conducted of women with consecu-
tive vaginal deliveries at Magee-Women’s Hospital 
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between	1995	and	2005	to	evaluate	the	episiotomy	
exposure	at	irst	vaginal	delivery.	A	total	of	6,052	pa-
tients	were	included,	of	whom	47.8%	had	episiotomy	
at	 irst	 delivery.	 Spontaneous	 second-degree	 tears	
at	the	time	of	second	delivery	occurred	in	51.3%	of	
women	 with	 history	 of	 episiotomy	 at	 irst	 delivery,	
compared	 to	 26.7%	 without	 history	 of	 episiotomy	
(P<0.001).	Severe	tears	(third	or	fourth-	degree)	oc-
curred	in	4.8%	of	women	with	history	of	episiotomy	
at	irst	delivery	compared	with	1.7%	without	history	
of	 episiotomy	 (P<0.001).	 Previous	 episiotomy	 re-
mained	 a	 signiicant	 risk	 factor	 for	 second-degree	
(OR	4.47,	95%	CI:	3.78-5.30)	and	severe	obstetric	
lacerations	(OR	5.25,	95%	CI:	2.96-9.32)	in	the	sec-
ond vaginal delivery after controlling for confounders. 
Based	on	these	indings,	for	every	four	episiotomies	
not performed, one second-degree tear would be 
prevented. To prevent one severe tear, performing 
32	fewer	episiotomies	is	required.	Episiotomy	at	irst	
vaginal delivery increases the risk of spontaneous 
obstetric trauma in the subsequent delivery. This 
inding	should	encourage	obstetric	providers	 to	 fur-
ther	 restrict	 the	use	of	episiotomy.	LEVEL	OF	EVI-
DENCE	II	[209].

1.	 Prevalence of UI after vaginal delivery is double 
that	after	caesarean	section	[109].	Cesarean	sec-
tion seems to decrease the risk of postpartum UI 
[110,	111],	but	its	protective	effect	seems	to	dimin-
ish over time and disappears after multiple deliv-
eries	[111,	112].	Risk	of	SUI	is	estimated	to	be	2.9	
times higher after vaginal delivery compared with 
women	after	cesarean	section	 [113].	 Information	
regarding whether cesarean done before labour 
confers greater protection than cesarean done 
after labour is lacking. To understand the true im-
pact of cesarean delivery on urinary incontinence, 
future studies must compare incontinence by 
planned delivery modes.

2. De-novo anal incontinence symptoms after child-
birth	 are	described	as	up	 to	 26-38%	between	6	
weeks-6	 months	 postpartum	 [115-120].	 Vaginal	
delivery has a greater risk of FI compared to ce-
sarean	 3-6	months	 postpartum	 [115]	 [117].	 It	 is	
recommended extending postpartum follow-up 
visits	beyond	the	typical	6-8	weeks	to	provide	sur-
veillance for potential incontinence. LEVEL OF 
EVIDENCE: II.

3.	 Pelvic	organ	prolapse	rate	in	the	irst	3-6	months	
postpartum	 is	 reported	between	18.1-56%	 [121-
123].	Spontaneous	vaginal	delivery	increased	the	
risk by more than three times while instrumental 
vaginal	delivery	increased	it	more	than	ive-fold	in	
comparison	with	 cesarean	 section	 [121].	Cesar-
ean section has a protective effect on the occur-
rence	of	pelvic	organ	prolapse	[124].	

4. The occurrence of UI and anal incontinence 
during the postpartum period is related to the 
presence of incontinence in pregnancy, and 
vaginal delivery increases the risk of persistent 
incontinence. LEVEL OF EVIDENCE II [125].

5. So far, there is no evidence from randomised 
controlled trials, upon which to base any practice 
recommendations regarding planned cesarean 
section for non-medical reasons at term or to 
avoid	pelvic	loor	symptoms	 in	a	woman	without	
previous disorder, considering that pregnancy it-
self may be involved in the development of such 
dysfunction	[133]	[134]	[135].

6. Obstetrics	factors	associated	with	the	occurrence	
of LAM trauma postpartum: forceps use, fetal 
head	circumference	≥	35.5	cm,	second	stage	of	
labour	≥110	min,	anal	sphincter	rupture,	episioto-
my. LEVEL OF EVIDENCE II-3 . Levator ani avul-
sion is associated with the occurrence of pelvic 
organ prolapse later in life, but the role of LAM 
integrity in bladder and anorectal dysfunction are 
still not completely clear.

7.	 Epidural analgesia during labour: controversial 
results regarding its potential effect on the pelvic 
loor	 and	 perineal	 injury.	There	 is	 a	 lack	 of	 pro-
spective, randomized trials, requiring further re-
search and development in order to draw recom-
mendations.

8.	 Randomised trials comparing alternative methods 
or position of episiotomy are lacking, resulting in 
Level IIb or Level III of evidence, only. To ensure 
Level	1	evidence	from	randomized	trials,	it	needs	
a standardisation of the practice and reporting 
of the episiotomy incision. The actual evidence 
shows	that	episiotomy	is	associated	with	3rd-4th	
degree of perineal tears and with an increased 
risk of spontaneous obstetrics trauma in the sub-
sequent	 delivery.	 These	 indings	 encourage	 re-
striction of routine use of episiotomy. LEVEL OF 
EVIDENCE II.

The factors necessary for the urethra to remain 
closed at rest and during increased abdominal pres-
sure have been well characterised, but their func-
tional inter-relationships are still not fully understood. 
These	factors	include:	1)	healthy,	functioning	striated	
sphincter controlled by pudendal innervation, 2) well 
vascularised	urethral	mucosa	and	sub-	mucosa,	3)	
properly aligned and functioning intrinsic urethral 
smooth muscle, and 4) intact vaginal wall support.

V. CONCLUSION AND
RECOMMENDATION

C. PATHOPHYSIOLOGY OF 
STRESS INCONTINENCE 
IN WOMEN: URETHRAL 

STRUCTURE, SUPPORT AND 
FUNCTION  
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Detailed descriptions of the urogenital diaphragm 
have	been	made	by	Max	Brodel	working	with	How-
ard	Kelly	 [210],	Oelrich	 [211]	and	 further	expanded	
by	 DeLancey	 [212].	 These	 reports	 have	 provided	
clear descriptions of the urethral rhabdosphincter. 
The proximal one-third of the urethra is shown sur-
rounded by a sleeve of striated muscle continu-
ous with a longer ascending cone which extends 
to the vaginal introitus. Manometric and electro-
physiological recordings from this proximal one-
third of the urethra have shown that it generates 
the highest level of resting pressure and electro-
myographic activity.

This portion of the urethra is an intra-pelvic struc-
ture located immediately posterior to the pubic 
bone. In the past, much has been made of the loss 
of this intra-pelvic position in stress incontinence. 
It had been suggested that when the urethra de-
scended away from its intra-abdominal position, 
intra-abdominal forces no longer constricted it 
during straining. This concept has survived and 
been	 modified	 into	 the	 “hammock	 hypothesis”	
[213]	 which	 suggests	 that	 the	 posterior	 position	
of the vagina provides a backboard against which 
increasing intra-abdominal forces  compress 
the urethra. Data supporting this hypothesis are 
drawn from urethral pressure transmission stud-
ies showing that continent patients experience an 
increase in intra-urethral pressures during cough-
ing. This pressure increase is lost in stress incon-
tinence and may be restored following successful 
operations designed to stabilize or elevate the 
sub-urethral	vaginal	wall	[214-223].

The urethra is supported posteriorly and inferiorly by 
the anterior vaginal wall. The superior vaginal sulcus, 
most clearly found in nullipara, exists at this junction 

of the lower and middle third of the vaginal wall. This 
point represents the two lateral insertion points of the 
vaginal “hammock “. Portions of the pubococcygeus 
muscle attach to these sulci within the pelvis and can 
produce elevation during voluntary contraction.

Immediately anterior to the proximal urethra are 
found	 the	 relections	 of	 the	 endopelvic	 fascia	 are	
found. The most prominent of these, the pubo-
urethral	 ligaments,	 are	 suficiently	 condensed	 to	
form distinct and recognisable ligaments on either 
side of the pubis. Although these structures form 
one continuous complex, they are distinguished by 
their names, as posterior and anterior pubo-urethral 
ligaments. The posterior pubo-urethral ligaments, 
which can be seen at the time of retropubic surgery, 
are the more familiar of these. These are strong fas-
cial condensations which most likely maintain their 
characteristics throughout life. Previous investiga-
tors, however, have suggested that elongation of 
these structures may be responsible for the loss of 
urethral support seen in stress incontinence.

Different authors have described the striated exter-
nal	urethral	sphincter	(EUS),	both	in	foetuses	[224,	
225]	and	adults	[226]	as	a	superior	horseshoe	struc-
ture covering the urethra and an inferior one sur-
rounding the anterolateral aspect of the urethra and 
the lateral part of the vagina (Figure 9 ). 

The LAM is an important element in maintaining uri-
nary	continence.	Wallner	at	al.	[227]	investigated	the	
topographical relationship between the EUS and the 
LAM (Figure 10 ), showing that in female foetuses, 
but	not	 in	male,	the	inferior	part	of	the	EUS	is	irm-
ly attached to the LAM by a tendinous connection. 
This determines an anterior bending of the midure-
thral zone when a simultaneous contraction of the 
LAM and EUS occurs, closing the urethral lumen 
and maintaining continence. The functional integrity 
of this connection between the EUS and the LAM is 
therefore crucial to avoid urinary incontinence.

Figure 9. EUS in 18 weeks female foetus: A anterior view, B lateral view, C oblique view, D superior view, E 
inferior view -  From Wallner et al., Eur Urol 2009 [227].

I. THE FEMALE UROGENITAL
DIAPHRAGM: URETHRAL SPHINCTER 

LOCATION
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The striated external urethral sphincter (EUS), both 
in foetuses and adults,  has a superior horseshoe 
structure covering the urethra and an inferior one 
surrounding the anterolateral aspect of the urethra 
and the lateral part of the vagina.

Moreover, while the lower one-third of the vagina is 
oriented more vertically in the nullipara, the upper 
two-thirds of the vagina deviate horizontally. This 
orientation	 is	 due:	 1)	 to	 the	 posterior	 attachments	
of the cervix by the cardinal and utero-sacral liga-
ments and 2) to the anterior position of the levator 
hiatus.	Barium	vaginograms	have	demonstrated	this	
horizontal angulation of the upper two-thirds of the 
vagina, and show that during coughing and stress-
ful manoeuvres, the levator hiatus is shortened in 

an anterior direction by the contraction of the pubo-
coccygeus muscles Thus, the pelvic organs receive 
support from the shape and active contraction of the 
levator muscles.

Modiications	of	the	genital	hiatus	determining	an	in-
crease in the genitohiatal distance can be associated 
with urodynamic stress incontinence. In a retrospec-
tive	study	of	396		women		with		urodynamic		stress	
incontinence	 [228],	 pelvic	 loor	ultrasound	 revealed	
a negative association of the genitohiatal distance to 
urodynamic functional urethral parameters such as 
the	 functional	 proile	 length,	 the	maximum	 urethral	
closure pressure and a low Valsalva leak-point pres-
sure	(r	=	-0.148,	P	=	0.018	and	r	=	-0.227,	P	=	0.009,	
r	=	-0.199,	P	=	0.02	respectively).

Figure 10: The anatomical relationship of the EUS to the LAM in adults. Panels (A) through (D) show 
transverse sections through the EUS and the LAM of an adult female (54 yr): (A) superior part of the EUS 
(arrowheads), section stained immunohistochemically for striated muscle; (B) sequential section stained 
with sirius red for connective tissue; (C) inferior part of the EUS (arrowheads), section stained immunohis -
tochemically for striated muscle; (D) sequential section stained with sirius red for connective tissue. Note 
in (C) that in the adult, the anatomical relationship between the inferior part of the EUS and the LAM is still 
maintained. The contrast of images (A) and (C) was increased digitally. L = levator ani muscle; U = urethra; 
V = vagina. From Wallner et al Eur Urol 2009 [227].



282

Labour and delivery alter vaginal and pelvic anat-
omy and innervation in several ways as has been 
discussed in other sections of this chapter. Each 
of these may contribute to the eventual develop-
ment of urinary incontinence:

1. PUDENTAL NERVE

Direct crushing or traction on the pudendal nerve 
has been discussed above and has previously been 
suggested as a primary cause of sphincter incompe-
tence in stress incontinence. The pudendal nerve, 
which	 projects	 from	Onuf’s	 nucleus	 and	 traverses	
Alcock’s canal before entering the ischiorectal fos-
sa and innervating the EUS, can be injured during 
vaginal delivery, particularly in the area between the 
sacrospinous and sacrotuberous ligaments. Two 
different mechanisms of pudendal nerve damage 
during	delivery	have	been	described:	1)	nerve	com-
pression and stretching which may cause an elon-
gation	of	the	13%	of	its	motor	branch	innervating	the	
EUS	[229];	2)	a	reduced	at	8%	stretch	and	complete	
ischemia	at	15%	stretch	of	the	nerve	as	shown	in	a	
tibial	nerve	 rat	model	 [230].	Thus,	pudendal	nerve	
ischemia likely occurs during vaginal delivery as a 
result	of	both	stretch	and	compression	[231].

2. CARDINAL AND UTERO-SACRAL LIGAMENTS

Cardinal and utero-sacral ligaments may be 
stretched or torn, resulting in anterior displacement 
of	the	uterus	during	straining	or	under	the	inluence	
of gravity.

3. THE VAGINA

The vagina itself may be torn away from its intrapel-
vic attachments with subsequent loss of the supe-
rior vaginal sulcus. There may be direct attenuation 
of the vaginal wall itself, manifested by loss of vagi-
nal rugae and a thin appearance. Cullen Richard-
son has suggested four distinct kinds of vaginal in-
juries: paravaginal, central, distal, and cervical, the 
irst	two	being	the	most	commonly	seen	in	women	
with stress incontinence. These defects have been 
identiied	by	sonographic	examination	[232].

4. LEVATOR MUSCLES

Finally, stretching, tearing and avulsion of the le-
vator muscles result in a longer and wider levator 
hiatus. Consequently, the perineum is displaced an-
teriorly and posteriorly under stress and temporarily 
fails to support the pelvic organs. These changes in 
the levator hiatus with or without associated relax-
ation of cervical support result in chronic anterior 
displacement of pelvic organs with a loss of both 
active and passive organ support during rest and 
especially during straining.

In the patient with SUI these changes typically give 
rise to a rotational descent of the proximal urethra 
away from its retropubic position. 

Radiographic images of stress urinary incontinence 
in women have noted this and generated our earli-
est	concepts	of	this	condition.	Jeffcoate	and	Roberts	
[233],	 using	 lateral	 cystourethrograms,	 concluded:	
“…the most common characteristic anatomical 
change,	present	 in	four	out	of	ive	cases	of	 inconti-
nence, is loss of the posterior urethro-vesical angle 
so	that	the	urethra	and	trigone	tend	to	come	into	line.”

In	2002,	ifty	years	later,	perineal	sonographic	stud-
ies of urethrovesical angle differences in incontinent 
and normal patients have found excellent correla-
tion	identiied	between	angle	and	degree	of	inconti-
nence,	supporting	these	original	observations	[234].

Hodgkinson, using a suspension of barium paste 
placed in the bladder and a small bead chain in the 
urethra, produced images of the urethra at rest and 
during maximum straining in women with stress 
urinary	incontinence	[235,	236].	He	concluded:	”…
it is clear that the distinguishing topographic patho-
logical feature is depression of the urethrovesical 
junction to the lowest level of the bladder during the 
peak of the straining effort. It is also clear that the 
spatial relationships of the bladder and urethra to 
the symphysis make no difference in either the inci-
dence	or	severity	of	stress	incontinence.”

These kinds of radiographic studies, however, can-
not distinguish between lateral or central defects 
in vaginal wall support. Therefore, while urethral 
movement	 can	 be	 identiied	 as	 an	 important	 ind-
ing in stress incontinence, one cannot determine 
the	 exact	 location	 of	 the	 vaginal	 defect.	 Because	
the proximal urethra rotates out of the focal plane 
of ultrasonograhic probes or MRI, coronal images 
of vaginal relaxation have not yet shown anatomical 
detail at the moment of incontinence. They cannot 
distinguish central from paravaginal defects. For 
this, an examination of the patient is required.

Although we have considerable knowledge about 
anatomical defects in the majority of patients with 
urodynamic stress incontinence (USI), less is un-
derstood about the exact effect of these defects, 
and indeed, vaginal position itself, on urethral clo-
sure. Early  experience  with  operations  for  stress 
incontinence showed that not all women with stress 
urinary incontinence had vaginal prolapse, that cor-
rection of vaginal relaxation did not always correct 
stress incontinence, and that women who redevel-
oped stress incontinence symptoms after appar-
ently successful surgery did not necessarily show a 
recurrence	of	their	prolapse	[237].

The effect on the urethral mechanism of anatomi-
cal defects induced by vaginal delivery has been 
recently investigated. In a rat model birth trauma 
has been simulated by inducing vaginal disten-
sion	 by	 balloon	 catheter	 inlation	 [238].	 Sneeze	

II. EFFECT OF CHILDBIRTH, VAGINAL 
PROLAPSE AND URETHRAL POSI -
TION ON URINARY CONTINENCE
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induced stress urinary incontinence was caused by 
decreased active closure mechanisms at the mid 
urethra without affecting the passive transmission of 
abdominal pressure in the proximal urethra.

The greater involvement of the urethral mechanism 
in the occurrence of post-partum stress incontinence 
was	conirmed	in	a	case	control	study	evaluating	ure-
thral closure pressure and bladder neck movement 
assessed	with	ultrasound	 [239].	Eighty	primiparous	
women complaining of de-novo stress incontinence 
9-12	months	 after	 delivery	were	 compared	with	 80	
primiparous	 continent	 and	 80	 nulliparous	 continent	
women. Lower maximal urethral closure pressure 
was the closest association with de novo stress in-
continence	after	irst	vaginal	birth	followed	by	vesical	
neck mobility.

The idea that primary urethral weakness could cause 
urinary incontinence independent of vaginal weak-
ness	appeared	 in	a	proposed	classiication	by	Blai-
vas	et	al	[240].	In	their	classiication,	they	named	this	
Type III incontinence to distinguish it from Types I 
and II, each of which showed movement, while Type 
III did not. This term still remains in the contemporary 
literature, although it has now been largely replaced 
by	 the	 term	 intrinsic	 sphincter	 deiciency	 (ISD),	 fo-
cusing attention on urethral elements which appear 
to be independent of vaginal position and mobility. 
These elements include pudendal innervation, striat-
ed sphincter mass and function, and urethral smooth 
muscle, mucosa and submucosal cushions.

When	 ISD	was	irst	 introduced	as	a	concept	 to	ex-
plain surgical failures and the presence of stress 
incontinence in the absence of vaginal mobility, the 
diagnostic tendency was to consider the cause of 
stress incontinence as a dichotomy, due either to 
hypermobility (displacement, or prolapse of the vagi-
nal wall) or ISD. The typical patient with ISD was de-
scribed as having low urethral closure pressures, a 
“stovepipe”	appearance	on	cystoscopy,	and	opening	
or funnelling of the urethra under resting or minimal 
increases in intra-abdominal pressures on radio-
graphic images. The common causes were thought 
to be surgical injury, ischemia following previous pel-
vic or vaginal surgery or radiation damage.

It appears now, that these examples of ISD may  
represent the most advanced or extreme forms.

Currently, these appear to be a shift away from this 
simple categorisation of stress incontinence as being 
due either to hypermobility or ISD. This has arisen in 
part because of the development of the concept of 
Valsalva	Leak	Point	Pressure	(VLPP)	[241,	242]	and	

more recent analyses of long term results of stress 
incontinence	surgery	[243].

VLPP emerged as an alternative method to study 
urethral closure during stress for studies of urethral 
bulking with collagen. Investigators recognised that 
improvements in continence following urethral bulk-
ing did not correlate with urethral closure pressures, 
but did correlate with the amount of pressure re-
quired to produce leakage in the absence of intrin-
sic detrusor contraction. Although VLPP still lacks 
speciic	anatomic	or	theoretical	grounding	and	many	
uncertainties related to standardisation of recording 
methods and associated prolapse remain, low VLPP 
(without	 speciied	 or	 established	 values)	 has	 been	
widely embraced as an indicator of ISD. 

Just	 as	 the	 concept	 of	 VLPP	 blurred	 the	 previous	
distinction between simple ISD and simple hypermo-
bility, long term outcome studies of correction of hy-
permobility have suggested that there may be more 
urethral weakness among patients with hypermobil-
ity than had been previously considered.

Long term outcome studies of stress incontinence 
surgery have shown that there is a much greater fail-
ure rate of many of the commonly performed stress 
incontinence operations than had been generally ap-
preciated, and that slings providing direct sub-ure-
thral support seemed to give the greatest long term 
protection	against	recurrence	of	 incontinence	[243].	
Since slings had traditionally been the procedure of 
choice	 for	 recurrent	 incontinence	or	 “Type	 III”	 (now	
ISD) incontinence, the possibility that ISD was more 
common than previously thought was more widely 
considered.	Recently,	Horbach	and	Ostergaard	have	
found	 that	age	 is	a	signiicant,	 independent	predic-
tor of ISD in the setting of urodynamic stress inconti-
nence	[244],	suggesting	that	age-related	reduction	in	
muscle	mass,	slowed	relexes	or	repeated	episodes	
of prolapse may all contribute to the condition.

In	 two	 interesting	 studies	 Perucchini	 et	 al	 [245,	
246]	 showed	 that	 aging	 can	 cause	 a	 decrease	 in	
the number and density of urethral striated muscle 
ibres	at	the	bladder	neck	and	along	the	ventral	wall	
of	the	urethra	[246].

These two developments have led to a growing clini-
cal impression that some degree of ISD may exist 
in many patients who, until recently, were thought to 
have only hypermobility as the cause of their incon-
tinence. Atypical expression of this approach can be 
found	in	the	conclusion	of	Kayigil	et	al.	[247]	following	
examination	of	50	patients;	“The	high	rate	of	intrinsic	
sphincter	deiciency	 in	patients	with	urethral	hyper-
mobility indicates that the incidence with stress in-
continence may be greater than previously believed, 
and	may	inluence	the	apparently	higher	failure	rates	
after	 bladder	 neck	 suspension.”	 In	 contemporary	
clinical practice, this impression has given rise to a 
growing tendency to recommend suburethral sling 
surgery as a form of primary surgical treatment for all 
women with stress incontinence, where as formerly 
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this approach was reserved almost exclusively for 
patients	with	recurrent	stress	incontinence	or	signii-
cant	ISD	[248,	249].

1. DIRECT STUDIES OF URETHRAL FUNCTION

As recognition of the importance of urethral function 
has increased, so too have the number of investiga-
tions of urethral position, urethral closure and trans-
mission	pressure	proiles,	Valsalva	leak	point	pressure	
measurements and electromyographic examinations 
of the pudendal nerve and the striated sphincter.

a) Studies of urethral position

Stress incontinence is frequently associated with 
loss of urethral position. This has been the primary 
pathophysiological paradigm since the observations 
of	Hodgkinson	and	Jeffcoate	and	Roberts.	Similar	
observations	 are	 still	 reported	 today	 [250,	 251].	
Even when some displacement is seen in continent 
nulliparous females, incontinent women show a 
greater	degree	of	mobility	[252].

This pathophysiological mechanism has been sup-
ported	by	different	authors	[172,	253,	254]	using	a	
rat	model.	Both	(word	missing)	and	induced	trauma	
on structures supporting the urethra (such as the 
pubouretheral ligaments) and uretherolysis resulted 
in SUI in short and long term because of increased 
urethral mobility.

Successful suspensory operations, whether by sling 
or paraurethral suspension stabilise urethral posi-
tion	[237]		and,		when		studied,		increase		pressure	
transmission during stress. It is not clear if the ac-
tive contraction of urethral support seen in the fe-
male is restored after surgery, nor is it known if it 
is necessary for continence. It has been suggested 
that passive support alone is what restores conti-
nence after suspension.

b) Studies of urethral pressure and resistance

Stress incontinence is generally thought to be char-
acterised by a decrease in urethral transmission 
proiles	and	 resting	closure	pressure.	The	correla-
tion between low resting pressures and low leak 
point pressures is still controversial. With a bladder 
illed	 up	 to	 200ml	Almeida	 et	 al.	 [255]	 reported	 a	
signiicant	correlation	between	MUCP	and	LPP.	Pa-
tients	with	 a	 LPP	 of	 60	 cm	H2O	or	 less	 also	 had	
shorter urethral functional length and lower sphinc-
ter	activity.	Moreover	Sinha	et	al	[256]	showed	that	
women with urodynamic stress incontinence were 
more likely to leak at cough leak point pressure than 
the Valsalva manoeuvre, with the opposite happen-
ing	 for	 women	 with	 detrusor	 overactivity.	 On	 the	
contrary	Martan	et	al.	 [257]	could	not	ind	any	sig-
niicant	correlation	between	MUCP	and	VLPP.

Different urodynamic parameters have also been 
considered to assess urethral function and to cor-
relate with women with stress incontinence. Digesu 
et	al.	[258]	showed	that	urethral	resistance	pressure	
(URP)	and	pressure	low	parameters	were	reduced	

in women with stress incontinence. Salvatore et al. 
[259]	found	that	the	opening	vesical	pressure	is	sig-
niicantly	correlated	with	ISD.

Sonographic  studies  have  recently  shown  a relation-
ship between low urethral resistance and decreased 
urethral	smooth	and	skeletal	muscle	layers	[260].

Improvement in transmission pressures is associ-
ated with successful outcomes after suspensory op-
erations	for	SUI	[214,	218,	221,	222,	261,	262].	The	
exact mechanism for this increase in transmission 
is not clear. Increased exposure to intra-abdominal 
forces	has	been	suggested	 [223,	263,	264].	Com-
pression against the pubis by the pelvic viscera has 
also	been	suggested	[265].	The	inal	position	of	the	
urethra,	however,	may	not	be	the	key	variable	[214].

c) Electrophysiological studies of urethral function

Snooks	and	Swash	[266,	267]	irst	brought	attention	
to the importance of urethral denervation after  its 
possible contribution to urinary and faecal inconti-
nence. Stress incontinence is frequently associated 
with a decline in the electrophysiological function 
of	 the	 pudendal	 nerve	 [268],	 the	 striated	 urethral	
sphincter	 [269],	and	 the	pelvic	loor	muscles	 [174,	
179].	Most	 recent	 studies	 continue	 to	 support	 the	
inding	of	prolonged	pudendal	nerve	terminal	motor	
latency	in	SUI	[270].

With the use of animal models simulating intrinsic 
urethra	 deicit	 through	 periurethral	 cauterisation,	
urethral sphincterectomy or pudendal nerve tran-
section, different authors reported a decrease of 
LPP	 lasting	 for	weeks	 [271-273].	 Injury	 of	 the	 pu-
dendal nerve determined a dramatic decrease of 
urethral resistance causing urinary loss during an 
intrabdominal pressure increase.

Electromyographic studies of normal sphincter func-
tion show that in continent women, pressures begin 
to rise in the urethra before rising in the bladder, 
suggesting	an	active	muscular	component	[274].		

Women with stress incontinence have an altered 
pattern	of	pelvic	loor	muscle	response	during	suc-
cessive	coughing	efforts	[275]	with	a	sharp	decrease	
in	MUCP	after	repeated	coughs	[276].	EMG	studies	
have also shown that women with persistent stress 
incontinence after previous surgery have poorer 
urethral neuromuscular function than naïve stress 
incontinent	 women	 [277].	 Experimental	 studies	 of	
urethral	 function	and	 the	 role	of	Onuf’s	nucleus	 in	
the sacral spinal cord have led to recent practical 
innovations in the development of serotonin uptake 
inhibitor agents in the treatment of stress inconti-
nence	 [278].	 Most	 electrophysiological	 	 studies		
have concentrated on motor rather than sensory in-
nervation, however, and the role of urethral sensa-
tion in urodynamic stress incontinence is unknown.

d) Genetic factors

Recent	research	 is	now	focusing	on	the	 identiica-
tion of factors related to stress incontinence which 
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might	be	genetically	determined.	Chen	et	al.	 [279]	
reported that genes involved in elastin metabolism 
were differentially expressed in vaginal tissue from 
women with stress incontinence, suggesting that 
elastin remodelling may be important in the mo-
lecular aetiology of stress incontinence. Wen et al. 
[280]	 recently	 reported	a	decreased	expression	of	
alpha2-M mRNA and protein and protease inhibi-
tor activity in the vaginal wall tissues of women with 
stress incontinence.

There is a need for a hypothesis which would inte-
grate these various observations regarding hyper-
mobility, ISD and pudendal nerve function, place 
them	within	the	context	of	an	abnormal	pelvic	loor	
and provide a model to guide research and studies 
of the natural history of the condition.

2.  ROLE OF ADVANCED IMAGING IN UNDER -
STANDING PATHOPHYSIOLOGY

Many imaging modalities have been used to improve 
our	knowledge	on	pelvic	loor	dysfunction,	such	as:	
radiographic imaging, ultrasound, computed tomog-
raphy and magnetic resonance imaging (MRI). 

Radiographic imaging has provided considerable in-
sight into the pathophysiology of stress incontinence, 
ever since the advent of bead chain cystograms and 
simple static and straining lateral cystograms. 

MRI and real time ultrasonography, in addition to 
showing the events of stress incontinence on both 
a global pelvic and local urethral scale, have sug-
gested a relationship between the proximal urethra 
to vaginal wall movement.

a) Magnetic resonance imaging

Dynamic fastscan MRI can visualise all compartments 
of the female pelvis during increased intraabdominal 
straining	 [281].	MRI	 is	comparable	 to	standard	cys-
tography	in	demonstrating	cystocele	defects	[282].

Using the pubococcygeal line as a reference mark-
er, the normal displacement of bladder base, cervix 
or	 cervical	 cuff,	 and	 the	 rectum	 can	 be	 identiied	
and compared to women with prolapse. The ure-
thra is shown in the context of global pelvic relax-
ation	 [283].	Although	most	MRI	studies	have	been	
descriptive rather than quantitative, they still show 
far more soft tissue detail than earlier radiographic 
studies and continue to offer promising research 
opportunities. Recent studies have utilised an en-
dovaginal coil to obtain higher resolution images of 
the	urethra	[284].

Dynamic MRI with cine-loop reconstruction pro-
duces vivid, intuitively appealing images which can 
show movement of all compartments of the relaxed 
pelvis	during	straining	[283].	Static	MRI	shows	de-
tails of urethral and peri-urethral anatomy and the 
striated	sphincter	can	be	clearly	seen	[285].	Pend-
ing further improvements in resolution, MRI remains 
a most promising tool for studying details of urethral 
movement	[286].	

Ultrasonography, however, is simpler and less ex-
pensive, and, for now, provides better visualisation 
of moving structures.

Functional MRI has recently been evaluated to as-
sess	the	eficacy	of	pelvic	loor	muscle	training	with	
EMG- biofeedback in women with stress inconti-
nence.	After	a	12-week	training	period	a	more	fo-
cused activation in the primary motor and somato-
sensory cortical representation sites of the lower 
urogenital	tract	was	found	[287].

b) Real time ultrasonography

Several sonographic approaches have been used 
for the study of stress incontinence: suprapubic, 
translabial, transvaginal and transperineal.

As resolution of sonographic probes has improved, 
the detail previously best seen with the transrectal 
approach may now be seen by a transperineal ap-
proach. Earlier studies with a transrectal approach 
have shown that funnelling of the proximal urethra 
was the sonographic sign most-frequently associ-
ated	with	loss	of	urine	[288].	

In about half the patients with stress incontinence 
in	 the	study	of	Schaer	et	al.	 [289],	 funnelling	was	
seen only with straining. In the other half, some 
degree of funnelling was already present at rest, 
increasing with straining and present with actual 
leakage. Enhanced views of the urethra are pos-
sible with sonographic contrast material.

Most	 recently,	 3-D	 reconstruction	 from	 transla-
bial views of the urethra has been used to com-
pare findings in normal volunteers and those 
with	ISD	[290].

The most recent sonographic study of women with 
stress urinary incontinence found funnelling at rest 
in	109	of	330	patients,	and	found	that	the	degree	
of vaginal relaxation as well as the parameters of 
intrinsic urethral function, including VLPP and ure-
thral closure pressures, were worse in patients with 
funnelling than without. The authors of this study 
concluded that: “In primary genuine stress inconti-
nence, bladder neck funnelling on ultrasound cys-
tourethrography implies the potential coexistence 
of poor anatomic support and an intrinsic sphincter 
defect	[291].”	Ghoniem	et	al.	[292]	also	found	that	
urethral funnelling was more likely to be associ-
ated with low closure pressures, low VLPPs, and 
a higher incidence of ISD in patients with stress 
urinary incontinence. However, recently, Tunn et 
al.	 [293]	 could	 not	 ind	 an	 association	 between	
the	 ultrasound	 indings	 of	 urethral	 funnelling	with	
stress incontinence using an introital approach, 
demonstrating it only in 59% of the patients with 
stress urinary incontinence.

Ultrasound has been used to identify paravaginal 
defects	 prior	 to	 Burch	 colposuspension	 to	 guide	
surgical	modiication,	and	then	repeated	after	sur-
gery	to	show	correction	of	the	defects	[294].
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Urethral movement and funnelling seen by ultra-
sound resemble the rotational descent previously 
described	 by	Nichols	 and	Randall	 [295].	 It	 is	 also	
consistent with the previously cited descriptions 
of	Jeffcoate	and	Roberts,	and	 that	of	Hodgkinson.	
Improved soft tissue detail seen with ultrasound 
has permitted an extension of these original ob-
servations. The anterior and posterior walls of the 
proximal urethra appear to move differently during 
increases	in	intra-abdominal	pressure.	At	irst,	they	
appear to move together: the urethra begins its de-
scent as a single unit. At some point, however, the 
anterior urethra becomes arrested in its rotational 
movement and appears to move more slowly. The 
posterior portion of the urethra continues to de-
scend	along	with	the	vaginal	wall	[288,	296].

This difference in movement suggests a shearing 
apart of the two walls, leading to the appearance 
of funnelling, which can be seen as urine leaks out 
of the urethra.

On	Valsalva,	the	proximal	urethra	rotates	in	a	pos-
tero-inferior direction approximating to the symphy-
sis pubis. This movement can be measured by com-
paring the angle of inclination between the proximal 
urethra	and	any	other	ixed	axis.	No	normal	values	
of	 bladder	 neck	 descent	 have	 been	 deined	 but	
cutoffs	 of	 20,	 25	 and	 30	mm	 have	 been	 reported	
to	 classify	 urethral	 hypermobility	 [297,	 298].	 The	
anatomical and functional integrity of PFM have an 
important role in the urethral support system and, 
therefore, in the continence mechanism. It has 
been shown that women with UI, compared to con-
tinent subjects, have less effective PFM in terms of: 
strength, reduced endurance, reduced thickness, 
coordination of PFM and lower abdominal muscles, 
and	 altered	 electromyographic	 activity	 [299-301].	
With transperineal ultrasound it is possible to evalu-
ate the urethral displacement towards the pubic 
bone	 caused	 by	 pelvic	 loor	 muscle	 contractions	
[302].	 This	 mechanism	 is	 involved	 in	 maintaining		
urinary	continence	by	determining		good	eficacy	in	
intraurethral	pressure	transmission	[303].

Anatomic correlation suggests that the pubourethral 
ligaments may restrict the movement of the anterior 
urethral wall, facilitating downward traction by the 
prolapsing vagina during stress, contributing to the 
shear. At the level of the pubis, the posterior portion of 
the pubourethral ligament travels beneath the pubis 
to form an anterior portion, which supports the clitoris 
in women, and the corpora cavernosa in men. Milley 
and	Nichols	[304],	Zacharin	[305,	306]	and	Mostwin	
[307]	 have	 previously	 suggested	 that	 the	 posterior	
pubourethral ligaments might support the urethra, 
and their laxity could contribute to the descent of the 
urethra in stress incontinence. These studies, how-
ever, suggest a different interpretation. Longitudinal 
and cross-sectional views of the proximal urethra 
show that the ligaments travel along only the anterior 
portion of the urethra as they pass beneath the pu-
bis to emerge as the anterior pubourethral ligaments. 

The vagina and its bilateral attachments forming the 
lateral sulcus support the posterior part of the ure-
thra. It is more likely that the vaginal wall and its 
attachments become weaker than the strong con-
densations of endopelvic fascia forming these liga-
ments. Therefore, the pubourethral complex, even 
if attenuated, probably remains stronger than the 
underlying vaginal wall. Sonographic examination of 
the prolapsing urethra therefore suggests arrest of 
anterior urethral wall movement by the pubourethral 
complex, while the vaginal wall continues to rotate, 
pulling the posterior wall of the urethra along with it.

These anatomical considerations, combined with 
current knowledge about pudendal nerve activity in 
normal, prolapse or stress incontinence, suggest 
an inter-relationship regarding urethral closure and 
vaginal movement. As intra-abdominal pressure in-
creases, the proximal urethra experiences two kinds 
of	 forces,	 which	 may	 lead	 to	 opening.	 The	 irst	 of	
these is a shearing force produced by the unequal 
separation of the anterior and posterior urethral walls 
from the pubis during straining. This is the effect of 
vaginal mobility on urethral closure. The second is 
an expulsive force, produced by the transmission of 
intra-abdominal forces to the bladder, which must be 
resisted by the urethra if opening is to be prevented.

The urethra resists this primarily by intrinsic closure 
of the pudendally innervated striated sphincter, aid-
ed by vaginal support.

3D	ultrasound	has	recently	introduced	new	insights	
into the image of urethral sphincters. Athanasiou et 
al.	 [308],	 using	 a	 transvaginal	 approach,	 reported	
a close correlation between the urethral sphincter 
volume and the degree of incontinence assessed 
on	videocystourethrography	(r	=	.-65;	P	<0.001).	

With the use of three-dimensional ultrasound Atha-
nasiou	et	al.	[308]	evaluated		the	urethra	and	the	ure-
thral sphincter in women with stress incontinence. 
These authors reported that this group of women 
have urethral sphincters that are shorter, thinner, and 
smaller in volume compared to controls. 

Urethral vasculature has also been postulated to 
play a role in the continence mechanism and differ-
ent Doppler parameters have been studied to evalu-
ate correlation with stress urinary incontinence. 

However,	Tsai	et	al	[309]	reported	that	urethral	vas-
culature, and in particular the anterior branch of the 
middle urethral vessels is less likely to be seen after 
the	 menopause	 (89.1%	 vs.	 79.2%	 pre-	 and	 post-
menopause,	 P	 =	 0.030).	 In	 the	 postmenopausal	
women hormone replacement therapy did not affect 
the appearance of the urethral vessels. 

Results	are	controversial	since	some	authors	[280]	
reported	less	periurethral	vessels	and	low	in	wom-
en suffering from stress urinary incontinence where-
as	others	[310]	could	not	ind	any	difference	in	the	
appearance of the urethral vasculature in subjects 
with or without stress urinary incontinence.
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It is likely that these shearing and expulsive forces 
are generated simultaneously as intra-abdominal 
pressure	 rises.	One	 can	 easily	 imagine	 that	 the	
urethra can be brought to a continence threshold 
beyond which urethral closure cannot be main-
tained.	 One	 can	 further	 imagine	 that	 repeated	
episodes of prolapse may eventually stretch, tear 
or attenuate sphincter mass and contribute to a 
chronically weakened urethra manifested by low 
VLPP or low urethral closure pressures, char-
acteristic of ISD. After severe or prolonged un-
treated prolapse and stress incontinence, vaginal 
support alone may not be sufficient to correct the 
deficiencies of an exhausted sphincter. Although 
theoretical rather than evidence-based, such 
considerations may direct future research efforts 
towards a more integrated hypothesis regarding 
stress incontinence in women. The relative contri-
butions of abnormal vaginal mobility and intrinsic 
urethral function should be considered as part of 
a continuum rather than a dichotomy. Current re-
search and interest has concentrated mostly on 
ISD as the primary cause of SUI in women, but 
the relationship of the many factors affecting ure-
thral support and function should remain a per-
spective in interpreting emerging findings.

We are approaching a new classification of stress 
incontinence which will integrate hypermobility 
and urethral dysfunction as inter-related elements 
on a spectrum of change. Certain concepts have 
stood the test of time, and they are included be-
low, along with conclusions:

1.	 Many patients with urodynamic stress inconti-
nence show urethral mobility (Level 2), although 
it is not yet known what it is about that mobility 
which permits urethral opening during stress.

2. Some patients who present with minimal mobility 
have	primary	or	residual	sphincter	insuficiency.

3.	 Sphincter	 insuficiency	 is	 related	 to	 a	 decline	
in striated sphincter muscle mass and function 
as measured by electrophysiological studies 
of pudendal nerve and sphincter function, and 
MRI and sonographic estimates of muscle mass 
(Level	1).	 If	 repeated	episodes	of	vaginal	 trac-
tion can be shown to enhance sphincter dam-
age, then the effect of early treatment of stress 
incontinence and prolapse on future develop-
ment of ISD should be investigated, since ad-
vanced	ISD	remains	dificult	to	treat.

4. Successful operations can restore urethral posi-
tion but do not restore urethral function. A good 
surgical outcome probably requires a certain 
reserve of urethral function. It is in the area of 
functional understanding of urethral anatomy 
that the greatest progress is likely to be made.

Anatomical support of pelvic viscera is mainly provid-
ed by the levator ani muscle complex and connective 
tissue attachments of the pelvic organs: vaginal sup-
port arises from the connective tissue attachments 
between the vagina and the pelvic sidewall, the vagi-
nal	wall,	and	the	levator	ani	muscles	[311,	312].	

Two mechanical principles explain how the uterus 
and vagina are normally held in place. First, the 
uterus and vagina are attached to the walls of the 
pelvis by the endopelvic fascia that suspends the 
organs from the pelvic sidewalls. Second, the leva-
tor ani muscles costrict the lumens of these organs 
closed, forming an occlusive layer on which the 
pelvic	organs	may	rest	[313].

The levator ani complex consists of the pubococ-
cygeus, the puborectalis, and iliococcygeus mus-
cles	 [314].	These	muscles	are	 tonically	contracted	
at rest and act to close the genital hiatus and pro-
vide a stable platform for the pelvic viscera. Decline 
of normal levator ani tone by denervation or direct 
muscle trauma, results in an open urogenital hiatus, 
weakening of the horizontal orientation of the leva-
tor	plate,	and	a	bowl-like	coniguration	[315,	316].

The supportive connective tissues are a continuous, 
highly interdependent sheet in which all compo-
nents interact to achieve support of the vagina and, 
therefore, of the pelvic organs. DeLancey has intro-
duced the concept of dividing the connective tissue 
support of the pelvis into three levels, with level I, 
II and III representing apical, midvaginal and distal 
support respectively. The upper portion of the para-
colpium (Level I) consists of a relatively long sheet 
of tissue that suspends the vagina by attaching it 
to the pelvic side wall, and it is responsible for sus-
pending the apex of the vagina after hysterectomy. 
In the middle third of the vagina, the paracolpium 
attaches the vagina laterally, to the arcus tendin-
eus and fascia of the levator ani muscles (Level II). 
This attachment stretches the vagina transversely 
between the bladder and the rectum. The structural 
layer that supports the bladder (pubocervical fas-
cia) is composed of the anterior vaginal wall and 
its attachment through the endopelvic fascia to the 
pelvic side wall. Similarly, the posterior vaginal wall 
and endopelvic fascia (rectovaginal fascia) form 
the restraining layer that prevents the rectum from 
protruding	forward.	The	vagina´s	lower	third	(Level	
III) fuses with the perineal membrane, levator ani 
muscles and perineal body, without any interven-
ing paracolpium (Figure 11 )	 [313,	 317].	 Damage	
to	 the	upper	suspensory	ibres	of	 the	paracolpium	
causes a different type of prolapse from damage 
to the mid-level supports of the vagina. Defects in 
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the support provided by the mid-level vaginal sup-
ports (pubocervical and rectovaginal fascia) result 
in cystocele and rectocele, while loss of the upper 
suspensory	ibres	of	the	paracolpium	and	parame-
trium is responsible for the development of vaginal 
and uterine prolapse. These defects usually occur 
in varying combinations and this is responsible for 
the diversity of clinical problems encountered within 
the	overall	spectrum	of	pelvic	organ	prolapse	[313].

For conceptual purposes the supportive connec-
tive tissue has been related to structural elements 
of	 the	pelvic	loor:	 the	uterosacral	 ligaments	 (level	
I);	the	paravaginal	attachments	(endopelvic	fascia)	
that connect the lateral vaginal walls to the arcus 
tendineous fascia pelvis (ATFP) and the fascia of 
the	levator	ani	muscles	(level	II);	the	perineal	mem-
brane	and	the	perineal	body	(level	III)	[317].	Table 1 
lists the structural elements of pelvic organ support, 
their possible damage and subsequent site of pelvic 
organ prolapse.

The integrity of muscular, connective and nerve 
structures is essential to guarantee normal pelvic 
organ support. If one of these factors fails, the other 
might be able to compensate to a certain degree.

In an American gynaecological clinic population 
(18-83	years),	approximatively	3-6%	of	women	had	
pelvic organ prolapse descending beyond the vagi-
nal	 opening	 on	 routine	 pelvic	 examination	 [319];	
an	 estimated	 11%	of	women	will	 undergo	 surgery	

for pelvic organ descent and urinary incontinence 
sometime	in	their	lifespan	[320].	

The aetiology of pelvic organ prolapse is thought to 
be multifactorial with contributions from both envi-
ronmental and genetic risk factors. Environmental 
factors	that	contribute	to	POP	include	vaginal	deliv-
ery, chronic increases in intra-abdominal pressure, 
obesity,	 advanced	 age	 and	 oestrogen	 deiciency	
[321,	 322].	 Evidence	 for	 a	 genetic	 contribution	 to	
pelvic organ prolapse has been found in family-
based studies, candidate gene association studies, 
expression	studies	and	linkage	studies	[323]. Table 
2 lists anatomical and functional determinants of 
normal pelvic organ support. It also summarises the 
possible nature of failure and its potential causes as 
well as the established and theoretical risk factors.

Vaginal delivery has been considered the main 
causal factor in the development of pelvic organ 
prolapse	for	some	years	[112,	320,	324-327].	How-
ever,	if	it	is	true	that	all	women	undergo	pelvic	loor	
stretching during vaginal delivery, not all of them 
develop	 a	 further	 prolapse;	 moreover,	 pelvic	 loor	
dysfunction has also been described in women who 
gave	 birth	 by	 caesarean	 section	 only	 [112,	 322]	
and	in	nulliparous	women	[328].	Therefore,	vaginal	
delivery does not totally explain the origin and pro-
gression	of	pelvic	loor	descent	 in	all	women.	This	
supports the hypothesis that other causes, besides 
obstetrics, are involved in the aetiology of pelvic 
organ	prolapse:	connective	tissue	deiciencies,	ge-
netic predisposition, sexual hormones, pregnancy, 
ageing, menopause, obesity, neuropathies, ethnic-
ity and family history. 

In the last decade, attention has increasingly fo-
cused	on	understanding	the	molecular	basis	of	POP	
and the recognition of the potential molecular mark-
ers	and	 their	modulators	 in	 pelvic	 loor	 supportive	
tissues in order to identify  women predisposed to 
develop	POP.

1.  INHERITANCE, GENETIC AND ETHNIC 
PREDISPOSITION

Several studies have recently focused their at-
tention on the inheritable predisposition for pelvic 
organ prolapse. 

In the large case-control study carried out by Chiaf-
farino	et	al.	[329],	a	higher	risk	of	prolapse	was	re-
ported	in	women	whose	mother	(OR:	3.2;	95%	CI:	
1.1-7.6)	or	sister	(OR:	2.4;	95%	CI:	1.0-5.6)	were	
affected	by	the	same	condition;	their	data	support	
that	 irst-degree family history  of prolapse is a 
risk	factor	for	POP.

Jack	et	al.	[330]	demonstrated	that	the	risk	of	POP	among	
siblings	of	 young	women	 (average	age:	37	 years)	
with	stage	III	and	IV	POP	was	ive	times	higher	than	
in the general population. Genetic analysis of the in-
heritance pattern within these families showed that 
pelvic organ prolapse segregated in a dominant 
fashion with incomplete penetrance.

Figure 11. Level I (suspension) and level II (attach -
ment). In level I the paracolpium suspends the vagina 
from the lateral pelvic walls. Fibers of level I extend 
both vertically and also posteriorly towards sacrum. 
In level II vagina is attached to arcus tendineus fas -
ciae pelvis and superior fascia of levator ani. From 
DeLancey et al, Clin Obstet Gynecol,1993 [318].
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 Structure Failure/Defects Anatomical results 

Level 1 Uterosacral ligaments  

 

- Disruption 

- Overdistension 

- Elongation 

- Uterine prolapse 

- Vault prolapse 

Level 2 - Anterior endopelvic fascia  

    (pubocervical fascia) 

 

 

- Posterior endopelvic fascia 

(rectovaginal fascia) 

- Central impairment of fascia 

- Lateral detachment of fascia from ATFP 

 

- Impairment of fascia 

 

- Midline cystocele 

- Paravaginal defect-cystocele 

- Rectocele 

Level 3 Perineum - Disruption from endopelvic fascia  

- Disruption of bulbocavernosus muscles 

- Excessive perineal descent 

- Rectocele 

Table 1. Structural elements of pelvic organ support, their possible damage and subsequent site of pelvic 
organ prolapse. The levels of support and anatomical defects are derived from the anatomical studies of 
DeLancey [313, 317].

Normal s upp ort Failure Possible cause/risk factors 

Normal connective tissue 

including normal tone (smooth 

muscle cells) 

• Reduced tone 

• Pathological type and cross 

linking (LOE 2) 

• Disruption (LOE 2) 

• Genetic (LOE 2) 

• Pregnancy (connective tissue remodelling) (LOE 3) 

• Vaginal birth ( mechanical ) (LOE2) 

• Chronic pelvic loor stress (straining, constipation, 

asthma) 

• Obesity  

Normal attachment of 

connective tissue and pelvic 

loor musculature 

• Disruption, detachment 

(LOE2) 

• Vaginal birth (LOE 1) 

• Hysterectomy, pelvic operations (LOE3) 

• Chronic pelvic loor stress (LOE3) 

• Pelvic trauma (accidents, falls) (LOE3) 

Normal tone of the pelvic loor 

muscle  

• Hypotonic pelvic loor muscle 

(LOE4) 

• Pregnancy, childbirth (ischemic, mechanical, hormonal) 

(LOE2) 

• Reduced connective tissue tone 

• Chronic pelvic loor stress 

Normal, nearly horizontal, axis 

of the vagina  

• Vertical course of the vagina 

(LOE3) 

• Hysterectomy, pelvic operations including Burch 

colposuspension (LOE3) 

• Chronic pelvic loor stress 

• Vaginal birth (LOE2) 

Normal innervations and pre-

programming of abdominal 

capsule and pelvic loor muscle 

• Denervation/re-innervation 

(LOE1) 

• Loss of pre-programming 

(LOE4) 

• Vaginal birth (LOE1) 

• Pelvic trauma/pain 

• Delayed or lack of pelvic loor contraction during 

increased abdominal pressure (LOE3) 

Table 2. Determinants of normal pelvic organ support. Possible sites of failure and possible causes, 
established and theoretical risk factors. LOE= LEVEL OF EVIDENCE
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The	recent	indings	of	high	concordance	in	the	POP	
stage between nulliparous women and their parous 
sisters strongly support the hypothesis of a familial 
basis	 for	POP.	Buchsbaum	et	al.	 [331]	 investigated	
the role of familial factors in the development of pel-
vic organ prolapse by comparing the prevalence of 
this condition in nulliparous postmenopausal women 
and	their	parous	sisters.	By	compartment,	there	was	
a	 74.3%	 to	 91.1%	 concordance	 in	 prolapse	 stage	
within sister pairs. In discordant sister pairs, the par-
ous sister was found to have the more advanced pro-
lapse	88%	of	 the	time.	Based	on	these	results,	 the	
authors conclude that a high concordance of pelvic 
organ prolapse in nulliparous and parous sister pairs 
suggests a familial predisposition toward developing 
this condition. However, vaginal delivery appeared 
to confer a risk for more advanced pelvic organ pro-
lapse.	LEVEL	OF	EVIDENCE:	II-2.

Some studies have drawn attention to the incidence 
of pelvic organ prolapse amongst identical twins .

In	the	larger	Swedish	twin	registry	of	3,376	monozy-
gotic	and	5,067	dizygotic	female	twin	pairs,	a	great-
er twin similarity among the monozygotic twins was 
found,	 indicating	 the	 inluence	 of	 a	 genetic	 com-
ponent to the aetiology of pelvic organ prolapse. 
Genetic and non-shared environmental factors 
seemed to contribute equally to the development of 
pelvic	 loor	 disorders	 in	 these	women,	 about	 40%	
for	each	factor	[332].

Buchsbaum	 et	 al.	 [333]	 even	 reported	 that	 vaginal	
delivery was not associated with clinically relevant 
differences in relaxation of the pelvic support system 
within four sets of postmenopausal identical twins 
with different parity status.

Genetic  variants that run in families with an in-
creased incidence of pelvic organ prolapse have 
been documented. 

A	 recent	 study	 provides	 strong	 scientiic	 evidence	
for a genetic contribution to pelvic organ prolapse: 
using a genome-wide association study, Allen-
Brady	 et	 al.	 [334],	 demonstrated	 that	 6	 single-nu-
cleotide	polymorphisms	(SNPs)	are	signiicantly	as-
sociated	with	POP	 in	high-risk	 familial	 case	group	
participants.	LEVEL	OF	EVIDENCE:	II.	Their	results	
showed that two of the six SNPs are located within 
the	genes	ZFAT	and	COL18A1,	both	with	Mende-
lian	 inheritance	in	man.	The	ZFAT	has	been	found	
to play a transcriptional regulator role for immune 
regulation and apoptosis and, hence, may affect 
development of the muscle and connective tissue 
of	the	pelvic	loor.	The	COL18A1	gene	(precursor	of	
the collagen XVIII) may play a role in the structural 
organisation of basement membranes. The other 
four	SNPs	identiied	are	intergenic,	but	one	of	them	
is close to the ANTXR2 gene, which binds intrave-
nously to collagen and laminin, suggesting that it 
may be involved in extracellular matrix adhesion. 
The	authors	 identiied	 at	 least	 three	 strong	 candi-
date	genes	for	POP	that	warrant	follow-up.

Recent	 data	 suggest	 a	 role	 of	 genetic	 inluence	 in	
early	onset	of	POP.	In	a	family	in	which	three	genera-
tions of female relatives suffered from prolapse at a 
very young age, a polymorphism in the promoter of 
LAMC1	gene	has	been	found	that	seems	to	increase	
the susceptibility to early onset pelvic organ pro-
lapse,	as	an	autosomal	dominant	transmission	[335].

One	 study	 examined	 gene	 expression	 of	 structural	
proteins	that	are	related	to	actin	and	myosin	 in	ive	
women	with,	 and	ive	women	without,	 pelvic	organ	
prolapse in the pubococcygeal muscle. Several ge-
netic differences between subjects and controls with 
gene	under-	and	overexpression	were	found	[336].

In	mice,	 HOXA11	 has	 been	 identified	 as	 an	 es-
sential gene for the development of the utero-
sacral	ligaments	[337].	In	HOXA11-null	mice,	the	
uterosacral ligaments were absent. Women with 
POP	 might	 have	 weakened	 connective	 tissue	
due to changes in a signalling pathway involving 
HOXA11	[337].	

Increasing evidence supports a genetic aetiology 
of	POP,	also	with	 respect	 to	abnormal	extracellular	
matrix	 remodelling	 [338].	 A	 genetic	 predisposition	
to	POP	speciic	 to	elastin	metabolism	was	noted	 in	
the rodent model, in which genetic mutation of the 
LOXL1	or	the	ibulin-5	gene	in	mice	are	involved	in	
the	 altered	 elastic	 ibre	 assembly	 and	 then	 in	 the	
pathogenesis	 of	 the	 pelvic	 prolapse	 [339].	 Altered	
gene expression of elastin has also been described 
in	women	with	POP	[340].

Genetic screening would certainly be an essential 
future tool for identifying the woman at risk of devel-
oping	POP	and	for	reining	the	counseling	of	women	
deemed to be increased risk. The primary preven-
tion tool could be the adaptation of mode of delivery 
in	at-risk	groups.	These	patients	 could	also	beneit	
from changing their management such as whether 
surgery should be considered early or late in the 
woman´s	lifespan.

Race is another demographic factor that seems to 
be	associated	with	 the	development	of	POP.	Some	
studies reported that Hispanic and European women 
appear	 to	 be	 at	 higher	 risk	 for	 POP	 than	 those	 of	
African,	Asian	or	other	descent	[319,	322,	326,	341,	
342].	This	is	also	supported	by	evidence	suggesting	
that women of Asian descent have reduced inherent 
pelvic	organ	mobility.	In	a	cadaveric	study,	Zacharin	
[343]	 reported	 that	 Chinese	 women	 have	 stronger	
and thicker pubourethral ligaments, endopelvic fas-
cia and endopelvic attachment to the obturator fascia 
compared to Caucasian women. More recently, Dietz 
et	al.	[342]	conirmed	these	results	using	pelvic	loor	
ultrasound, showing that Asian women have sig-
niicantly	 less	pelvic	organ	mobility	 than	Caucasian	
women both antepartum and postpartum.

In	cohort	analysis	of	27,342	women,	Hendrix	et	al.	
[326],	conirmed	previously	reported	differences	be-
tween white and African-American women. Hispanic 
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women	had	the	highest	rate	of	uterine	prolapse	(OR:	
1.24,	95%	CI:	1.01-1.54)	and	an	 increased	 risk	 for	
cystocele	(OR:	1.20,	95%	CI:	1.05-1.36)	but	not	rec-
tocele	(OR:	0.95,	95%	CI:	0.82-1.11).	

The	reasons	for	these	ethnic	differences	are	unclear;	
however, some evidence indicates that African-
American women have smaller pelvic outlets than 
those	of	European	descent	[344].

Other	connective	tissue	deiciencies	such	as	hernias  
may share common pathophysiological mechanisms 
with	 POP.	 In	 a	 group	 of	 60	women	with	 advanced	
prolapse, the total prevalence of hiatal and inguinal 
hernias	 was	 signiicantly	 higher	 than	 in	 a	 control	
group	of	60	women	with	mild	or	no	prolapse	(31.6%	
vs.	5%,	p<0.001)	[345].	

A population-based, cross-sectional study of 
5,489	Stockholm	women	found	an	OR	of	1.8	for	a	
positive association with symptomatic prolapse in 
women with a history of conditions suggestive of 
deicient	connective	tissue	(varicose	veins/hernia/
haemorrhoids)	[346].

McLennan	et	al.	 [347]	demonstrated	 that	 the	 risk	
of	prolapse	was	1.4	(95%	CI	1.2-1.8)	times	higher	
in women with a family history of prolapse and/or 
hernia, after adjusting for vaginal deliveries, hys-
terectomy	and	 incontinence.	The	authors	 conirm	
that heredity is a risk factor for prolapse and sug-
gest that history taking should include both male 
and female family members.

Taken together, this evidence suggests that there is 
a	familial	or	genetic	basis	for	POP	in	some	women,	
and that heritable or genetic factor play a role in its 
development.

2.  ALTERATION OF COLLAGEN, ELASTIN 
AND SMOOTH MUSCLE OF THE VAGINAL 
AND SUPPORTIVE TISSUE.

It has been demonstrated that young women 
with	 POP	 are	 more	 likely	 to	 have	 connective	
or neurological tissue diseases and congenital 
abnormalities	[348].

Women with Marfan or Ehlers-Danlos syndrome 
have	high	 rates	of	POP.	 Intrinsic	 joint	hypermobil-
ity is another well recognised connective tissue 
disease	that	is	associated	with	pelvic	descent	[349-
352].	This	inding	supports	the	hypothesised	aetio-
logical role of connective tissue disorders as a fac-
tor	in	the	pathogenesis	of	this	conditions	[353].

The vaginal wall is comprised of four layers: a su-
pericial	layer	of	non-keratinised	stratiied	squamous	
epithelium;	 a	 subepithelial	 dense	 connective	 tissue	
layer	composed	primarily	of	collagen	and	elastin;	a	
layer	of	smooth	muscle	referred	to	as	the	muscularis;	
and a layer of adventitia, composed of loose connec-
tive tissue. The subepithelium and muscularis togeth-
er are thought to confer the greatest tensile strength 
to the vaginal wall. In the normally supported vagina, 
the supportive connective tissues pull the vagina up 

and back away from the vaginal introitus over the le-
vator ani muscles. A normally supported vagina, in 
turn, provides support to the bladder, urethra, uterus 
and rectum. Disruptions of - or damage to - these 
connective tissue structures and injury to the vagi-
nal wall are thought to be two important mechanisms 
causing prolapse.

The connective tissue of the vagina and support-
ive	tissues	contains	a	ibrillar	component	(collagen	
and	 elastin)	 and	 a	 non-ibrillar	 component	 (non-
collagenous glycoproteins, hyaluronan, and pro-
teoglycans). In addition, and with the exception of 
the arcus tendineous, these tissues contain a sig-
niicant	amount	of	smooth	muscle.	The	ibrillar	com-
ponent is thought to contribute the most to the bio-
mechanical behaviour of these tissues. The quantity 
and quality of collagen and elastin are maintained 
through a precise balance between synthesis, post-
translational	modiication,	and	degradation.

Therefore, the integrity of the vagina and its sup-
portive connective tissues are essential for keeping 
the pelvic organs in their normal anatomic position. 
Evaluation of these tissues from a biochemical per-
spective enables us to better discern the complex 
interplay between structural composition and sup-
portive capacity. 

Collagen types I, III and V are the main structural 
components of vaginal epithelium and endopelvic 
fascia and they are thought to be the principal de-
terminants of tissue strength. Type I collagen con-
fers strength to tissues while type III contributes to 
elasticity. Type III collagen is the primary collagen 
subtype in the vagina and its supportive structures. 
The ratio of collagen I to III is an indicator of tensile 
strength: the higher the amount of collagen type III, 
the lower is the mechanical strength. To our knowl-
edge the role of type V collagen, which is found in 
small quantities in the vagina, is still unknown.

The turnover of connective tissues throughout the 
body is maintained by a family of highly conserved, 
zinc-dependent endopeptidases referred to as ma-
trix metalloproteinases (MMPs). The MMPs are in-
volved in both normal physiological and pathological 
proteolytic processes, which are an integral part of 
tissue remodelling in both women with and without 
prolapse. An excessive tendency towards connec-
tive tissue degradation may underlie the predisposi-
tion of some women to prolapse. 

Interstitial collagens (types I, II and III) are cleaved 
by	MMP-1,	 8	 and	 13.	 The	 cleaved	 collagen	 frag-
ments are susceptible to rapid gelatinase (MMP-2 
and 9) degradation into amino acids. These gelatin-
ases (MMP-2 and 9) also degrade elastin. 

Reports of decreased total collagen in pelvic tissue 
from	women	with	POP	suggest	that	collagen	degra-
dation	may	contribute	to	POP.	Collagen	degradation	
depends on the activity of MMPs produced by con-
nective tissue cells. MMP proteolytic activity is spe-
ciically	 regulated	by	 their	 inhibitors,	TIMPs,	which	
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bind stoichiometrically to MMPs to inhibit their activ-
ity.	The	balance	between	MMPs	and	TIMPs	deines	
the collagenolysis. 

In women with prolapse, MMP-2 mRNA expression is 
increased with a concurrent decrease in the inhibitor 
TIMP-2	 [354].	 Recent	 data	 also	 indicate	 increased	
MMP-1	expression	and	decreased	collagen	I	 in	 the	
uterosacral	 ligaments	of	women	with	POP	[355].	 In	
contrast, collagen I and III mRNA expression was 
increased	 in	 vaginal	 tissue	 from	women	 with	 POP	
[356].	Discrepancies	 in	 the	 literature	can	be	due	 to	
the different methodological issues (different tissues 
targeted	or	a	different	method	of	protein	quantiica-
tion) used. Mismatches between mRNA and protein 
data are often found when examining proteins in the 
extracellular matrix. Thus, gene expression should 
always	be	conirmed	with	protein	expression.	These	
issues	 contribute	 to	 signiicant	 variations	 in	 the	 re-
ported data and underscore the importance of care-
ful research methodology. These discrepancies also 
suggest the possibility that different pathways in the 
extracellular matrix may be activated depending on 
injury type and severity, mechanical load and envi-
ronmental	factors	[338].

Despite discrepancies in the precise MMP/TIMP or 
collagen type, the reported data and numerous other 
publications	indicate	that	women	with	POP	show	an	
abnormal pelvic extracellular matrix metabolism with 
increased collagen remodelling. 

Takano	 et	 al.	 [357]	 demonstrated	 that	 the	 general	
amount of collagen in the parametria is reduced in 
pre- and postmenopausal women with pelvic organ 
prolapse compared with women without prolapse. 
Moalli	et	al.	[358]	showed	that	collagen	III	is	increased	
in vaginal subepithelium and muscularis in patients 
with prolapse relative to patients without prolapse, in-
dependent	of	age	and	parity.	LEVEL	OF	EVIDENCE	
II-2. Increase in collagen III has also been reported in 
the uterosacral and cardinal ligaments of women with 
prolapse	[359,	360].	The	Moalli’s	group	[361]	demon-
strated that collagen III is the primary subtype in the 
arcus	tendineus	fascia	pelvis;	a	decrease	in	the	ratio	
of	collagen	I/(III+V)	is	associated	with	menopause	in	
the absence of hormone therapy and a restoration 
of this ratio to premenopausal levels with hormone 
therapy. From these data the authors suggested that 
sex steroid hormones may improve the biomechani-
cal properties of the supportive tissues of the vagina.

As all studies involving the procurement of human 
tissue are by necessity cross-sectional, it is impos-
sible to determine whether the increase in collagen 
III	relects	the	causes	or	effects	of	prolapse.	In	either	
case,	 the	 increased	lexibility	and	distensibility	plus	
the decreased tensile strength associated with an 
increase in collagen III are likely to contribute to the 
progression	of	POP.	

Elastin  is primarily laid down during fetal devel-
opment and rarely synthesised in adult tissues. In 
contrast	to	the	other	tissues	in	which	elastin	ibres	

do not experience a turnover in a lifespan, there is 
cyclical	remodelling	of	elastin	ibres	in	the	reproduc-
tive tract. A massive degradation of elastin occurs 
at the time of parturition, followed by postpartum re-
synthesis, allowing recovery of reproductive tissues 
to	their	pre-pregnancy	state	[362].	Mice	deicient	in	
LOX	(lysyl	oxidase)	fail	to	replenish	mature	elastin	
ibres	 in	 the	reproductive	 tract	 following	parturition	
and	 develop	 spontaneous	 prolapse	 [363].	 Yama-
moto	et	al.	[340]	found	a	marked	decrease	in	elastin	
mRNA and tropoelastin protein in the cardinal liga-
ments of women with pelvic organ prolapse relative 
to	women	without	prolapse.	Chen	et	al.	[364]	dem-
onstrated	a	signiicant	decrease	in	the	endogenous	
inhibitors of elastases with increase in elastolytic 
activity in vaginal tissue from women with stress uri-
nary incontinence and pelvic organ prolapse com-
pared with control subjects. Therefore, these data 
suggest that the proper degradation, synthesis, and 
regeneration	of	elastic	ibres	are	essential	for	main-
taining pelvic organ support.

If damaged or destroyed, metabolically repaired 
elastin frequently results in malformed and dys-
functional repair products. Proteolytic enzymes ca-
pable of degrading elastin include the serine pro-
teases, such as neutrophil elastase, the cysteine 
proteases,	and	MMP-2,	9	and	12.	Marked	decreas-
es in elastin gene transcripts and elastin synthesis 
in	pelvic	ibroblasts	were	noted	in	women	with	POP	
[340],	 suggesting	 that	 altered	 elastin	metabolism	
may contribute to prolapse. In rodent models with 
genetic	disruption	to	LOXL1	or	ibulin-5	gene,	pro-
lapse develops due to failure to synthesise and as-
semble	functional	elastic	ibres	[363].	Elastin	con-
tent was decreased in the uterosacral ligaments of 
women	with	POP,	as	were	LOX,	and	LOXL1	and	
LOXL2	gene	expression	[365].

A	recent	study	by	Moon	et	al.	[366],	evaluated	the	
alteration of elastin metabolism in women with pel-
vic organ prolapse in a prospective case-control 
study: their results showed that expression of neu-
trophil elastase and matrix metalloproteinase-2 
mRNA was higher in women with than in those 
without	 POP.	 Compared	 to	 before	 menopause,	
neutrophil elastase and matrix metalloproteinase-2 
showed	a	signiicant	decrease	in	postmenopausal	
women	 without	 POP,	 although	 they	 remained	 in-
creased	 in	 postmenopausal	 women	 with	 POP.	
Alpha-1-antitrypsin	was	signiicantly	lower	in	post-
menopausal women with pelvic organ prolapse 
than in postmenopausal women without. The ac-
tivities of neutrophil elastase, matrix metallopro-
teinase-2 and matrix metalloproteinase-9 were 
increased	 in	 women	 with	 POP,	 and	 these	 trends	
were similar to neutrophil elastase and matrix me-
talloproteinase-2 expression even after adjusting 
for age, parity and menopausal status. This study 
demonstrates that after menopause increased 
elastolytic	protease	has	a	signiicant	role	in	the	de-
velopment	of	POP.
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The strongly heritable connective tissue diseas-
es, in which pelvic organ prolapse predominates 
as a result of an elastinopathy, highlight the im-
portance of elastic fibres for maintaining vaginal 
support. Marfan’s syndrome, characterised by 
mutations	 in	 the	 fibrillin-1	 gene,	 and	 cutis	 laxa	
with mutations in the elastin and fibulin-5 genes, 
are	notable	for	an	increased	incidence	of	POP	in	
affected	women	[367-370].

Childbirth	 is	an	 important	 risk	 factor	 for	POP,	not	
only	for	the	mechanical	trauma	that	the	pelvic	loor	
is	 submitted	 to:	 inlammatory	 pathways	 are	 acti-
vated during the complex process of tissue heal-
ing after birth trauma. During healing proteinases, 
growth	factors	such	as	TGF-β,	cytokines	and	che-
mokines are secreted into the extracellular matrix 
by	surrounding	cells.	TGF-β	 is	one	of	a	 family	of	
25 kDa polypeptide growth factors that is currently 
viewed	 as	 the	 most	 important	 ibrosis	 promoting	
cytokine. It is responsible for extracellular matrix 
synthesis	in	ibroblasts,	the	differentiation	of	ibro-
blasts	to	myoibroblasts	and	the	inhibition	of	matrix	
degradation by inhibiting MMP expression and up-
regulating TIMP expression. Thus, it is important 
in extracellular matrix metabolism and affects tis-
sues or organs in various ways. There is sparse 
but	growing	evidence	of	TGF-β	modulation	in	pel-
vic	connective	 tissue.	Large	quantities	of	TGF-β1	
are stored in readily available form in the extra-
cellular matrix. Release and activation of stored 
latent	 TGF-β1	 by	 proteases	 can	 generate	 rapid,	
highly localised signals. Therefore, the modula-
tion	 of	TGF-β1	activity	 by	 extracellular	 proteases	
provides faster signal transduction than alterations 
in gene expression. This is important for tissue re-
modelling during pregnancy and repair after birth 
trauma	[338].

3. NEUROLOGICAL FACTORS

Integrity of the pelvic innervation is essential for nor-
mal pelvic function. The changes in neurophysiolog-
ical parameters seen after childbirth were interpret-
ed	to	relect	neuromuscular	injury	caused	by	forces	
exerted on the sacral plexus, pudendal nerves, and 
pelvic	loor	muscles.	

Abnormal	indings	have	also	been	found	in	women	
with prolapse or stress incontinence. Histological-
ly, there were smaller and fewer nerve bundles in 
women with posterior vaginal wall prolapse com-
pared	 with	 women	 without	 prolapse	 [371].	 It	 has	
been demonstrated that the density of peptide-
containing nerves in the periurethral tissue and in 
the levator ani muscle in women with prolapse is 
reduced	[372,	373].
Between	1985	and	1987,	Allen	et	al.	[177]	found	that	
80%	 of	 primigravidae	 developed	 evidence	 of	 par-
tial	denervation	of	the	pelvic	loor	following	delivery.	
However,	evidence	of	reinnervation	and	increased	i-
bre density 2 months after vaginal delivery has been 
detected	 [177,	 374].	 Snooks	 et	 al.	 investigated	 14	

multiparous	women	from	their	previous	studies	[176,	
374]	5	years	after	irst	vaginal	delivery	and	demon-
strated	 that	 pelvic	 loor	 striated	 sphincter	muscula-
ture denervation progressed, indicating that age is 
a	contributory	factor	[178].	Similarly,	progressive	de-
nervation	with	 time	up	 to	15	years	postpartum	was	
found in another prospective study, corroborating the 
ageing	factor	[375].

The pudendal nerve innervates the voluntary ure-
thral and anal sphincters, but it does not innervate 
the levator ani muscles, which receive their own 
nerve supply from the sacral plexus. Therefore, 
there is currently no clear evidence whether the 
neurological damage is responsible, together with 
the mechanical damage of stretching, for the visible 
levator defects.

Information from electrodiagnostic studies has 
demonstrated that birth causes changes in mean 
motor unit duration after vaginal birth and changes 
in	pudendal	nerve	conduction	patterns	[177,	178,	
376-378].	Prolongation	of	the	pudendal	nerve	ter-
minal motor latency (PNTML) is thought to be a 
result of pudendal nerve damage during vaginal 
delivery.	 Significantly	 prolonged	mean	 PNTML´s	
have been found in women two to three days after 
vaginal	delivery,	compared	to	a	multiparous	[176]	
and	a	nulliparous	control	group	[374].	At	follow-up	
five years later, prolongation of PNTML persisted 
[178].	Two	prospective	analyses	demonstrated	a	
prolongation of PNTML antenatally to six to eight 
weeks after vaginal delivery, particularly after the 
first	delivery	[379,	380].	But,	again,	many	of	these	
changes seem to be temporary, as two-thirds of 
the women with an abnormally prolonged PNT-
ML after delivery had normal measurement six 
months	later	[379].

Little recent electrophysiological work has been add-
ed to the literature, probably due to the technical dif-
iculty	of	the	nerve	function	tests	in	clinical	practice.	

Although it has not been proved in studies, it is rea-
sonable to assume that periods of pain and discom-
fort after childbirth (e.g., perineal tears and episiot-
omy) and especially pain related to attempted PFM 
contraction could lead to a temporary nonactivation 
of the PFM. This could be the origin of disturbances 
in behavioural patterns, which would need to be re-
adjusted. In combination with a particularly vulner-
able	 pelvic	 loor	 neural	 control,	 whose	 complexity	
only evolved phylogenetically after the attainment of 
the upright stance, such a temporary disturbance of 
neural control after childbirth may persist, although 
the pelvic tear(s) resulting from vaginal delivery 
would have fully recovered. 

Therefore, the effects of vaginal delivery on pelvic 
loor	nerves	are	still	controversial.	While	 it	seems	
logical that vaginal delivery causes some neuro-
muscular injury which would predictable to the de-
velopment of pelvic organ dysfunction, many de-
tails are uncertain.



294

4.  PREGNANCY AND PELVIC FLOOR MUSCLE 
REMODELLING

Several of the changes occurring prior to delivery 
are in all likelihood normal physiological changes 
and may be secondary to hormone-induced colla-
gen alterations. Hormonal alterations are essential to 
prepare the body and to adjust the musculature and 
connective tissue for vaginal birth. 

The high progesterone levels during pregnancy in-
luence	the	pelvic	loor	structures:	progesterone	has	
smooth muscle-relaxing and oestrogen-antagonising 
effects, reducing the tone in the ureters, bladder and 
urethra	[381].

Relaxin, increases markedly during pregnancy and it 
modiies	the	connective	tissue:	 its	collagenolytic	ef-
fect, that allows appropriate stretching during vaginal 
birth,	 has	been	demonstrated	 in	guinea	pigs	 [382].	
As a likely result of connective tissue remodelling in 
preparation for birth, Landon and colleagues found 
that the connective tissue of the rectus sheath fascia 
and the obturator fascia could be stretched to greater 
length during pregnancy, but it is also much weaker. 
In some women, these changes may be irreversible 
and further stretching beyond physiological limits 
may	result	in	permanent	dysfunction	[383].

Recently, several studies have focused on the effect 
of	pregnancy	on	the	pelvic	loor	and	on	the	develop-
ment of prolapse.

Rahn	 et	 al.	 [384]	 identiied	 pregnancy-induced	
changes in biomechanical properties of the vaginal 
wall	 and	 compared	 these	 with	 ibulin-5	 knockout	
mice	 (Fbln5−/−)	 with	 and	 without	 prolapse.	 Com-
pared to nonpregnant mice, vaginas of pregnant and 
Fbln5−/−	 (with	 prolapse)	mice	 exhibited	 decreased	
maximal stress, increased distensibility and strain, 
plus	decreased	stiffness.	Tissues	from	Fbln5−/−	mice	
without prolapse were similar to non-pregnant ani-
mals. The authors concluded that pregnancy confers 
remarkable changes to the vaginal wall that include 
increased distensibility, decreased stiffness and 
maximal	 stress.	 Elastinopathy	 alone	 is	 insuficient	
to	cause	signiicant	changes	in	these	properties,	but	
prolapse confers additional alterations in distensibil-
ity and stiffness that are similar to those changes that 
have been observed in pregnancy. These changes 
may contribute to the poor durability of many restor-
ative surgical procedures for prolapse.

The effect of pregnancy on the development of 
pelvic	 organ	 prolapse	 was	 evaluated	 by	 O’Boyle	
et	al.	[385]:	in	a	series	of	135	nulliparous	pregnant	
women,	 POPQ	 stage	 appears	 to	 increase	 during	
pregnancy	and	does	not	change	signiicantly	follow-
ing	delivery.	POPQ	stage	assignments	and	POPQ	
component	measurements	were	compared	for	irst-,	
second-	 and	 third-trimester	 examinations.	Overall,	
POPQ	stage	was	signiicantly	higher	in	the	third	tri-
mester	than	in	the	irst.	These	indings	probably	rep-
resent normal physiological changes of the pelvic 

loor	during	pregnancy,	but	suggest	that	signiicant	
changes may be objectively demonstrated prior to 
delivery. In nulliparous women, pregnancy is asso-
ciated	with	 increased	POPQ	stage	compared	with	
non-pregnant	control	subjects	[386].

Sze reported that 46% of 94 nulliparous women had 
pelvic	 organ	 prolapse	 at	 their	 36-week	 antepartum	
visit.	Of	them,	26%	had	a	stage	II	prolapse	[387].

5. CHILDBIRTH

Undoubtedly, vaginal delivery constitutes a trau-
matic	event	for	the	pelvic	loor:	it	may	affect	the	pel-
vic nerves, the pubococcigeus-puborectalis muscle 
complex, the pelvic fascial structures or the anal 
sphincter. However, all women sustain trauma to 
their	pelvic	loor	during	vaginal	birth,	but	only	some	
experience long term injury.

Several	attempts	have	been	made	to	deine	fascial	
trauma after vaginal delivery. In the anterior com-
partment, childbirth may result in disruption of the 
‘endopelvic fascia’, in particular of paraurethral and 
paravaginal structures. Analogous to increased 
bladder descent after childbirth, there is a highly 
signiicant	 increase	 in	 caudal	 displacement	 of	 the	
rectal	ampulla	after	childbirth	[388].	The	rectovagi-
nal septum and Denonviller’s fascia are the connec-
tive structures involved in the posterior compart-
ment damage that appears as a rectocele. It has 
recently been shown that vaginal childbirth also re-
sults in an increased prevalence of true rectocele, 
i.e. presumpted defects of the rectovaginal septum 
[389].	 Such	 defects	 are	 strongly	 associated	 with	
symptoms of pelvic organ prolapse and obstructed 
defaecation	[390].

Speciic	features	of	injury	during	vaginal	birth	inlu-
ence whether a woman develops prolapse later in 
life. Several factors, that can be grouped together as 
descriptors	of	dificult	 vaginal	delivery,	are	associ-
ated with increased occurrence of prolapse: forceps 
delivery, a prolonged second stage of labour, and 
large infant birth weight. Unfortunately, because of 
the overlapping nature of these different factors, it 
is	dificult	to	determine	which	of	them	is	causal	and	
which of them is associated (e.g., forceps delivery 
is used when there has been a prolonged second 
stage of labour, and both of these factors increase 
in large-sized infants). 

The role of childbirth in causing damage to the leva-
tor ani muscle (LAM), which is associated with both 
vaginal delivery and with pelvic organ prolapse, is 
probably the mediating mechanism in these injuries. 
Recent investigations using techniques such as mag-
netic resonance imaging (MRI) and three-four dimen-
sional ultrasound have focused on the morphology of 
the levator ani complex and its integrity after delivery.

The occurrence of levator trauma postpartum is re-
ported	to	be	between	15-39.5%	with	ultrasound	[151-
157]	 (Figure 12 )	 and	 between	 17.7%-19.1%	 with	
MRI	[159-161].
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Figure 12. Levator ani defect early postpartum in a patient had spontaneous vaginal delivery (acquisition 
screen GE Voluson-e ® System).
A. In the multiplanar mode, the axial plane (lower left) and the rendered image (lower right) show an unilat -

eral levator discontinuity (**) on the right side of pubococcigeal-puborectalis muscle.
B. Eight slices obtained with TUI in coronal-C plane in the same patients: the discontinuity (arrow) is 

demonstrated in at least three consecutive slices at and above the plane of minimal hiatal dimension 
(frames *,-1,-2,-3).

From Albrich et al, BJOG 2011 [156]
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An observational study in women 2–4 weeks before 
and 2–6 months after vaginal childbirth provided di-
rect proof for the hypothesis that childbirth is respon-
sible for certain morphologic abnormalities of LAM 
observed in parous women and suggests that older 
age	at	irst	delivery	is	a	risk	factor	for	such	trauma.	
LEVEL	OF	EVIDENCE	II-3	[155].

To estimate the risk of prolapse associated with leva-
tor avulsion injury among a urogynaecological clinic 
population,	Dietz	et	al.	 [165]	 retrospectively	 consid-
ered		781	women,	with	a	mean	age	53	years	(range	
15-89	years),	and	a	median	parity	of	2	(range	0-12).	
Signiicant	 prolapse	 (stage	 II	 or	 higher)	 was	 diag-
nosed	in	415	(53%)	women,	and	181	(23%)	women	
were found to have levator avulsion defects. Prolapse 
was	seen	in	150/181	(83%)	women	with	avulsion	and	
in 265/600 (44%) women without avulsion, giving a 
RR	 of	 1.9	 (95%	 CI:	 1.7-2.1).	 The	 association	 was	
strongest	for	cystocele	(RR	2.3,	95%	CI:	2.0-2.7)	and	
uterine prolapse (RR 4.0, 95% CI: 2.5-6.5). The au-
thors concluded that women with levator avulsion de-
fects were about twice as likely to show pelvic organ 
prolapse of stage II or higher than those without, with 
an increased risk of cystocele and uterine prolapse.

Pelvic organ prolapse seems considerably lower af-
ter	caesarean	section	[112,	344]	but	it	has	been	de-
scribed	in	prospective	study	in	35%	of	26	women	af-
ter caesarean section during active labour compared 
to	32%	of	41	women	who	had	spontaneous	vaginal	
deliveries	 [387].	On	 the	other	hand,	one	epidemio-
logical study using validated questionnaires negated 
the	inluence	of	labour	versus	no-labour		caesarean	
delivery	 on	 pelvic	 organ	 prolapse	 [391]	 LEVEL	OF	
EVIDENCE:	II-2.	Recent	studies	[156,	158]	reported	
cases of early levator abnormalities after emergency 
caesarean section, and hypothesised a possible role 
of active labour in the occurrence of lesions damage 
to	the	pelvic	loor		muscle.

A	 recent	 study	 by	 Leijonhufvud	 et	 al.	 [113]	 consid-
ered	a	cohort	of	women	having	their	irst	and	all	sub-
sequent	caesarean	delieveries	(n	=	33,167),	and	an	
age-matched sample of women having only vaginal 
deliveries	(n	=	63,229).	Women	who	had	only	vagi-
nal deliveries had an overall increased risk for pro-
lapse	surgery	(HR,	9.2;	95%	CI:	7.0-12.1)	compared	
with women who only had cesarean deliveries. They 
concluded that having only vaginal deliveries was as-
sociated	with	a	signiicantly	 increased	risk	of	pelvic	
organ prolapse surgery later in life compared to hav-
ing caesarean deliveries.

There	seems	to	be	suficient	proof	for	the	hypothesis	
that pelvic organ support can be impaired by vagi-
nal delivery. It is unclear whether this effect is due 
to stretching or avulsion of structures and whether 
the observed changes are primary (i.e. directly due 
to childbirth) or the medium-term or long-term conse-
quence of levator impairment. Several mechanisms 
may	well	coexist	in	one	individual	[392].

Furthermore, it has been shown that any delivery-
related changes occur against the background of 

marked variations in pelvic organ support in young 
nulliparous	 women	 [393].	As	 the	most	 signiicant	
changes are observed in those with the least or-
gan	mobility	antenatally	 [394],	 the	effect	of	 child-
birth may be a partial equalisation of those inter-
individual differences.

6. OBSTETRIC AND MATERNAL FACTORS

Increasing vaginal parity was the strongest risk fac-
tor for pelvic organ prolapse in women younger than 
60	years	in	the	Oxford	Family	Planning	Study	[325].	
Compared with nulliparous individuals, the relative 
risk	 of	 developing	 prolapse	 was	 8.4	 for	 a	 woman	
who	had	delivered	 two	 children	and	10.9	 (95%	CI:	
4.7–33.8)	 for	 someone	 with	 four	 or	 more	 children	
[325].	 The	 Women’s	 Health	 Initiative	 reported	 that	
single childbirth was associated with raised odds of 
uterine	prolapse	(OR	2.1;95%	CI:	1.7–2.7),	cystocele	
(OR	2.2;	95%	CI:	1.8–2.7),	and	 rectocele	 (OR	1.9;	
95%	CI:	1.7–2.2)	[326].	Every	additional	delivery	up	
to	ive	births	increased	the	risk	of	worsening	prolapse	
by	10–20%	[326].	Similarly,	the	Progetto	Menopausa	
Italia study showed that the risk of pelvic organ pro-
lapse	rose	with	increasing	parity	[395].

Caesarean section seems to protect against prolapse 
development whereas forceps delivery increases the 
risk	[391,	396].	Findings	of	a	cross-sectional	study	of	
3050	women	randomly	selected	from	a	large	southern	
California	Health	Maintenance	Organisation	showed	
that women who had undergone one or more vaginal 
deliveries	had	a	signiicantly	greater	risk	of	develop-
ing symptomatic pelvic organ prolapse than did those 
who	had	only	caesarean	sections	(OR	3.21;	95%	CI:	
1.96–5.26),	 after	 adjusting	 for	 age,	 parity,	 and	obe-
sity	[391].	The	attributable	risk	of	vaginal	delivery	for	
development of symptomatic prolapse, or the propor-
tion that could have been prevented with a policy of 
routine elective caesarean section, was 46% in this 
population.	LEVEL	OF	EVIDENCE:	II-2	[391].	

Other	 obstetric	 factors	 that	 have	 been	 associated	
with an increased risk of pelvic organ prolapse, albeit 
less consistently, are high infant birth weight (>4500 
g), vaginal delivery of a macrosomic infant, pro-
longed second stage of labour, and age <25 years at 
irst	delivery	[396,	397].	Somewhat	more	controver-
sial is whether pregnancy itself, distinct from mode 
of delivery, alters the risk of pelvic organ prolapse. 
In a small case-control study, pregnancy was as-
sociated with worsening prolapse compared with 
non-pregnant controls matched for age and ethnic 
origin	[386].	A	substantial	proportion	of	pregnant	nul-
liparous women show progression from stage 0 or I 
support	in	the	irst	trimester	to	stage	I	or	II	in	the	third	
trimester	[385].	This	loss	of	vaginal	support	does	not	
seem to return to baseline in the postpartum period. 

To date, the studies are controversial considering 
younger	 age	 (25	 versus	 28	 years	 of	 age)	 [396]	 as	
well	as	older	age	(more	than	30	years)	[398]	at	irst	
delivery as a risk factor for the development of pelvic 
organ prolapse. Another large study did not reveal an 
association	at	all	[322].	
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Despite the strong relationship between obstetric 
factors and pelvic organ prolapse, most cases of 
symptomatic cases arise a long time after vaginal 
childbirth, and most women who bear children do 
not	have	symptomatic	prolapse	[399].

7. AGE

Both	incidence	and	prevalence	of	pelvic	organ	pro-
lapse increase with advancing age. In a cross-sec-
tional	study	of	1004	women	(age	18–83	years)	who	
attended for their yearly examination, the relative 
prevalence of this disorder rose by about 40% with 
every	decade	of	 life	 [319].	 In	 the	Women’s	Health	
Initiative,	American	women	aged	60–69	years	(OR	
1.2;	 95%	 CI:	 1.0–1.3)	 and	 70–79	 years	 (OR	 1.4;	
95%CI:	1.2–1.6)	had	a	higher	risk	of	prolapse	than	
did	those	aged	50–59	[326].	Similarly,	indings	of	a	
cross-sectional	study	of	21449	menopausal	 Italian	
women showed an augmented risk of pelvic organ 
prolapse	in	women	aged	52–55	years	(OR	1.3;	95%	
CI:1.1–1.5)	 and	 those	 56	 years	 or	 older	 (OR	 1.7;	
95%	CI:	1.5–2.0)	compared	with	those	younger	than	
51	years	[395].	Surgery	for	prolapse	is	uncommon	
in	women	younger	than	30	and	older	than	80	years;	
for women between these ages, the incidence rises 
steadily	[320].

8. HORMONES

As age has been clearly shown to affect the preva-
lence	and	progression	of	POP,	 it	 is	 intuitive	 to	be-
lieve that declining sex hormone levels observed 
with ageing may contribute to biochemical changes 
observed within tissue. However, several research-
ers studying hormonal status and prolapse have 
failed	to	ind	an	association	between	oestrogen	sta-
tus	and	prolapse	[325,	329,	344,	395].	

The female lower urinary tract is a target organ for 
the action of the two sex steroid hormones, oestro-
gen and progesterone.

Steroidal hormones exert their effect on tissue 
through	an	interaction	with	speciic	intracellular	re-
ceptors.	 Hormone	 receptor	 afinity	 may	 be	 at	 the	
root of the differences between women with pelvic 
loor	 diseases	 and	 normal	 controls.	 Progesterone	
receptors have been found to have greater expres-
sion	 in	 women	 with	 POP	 than	 in	 women	 without	
POP	 [400].	Several	 polymorphisms	are	present	 in	
the progesterone receptor gene that can alter its ex-
pression.	A	speciic	genotype	(PGR	rs484389)	was	
signiicantly	associated	with	the	risk	of	having	POP	
in	a	multivariate	analysis	 [401].	Similarly,	 the	oes-
trogen	receptor	β	gene	also	contains	multiple	single	
nucleotide polymorphisms that affect its expression. 
A	 case-control	 study	 of	 69	 women	 with	 POP	 and	
141	control	subjects	found	that	a	speciic	haplotype	
for	 the	oestrogen	 receptor	β	gene	was	associated	
with	an	increased	risk	of	POP	[402].

Studies have shown lower serum oestradiol (E2) 
levels	in	premenopausal	women	with	SUI,	with	[403]	

and	without	concurrent	POP	[404],	compared	to con-
trol subjects. The impact of oestrogen on tissue may 
be related to its systemic or local levels, or altered 
sensitivity from a decreased number of receptors 
noted	in	genitourinary	tissues	[403,	405].

Skala	et	al.	[406],	evaluated	the	expression	of	oestro-
gen	receptor	(ER)	alpha	(α)	and	beta	(β)	and	proges-
terone receptor (PR) in vaginal and periurethral tis-
sue in women with genital prolapse. The expression 
of PR and ER varied with the extent of prolapse. For 
patients	with	prolapse	>stage	1	(n=32),	there	was	a	
signiicantly	greater	amount	of	PR	in	periurethral	tis-
sue	 (p=0.007)	 and	 a	 signiicantly	 lower	 expression	
of	ER	β	in	vaginal	tissue	(p=0.008)	compared	to	pa-
tients	with	a	low	stage	prolapse	(n=15).	Patients	with	
stage II and III prolapse did not differ in their receptor 
expression. The authors concluded that the expres-
sion of PR in periurethral and ER in vaginal tissue 
varied with the extent of prolapse .

The current status of the literature suggests a hor-
monal	impact	on	pelvic	loor	disorders,	although	the	
weak level of evidence emphasises the necessity 
for	future	research	endeavours	in	this	ield	to	eluci-
date these complex relationships.

9. OBESITY

Increasing body-mass index also seems to have a 
role in the development of pelvic organ prolapse. An 
high	BMI	 increases	the	risk	of	prolapse	[319,	325,	
396,	407,	408]	and	speciically	for	progressive	rec-
toceles	 [409].	 Increased	 waist	 circumference	 was	
associated with more pelvic organ prolapse in some 
studies	[344,	409].	Handa	et	al.	[409]	demonstrated	
this for cystoceles. Women who are overweight 
(body	 mass	 index	 25–30	 kg/m²)	 and	 obese	 (>30	
kg/m²)	 are	 at	 high	 risk	 of	 developing	 pelvic	 organ	
prolapse	 [326,	397].	Similarly,	women	with	a	body	
mass	 index	of	more	than	26	kg/m²	are	more	 likely	
(OR	 3.0;	 95%CI:	 1.6–5.7)	 to	 undergo	 surgery	 for	
prolapse	than	are	those	with	a	lower	value	[396].

10. CONSTIPATION

Repetitive straining, such as that seen in patients with 
chronic constipation or workers whose jobs entail 
heavy lifting, has also been associated with pelvic or-
gan	prolapse.	Spence-Jones	et	al.	[410]	reported	that	
straining at stool as a young adult was more typical in 
women with prolapse than in those without the disor-
der	(61%	vs	4%;	p<0.001).	Individuals	with	stage	II	or	
greater pelvic organ prolapse had an increased risk 
of	constipation	(OR	3.9;	95%	CI:	1.4–11.9)	compared	
to	women	with	stage	0	or	1	prolapse	[411].	However,	
indings	 of	 larger	 studies	 have	 disputed	 this	 asso-
ciation, and several groups have shown that neither 
overall stage of prolapse nor stage of the posterior 
vaginal	wall	correlate	with	bowel	 function	[412-414].	
Additionally, women with only urinary incontinence 
and no prolapse seem to meet Rome II criteria for 
constipation with the same frequency as those with 
advanced	pelvic	organ	prolapse	[414].
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11. CHRONIC PELVIC FLOOR STRESS

Low	 socioeconomic	 status	 [415]	 and	 a	 labour-in-
tensive	occupation	 [329,	415,	416]	are	 two	demo-
graphic	factors	identiied	as	risk	factors	for	the	de-
velopment	of	POP.

Housewives, who perform more physically demand-
ing	work	 seem	more	 likely	 to	 have	 prolapse	 (OR:	
3.1;	95%	CI:	1.6–8.8)	than	do	professional	manage-
rial	women	[329].	Similarly,	people	with	occupations	
involving heavy lifting might have a higher chance of 
undergoing	surgery	for	pelvic	organ	prolapse	[416].

12. PREVIOUS OPERATIONS

Although hysterectomy might increase the risk of 
subsequent	POP,	prolapse	symptoms	 typically	de-
velop	 many	 years	 after	 this	 procedure	 [320,	 325,	
396,	 417,	 418].	 In	 the	 Oxford	 Family	 Planning	
Study, surgical incidence for prolapse in women 
who had undergone a previous hysterectomy was 
29	 per	 1000	 women-years	 versus	 16	 per	 1000	
women-years	 for	 the	 entire	 cohort	 [325].	 The	 cu-
mulative risk of surgery for pelvic organ prolapse 
rose	from	1%	at	3	years	after	hysterectomy	to	5%	
at	15	years.	Risk	was	highest	 in	women	who	had	
undergone a previous hysterectomy for prolapse 
(158	per	1000	women-years).	In	a	retrospective	co-
hort	study	of	149.554	women	aged	20	and	older,	the	
mean interval between hysterectomy and surgery 
for pelvic organ prolapse in those who developed 
the	disorder	was	19.3	years	[320,	419].	Contrary	to	
indings	 of	 many	 other	 studies,	 the	 prevalence	 of	
prolapse in women with a uterus in the Women’s 
Health Initiative was slightly higher than for those 
who had undergone hysterectomy, suggesting that 
previous prolapse of pelvic organs might have been 
repaired at the time of the procedure in this study 
population	[326].	The	surgical	technique	performed	
during hysterectomy, including performance of pro-
phylactic culdoplasty, can lessen the development 
of	a	subsequent	prolapse	[420].

13. THE BONY PELVIS

There is evidence from several case control studies 
that variations in axial and pelvic skeletal structure 
can	be	associated	with	increased	POP	risks.	These	
include increasing severity of thoracic kyphosis, a 
decrease in lumbar lordosis and in vertical orientation 
of the pelvic inlet, and an increase in the transverse 
diameter	of	the	pelvic	inlet	[421-423].	In	a	case	con-
trol	study,	Handa	[424]	compared	59	women	with	pel-
vic	 loor	 disorders	with	 controls	 using	 standardised	
pelvimetry techniques during MRI. After controlling 
for age, race and parity and using a multiple logistic 
regression	analysis,	pelvic	loor	disorders	were	signif-
icantly	associated	with	a	wider	transverse	inlet	(OR	
3.4)	and	a	shorter	obstetrical	 conjugate	 (OR	0.23).	
The association between young age, advanced 
stage	POP	and	severe	disruption	of	pubic	bone	and	
pelvic muscle structure in women with bladder ex-
strophy	is	well	recognised	[425].

14. ASSOCIATED PELVIC FLOOR CONDITIONS

During	a	woman’s	lifespan,	the	pelvic	loor	is	respon-
sible for urinary and the faecal continence as well as 
for	sexual	function.	If	the	anatomy	of	the	pelvic	loor	
is altered, each one of these functions may be com-
promised. Pelvic organ prolapse is a common condi-
tion that often leads to lower urinary tract symptoms 
(LUTS) and may require surgical intervention to alle-
viate those symptoms. Therefore, the clinical evalu-
ation	 of	 women	with	 POP	 symptoms	 also	 requires	
the assessment of urinary and faecal incontinence 
symptoms as well as of sexual disorders. Physicians, 
who examine women seeking care for one condition, 
should inquire about symptoms of other disorders.

The relationship between LUTS and pelvic organ de-
scent however, is not completely understood. 

In	 a	 recent	 study,	 Costantini	 et	 al.	 [426]	 evaluated	
the	 correlation	 between	 LUTS	 and	 POP.	 They	 ret-
rospectively reviewed 256 patients presented with 
POP	and	LUTS	and	underwent	POP	surgery.	Most	of	
50% of patients reported two or more symptoms and 
only	4.2%	had	no	LUTS.	73.8%	patients	had	voiding	
symptoms,	 15%	 	 urodynamic	 detrusor	 overactivity,	
5%	 suffered	 from	hydronephrosis.	 57.8%	had	SUI.	
The authors concluded that urologists and gynaeco-
logists should be aware of the high frequency of the 
association	between	POP	and	LUTS.	POP	repair	my	
restore normal anatomy but LUTS may continue fol-
lowing	surgery	or	develop	“de	novo.”

a) Bladder function

In a large community-based questionnaire survey, 
44%	(104/239)	of	women	who	had	prolapse	symp-
toms	(239/3799)	also	complained	of	SUI	and	37%	of	
overactive	bladder	[427].

SUI	can	be	functionally	masked	by	POP.	SUI	may	be	
uncovered	 by	POP	 surgery	 and	 clinically	 continent	
women are at risk of developing symptomatic post-
operative SUI. Many agree on the importance of pre-
operative urodynamic assessment with the prolapse 
reduced to assess potential occult SUI and detrusor 
overactivity.	Preoperative	identiication	of	occult	(and	
overt) SUI will facilitate the decision making by the 
surgeon and counselling of the patient regarding the 
possibility of an anti-incontinence procedure after 
prolapse	repair	or,	 in	some	speciic	cases,		even	at	
the same time.

Evidence of reduced peptide-containing innerva-
tion of perineal and periurethral muscles in women 
with	SUI	and	POP	has	emerged	[364],	suggesting	a	
neural abnormality in their pathogenesis. Connective 
tissue	alterations	such	as	decreased	a-1	antitrypsin	
expression	and	altered	elastin	metabolism	[364],	de-
creased	collagen	concentration	[428],	and	decreased	
oestrogen	receptors	[405,	429]	have	been	described	
in	women	with	urinary	incontinence	and/or	POP.

Failure of bladder, bladder neck, and urethral sup-
port is often part of a more extensive defective 
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pelvic organ support. Poor pelvic organ support 
can lead to pathological pelvic relaxation in one 
or more compartment(s). Marinkovic and Stanton 
[430]	 published	 a	 review	 of	 97	 articles	 regarding	
incontinence	 and	 voiding	 dificulties	 associated	
with	 POP:	 they	 described	 the	 incidence,	 patho-
physiology, anatomical changes and resultant con-
sequences, evaluation and imaging of cystocele, 
rectocele, enterocele, and uterine and vaginal vault 
prolapse in combination with urinary incontinence. 
The	authors	concluded	 that	POP	appears	 to	have	
signiicant	 clinical	 effects	 on	 urethral	 and	 voiding	
function	 that	 should	 be	 quantiied	 preoperatively	
to allow appropriate surgical intervention, with the 
aim of restoring vaginal function and correcting con-
current incontinence, whether overt or occult. Not 
uncommonly,	 POP	 can	 lead	 to	 bladder	 outlet	 ob-
struction, detrusor overactivity, and latent SUI that 
is	unmasked	only	with	reduction	of	the	POP	(poten-
tial,	latent,	or	unmasked	SUI)	[431].	It	is	recognised	
that	POP	surgery	can	 improve	voiding	dysfunction	
and unmask occult SUI by alleviating the urethral 
kinking	causing	outlet	obstruction	[432].

Burrows	et	al.	[433]	described	symptoms	of	bladder,	
bowel,	and	sexual	function	in	330	women	with	POP,	
comparing different degrees of prolapse staged by 
the	POP-Q	system.	Women	with	SUI	symptoms	had	
less advanced prolapse (median 5 cm less prolapse 
in the apical compartment) than those without SUI. 
Women who needed to manually assist micturition 
had	more	advanced	prolapse	(median	3.5	cm	more	
prolapse in the most severe compartment) than 
those who did not. Women with urgency and urgency 
incontinence had less advanced prolapse (median 
3	cm	or	 less)	but	the	differences	were	smaller	than	
those for SUI. Severity of prolapse was not associat-
ed with bowel or sexual symptoms in this study. The 
most	important	inding	was	that	there	are	few	strong	
associations	between	speciic	symptoms	and	sever-
ity	of	prolapse.	LEVEL	OF	EVIDENCE:	II-2.

Women	without	 anterior	 prolapse	 on	POP-Q	exam	
rarely	 (<10%)	 report	 urinary	 splinting	 (digitally	 re-
duction of prolapse to aid with voiding) but ranged 
between	 23	 and	 36%	 for	 stage	 III	 and	 IV.	 Urinary	
splinting	is	97%	speciic	for	anterior	prolapse.	Seven-
ty-seven	percent	of	women	with	stage	II	POP	report	
a symptomatic bulge, and report of a bulge has an 
81%	 positive	 predictive	 value	 and	 a	 76%	 negative	
predictive	value	[434].	It	seems	therefore	that	if	wom-
en present with symptoms of vaginal/perineal bulge, 
then	careful	assessment	for	POP	is	warranted.	How-
ever a woman with SUI, presents with no symptoms 
of	POP,	then	surgical	treatment	of	asymptomatic	and	
incidental	anterior	POP	is	not	indicated.

The	surgical	management	of	women	with	POP	and	
with latent SUI remains controversial and challeng-
ing.	Maher	et	al.	[435]	aimed	to	determine	the	effects	
of	surgery	in	the	management	of	POP	by	searching	
the Cochrane Incontinence Group trials register (as 
of	June	2004)	 for	 randomised	or	quasi-randomised	

controlled trials that included surgical procedures for 
POP.	The	metaanalysis	on	 the	 impact	of	POP	sur-
gery on continence was ‘limited and inconclusive’, 
but	they	reported	that	10%	of	women	developed	new	
incontinence symptoms postoperatively. 

Levin	 et	 al.	 [436]	 prospectively	 evaluated	 313	
women who underwent a TVT procedure for overt 
(228	 women)	 or	 occult	 (85	 women)	 SUI.	 About	
50%	 women	 also	 underwent	 POP	 surgery	 con-
currently.	 Overall,	 for	 241	women	with	 at	 least	 a	
follow-up	of	12	months,	6.6%	had	persistent	mild	
SUI,	an	additional	7%	had	urodynamic	evidence	of	
asymptomatic	sphincter	incontinence,	whereas	8%	
developed de-novo urgency incontinence.

Among	 130	 women	 who	 underwent	 surgical	 treat-
ment	for	an	enterocele	(75%	the	vaginal	wall	protrud-
ed	through	the	introitus),	77%	presented	with	SUI	or	
detrusor overactivity. Sixty-seven percent of patients 
underwent	 Burch	 colposuspension	 with	 enterocele	
repair. Postoperative SUI requiring further treatment 
occurred	in	10%	after	a	mean	period	of	follow	up	of	
10	months,	and	cystocele	developed	in	1.5%	[437].	

Urologists and urogynecologists are faced with the 
challenge	of	determining	which	women	with	POP	as-
sociated	with	SUI	will	beneit	from	concurrent	surgi-
cal	 intervention	 for	 the	POP.	A	 comprehensive	and	
anatomic	 approach	 to	 pelvic	 loor	 reconstruction	 is	
recommended, but no high-level evidence-based 
studies exist in the contemporary literature.

The intended goal of surgical correction of SUI and 
POP	 is	 durable	 restoration	of	 normal	 anatomy	and	
function, with symptomatic relief and avoidance of 
morbidity. At present, few evidence-based conclu-
sions can be drawn about when to surgically inter-
vene	for	SUI	in	women	who	present	with	POP.	The	
available contemporary studies are few with a small 
number	of	patients;	however,	it	seems	prudent	to	rec-
ommend	repairing	symptomatic	POP	in	women	who	
present with SUI. So far, routine performance of anti-
incontinence procedures at the same time as recon-
struction of the anterior compartment does not seem 
to	be	justiied	by	the	current	evidence.	In	women	with	
symptomatic	SUI	and	incidental,	asymptomatic	POP,	
one must balance any potential treatment associated 
morbidity with the intended clinical/surgical outcome. 

Recently,	 Ramanah	 et	 al	 [438]	 compared	 changes	
in	urinary	symptoms	before	and	after	POP	surgery,	
using either laparoscopic sacrocolpopexy (LSC) or 
transvaginal porcine dermis hammock placement 
with	 sacrospinous	 ligament	 suspension	 (VS).	 Out	
of	the	151	patients	included,	87	patients	underwent	
LSC,	and	64	VS.	Overall,	 after	a	median	 follow-up	
of	32.4	months,	POP	surgery	 improved	urinary	 fre-
quency	 (P = 0.006),	 voiding	 dificulty	 (P = 0.001),	
stress	 urinary	 incontinence	 (P = 0.001),	 but	 not	 ur-
gency	 (P = 0.29).	VS	was	more	effective	 in	 treating	
SUI	 (P < 0.001	 vs.	 0.52)	 while	 LSC	more	 effective	
for	 voiding	 dificulty	 (P = 0.01	 vs.	 0.08).	 Postopera-
tive	 de	 novo	 symptoms	 were	 observed	 in	 35.8%	
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of patients with no difference between the groups 
(P = 0.06).	UDI	(P = 0.04)	and	UIQ	(P = 0.01)	scores	
were	signiicantly	lower	after	surgery.	However,	LSC	
signiicantly	 improved	UDI	 (P = 0.03)	with	 no	 effect	
on	UIQ	 (P =0.29)	 scores	while	 VS	 signiicantly	 im-
proved	both	scores	(P=0.02	and	0.001,	respectively).	
Using multivariate analysis, only the improvement in 
the impact of urinary symptoms on daily living was in-
dependently	associated	with	VS	(OR	5.45,	P=0.01).	
The authors concluded that most preoperative uri-
nary	 symptoms	 decreased	 after	 POP	 surgery	 with	
equivalent proportion of de novo symptoms after 
vaginal and laparoscopic approaches.

The	prevalence	of	OAB	symptoms	in	relation	to	signs	
and	 symptoms	 of	 POP	 is	 reported	 to	 be	 between	
22.5-36.8%	 in	community	based	studies	 [427,	439-
441]	and	between	16-88%	in	hospital	based	studies	
[431,	 442-444].	 The	 prevalence	 of	 OAB	 with	 POP	
is greater in the hospital-based studies than in the 
community-based studies, which is not surprising, 
given the selected nature of the hospital samples. 
Only	 three	 studies,	 one	 community-based	 and	 two	
hospital-based,	were	 identiied	 that	 presented	 data	
speciied	 per	 compartment	 and	 showed	 conlicting	
results:	 in	 the	study	by	Miedel	et	al.	 [441],	 there	 is	
a clear relationship between anterior and posterior 
compartment	prolapse	and	OAB	symptoms	 in	 con-
trast to central compartment prolapse. In the stud-
ies	by	Bradley	and	Nygaard	[445]	and	Sobhgol	and	
Charandabee	 [446]	 such	 a	 relation	 could	 not	 be	
identiied.	 In	 a	 study	 by	Ellerkmann	 et	 al.	 [447]	 no	
correlation between worsening of the anterior com-
partment and urgency incontinence could be found. 
Data regarding the relationship between the stage of 
prolapse	 and	OAB	are	 very	 sparse.	Burrows	 et	 al.	
[433]	 found	 that	urgency	and	urgency	 incontinence	
occurred more often in women with a less advanced 
overall prolapse. Another study using ultrasound 
reached	the	same	conclusion;	women	with	a	higher	
grade of bladder descent were less likely to suffer 
from	urgency	incontinence	[448].	

The	 pathophysiology	 of	 OAB	 in	 women	 with	 POP	
is unclear. Several theories exist: bladder outlet ob-
struction;	 release	of	 various	 chemical	 factors	 (ATP,	
Ach,	 and	 P2X3)	 by	 bladder	 distension	 stimulating	
the	 detrusor	 receptors;	 traction	 on	 the	 urethra	 due	
to prominent cystocele resulting in an open urethra 
with urine entering the urethra that causes detrusor 
contractions.	Bladder	outlet	obstruction	is	likely	to	be	
the	most	important	mechanism	by	which	POP	induc-
es	OAB	symptoms	and	DO	signs.	However,	several	
other mechanisms might also play a role. However, 
strong indications show a causal relationship be-
tween	OAB	and	POP	[449].

b) Anorectal function 

Prolapse of the posterior vaginal wall, alone or in 
combination with other compartment defects, can 
be challenging for the pelvic surgeon. Pelvic pres-
sure,	 vaginal/	 perineal	 splinting	 to	 defecate,	 difi-

cult defaecation, faecal incontinence and impaired 
sexual function are some of the symptoms associ-
ated	 with	 posterior	 POP.	Whether	 the	 prolapse	 is	
the cause of the symptoms or is a result of straining 
and stretching of support structures in women with 
defaecation disorders, remains unclear.

Bowel	symptom	like	incontinence	of	latus	and	ob-
structed defaecation are common in women with 
POP.	 In	 several	 surveys,	 the	 incidence	of	anal	 in-
continence	 ranges	 from	 15-50%	 [412,	 427,	 450-
457].	 Faecal	 incontinence	 was	 reported	 in	 5-22%	
of	women	with	prolapse	[332,	450,	456]	which	was	
signiicantly	more	than	bowel	symptoms	in	a	control	
group	[456].	There	were	no	associations	found	be-
tween the stage of the prolapse and symptoms after 
adjusting	for	age	and	BMI	[412,	455].	

Meschia	et	al.	[452]	reported	that	among	881	women	
with symptoms of urinary incontinence and pelvic 
organ prolapse, the prevalence of anal incontinence 
was 20%. Urinary incontinence and severe rectocele 
were found to be associated with anal incontinence.

Disparities have been shown between the degree 
of	 pelvic	 organ	 prolapse,	 pelvic	 loor	 symptoms	
and	 defecography	 results	 [332,	 458].	 Two	 series	
of defaecographies in consecutive patients with 
prolapse and/or evacuation disorders described 
defaecographic	 indings	 that	 changed	 the	patients	
diagnosis (although not always the management) in 
46 of 62 of cases and noted enteroceles that were 
not found on physical examination in approximately 
50%	of	cases	[459-461].	Sigmoidoceles	are	present	
in	4-11%	of	reported	series,	and	are	nearly	always	
missed	 on	 physical	 examination	 [461,	 462].	 Their	
clinical impact and management remain unclear. 
Defaecography is not a routine investigation in 
women	with	POP	and	interpretation	may	be	dificult	
in some cases since normal asymptomatic women 
may	have	focal	defaecographic	abnormalities	[458].	
The prevalence of abnormal colonic transit time 
is approximately 20% in patients presenting with 
evacuation	disorders	[463].	An	abnormal	preopera-
tive colonic transit study is the most consistently cit-
ed risk factor for failure of rectocele repair to relieve 
evacuatory symptoms, regardless of the surgical 
technique	[464-466].	Goh		et		al.	[467]	reviewed		the	
management of rectocele and clearly described the 
complexity of clinical conditions resulting from the 
possible combination of various gynaecological and 
colorectal symptoms with anatomical abnormalities 
and the different surgical approaches.

Recently,	Ramanah	et	al.	[468]	evaluated	changes	
in anorectal symptoms before and after pelvic organ 
prolapse surgery, using laparoscopic sacrocolpo-
perineopexy. Preoperative and postoperative ano-
rectal symptoms, colorectal-anal distress inventory 
(CRADI) and colorectal-anal impact questionnaire 
(CRAIQ)	scores	were	prospectively	compared	from	
90 consecutive women undergoing laparoscopic 
sacrocolpoperineopexy. After a median follow-up 
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of	 30.7	months,	 laparoscopic	 surgery	 signiicantly	
worsened	CRADI	(p=0.02)	with	no	effect	on	CRAIQ	
(p=0.37)	scores.	Post-operative	and	de	novo	strain-
ing	(27%)	and	the	need	for	digital	assistance	(17%)	
were the most frequent anorectal symptoms. No 
correlation was found between laparoscopic surgery 
and anorectal symptoms after multivariate analysis 
(OR	2.45,	p=0.05).	The	authors	conclude	that	ano-
rectal	 symptoms	 are	 not	 improved	 after	 POP	 sur-
gery by laparoscopic sacrocolpoperineopexy.

c) Sexual function

Patients who present with pelvic organ prolapse 
symptoms should be questioned about their sexual 
function. Surgical treatment in these patients may 
help their sexual disorders (e.g., by curing inconti-
nence in patients with coital incontinence) but may 
also	have	undesired	effects	on	sensation,	blood	low,	
and anatomy. These effects can affect sexual arousal 
and orgasm or cause dyspareunia. 

Dyspareunia, coital incontinence and vaginal dry-
ness are common complaints in women with pelvic 
loor	disorders	[469,	470].	Although	sexual	dysfunc-
tion appears to be more frequently observed in these 
women, pelvic organ prolapse does not seem to neg-
atively impact on sexual satisfaction when controlled 
for	confounders	like	age	[470-472].

Clinical populations are likely to have more severe 
pelvic	loor	symptoms	and	more	advanced	pelvic	or-
gan prolapse, with a greater potential for discernible 
impact on sexual function, whereas community pop-
ulations may have mild symptoms and prolapse, with 
minimal	 impact.	 These	 conlicting	 results	may	 also	
be the result of population differences in other related 
factors, such as age, menopause, or the woman’s 
sexual	 relationships.	 Other	 challenges	 in	 studying	
the factors associated with sexual function in women 
with	POP	include	a	limited	characterisation	of	female	
sexual	 function	 in	 some	 studies	 and	dificulties	 as-
sessing sexual function among women who do not 
have intercourse.

Handa	et	al.	[473]	reported	that,	with	respect	to	ana-
tomical prolapse, women with stage III–IV prolapse 
were more likely to report decreased libido and in-
frequent orgasm than women with stage 0 support. 
Adjustment for other characteristics attenuated the 
strength of these associations, although the asso-
ciation between prolapse and infrequent orgasm re-
mained	 statistically	 signiicant.	 In	 the	 inal	 adjusted	
model, the odds of infrequent orgasm were increased 
more than three times for women with stage III–IV 
prolapse (P=0.02). The authors concluded that wom-
en with anatomical prolapse stage III–IV were more 
likely to report infrequent orgasm but they were not 
at increased risk of other sexual problems. An impor-
tant observation is that women with stage II support 
were not more likely to report any sexual complaint 
than women with stage 0 support. This suggests that 
the physical presence of stage II prolapse alone is 
not associated with sexual dysfunction. In contrast, 

women	with	 prolapse	 symptoms	 (as	 relected	 by	 a	
high score on the prolapse scale of the Pelvic Floor 
Distress Inventory) were much more likely to report 
sexual complaints. Thus, one can conclude that 
sexual function is worse in women with symptomatic 
prolapse.	LEVEL	OF	EVIDENCE	II.

In	 305	 women	 over	 40	 years	 seeking	 outpatient	
gynaecological care has been investigated the as-
sociation between sexual complaints and perceived 
sexual distress. Women with sexual distress were 
also	more	 likely	 to	report	sexual	dificulty	related	to	
pelvic	loor	symptoms,	sexual	avoidance	due	to	vagi-
nal	prolapse	(13.9%	vs.	1%,	P=0.001)	[474].

A better understanding of the anatomy of this area and 
of the sexual function will guide us in a more targeted 
approach to the management of these conditions.

The	aetiology	of	POP	is	thought	to	be	multifactorial	
with contributions from both environmental and ge-
netic risk factors. Undoubtedly  vaginal delivery is 
the	most	 traumatic	event	 for	 the	pelvic	loor	during	
a womans lifespan, recent growing evidence under-
lines	 the	possible	genetic	 inluence	 in	 the	aetiology	
of	POP.	High	concordance	in	the	stage	of		POP	be-
tween nulliparous and parous sisters suggests a fa-
milial predisposition toward developing this condition 
[331]. LEVEL OF EVIDENCE II-2. Recent studies 
provided	strong	scientiic	evidence	of	a	genetic	con-
tribution to pelvic organ prolapse: 6 single-nucleotide 
polymorphisms	are	signiicantly	associated	with	POP	
in	 high-risk	 familial	 case	 group	 participants	 [334].	
LEVEL OF EVIDENCE II. 

Also with respect to abnormal extracellular matrix 
(difference in collagen type and metabolism, elastin 
turnover), increasing evidence supports the genetic 
aetiology	of	POP.	LEVEL OF EVIDENCE II . This has 
been confirmed by severe inherited connective 
tissue	 disorders,	 in	 which	 POP	 predominates	
[367-370].	

Hormonal and mechanical physiological changes 
during	 pregnancy	 affect	 the	 pelvic	 loor	 support,	
but it has still to be demonstrated whether this is a 
reversible factor.

Even though it has been demonstrated that vaginal 
delivery is the major traumatic event for the pelvic 
loor		caesarean	section	does	not	seem	to	be	com-
pletely protective (LEVEL OF EVIDENCE II ). For-
ceps, vaginal parity, prolonged second stage of la-
bour, infant birthweight >4500 g are obstetrics risk 
factors	 for	 development	 of	 POP.	 The	 neurological	
sequelae	of	vaginal	delivery	on	 the	pelvic	loor	are	
still controversial.

Declining sex steroid hormone level, ageing, age, 
obesity,	constipation,	chronic	pelvic	loor	stress	are	
associated with pelvic organ prolapse. 

II. CONCLUSION AND
RECOMMENDATIONS
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Although it has been documented that most patients 
with	POP	experience,	in	addition	to	symptoms	of	pro-
lapse, urinary, faecal and sexual symptoms, their an-
atomical and functional relationship remains unclear. 
Moreover,	 recent	 indings	 show	 that	 there	 are	 few	
strong	associations	between	speciic	symptoms	and	
severity of prolapse. LEVEL OF EVIDENCE: II-2.

It is important to have better understanding of  the 
pathophysiology	of	concomitant		SUI	and	POP,	in	or-
der to decide on the surgical management of these 
patients.

The complexity of the anorectal function in patients 
with	 POP	 needs	 to	 be	 clariied,	 as	 well	 as	 sexual	
function, which seems to be worse in women with 
symptomatic prolapse but not with the physical pres-
ence of stage II prolapse alone.

New	research	focuses	on	the	identiication	of	at-risk	
populations to develop pelvic organ descent. Estab-
lishing	the	inheritance	of	POP	may	identify	popula-
tions that can be targeted for primary and second-
ary prevention studies, such as elective caesarean 
delivery.	If	speciic	genes	can	be	identiied,	we	may	
understand why some patients do not respond to 
certain therapies. Moreover, biomarkers or novel 
proteins,	are	expected	to	be	related	to	various	POP	
phenotypes.

The research priorities in pelvic organ prolapse are:

- to understand  the mechanical and functional as-
pects of the vaginal birth

-	 to	clarify	the	effects	of	labour	on	the	pelvic	loor	
and	consequently	the	beneits	of	the	emergency	
caesarean section

- to quantify the importance of genetic information 
on		POP	using	Twin	Models

- to investigate racial and ethnic background with 
genetic studies

- to determine possible explanation for related 
conditions (e.g. hernia, bowel dysfunction)

Faecal continence is maintained by a complex, poor-
ly elucidated process involving the structural and 
functional integrity of the anorectal unit, the central 
and peripheral nervous system and pelvic organs. 
Continence requires a closed anal canal at rest, sen-
sory	function	to	detect	the	presence	of	latus	or	stool	
in	the	rectum,	intact	relex	response	of	the	appropri-
ate muscles, cognitive recognition of the sensory 
signal, adequate storage capacity in the rectum and 
adequate function of the puborectalis and sphincter 
muscles. In addition, other factors such as stool con-
sistency and physical mobility play a role. Disruption 
of the normal anatomy or physiology in any of these 

areas	may	lead	to	incontinence.	Often,	multiple	fac-
tors	contribute	 in	patients	with	signiicant	 faecal	 in-
continence	[475-479].

The anus is a muscular tube 2 cm to 4 cm long con-
sisting of the internal anal sphincter, conjoined longi-
tudinal muscle, external anal sphincter and puborec-
talis muscle. 

1.  MUSCLES

a) Internal anal sphincter (IAS)

The internal anal sphincter (IAS), an involuntary 
smooth	muscle,	is	a	0.3	cm	to	0.5	cm	thick	expansion	
of the circular smooth muscle layer of the rectum. 
The	 IAS	 ends	 about	 10	mm	 proximal	 to	 the	 distal	
end of the external sphincter. It is primarily respon-
sible for closure of the anal canal at rest through both 
myogenic and sympathetic excitatory activity. Stud-
ies disagree about the relative contribution of myo-
genic and nerve induced activity to the resting tone 
[480,	481].		The	IAS	generates	slow	waves	occurring	
6-20	times	per	minute;	about	10	%	of	asymptomatic	
people also have ultra-slow waves with pressures 
luctuating	between	20	mmHg	and	50	mm	Hg	[482-
484].	 The	 signiicance	 of	 variations	 in	 recordings	
between controls and incontinent patients is not well 
understood	 [485].	 The	 internal	 anal	 sphincter	 con-
tains	non-adrenergic,	non-cholinergic	(NANC)	ibres	
which contribute to contraction of the muscle medi-
ated	by	nitric	oxide	[486-488].	The	possible	roles	of	
other neurotransmitters and of the interstitial cells of 
Cajal are currently being studied in animal models 
[489-493].	Other	animal	studies	have	focused	on	the	
cellular regulation of basal tone in the IAS. Up regu-
lation of RhoA/Rho kinase in the smooth muscle cells 
of	the	IAS	plays	a	signiicant	role	in	the	maintenance	
of	the	basal	tone	[494].	The	RhoA/Rho	kinase	com-
ponents are responsible for the inhibition of myosin 
light-chain phosphatase of resulting in high level of 
myosin	regulatory	light	chain	[495].

b) External anal sphincter (EAS)

The	external	anal	sphincter,	a	0.6	cm	to	1.0	cm	thick	
cylinder of striated muscle covers the whole length 
of the internal sphincter and extends more distally 
into the subcutaneous tissue. The external sphinc-
ter contributes to the resting tone. Its primary func-
tion, however, is to contract to preserve continence 
when	stool	or	latus	is	present	in	the	rectum	or	intra-
abdominal pressure increases. The contraction may 
be	voluntary	or	relex	with	increased	abdominal	pres-
sure	from	coughing	or	distension	[496].	The	muscle	
also relaxes to facilitate evacuation. The separation 
of the external sphincter into sections is controversial 
[497].	Many	authors	describe	three	sections	termed	
supericial,	 subcutaneous	 and	 deep	 but	 they	 have	
also been described as subcutaneous, main body 
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and deep winged portion based upon MRI imaging 
[498,	499].	On	MRI	 images,	 the	subcutaneous	por-
tion is visibly distinct from the other portions with less 
clear separation between the middle and deeper 
portions	 [498].	 Others	 argue	 the	 EAS	 functions	 as	
a single muscle unit. The EAS is a predominantly 
slow-twitch, fatigue resistant muscle with a majority 
of	Type	I	ibres	although	there	are	also	Type	II	rapidly	
contracting	ibres	as	well	[500,	501].

c) Conjoined longitudinal muscle

The outer longitudinal muscle layer of the rec-
tal	 wall	 joins	with	 ibres	 of	 the	 levator	 ani	muscle	
to become the conjoined longitudinal muscle. The 
muscle extends distally between the internal and 
external anal sphincter and then splits into exten-
sions	that	traverse	the	supericial	portion	of	the	ex-
ternal sphincter to attach to the perianal skin and 
medially through the internal anal sphincter to join 
the	 submucosal	 smooth	 muscle	 [502].	 Suggested	
roles for this muscle include provision of supporting 
meshwork for the anal sphincters and assistance in 
maintaining anal closure. A more functional role is 
suggested by the differential response of the longi-
tudinal muscle to neurotransmitters when compared 
to	the	internal	anal	sphincter	[488].		One	suggested	
role	 is	 that	 contraction	 of	 the	 muscle	 lattens	 the	
anal	cushions	and	shortens	the	anal	canal	[503].

d) Puborectalis muscle (PR)

The puborectalis muscle, the most medial portion 
of the levator ani muscle, is a U-shaped loop of stri-
ated muscle that encircles the anorectal junction 
and attaches to the posterior aspect of the pubis. 
The puborectalis muscle is a mixture of Type I and 
Type	II	ibres	but	has	fewer	Type	II	ibres	than	the	
EAS	[504].	It	functions	to	close	the	upper	anal	canal	
[505,	506].	It	is	situated	immediately	cephalad	to	the	
external	sphincter.	The	coniguration	of	the	puborec-
talis muscle results in the anorectal angle between 
the distal rectum and anal canal. At rest, the anal 
canal forms an angle with the axis of the rectum 
of	approximately	90°;	during	voluntary	squeeze	the	
angle	becomes	more	acute,	approximately	70°;	dur-
ing defaecation, the angle becomes more obtuse, 
about	110°	to	130°.	Some	data	support	the	concept	
that the puborectalis muscle is part of the levator 
ani muscle (embryology, in vitro stimulation studies, 
innervation)	[507-513]	while	other	 information	sug-
gests that it is part of the external anal sphincter 
(anatomic dissection, function during cough and 
straining	 [514-516].	 The	 puborectalis	 muscle	 re-
sponds to increased abdominal pressure (coughing 
or straining) and rectal distension by contraction. 

e) Levator ani

The levator ani muscles are a pair of broad sheets of 
striated muscle lying below the pelvic organs. There 
are three major components with different attach-
ments. The ileococcygeus muscle arises from the 
ischial spine and attaches to the lateral aspect of 

the lower sacrum and coccyx. The pubococcygeus 
muscle runs from the posterior aspect of the pubis, 
mixes	with	ibres	from	the	contralateral	muscle	at	the	
anococcygeal raphe and inserts at the distal sacrum 
and coccyx. The third component is the puborectalis 
muscle which is described above. The urethra, va-
gina and rectum pass through an opening between 
the levator ani muscles called the levator hiatus.

2.  NERVE STRUCTURE AND SENSATION

The somatic nerve supply arises from the second, 
third and fourth sacral spinal segments. The lower 
motor neuronal cell bodies for those nerves are lo-
cated	 in	Onuf’s	nucleus	of	 those	sacral	spinal	seg-
ments. The primary nerve is the pudendal nerve 
which	has	both	motor	and	sensory	 functions	 [517].	
The pudendal nerve divides into three main branch-
es.	 One	 branch,	 the	 inferior	 rectal	 nerve,	 supplies	
the external sphincter. The levator muscles includ-
ing the puborectalis receive innervation directly from 
those	 spinal	 segments	 [510,	 511,	 513,	 518].	 How-
ever, the puborectalis muscle frequently receives an 
auxiliary supply from the inferior rectal and perineal 
branches of the pudendal nerve on its inferior aspect 
[519].	Both	the	EAS	and	levator	ani	muscles	may	be	
controlled voluntarily through corticospinal descend-
ing	motor	pathways	 [504].	They	are	also	under	 re-
lex	control	 through	sacral	 relex	pathways.	Puden-
dal nerve block creates a loss of sensation in the 
perianal and genital skin and weakness of the anal 
sphincter muscle, but it does not affect rectal sensa-
tion	[520].	It	also	abolishes	the	rectoanal	contractile	
relexes,	suggesting	that	pudendal	neuropathy	may	
affect	the	rectoanal	contractile	relex	response.		

The anorectum also has a rich nerve supply through 
the enteric, sympathetic, parasympathetic and extrin-
sic spinal sensory neurons. Enteric motor neurons 
control	most	 aspects	 of	 rectal	motility;	 parasympa-
thetic	and	sympathetic	inluence	is	mediated	largely	
through modulation of the enteric neuronal circuits 
[521].	Within	the	myenteric	plexuses	there	are	motor,	
sensory and interneurons. The sympathetic supply 
of	the	rectum	arises	from	the	irst	three	lumbar	spi-
nal segments. The innervation is carried through the 
preaortic plexus to the upper rectum and through the 
presacral nerves to the hypogastric plexus and then 
through the hypogastric nerves to the pelvic plexus. 
The	 parasympathetic	 ibres	 originate	 in	 the	 sacral	
parasympathetic nucleus in the sacral spinal cord 
and emerge through the sacral foramen as the nervi 
erigentes.	They	join	the	sympathetic	ibres	at	the	pel-
vic plexus and pass through rectal nerves to the rec-
tal wall. The parasympathetic pathways have a role 
in propulsive activity of the colon and defaecation.

Extrinsic sensory innervation of the rectum seems to 
be responsible for sensory perception of rectal dis-
tension. Sacral afferents have cell bodies in the dor-
sal root ganglia of the sacral segments. Specialised 
sacral afferents have mechano-sensitive transduc-
tion sites within the myenteric ganglia of the rectum 
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[522,	 523].	 	 These	 sites	 are	 sensitive	 to	 distension	
and	 contraction	 of	 surrounding	muscle	 layers.	Both	
thinly	myelinated	A	ibres	and	unmyelinated	C	ibres	
are present in the rectal mucosa, and the myenteric 
plexus	[524-527]	The	C	ibres	are	mostly	present	 in	
the	wall	of	the	rectum	while	the	A	ibres	predominate	
in	the	rectal	mucosa	[527].	These	nerves	most	likely	
mediate the distension or stretch-induced sensory 
responses	as	well	as	 the	viscero-visceral,	 [528]	 the	
recto-anal inhibitory, and the recto-anal contractile 
relexes	[526].		The	sensation	of	rectal	distension	is	
most	likely	transmitted	along	the	S2,	S3,	and	S4	para-
sympathetic	 nerves	 [526].	 Clinical	 studies	 conirm	
that balloon distension is perceived in the rectum and 
that such perception plays a role in maintaining conti-
nence.	[529,	530]		Furthermore,	sensory	conditioning	
can	improve	hyposensitivity	[531,	532]	of	the	rectum.		

Anal sensation is carried in the inferior rectal branch 
of the pudendal nerve. The upper anal canal particu-
larly has a rich mixture of free and organised nerve 
endings such as the Krause end-bulbs, (cold) Goigi-
Mazzoni bodies (pressure), genital corpuscles (fric-
tion), and the sparse Meissner’s corpuscles (touch) 
[526,	533,	534].	Specialised	afferent	nerves	may	ex-
ist that transmit the sensations of touch, temperature, 
tension, and friction, but are incompletely understood 
[526].	The	role	of	anorectal	temperature	sensation	is	
subject	 to	debate	 [535-539].	The	 likely	 role	of	 anal	
sensation	is	to	facilitate	discrimination	between	latus	
and	faeces	and	the	ine-tuning	of	the	continence	bar-
rier, but its precise role needs to be characterised.

3. CEREBRAL CORTEX

Rectal distension produces bilateral activation in 
the secondary somatosensory cortex, sensory as-
sociation cortex, the anterior cingulate cortex and 
insular cortex, as well as bilateral activation in the 
prefrontal cortex and extending from the peri-orbital 
cortex	to	the	anterior	temporal	lobe	[540-543].	Stud-
ies	have	identiied	activation	in	multiple	areas	of	the	
cortex including those involved in spatial discrimi-
nation (secondary somatosensory cortex, sensory 
association cortex) and those that process affective 
and cognitive aspects of sensation (the anterior cin-
gulate cortex, insula and prefrontal cortex.). While 
rectal and anorectal stimulation activated similar 
regions of the brain the locations within the regions 
varied	[544].	Anal	musculature	is	represented	bilat-
erally	on	the	superior		motor	cortex	(Brodmann	area	
4);	the	degree	of	symmetry	varies	[545].

4. REFLEXES

Distension of the rectum results in contraction of the 
rectum, relaxation of the internal anal sphincter and 
contraction of the external anal sphincter.

a) Rectoanal inhibitory relex (RAIR)

Rectal distension is associated with a fall in anal rest-
ing	pressure	known	as	the	rectoanal	inhibitory	relex.	
The amplitude and duration of this relaxation increas-
es	with	the	volume	of	rectal	distension	[546].		It	has	

been suggested that bowel contents are periodically 
sensed	 by	 anorectal	 “sampling,”	 [547-549]	 the	 pro-
cess by which transient relaxation of the IAS allows 
the rectal contents from the rectum to come into con-
tact with specialised sensory organs. This process al-
lows	discrimination	between	latus	and	stool.

b) Cough relex

Abrupt increases in intra-abdominal pressure, such 
as those caused by coughing  or laughing, 
are associated with increases in anal sphincter 
pressure.	 [496,	 550-553].	 The	 increased	 pressure	
may be achieved through multiple mechanisms, in-
cluding	relex		 contraction	 of	 the	 puborectalis	
[554].	The	response	is	relative	to	the	intensity	of	the	
cough	[550].	It	is	unclear	whether	the	response	is	a	
polysynaptic	spinal	relex	[496,	551]	 	 since	 it	 is	
preserved	after	spinal	cord	transection	[555]	or	also	
requires	central	integrative	centres	[552].

c)  Rectoanal contractile relex (sensori-motor 
response)

The	rectoanal	contractile	relex	(or	rectal	anal	excit-
atory	 relex	or	 inlation	 relex)	 is	 the	contraction	of	
the	EAS	in	response	to	rectal	distension	[556-558].	
The amplitude and duration of the rectoanal con-
tractile	relex		increases	with	rectal	distension	up	to	
a	maximum	volume	of	30	ml	[546].

5. RECTUM

The	rectum	is	a	hollow	muscular	tube,	12	cm	to	15	
cm long, composed of a continuous layer of longi-
tudinal muscle that interlaces with the underlying 
circular muscle. These muscles are a mixture of 
smooth muscle cells and several types of interstitial 
cell	 of	Cajal	 [521].	 	A	network	of	 interstitial	 cells	 of	
Cajal joined by gap junction connections coupled to 
smooth muscle cells trigger mechanisms that give 
rise to large, slow repetitive depolarisation of the 
smooth	muscle,	the	slow	waves	[559].		The	proximal	
end	 is	deined	either	as	 the	sacral	promontory,	 the	
third sacral vertebrae or the area where the colonic 
taenie splay out and end. The distal end is the den-
tate line or anorectal ring. The rectum serves as a 
reservoir	for	storage	and	a	“pump”	for	evacuation	of	
stool facilitated by several characteristics. The rectal 
walls are compliant maintaining a relatively low pres-
sure with increasing volumes. Its innervation allows 
the	sensation	of	increasing	volume	[475,	521].		

6. ANAL ENDOVASCULAR CUSHIONS

The submucosa of the anal lining contains blood 
vessels, connective tissue, smooth muscle and 
elastic tissue. They typically form three separate 
complexes	 of	 smooth	 muscle	 ibres	 and	 vascular	
channels	 called	 the	 anal	 cushions	 [560,	 561].	 	 A	
recent study of women demonstrated the normal 
variation	in	size;	the	size	did	vary	with	posture	and	
parity but not age, history of obstetrical trauma or 
mild	hemorrhoid	symptoms	[562].	Their	contribution	
to continence is poorly studied and controversial.
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7. STOOL CONSISTENCY

Considerable evidence exists that evacuation of 
formed stool is more easily deferred than loose 
stool (discussed in detail under diarrhoea). While 
theories exist about the reason, physiological proof 
is not available.

8. PHYSICAL MOBILITY

The ability to defer evacuation until a socially ac-
ceptable time and place requires physical mobility 
to reach a bathroom in the required time frame. 
The contribution of physical mobility to continence 
is largely inferred from studies identifying lack of 
physical mobility as a risk factor for incontinence 
[563-565].	 There	 is	 limited	 information	 about	 the	
relative role for mobility in continent patients.

Complete continence is most likely with normal 
transit of formed stool, anal closure at rest, suf-
icient	reservoir	capacity	and	sensation	in	the	rec-
tum,	functional	relexes	for	sampling	and	sphincter	
contraction, adequate cognitive function to recog-
nise the urge to defaecate and physical mobility to 
reach the bathroom in time.

The anus is normally closed by the tonic activity of 
the IAS with contribution from the EAS and PR at 
different	levels	of	the	anal	canal	[506,	566].	Studies	
of the relative contribution of the IAS to the resting 
tone	yield	 results	varying	 from	55-85	%	 [481,	520].	
Some of that variation is likely to be related to the 
measurement technique utilised but it has also been 
found that resting pressure varies during the day 
[567]	 and	with	 posture,	 increasing	with	 the	 upright	
position	[568].	The	IAS	contribution	is	also	inluenced	
by	rectal	distension	[520,	569].		Some	postulate	that	
the anal cushions provide a tight seal based upon 
studies showing that the sphincter muscles in their 
circular	 coniguration	 cannot	 contract	 suficiently	
to	 provide	 complete	 closure	 [570,	 571].	An	 in	 vitro	
study showed that even during maximal involuntary 
contraction, the internal sphincter ring was unable to 
close	 the	 anal	 oriice	 completely	 and	 a	 gap	 of	 ap-
proximately	7	mm	was	left	open.	This	gap	was	illed	
by	the	anal	cushions	[572].	Anal	cushions	may	exert	
pressures of up to 9 mmHg and thereby may con-
tribute	 10%	 to	 20%	of	 resting	 anal	 pressure	 [573].		
These barriers are further augmented by the pu-
borectalis muscle, which pulls the anal canal forward 
forming the anorectal angle. The extent to which the 
anorectal angle contributes to continence is contro-
versial	[566,	574-578].	One	study	suggests	that	it	is	
important to the control of semi-solid material more 
than	the	control	of	liquid	[579].

With rectal distension or increased intra-abdominal 
pressure,	this	barrier	is	reinforced	by	relex	or	volun-
tary contraction of the EAS and PR. The contraction 
requires functional peripheral, spinal and cerebral 
function to sense and recognise the distension, 

activate	the	relex	and	voluntary	responses.	In	addi-
tion, adequate muscular contraction to increase the 
anal pressure is required. The rectal wall must dis-
tend to allow accommodation to the increased pres-
sure. Finally, the mobility to reach an appropriate set-
ting before the muscle fatigues is required.

Clearly there are a number of potential areas of 
injury or dysfunction in the complex mechanisms 
required for continence that might result in incon-
tinence. Faecal incontinence occurs when one or 
more mechanisms that maintain continence is dis-
rupted to an extent that other mechanisms are un-
able to compensate.  Hence, faecal incontinence 
is	often	multi-factorial	 [475-479].	 	 In	a	prospective	
study,	80%	of	patients	with	faecal	incontinence	had	
more	 than	 one	 pathogenic	 abnormality	 [476].	 The	
interaction of those factors and when they result in 
clinical incontinence is poorly understood. 

1. PASSIVE INCONTINENCE

Compromise of anal closure and loss of sensation 
may result in soiling or incontinence without aware-
ness. Prolapsing tissue (either mucosal or full thick-
ness rectal prolapse, rectal lesions) prevents clo-
sure of the anus. Some believe that resection of the 
anal cushions may result in passive incontinence 
[571].	Injury	secondary	to	trauma,	surgery	or	child-
birth and weakness of the IAS are other causes. IAS 
atrophy occurs in systemic sclerosis and may con-
tribute	to	a	faecal	incontinence	[580,	581]	although	
neuropathy appears to be a contributing factor as 
well	[582].	Loss	of	sensation	occurs	from	peripheral	
neuropathy, spinal cord and cerebral cortex events 
or after transection of the nerve supply by surgical 
or other trauma. Increasing evidence suggests that 
rectal	 hyposensitivity	 signiicantly	 contributes	 to	
passive	incontinence	[583-587].	Interestingly	faecal	
seepage in men occurs despite normal anorectal 
physiology	testing	[583,	588,	589].

2. URGENCY INCONTINENCE

Incontinence occurs when the ability to hold stool 
or	latus	is	overwhelmed.	If	 the	rectum	cannot	dis-
tend to hold stool or the muscles do not contract 
adequately incontinence results. Changes in the 
reservoir function of the rectum from disease pro-
cesses, radiation therapy or surgical resection.  Pel-
vic	loor	muscle	dysfunction	may	result	 from	direct	
injury causing a defect or weakness. Iatrogenic or 
obstetrical trauma to the IAS is the most common 
cause of injury to that muscle.  Direct injury to the 
EAS occurs most frequently from obstetrical injuries 
which are comprehensively presented elsewhere 
but may also occur from surgery or other trauma. 
The puborectalis and levator ani muscles may also 
be injured and the presence of defects appears to 
correlate with poor contractility and symptoms in 

II. CONTINENCE MECHANISM
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several	 studies	 [159,	 590-593].	 Major	 levator	 ani	
muscle injuries are more frequent in women with 
EAS obstetrical injuries and those with combined 
injures	 are	 more	 likely	 to	 be	 symptomatic	 [159].	
However, other investigators found no relationship 
between the presence of levator ani injuries and 
faecal	incontinence	[456,	594].	

Rectal hypersensitivity, a lower threshold for the 
urge to defaecate, also contributes to urgency in-
continence	 [477,	 478,	 595-599]	 Complex,	 poorly	
understood mechanisms mediate rectal hypersen-
sitivity. Variables include decreased compliance, in-
creased sensitivity of extrinsic peripheral pathways 
or	central	afferent	mechanisms	[597].

Many events and conditions impact on the mecha-
nisms of continence often in multiple ways.  The next 
section covers the conditions that most frequently 
contribute to incontinence. 

1. AGING

Multiple studies document the increasing incidence of 
faecal incontinence with aging in both men and wom-
en	[479,	600-606].	One	study	of	women	in	a	commu-
nity	found	that	70%	of	incontinence	developed	after	
the	age	of	40	[607].	Another	study	of	women	in	the	
United	States	documented	an	initial	15%	prevalence	
of incontinence in women over 50 years old and on-
set	rate		of	7%	over	the	next	10	years	[608].		

While the rising incidence is well documented, under-
standing of the physiological impact of aging is less 
clear.	Conlicting	evidence	exists	about	the	effect	of	
aging on anal resting pressure. While a number of 
studies report decreased anal resting pressures in 
older	 continent	 and	 incontinent	 persons	 [598,	 609-
612],	 some	 found	 lower	 pressures	 in	 patients	 with	
incontinence but not asymptomatic older persons 
[613,	614].		Increased	thickness	of	the	internal	anal	
sphincter	 is	 associated	 with	 aging	 [598,	 615-618];	
this	inding	is	thought	to	represent	increased	ibrosis	
although that hypothesis is not proven. Animal stud-
ies of smooth muscle contraction demonstrate de-
creased	contractility	with	aging	[619].	Studies	of	the	
internal sphincters of aging animals found changes in 
translocation of signaling molecules as well associa-
tion	and	phosphorylation	of	contractile	proteins	[619].

Most studies of the effect of aging on anal squeeze 
pressures found decreasing pressures with ad-
vanced	age	[610-614,	620,	621]	but	not	all	[598,	622,	
623].	 One	 report	 found	 decreasing	 anal	 squeeze	
pressures	with	age	in	women	but	not	men	[621].	The	
decrease in anal squeeze pressures does not cor-
relate with easier fatigability of the external sphincter. 
Indeed,	 studies	 show	no	 change	with	 age	 [624]	 or		
that the external sphincter becomes more resistant 
to	fatigue	with	age	[625].	These	indings	are	consis-

tent with studies of skeletal muscle in general which 
show	that	reduction	of	muscle	ibres	with	increasing	
age	with	 a	 greater	 loss	 of	Type	 II	 ibres	which	 are	
less	fatigue	resistant	[626].	The	result	is	a	weaker	but	
more	fatigue	resistant	muscle.	Very	little	speciic	data	
about the external anal sphincter exist, however.

The decreased anal squeeze pressures might also 
be related to external sphincter atrophy. Thinning, 
presumed to be secondary to atrophy, of the exter-
nal sphincter has been documented in both endoanal 
ultrasound	and	MRI	studies	[615-617,	627-629].	One	
study found excellent correlation between atrophy 
on imaging and the pathological changes of atrophy 
[630].	Some	studies	found	that	atrophy	 is	related	to	
aging	[617,	628]	but	not	all	[598].	Faecal	incontinence	
did	 correlate	 with	 external	 sphincter	 atrophy	 [598].	
Data from studies of nerve injury in animals reveals 
that sphincter atrophy and decreased function devel-
ops	after	nerve	injury	[631-633].	It	is	known	that	mus-
cle atrophy secondary to age related loss of anterior 
horn	 cell	 occurs	 [634].	Human	studies	demonstrate	
increased	muscle	ibre	density	suggesting	reinnerva-
tion	in	the	external	sphincter	with	age	[614,	635].

Finally several studies have shown a decrease in 
rectal	sensitivity	with	increasing	age	[609,	620].	One	
study	found	that	decrease	only	in	women	[612].	The	
relationship	of	 this	 inding	 to	 faecal	 incontinence	 is	
not clear.

2. GENDER

Prevalence studies suggest that faecal incontinence 
occurs more frequently in young women but as peo-
ple age, many studies report essentially equal inci-
dence	in	men	and	women.	[602,	604-606,	621,	636,	
637]	The	mechanisms	of	faecal	incontinence	in	men	
appear	 to	 differ	 from	 women	 [479,	 583,	 588,	 589,	
638,	639].	

Oestrogen	and	progesterone	receptors	are	found	in	
the	IAS	and	EAS.	Because	of	this	inding,	some	pro-
posed that menopause is a factor for incontinence 
in women. However, since aging and menopause 
are closely related, an independent relationship is 
dificult	 to	 prove.	 Symptomatic	 improvement	 from	
oral oestrogen replacement supports the proposed 
relationship;	 however	 study	 of	 topical	 oestrogen	
compared to placebo showed no difference.  In addi-
tion	one	study	found	a	30%	increased	risk	of	incon-
tinence in patients currently taking oral oestrogens 
[640].		At	the	present,	the	role	of	the	hormone	recep-
tors and relationship of menopause to the onset of 
incontinence is uncertain.

3. DIABETES

Diabetes is reported as a risk factor for faecal in-
continence	in	several	prevalence	studies	[605,	606,	
640,	641].	One	study	reported	a	40%	increase	in	the	
risk	of	faecal	incontinence	[640].	Another	population	
based study found that both occasional and frequent 
episodes of incontinence were more common in dia-
betic	patients	 (OR	2.7)	 [642].	 	 In	a	study	of	elderly	

IV. RISK FACTORS FOR FECAL
INCONTINENCE
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Korean patients, diabetes was associated with faecal 
incontinence	in	women	but	not	men	[643].	A	review	
of incontinence in community dwelling men did iden-
tify	diabetes	as	a	risk	factor,	however	[639].	A	case	
control investigation found that diabetic patients had 
more frequent and severe episodes of faecal inconti-
nence	[644].	Several	reports	found	that	incontinence	
was more frequent in patients with other diabetic 
complications particularly neuropathy and  retinopa-
thy	[644-646].	It	is	uncertain	whether	longer	duration	
of disease increases the likelihood of incontinence 
as	one	study	found	an	association	[645]	but	two	did	
not	[644,	646].	Faecal	 incontinence	was	associated	
with	poor	glycemic	control	in	one	report,	[644]	but	not	
another	[646].

The underlying mechanism for faecal incontinence 
in	diabetic	patients	 is	not	clear.	One	likely	contribu-
tor is oral medication taken for diabetic control. Met-
formin has been shown to be independently related 
to	 faecal	 incontinence	 in	 diabetic	 patients	 [647].	 In	
addition, withdrawal of metformin was reported to 
eliminate	 the	 incontinence	 [648].	 	One	confounding	
factor is that diarrhoea, a known risk factor for faecal 
incontinence,	occurs	in	5-35%	of	patients	with	diabe-
tes	[642,	645,	649,	650].

One	 hypothesis	 is	 that	 microvascular	 changes	 as-
sociated with diabetes result in damage to pelvic 
loor	 innervation	and	muscles	 [651].	A	 comparative	
study of anorectal physiology of controls, incontinent 
patients with diabetes and continent and incontinent 
patients with multiple sclerosis found that the inconti-
nent, diabetic patients had higher sensory thresholds 
and	lower	resting	and	squeeze	pressures	[652].	An	
anal	physiology	study	compared	indings	of	patients	
with	the	diagnosis	of	diabetes	for	less	than	10	years	
to	those	with	the	diagnosis	for	longer	than	10	years	
[653].	Both	groups	of	patients	had	lower	resting	and	
squeeze	anal	pressures	(P	<	0.01),	 impaired	recto-
anal	 inhibitory	 and	 anocutaneous	 relexes,	 and	 re-
duced sensitivity to rectal distention. Although both 
groups	 had	 statistically	 signiicant	 differences	 from	
the control group, the patients with the longer dura-
tion of disease had lower sphincter pressures and 
more blunted sensation in addition to more frequent 
episodes of incontinence. The latter group also had 
more evidence of microvascular disease and neurop-
athy.	Blunted	rectal	sensation	and	internal	sphincter	
dysfunction	were	identiied	in	diabetic	patients	in	two	
separate	studies	[532,	654].	These	indings	would	be	
consistent with underlying neurologic and/or micro-
vascular changes. It is unclear how to reconcile that 
hypothesis, however, with the lack of association of 
incontinence with neuropathy in some epidemiology 
studies	[649,	655].

4. GASTROINTESTINAL DISORDERS

a) Diarrhoea

Diarrhoea is consistently reported as a risk factor for 
faecal incontinence. For many patients symptoms of 
diarrhea include loose consistency of the stool and 

rectal urgency. Loose stool is an independent risk 
factor for incontinence and is additive to other risk 
factors	such	as	obstetrical	sphincter	injury	[479,	600,	
602,	603,	608,	636,	639,	640,	656,	657].	Diarrhoea	
has	a	signiicant	impact	on	the	development	of	incon-
tinence	with	OR	53	in	one	study	[600].		Loose	stool	is	
also reported to result in incontinence after treatment 
with	pelvic	radiation	[658].	

b) Rectal urgency

Rectal urgency is reported as an independent risk 
factor	 for	 faecal	 incontinence	 [602,	659]	as	well	as	
a factor in worsening symptoms in patients with in-
continence	[597].	It	is	unclear	whether	the	aetiology	
is rapid transit into the rectum overwhelming the res-
ervoir function or hypersensitivity or some combina-
tion	of	factors	[602,	636].	Several	investigators	have	
shown	that	rectal	hypersensitivity	is	a	common	ind-
ing but incontinence developed only in patients with 
associated	 sphincter	 weakness	 [477,	 597].	 Rectal	
hypersensitivity has also been found to be associ-
ated with an abnormal colonic motility pattern in the 
sigmoid	colon	in	incontinent	patients	[660].		The	rela-
tionship	between	this	inding	and	irritable	bowel	syn-
drome	remains	to	be	clariied.

c) Constipation/impaction

Constipation and incomplete evacuation of the rec-
tum are associated with faecal incontinence in sever-
al	studies	[601,	608].		A	study	of	hospitalised	elderly	
patients found that faecal impaction and diarrhoea 
were strongly associated with faecal incontinence 
[661].	 Uncertainty	 exists	 regarding	 whether	 these	
two factors result in incontinence in patients with oth-
erwise	 normal	 anorectal	 function.	Overlow	 inconti-
nence occurs in some patients with faecal impaction. 
The use of laxatives may exacerbate the problem 
[662].	One	study	of	elderly	patients	with	 impaction,	
compared to controls, found that they had blunted 
rectal sensation and less frequent external sphincter 
contractions	in	response	to	rectal	distension	[663].	In	
addition the internal sphincter relaxed at lower lev-
els of rectal distension. Studies of impacted patients 
without incontinence have not been reported. 

d) Irritable bowel syndrome

A number of studies found irritable bowel syndrome 
to	be	a	risk	factor	for	faecal	 incontinence	[600-602,	
640,	664-666].	Proposed	mechanisms	include	loose	
stool consistency, rapid colonic motility and rectal hy-
persensitivity	[660,	667].

5. NEUROLOGICAL/PSYCHIATRIC CONDITIONS

a) Dementia

The prevalence of faecal incontinence is higher in 
patients with dementia compared to others of simi-
lar	 age.	One	 study	 reported	 a	 prevalence	 of	 32%	
in	older	patients	with	dementia	[668].	Another	study	
reported	 a	 rate	 of	 34%	 in	 patients	 with	 dementia	
compared	to	6.7%	in	those	without	dementia	[669].	
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Although diarrhoea was the greatest risk factor for 
incontinence in a study of nursing home residents, 
dementia also contributed to the development of in-
continence	 [670].	 In	 the	 study	of	 community-living	
older adults in the United States, the prevalence 
odds	ratio	of	fecal	incontinence	decreased	by	51%	
with each  unit improvement in cognitive score 
[671].	A	Japanese	study	of	community	dwelling	old-
er adults found dementia to be a risk factor for dou-
ble	incontinence	[672].	There	is	limited	information	
available about the relationship between intellectual 
disability	 and	 faecal	 incontinence	 [673].	 Proposed	
mechanisms	for	the	speciic	contribution	of	demen-
tia include lack of recognition or understanding of 
the urge to defaecate and lack of ability to articulate 
the need for the bathroom. 

b) Depression

Several	studies	identiied	depression	as	a	risk	fac-
tor	for	faecal	incontinence	[603,	605,	636,	639,	674].	
Many assume that the association occurs because 
of the psychological burden of the symptoms while it 
is also possible that side effects of anti-depressant 
medication contribute to the symptoms. Recently, 
however, an editorial challenged investigators to 
“clarify the link between the cerebral impact of neu-
rotransmitters	and	anorectal	physiology”	given	 the	
role of serotonin in depression and gastrointestinal 
function	[675].	Depression	and	faecal	incontinence	
are both associated with poor nutritional status in 
the	elderly	[676];	that	association	confounds	under-
standing of any true causal relationship between 
any two of the conditions. 

c) Spinal Cord Injury

Patients with spinal cord injuries frequently report 
dificulty	 with	 both	 constipation	 and	 incontinence	
[677,	 678].	 The	 level	 of	 the	 injury	 determines	 the	
effect on continence. Supraconal lesions lead to 
delayed colonic transit and exaggerated rectal con-
tractions and anal relaxation in response to rectal 
distension. Cauda equina lesions interrupt the ef-
ferent	limb	of	the	relex	arc	which	results	in	loss	of	
rectal sesation and tone as well as impaired sphinc-
ter	function	[679].		Paraplegics	or	people	with	sacral	
neuronal lesions may retain some degree of senso-
ry function, but virtually no sensation is felt if lesions 
reach	the	higher	spine	[530,	555].		

d) Stroke 

In	several	 large	surveys,	stroke	has	been	identiied	
as	a	risk	factor	for	incontinence	[605,	636,	639,	672].	
Studies of stroke patients demonstrate fairly con-
sistent	rates	of	faecal	incontinence	from	30-40%	on	
admission	 [668,	 680-683].	 The	 rates	 decreased	 to	
20%	by	the	time	of	discharge	[680,	682]	and	7-11%	
at	 6-12	months	 [668,	 681,	 683].	 The	 Copenhagen	
Stroke Study found that abnormalities in patients 
with incontinence were more likely to be hemorrhag-
ic, larger in size and involve the cerebral cortex than 
stroke	patients	without	incontinence	[683].	

6. NUTRITION

a) Obesity 

Population based studies of faecal incontinence 
identify	obesity	as	a	signiicant	risk	factor	[600,	601,	
640].	 In	 addition	 studies	 of	 pelvic	 loor	 symptoms	
in	 obese	 patients	 ind	 a	 higher	 incidence	 of	 fae-
cal incontinence than generally found in the non-
obese	 population	with	 rates	 ranging	 from	 16-68%	
[684-691].	A	non-signiicant	 trend	towards	worsen-
ing	incontinence	was	found	in	another	study	[692].	
Four studies investigated the relationship between 
the	 rate	 of	 incontinence	 to	 the	BMI;	 two	 found	 in-
creasing	rates	of	 incontinence	with	increasing	BMI	
[640,	689,	693].	One	did	not	[691].	The	relationship	
is further supported by data that weight loss after 
bariatric surgery decreases the incidence of faecal 
incontinence	 [685,	 689,	 694,	 695].	While	 the	 ind-
ings of these studies are quite consistent a recent 
systemic	review	of	obesity	and	pelvic	loor	disorders	
found the number of studies to be limited, primarily 
focused upon women, and usually lacking control 
groups	and	physiology	testing	[696].	Two	confound-
ing factors were noted in studies of this relationship. 
One	 is	 that	 diarrhoea,	 an	 independent	 risk	 factor	
for incontinence, is also frequently associated with 
obesity	[696].	The	second	is	the	association	of	fae-
cal	incontinence	with	low	ibre	intake	in	obese	wom-
en raising the question of dietary contribution to 
the increased incidence of faecal incontinence with 
obesity	[687].		Chronically	elevated	intra-abdominal	
pressure,	known	to	be	associated	with	obesity	[697,	
698],	is	typically	proposed	as	the	reason	for	pelvic	
loor	 dysfunction	 in	 obesity.	 	 Other	 factors	 includ-
ing diabetes, neurological changes and interverte-
bral disc herniation which are common in the obese 
population may very well contribute.

b) Vitamin D 

Vitamin	 D	 deiciency	 is	 associated	 with	 urinary	 in-
continence	 in	 men	 and	 women	 [699,	 700].	 	 One	
small study of ten patients with faecal incontinence 
found	that	all	had	either	vitamin	D	deiciency	or	rela-
tive	 vitamin	 D	 insuficiency	 [701].	 These	 rates	 are	
much	higher	 than	 the	36-57%	 rate	of	deiciency	or	
relative	insuficiency	from	historical	data	of	the	gen-
eral	 population.	 In	 a	 large	 study	 of	 1881women	 in	
the	US,	there	was	a	non-signiicant	trend	towards	an	
association between lower vitamin D levels and fae-
cal	incontinence	[699].	It	is	known	that	vitamin	D	ab-
sorption and synthesis in the skin declines with age 
[702,	703].	Any	association	between		 lower	 levels	
of vitamin D and faecal incontinence may represent 
only	the	factor	that	both	are	common	in	the	elderly;	
the	signiicance	is	at	present	uncertain	but	potentially	
could represent a easily remediable factor.

7. OBSTETRICAL INJURY

The impact of pregnancy and vaginal delivery on 
continence is described in the section on obstetri-
cal injury. While those injuries occur with reasonable 
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frequency, quite often the patient does not develop 
clinical incontinence until later in life. The reasons for 
the onset of symptoms and the required combination 
of factors are poorly understood. However the con-
tribution of EAS defects to incontinence is supported 
by data demonstrating that clinical improvement after 
sphincteroplasty is more likely in patients with suc-
cessful	 anatomical	 repair	 seen	 on	 ultrasound	 [627,	
704-706].	The	frequency	of	puborectalis	or	levator	ani	
muscle injury as well as the degree to which it con-
tributes to faecal incontinence is unclear but is being 
more	actively	investigated		[591,	592,	594,	707].

8. PHYSICAL MOBILITY

Intuitively, adequate physical mobility to reach the 
toilet in a timely manner in response to the urge to 
defaecate is necessary for continence. Limited mo-
bility was found to be a risk factor for incontinence in 
one	population	based	study	[636]	and	an	investiga-
tion	 of	 nursing	 home	 residents	 [564].	 In	 a	 study	 of	
urban dwelling older people, the odds of prevalent 
incontinence increased by 20% for each unit de-
crease	 in	 the	physical	performance	measure	 [671].		
In a study of long-term care patients, immobility was 
one	of	the	strongest	predictors	of	incontinence	[708].	
In another study, the use of physical restraints (maxi-
mal limitation of mobility) was found to be the most 
signiicant	cause	of	incontinence	when	the	data	were	
adjusted	for	other	risk	factors	[709].	

9. RADIATION

Faecal incontinence occurs after pelvic irradiation for 
prostate,	gynecological	and	rectal	cancer	[710-713].	
Radiation therapy adds to the risk of incontinence as-
sociated	with	rectal	resection	[714-717].		It	appears	
that short course radiotherapy carries a higher risk 
than	 long	 term	 irradiation	 [718].	 Direct	 comparison	
trials powered to answer the question are currently 
in	progress	[719,	720].	In	a	study	of	the	relationship	
of radiation dosage to symptoms after prostate radio-
therapy, faecal incontinence was associated primar-
ily	with	radiation	to	the	EAS	and	PR	[721].	The	exact	
mechanism(s) by which radiation therapy causes 
incontinence is uncertain. The rectum may be stiffer 
and	less	compliant	[722]	and	the	anal	pressures	re-
duced either from muscle or nerve injury by the radia-
tion	[715,	723,	724].	

10. RECTAL PROLAPSE

a)  Mucosal, internal and full thickness rectal 
prolapse.

A	 signiicant	 proportion	 (48-63%)	 of	 patients	with	
prolapsing haemorrhoids or mucosal prolapse re-
port	 soiling	 [725,	 726].	 	 Symptoms	 resolve	 with	
successful	treatment	[725-728].

External rectal prolapse is associated with faecal 
incontinence	 in	 up	 to	 66%	 of	 patients	 [729-732].	
Diminished anal resting tone commonly accompa-
nies	 rectal	 prolapse	 [555,	 730,	 733];	 that	 inding	
suggests that internal sphincter dysfunction per-
haps from repeated stretching is one mechanism 

for	incontinence.		Other	considerations	include	the	
presence	of	neuropathy;	it	is	unclear	if	the	prolapse	
results in prolonged pudendal nerve latencies 
[734,	 735]	 or	 if	 both	 share	 a	 common	 aetiology.	
The exact mechanism or combination of causes is 
uncertain.	Other	investigators,	however,	found	that	
patients with rectal prolapse and persistent incon-
tinence had evidence of sphincter defects either 
from	surgical	or	obstetrical	injury	[736,	737].

Internal rectal prolapse is also associated with fae-
cal	 incontinence	 [738,	 739]	 and	 decreased	 anal	
pressures	 [733].	 While	 surgical	 intervention	 for	
internal rectal prolapse is controversial, several 
studies report improvement in their incontinence 
after	rectopexy	[740-742].

11.SURGERY

a) Anorectal surgery

Lateral internal sphincterotomy, is the recommended 
surgical	 procedure	 for	 refractory	 anal	 issures.	The	
surgery involves the division of the internal sphinc-
ter	and	may	result	in	incontinence	of	latus	and	stool	
[743-748].	Quite	variable	rates	of	post-operative	 in-
continence	from	none	to	36	%	are	reported.	The	dei-
nition of incontinence, type of follow-up and length 
of sphincterotomy contribute to the variability. Some 
authors suggest that pre-existing sphincter injury 
might	predispose	to	incontinence	[749,	750].	Another	
author found evidence for increased sphincter asym-
metry in patients with incontinence after sphincter-
otomy compared to continent post-operative patients 
but no differences in pre-existing sphincter defects 
[751].	A	recent	report	suggests	that	the	development	
of symptoms of incontinence may be delayed similar 
to	women	with	obstetrical	sphincter	injuries	[752].	

Incontinence	 is	reported	 in	0-14%	of	patients	after	
hemorrhoidectomy	[753-756].	In	the	limited	studies	
available, increased risk of incontinence has been 
related	to	previous	vaginal	deliveries	[754],	number	
of	 hemorrhoids	 excised	 [755]	 and	 post-operative	
internal	 sphincter	 defects	 [754,	 757].	 Some	 have	
argued that excision of the anal cushions is the rea-
son	for	incontinence	[571].

Surgery	for	anal	istula	may	result	in	faecal	inconti-
nence. The frequency depends upon the anatomy 
of	 the	 istula,	 baseline	 sphincter	 function	 and	 the	
surgical procedure performed. The reported rates 
of post-operative incontinence range from 0-50% 
[758-770].	 The	 deinition	 and	 measurement	 of	 in-
continence varies among the studies.  Treatment 
of	high	istulas	 involving	more	sphincter	muscle	 is	
more	 likely	 to	 be	 followed	 by	 incontinence	 [744,	
758,	765,	770].	Injections	of	ibrin	glue	and	endorec-
tal	 advancement	 laps	 have	 lower	 post-operative	
incontinence	 rates	 than	 other	 istula	 procedures	
[761].	Age	over	45	years	old	[758]	and	gender	[760,	
769]	were	found	to	increase	the	risk	in	some	stud-
ies. The mechanism appears to be iatrogenic (and 
sometimes intentional) sphincter injury.
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b) Rectal resection  

In a recent meta-analysis of functional outcomes after 
resection for rectal cancer including studies reported 
between	1978	and	2004,	faecal	incontinence	of	any	
kind	 occurred	 in	 3-79%	 of	 patients	 [713].	 Rates	 of	
incontinence of solid stool ranged from 0-40%, liquid 
0-60%	and	 latus	 9-76%.	The	 pooled	 proportion	 of	
incontinence	of	solid	stool	was	14	%	and	liquid	stool	
29%.  The risk of incontinence appears to depend 
upon the tumor location and level of the anastomosis 
[771].	Theoretically	loss	of	the	rectal	reservoir	contrib-
utes to incontinence. The goal of replacing the reser-
voir function led to the development various types of 
reconstruction following resection (coloplasty, colon-
ic	J	pouch,	ileoanal	reservoir).	While	long	–term	data	
are	sparse,	in	the	irst	18	months	post-operatively	co-
lonic	J	pouches	result	in	lower	rates	of	incontinence	
than straight anastomoses or coloplasty according 
to	a	 recent	Cochrane	 review	 [772].	Damage	 to	 the	
internal sphincter occurs during this type of resection 
presumably from transanal introduction of stapling 
devices and may contribute to incontinence as well 
[773,	774].	 	However	a	recent	study	comparing	pa-
tients undergoing handsewn anastomoses to double 
stapled ones found no difference in faecal inconti-
nence post-operatively or anorectal manometry re-
sults	[775].	Diminished	rectal	sensation	and	changes	
in motility seen post-operatively indicate that nerve 
damage	may	also	contribute	[775-777].	Rectal	sen-
sation and the ability to defaecate can be abolished 
completely	by	resection	of	the	nervi	erigentes	[778].	
If	parasympathetic	innervation	is	absent,	rectal	illing	
is only perceived as a vague sensation of discomfort. 
Cadaver studies after total mesorectal excision re-
veal the close proximity of the levator ani nerve and 
pelvic splanchic nerves to the plane of dissection 
particularly	 for	 low	 rectal	 resections	 [779].	Damage	
to those nerves would impact on the function of the 
puborectalis muscle.  It is likely that multiple factors 
contribute to incontinence after rectal resection and 
dificult	to	assign	relative	importance.

c) Hysterectomy

Several reports identified hysterectomy as a risk 
factor	for	faecal	incontinence	[600,	636].	Howev-
er, another study found a decreased risk of incon-
tinence	[640]and	one	found	no	association	[601].	
In addition to conflicting results, the mechanism is 
not understood. 

d) Cholecystectomy 

Cholecystectomy results in diarrhoea in some pa-
tients. It is often assumed that incontinence occur-
ring after cholecystectomy is related to the onset of 
diarrhoea.	 However,	 two	 studies	 identiied	 chole-
cystecomy	as	a	signiicant	 independent	 risk	 factor	
for	incontinence		[600,	780].	The	underlying	mecha-
nism, if not associated loose stool, is uncertain but 
perhaps could be related to rectal urgency second-
ary to bile salt irritation.

12. SMOKING 

A study from the Mayo Clinic reported an associa-
tion between incontinence in older adults and cur-
rent	smoking	with	an	odds	ratio	of	4.7	[600].	An	ear-
lier	study	reported	the	same	inding	in	post-partum	
patients with faecal incontinence. The reason is 
unclear	 [116].	 Chronic	 obstructive	 pulmonary	 dis-
ease has been associated with faecal incontinence 
[640]	but	 in	The	Mayo	Clinic	study	pulmonary	dis-
ease	was	not	found	to	be	a	factor.		Other	proposed	
mechanisms include the anti-oestrogen effect of 
nicotine	[781]	or	accelerated	colonic	transit	second-
ary to nicotine induced high amplitude contractions 
in	the	colon	[782].

13. URINARY INCONTINENCE 

Many studies report an association between urinary 
and faecal incontinence. It is likely that it is not a 
causative relationship but rather that the two con-
ditions	 result	 from	a	common	aetiology	 [414,	600,	
603,	606,	636,	640,	657,	783,	784].

Multiple factors play a role in the development of fae-
cal incontinence. More information is now available 
about the impact of aging on the sphincter muscles 
and pelvic nerves. The role of rectal urgency and hy-
persensitivity in the onset of incontinence, perhaps 
in conjunction with an underlying abnormality that 
alone did not result in symptoms, has received more 
attention.  Recent work has also focused on remedi-
able risk factors such as nutritional factors and life-
style choices.  However the complex interaction of 
the	pelvic	loor	 is	not	 fully	understood	and	requires	
more investigation. More information about the aging 
process including the potential for reversible chang-
es would be of interest. In addition, little data exist to 
demonstrate whether changes in theoretically reme-
diable risk factors will decrease incontinence.

Pregnancy	 and	 childbirth	 have	 a	 signiicant	 impact	
on the emotional and physical wellbeing of a woman. 
It	is	reported	that	as	many	as	91%	of	women	report	
at least one new symptom eight weeks post-partum 
[785].	A	fall	in	maternal	mortality	accompanied	by	an	
increase	 in	 female	 life	expectancy	 (86	years	 in	Ja-
pan) has now shifted the focus of attention towards 
identiication	of	factors	that	may	minimise	morbidity.	
Although pre-existing bowel symptoms may be ag-
gravated during pregnancy and childbirth, the de-
velopment of symptoms de novo is a more frequent 
occurrence.	 Obstetric	 trauma	 is	 the	most	 common	
cause of faecal incontinence.  However, the onset of 
symptoms may occur many years after delivery with 
a peak incidence in the perimenopausal years. This 
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may	relect	the	effect	of	contributory	factors	such	as	
the process of aging, the effect of the menopause or 
progression of neuropathy. This section focuses on 
the association between obstetric trauma and faecal 
incontinence. The term ‘anal incontinence’ is used to 
include	incontinence	to	latus,	liquid	and	solids.

Anal incontinence has been reported to occur between 
5	[202,	786]	to	26	[119]	%	of	women	during	the	irst	
year following vaginal delivery. In a Canadian study 
[787]	involving	949	consecutive	women	who	delivered	
vaginally,	 26%	 reported	 anal	 incontinence	while	 3%	
reported	faecal	 incontinence.	They	 identiied	forceps	
delivery and third/fourth degree tears as independent 
risk	factors.		In	a	population	based	study	of	8774	wom-
en	 in	Oregon,	USA,	more	 than	25%	reported	 faecal	
incontinence	within	6	months	of	childbirth	[116].

The mechanism that maintains continence is com-
plex and affected by various factors such as mental 
function, lack of a compliant rectal reservoir, rectal 
hypersensitivity, enhanced colonic transit and chang-
es in stool consistency and volume. However, the ul-
timate barrier is the anal sphincter. Anal incontinence 
may ensue if there is mechanical disruption to the 
anal sphincter muscles, disturbance in neurological 
function or a combination of both factors. In about 
80%	of	women	with	presumed	“idiopathic”	anorectal	
incontinence there is histological evidence of dener-
vation	of	the	striated	pelvic	loor	muscles,	particularly	
the puborectalis and external anal sphincter (EAS) 
[788].	This	feature	has	also	been	demonstrated	elec-
tro-physiologically	 by	 means	 of	 an	 increased	 ibre	
density in patients with idiopathic faecal incontinence 
indicating	re-innervation	following	denervation	[789].	
Another	inding	in	these	patients	is	a	conduction	de-
lay in pudendal nerves as measured by pudendal 
nerve	terminal	motor	latency	(PNTML	)[790].

Although	Hertz	 in	 1909	 suggested	 that	 pelvic	 loor	
damage may result from a normal vaginal delivery, 
objective	 scientiic	 evidence	 for	 this	 was	 only	 pro-
duced	in	1984	[176]	and	a	follow-up	of	14	patients	5	
years	later	[178].	These	authors	studied	122	women,	
71	after	delivery	with	manometry,	perineometry,	PNT-
ML	and	EMG,	and	51	before	and	after	delivery	with	
EMG. This study demonstrated an increase in anal 
sphincter	striated	muscle	ibre	density	in	the	vaginal	
delivery group at 2 months post-partum indicating 
evidence of re-innervation following denervation. The 
ibre	density	was	not	altered	following	elective	cesar-
ean section. Thirty three percent of primiparae and 
50%	of	multiparae	had	prolonged	PNTML	within	48	
hours of delivery. However, by 2 months, the PNTML 
had returned to normal in 60% of these women, in-
dicating that damage to pudendal nerve conduction 
is reversible. Multiparity, forceps delivery, increased 
duration of the second stage of labour, third degree 
perineal tears and high birth weight were important 
factors	leading	to	pudendal	nerve	damage.	In	the	ive	
year	 follow-up	study	of	 14	women,	only	multiparae	

who	did	not	have	a	forceps	delivery	were	selected;	
the denervating process was found to be progressive 
in the majority of women and 5 women suffered from 
stress	 urinary	 incontinence	 ,	 3	 of	 whom	were	 also	
incontinent	to	latus.

In another prospective neurophysiological study, 
Allen	 et	 al.	 [177]	 studied	 96	 nulliparous	 women	
with EMG, PNTML and vaginal pressure measure-
ments	during	pelvic	 loor	 contraction.	They	 found	
evidence	of	re-innervation	in	the	pelvic	loor	mus-
cles	of	80%	of	primiparae	2	months	after	vaginal	
delivery. The only obstetric factors associated with 
re-innervation were a high birth weight and a lon-
ger	active	stage	of	labour.	Forty	ive	of	the	original	
96 women were studied again 6 years later and 
they	concluded	that	changes	in	pelvic	loor	neuro-
physiology occur with time and do not appear to be 
related to further childbearing.

A	third	prospective	study	[791]	measured	anal	pres-
sures,	 anal	 sensation	and	 the	perineal	 plane	 in	 72	
antenatal	 women	 and	 repeated	 72	 hours	 post-par-
tum	 and	 in	 41	 women	 2	months	 postpartum.	Anal	
sensation	was	unchanged.	Cornes	et	al.	[792]		mea-
sured	anal	sensation	in	96	primiparae	within	10	days	
after delivery and measurements were repeated in 
74	women	6	months	after	delivery.	They	found	that	
at 6 months anal sensation had returned to normal. 
Anal sensation remained unchanged after cesarean 
section. In women who had a torn EAS, only impair-
ment of sensation in the upper anal canal persisted 
at 6 months. More than half the women who admit-
ted to persistent anal incontinence had normal anal 
sensation.	Chaliha	et	al.	 [793]	measured	anal	elec-
tro-sensitivity before and after childbirth and found 
it unchanged. Anal sensation in isolation therefore 
probably plays a minor role in the development of 
obstetric related faecal incontinence.

Until the advent of anal endosonography, mechani-
cal trauma to the anal sphincters was only suspected 
when there was a history of third or fourth degree tears 
collectively known as obstetric anal sphincter injuries 
(OASIS).	Consequently,	when	anal	endosonography	
was performed in patients believed to be suffering 
from	 “neurogenic”	 faecal	 incontinence	 unsuspected	
internal anal sphincter (IAS) and EAS defects were 
identiied	[794].	The	sonographic	appearance	of	EAS	
defects	has	been	veriied	histologically	to	represent	i-
brosis	[795]	while	the	appearance	of	IAS	defects	have	
been validated prospectively in patients undergoing 
lateral	internal	anal	sphincterotomy	[750].	Trauma	as	
identiied	by	ultrasound	may	represent	unrecognised	
OASIS	(previously	referred	to	as	occult)	or	the	conse-
quence	of	recognised	and	repaired	OASIS.

1.  UNRECOGNISED (“OCCULT”) ANAL 
SPHINCTER TRAUMA

Sultan	 et	 al.	 [202]	 	 performed	 the	 irst	 prospective	
study (before and after childbirth) to demonstrate 

I. NEUROGENIC TRAUMA

II. MECHANICAL TRAUMA
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both	“occult”	anal	sphincter	trauma	(Figure 13 ) and 
pudendal nerve damage during childbirth in both pri-
miparous	and	multiparous	women	 (n=150).	 In	35%	
of primiparous  and 44% of multiparous women  anal 
sphincter	defects	were	identiied	at	6	weeks	postpar-
tum by anal endosonography that were not present 
before	 vaginal	 delivery.	 Thirteen	 percent	 and	 23%	
respectively developed defecatory symptoms (faecal 
urgency	and/or	anal	incontinence)	after	delivery.	Only	
two	of	the	150	women	(both	primiparous)	had	recog-
nised tears of the anal sphincter at the time of deliv-
ery. A strong association was demonstrated between 
the presence of any defect and the development of 
symptoms.	Only	4%	of	multiparous	women	sustained	
new sphincter damage following a subsequent de-
livery. The single independent factor associated with 
anal	sphincter	damage	was	forceps	delivery.	The	23	
women delivered by cesarean section remained as-
ymptomatic and none developed sphincter defects. 
No relationship was demonstrated between PNTML 
measurements and defecatory or urinary symptoms.

Donnelly	et	al.	[796]	interviewed	219	nulliparae	in	the	
third trimester regarding bowel habits and performed 
anal	vector	manometry.	At	6	weeks	postpartum	184	
women returned and the same bowel symptom ques-
tionnaire was completed and anal vector manometry 
plus PNTML measurements were performed. Anal 
endosonography	was	performed	 in	 81	women	with	
altered faecal continence or abnormal physiology. 
Instrumental vaginal delivery and a passive second 
stage of labour prolonged by epidural analgesia were 
signiicantly	associated	with	the	greatest	risk	of	anal	
sphincter trauma and impaired faecal continence. As 

instrumental	delivery	is	a	known	risk	factor	(8	fold	in-
creased risk of sphincter trauma), early use of oxyto-
cin was recommended to shorten the second stage. 
A	continuation	of	the	same	study	[797]	reported	that	
PNTML was prolonged and the squeeze pressure in-
crement was reduced in women who had a cesarean 
section	 in	 the	 late	irst	 stage	 (>8cm	cervical	dilata-
tion) or second stage.

Chaliha	 et	 al.	 [793]	measured	 anal	 sensation	 and	
manometry	in	286	nulliparae	during	the	third	trimes-
ter	 and	 repeated	 in	 161	women	postpartum	when	
anal endosonography was also performed. Anal 
endosonography	revealed	sphincter	defects	in	38%	
of women and this was associated with the pres-
ence a lowering of anal squeeze and resting pres-
sures. Threshold anal electrosensitivity remained 
unchanged and bore no relationship to symptoms. 
Postpartum sphincter defects were associated with 
perineal tears and vaginal delivery.

Abramowitz	et	al.	[798]	undertook	a	prospective	
study	of	233	women	who	had	anal	endosonog-
raphy	performed	before	and	6	 to	8	weeks	after	
childbirth.	Of	 the	233	women	(118	primiparae),	
202 had a vaginal delivery. Postpartum anal in-
continence	 in	 the	 233	women	was	 reported	 by	
13%	of	primiparae	and	8.5%	of	multiparae	and	
anal	sphincter	defects	in	21%	and	12%	respec-
tively. However, the prevalence of anal sphinc-
ter defects amongst those who had a vaginal 
delivery	(n=202)	was	26%	and	13%	respective-
ly.	Previous	studies	[799,	800]	 including	others	
mentioned in Table 1  and 2 have shown that the 

Figure 13. Anal ultrasound image of the mid anal canal
EAS = external anal sphincter. IAS = internal anal sphincter. The area between the black arrows at 11 and 
2 o’clock represents an external anal sphincter defect while the area between the white arrows between 9 
and 3 represent an internal sphincter defect



313

first delivery is most likely to be associated with 
anal sphincter trauma but this study is at vari-
ance as it claimed that secundiparous females 
have the same risk as primiparous women. 
However, this finding remains unsubstantiated 
and is further disputed by a subsequent pro-
spective	study	[801].

Fynes	et	al.	[800]	undertook	a	prospective	study	
of 59 previously nulliparous women through 2 
successive	pregnancies	and	found	that	34%	had	
anal sphincter injury after their first delivery but 
only 2 new injuries occurred after the second de-
livery confirming the findings in Sultan’s study 
[202].		An	important	finding	in	this	study	was	that	
42%	of	women	 (5	of	12)	who	had	a	severe	 ‘oc-
cult’ sphincter injury during their first delivery 
(squeeze pressure increment < 20mmHg or anal 
sphincter defect > one quadrant) developed anal 
incontinence after the second delivery.

Willis	et	al.	[802]	performed	anal	vector	manometry,	
endosonography, PNTML and rectal sensibility at 
the	32	weeks	and	6	weeks	postpartum.	Using	 the	
Kelly-Holschneider score they reported anal incon-
tinence	in	5%	and	identiied	occult	injuries	in	19%.	
PNTML and rectal sensibility was unaffected by 
vaginal delivery.

Nazir		et	al.	[803]performed	vector	manometry	and	
endoanal	ultrasound	in	73	nulliparous	woman	at	25	
weeks and 5 months postpartum (Table 3 ). There 
was no correlation between vector manometry and 
anal endosonography or clinical variables.

Belmonte-Montes	[804]	performed	anal	endosonog-
raphy	 in	 98	 nulliparous	 women	 6	 weeks	 before	
and 6 weeks after delivery and after excluding 20 
third degree tears found occult sphincter injuries in 
13%.	Seventy	 ive	 percent	 of	women	with	 defects	
were symptomatic and there was a good correla-
tion between defects and symptoms. However, it is 
not clear as to how many with ‘occult’ defects were 
symptomatic (Table 3 ).

In	3	further	studies	[805-807]	anal	ultrasound	was	per-
formed	only	after	delivery	and	defects	were	identiied	
in	11.5	to	34%	(Table 4).	Varma	et	al	[805]	studied	159	
postnatal	women	(105	primiparous	and	54	secundipa-
rous)	and	found	occult	anal	sphincter	defects	in	11.5%	
of	primiparous	and	19%	of	secundiparous	vaginal	de-
liveries	but	 80%	of	 forceps	deliveries.	None	of	 their	
patients	suffered	faecal	incontinence	but	only	72%	of	
questionnaires were returned. However, their cohort 
was	recruited	before	1998	and	had	a	high	cesarean	
section rate (25%) and a low forceps rate (4%).

Williams	et	al	[808]	performed	a	prospective	study	
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Table 3. Prospective studies before and after vaginal delivery of “occult” anal  sphincter injury (using 2d 
ultrasound) and anal incontinence but excluding faecal  urgency

* modiied continence score questionnaire used and may include urgency
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in 45 nulliparous women before and after vaginal 
delivery	 using	 3	 dimensional	 endosonography.	
There was evidence of perineal trauma in 29% 
(external	 sphincter	 11%,	 puboanalis	 20%,	 trans-
verse	perineal	muscle	7%).	 	Sudoł-Szopinńska	et	
al.	 [809]	performed	3	dimensional	endoanal	ultra-
sound	 in	112	primiparous	women	and	 found	only	
2.6% sonographic injuries. However, their obstetric 
practice	was	different	in	that	they	had	a	77%	episi-
otomy rate and a 59% epidural rate.

Oberwalder	et	al.	[810]	performed	a	meta-analysis	of	
717	vaginal	deliveries	and	found	a	26.9%	incidence	
of anal sphincter defects in primiparous women 
and	an	8.5%	 incidence	of	new	sphincter	defects	 in	
multiparous women.  Although two thirds of these 
women	with	 “occult”	 defects	were	 asymptomatic	 in	
the postpartum period, the probability of faecal in-
continence associated with a sphincter defect was 
76.8	to	82.8%.	

Some	 15	 years	 after	 having	 irst	 coined	 the	 term	
“occult”	 OASIS	 based	 on	 anal	 endosonography,	
Sultan	 [202]	 began	 questioning	 whether	 the	 28%	
sonographic anal sphincter defects (Table 5 ) identi-
ied	some	weeks	after	delivery	were	really	genuine	
occult	defects	that	were	not	identiiable	clinically	at	
delivery. They therefore conducted a prospective 
study	 [811]	 in	 which	 241	women	 having	 their	 irst	
vaginal delivery had their perineum re-examined by 
an experienced research fellow and endoanal ul-
trasound was performed immediately after delivery 
and	 repeated	 7	 weeks	 postpartum.	 When	 OASIS	
were	 identiied	by	 the	 research	 fellow,	 the	 injuries	
were	conirmed	and	repaired	by	the	duty	registrar	or	
consultant. The prevalence of clinically diagnosed 
OASIS	 increased	 from	11%	 to	25%	 (n=59).	Every	
clinically	 diagnosed	 injury	 was	 identiied	 by	 post-
partum endoanal ultrasound. However, there were 
three women with sonographic defects in whom the 
injury	was	not	identiied	clinically.	Two	of	these	had	
only small IAS defects that were not considered 
clinically	signiicant.	The	other	was	a	combined	de-

fect of both the IAS and EAS and while this could 
be	classiied	as	an	occult	 tear,	 it	 is	most	probably	
a tear that was not recognised by the research fel-
low.	 At	 7	 weeks	 postpartum,	 no	 de	 novo	 defects	
were	identiied	by	ultrasound.	This	study	concluded	
that virtually all sphincter defects that have previ-
ously	been	designated	as	“occult”	injuries	(Table 5 ) 
were	in	fact	OASIS	that	could	have	been	identiied	
by	a	 trained	clinician	 [812]	and	 that	 less	 than	one	
percent	 are	 genuine	 occult	OASIS	 (if	 indeed	 they	
exist).	 Interestingly,	 87%	 of	midwives	 and	 27%	 of	
junior	doctors	 failed	 to	 recognise	OASIS	clinically.	
Although it is likely that some of these injuries would 
have been detected at the time of suturing the tear, 
it	is	concerning	that	clinical	recognition	of	OASIS	is	
suboptimal	[813].	However,	this	inding	is	not	unique	
as	Groom	and	Patterson	 [814]	also	 found	 that	 the	
rate	of	third	degree	tears	rose	to	15%	when	all	“2nd	
degree	tears”	were	re-examined	by	a	second	expe-
rienced person.

These	studies	[811,	814]	confirm	the	lack	of	ade-
quate training as previously highlighted by Sultan 
et	al.	[815]	who	reported	that	91%	of	doctors	who	
had done at least 6 months of training in obstet-
rics and 60% of midwives indicated inadequate 
training	 in	 perineal	 anatomy	 and	 84%	 and	 61%	
respectively reported inadequate training in iden-
tifying	 3rd	 degree	 tears.	 Another	 possible	 rea-
son for under-diagnosis is that tears of the anal 
sphincter have been wrongly classified and there-
fore anal sphincter tears have been under-report-
ed. Any involvement of the anal sphincter should 
be	classified	as	a	third	degree	tear.	However	41%	
of	doctors	and	16%	of	midwives	classified	a	torn	
anal	 sphincter	as	a	2nd	degree	 tear	 [815].	 	Sul-
tan	and	Thakar	[816]	reviewed	every	relevant	text	
book (n=65) in the library of the Royal College 
of	Obstetricians	and	Gynaecologists	(RCOG)	and	
found that there was a lack of consistency in clas-
sification and in about 40% the classification was 
omitted or wrong. Furthermore, previous classi-
fications were incomplete because they did not 
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Table 4: Postnatal studies of “occult” anal sphincter injury (using 2d ultrasound) sustained during vaginal 
delivery and anal incontinence excluding faecal urgency

* Ultrasound performed < 1 week after delivery
** Anal ultrasound performed immediately after delivery before perineal repair
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incorporate depth of EAS rupture or involvement 
of the IAS. This therefore has epidemiological, 
clinical and medicolegal implications. If a third 
degree tear is incorrectly classified as second 
degree, then inappropriate repair could result in 
sub-optimal	 outcome	 (see	 below).	 Sultan	 [817]	
has therefore proposed the following classifica-

tion (Figure 14 )[813]	that	has	been	incorporated	
into	 the	 29th	RCOG	green	 top	 guidelines	 	 [818]	
and the first edition of this book:

First degree: laceration of the vaginal epithelium or 
perineal skin only.

Second degree: involvement of the perineal mus-
cles but not the anal sphincter.

Table 5.  Prevalence of anal incontinence following primary repair of obstetric anal sphincter rupture
(fecal incontinence ie. excluding latus incontinence only is shown in parentheses).

2009 Denmark 33 5 67% (42%)+Sakse et al

39% (15%)Mean
*Includes 2 with secondary sphincter repair
+ *Includes only 4th degree tears
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Third degree: disruption of the anal sphincter mus-
cles and this should be further subdivided into:

3a:	<50%	thickness	of	external	sphincter	torn.

3b:	>50%	thickness	of	external	sphincter	torn.

3c:	internal	sphincter	torn	also.

Fourth degree:  a third degree tear with disruption 
of the anal epithelium.

An isolated rectal tear without involvement of the 
anal sphincter is rare and should not be included in 
the	above	classiication.

2.  RECOGNISED OBSTETRIC ANAL SPHINC -
TER INJURIES

Primary	 repair	 of	 OASIS	 are	 usually	 performed	 by	
obstetricians using the end-to-end repair technique  
[819].	 However,	 as	 shown	 in	 Table 3,  anal inconti-
nence	occurs	in	39%	(range15	to	67%)	and	in	addi-
tion,	urgency	can	affect	a	further	6	[819]	to	28%		[820].	
Frank	faecal	incontinence	affected	14%	[819]	(range	2	
[821]	to	29%	[822]).	The	reasons	for	persistent	symp-
toms	are	unclear	but	there	are	ive	studies	[819,	820,	
823-825]	demonstrating	anal	sphincter	defects	follow-
ing	 repair	 in	40	 to	91%	of	women.	Although	 the	ex-
tent of the sphincter injury appears to be related to 
outcome of repair, in some studies (Table 5 ) the data 
were	not	interpretable,	[826]	incomplete	[824]	or	inclu-
sive	of	symptoms	other	than	anal	incontinence	[203]	
Forceps	 delivery,	 irst	 vaginal	 delivery,	 large	 baby,	
shoulder dystocia and a persistent occipito-posterior 
position	have	been	identiied	as	the	main	risk	factors	
for	the	development	of	OASIS	[798,	799,	817,	823].	

The most popular method of EAS repair is the end-
to-end technique but colorectal surgeons prefer the 

overlap technique for secondary repair because of 
better	outcome	[827].	It	is	now	known	that	like	other	
incontinence procedures, the outcome can deterio-
rate with time and one study has reported continence 
in 50% of women at 5-year follow-up. However, at 
least one third of women in this study had more than 
one attempt at sphincter repair and therefore these 
indings	 cannot	 be	 extrapolated	 to	 those	 following	
primary	repair	of	acute	 injury	[828].	 In	1999,	Sultan	
et	al.	[829]	were	the	irst	to	explore	the	feasibility	of	
the overlap technique of repair for acute EAS rup-
ture	 but	more	 importantly	 advocated	 the	 identiica-
tion and separate repair of the torn IAS. Until then, 
very little importance was given to the torn IAS dur-
ing primary repair. However, subsequently in a study 
involving	500	consecutive	women	with	OASIS	it	has	
been shown that sonographic evidence of IAS injury 
was	 predictive	 of	 faecal	 incontinence	 [830].	 More	
recently	Roos	 et	 al.	 [831]	 studied	 531	 consecutive	
women	 with	 OASIS	 and	 found	 that	 women	 who	
sustained	an	IAS	tear	were	signiicantly	more	 likely	
to suffer incontinence, have lower anal pressures, 
persistent IAS defects and a reduced quality of life. 
Increasing IAS defect size has also been shown to 
be	 related	 to	symptoms	of	anal	 incontinence	 [832].	
When a patient presents with faecal incontinence 
months or years after delivery, it is almost impossible 
to perform a successful IAS repair highlighting the 
importance	 of	 identiication	 and	 repair	 immediately	
after	delivery	[813,	829].	Compared	to	matched	his-
torical	controls	[819]	who	had	an	end-to-end	repair,	
Sultan et al. found that the rate of anal incontinence 
was	reduced	from	41%	to	8%	when	the	overlap	tech-
nique was used for EAS repair with separate repair 
of	the	torn	IAS	[829]	and	therefore	recommended	the	
performance of a randomised controlled trial.

Figure 14. Schematic representation of the classiication of 3rd and 4th degree tears (with permission 
from Springer) [813]
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The	irst	published	randomised	trial	by	Fitzpatrick	et	
al.	 [820]	 reported	no	signiicant	difference	between	
end-to-end and overlap repair although there ap-
peared to be trend towards more symptoms in the 
end-to-end group. However, there were methodolog-
ical	differences	in	that	the	torn	IAS	was	not	identiied	
and repaired separately and they used a constipating 
agent	for	3	days	after	the	repair.	Unfortunately,	they	
included partial EAS tears in their randomised study. 
A	true	overlap	[813,	828]		is	not	possible	if	the	sphinc-
ter ends are not completely divided and it would be 
expected that if an overlap is attempted, the residual 
intact sphincter muscle would have to curl up and 
hence there would be undue tension on the remain-
ing torn ends of muscle that would be overlapped. 
This technique would therefore go against the gen-
eral principles of surgery of deliberately placing tis-
sue	under	avoidable	tension	[819].

Garcia	et	al.	[833]	also	performed	a	randomised	trial	
of the two techniques and took great care to include 
only complete ruptures of the EAS (full thickness 
3b,3c	and	4th	degree	tears).	There	were	23	women	
in	the	end-to-end	group	and	18	in	the	overlap	group.	
Unfortunately,	 only	 15	 and	 11	 women	 respectively	
returned	 for	 follow-up	which	was	only	at	3	months.	
No	 signiicant	 difference	 was	 found	 between	 the	
groups in terms of symptoms of faecal incontinence 
or	 transperineal	 ultrasound	 indings.	 However,	 the	
authors acknowledged that the major limitations of 
their study were that randomisation was inaccurate 
and that their study was underpowered.

Williams	 et	 al.	 [834]	 performed	 a	 factorial	 ran-
domised	 controlled	 trial	 (n=112)	 in	 which	 women	
were randomised into 4 groups: overlap with poly-

glactin	(Vicryl;	Ethicon,	Edinburgh,	UK);	end-to-end	
repair	with	Vicryl;	overlap	repair	with	polydiaxanone	
(PDS;	 Ethicon,	 Edinburgh,	 UK);	 end-to-end	 repair	
with	PDS.	This	trial	was	speciically	designed	to	test	
the hypothesis regarding suture related morbidity 
(need for suture removal due to pain, suture migra-
tion or dyspareunia) using the two techniques. At six 
weeks, there were no differences in suture related 
morbidity. The authors claimed that there were no 
differences in outcome based on repair technique. 
Unfortunately, the majority of patients included in 
this	 trial	were	partial	 tears	 of	 the	EAS	 (70%	were	
3a	 tears)	and	as	mentioned	above,	a	 true	overlap	
[812,	829]	cannot	be	performed	 if	 the	EAS	 is	only	
partially	torn.	Furthermore,	their	follow	up	rate	at	12	
months was only 54%. These data therefore need 
to be interpreted with caution.

Fernando	et	al.	 [835]	performed	a	 randomised	con-
trolled trial of end-to-end vs overlap technique. The 
study had adequate power (n=64) and the primary 
outcome was faecal incontinence at one year. All re-
pairs were performed by two trained operators and 
Grade	 3a	EAS	were	 excluded.	At	 12	months	 (81%	
follow-up rate), 24% in the end-to-end and none 
in the overlap group reported faecal incontinence 
(p=0.009).	Faecal	urgency	at	12	months	was	report-
ed	by	32%	in	the	end-to-end	and	3.7%	in	the	overlap	
group	(p=0.02).	There	were	no	signiicant	differences	
in dyspareunia and quality of life between the groups. 
At	12	months	20%	reported	perineal	pain	in	the	end-
to-end and none in the overlap group (p=0.04). Dur-
ing	 the	 12	 months	 period	 16%	 in	 end-to-end	 and	
none in the overlap group reported deterioration of 
defaecatory	 symptoms	 (p=0.01).	Further	 calculation	

Figure 15. Flow chart demonstrating a pathway of the management of a subsequent pregnancy following 
OASIS (MSP= maximum squeeze pressure; CS =caesarean section)
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revealed that four women need to be treated with the 
overlap	technique	to	prevent	one	woman	with	OASIS	
developing	faecal	 incontinence.	On	the	basis	of	this	
randomised trial it would appear that the overlap tech-
nique of EAS repair accompanied by separate repair 
of the torn internal sphincter, performed by trained cli-
nicians is associated with a good outcome. In 2006, 
the	Cochrane	review	[836]	concluded	that	as	the	sur-
geon’s experience was not addressed in two of the 
three randomized studies, it would be inappropriate to 
recommend one type of repair over the other.

Farrell	et	al.	[837]	performed	a	randomised	controlled	
trial with a 6 month follow-up of end-to-end (n=62) 
vs	overlap	(n=63)	EAS	repair	in	primiparous	women.	
They	 reported	signiicantly	higher	 rates	of	latal	but	
not faecal incontinence in the overlap group. How-
ever, there were more 4th degree tears in the over-
lap group and therefore more IAS injury that could 
explain	the	increased	latal	incontinence	in	this	group	
[838].	 	At	3	year	 follow	up	 there	was	no	signiicant	
difference in anal incontinence between the groups 
[839].	This	supports	 the	indings	of	Fernando	et	al.	
[835,	 836]	who	 demonstrated	 a	 signiicantly	 higher	
risk of deterioration in anal incontinence over time in 
the end-to-end group and highlights the importance 
of longer term follow-up. 

Rygh	 and	 Korner	 [840]	 performed	 another	 ran-
domised	controlled	trial	(n=101)	with	the	primary	out-
come measure ‘of at least weekly solid stool incon-
tinence’. They concluded that the overlap technique 
was not superior to the end-to-end repair. However, 
there were more women with symptoms of anal in-
continence	with	the	end-to-end	repair	(34%	vs	20%).

Therefore, until the Cochrane review is updated the 
current recommendation is that as the surgeon’s ex-
perience was not fully assessed in all the studies, it 
would be inappropriate to recommend one type of 
repair	in	favour	of	another	[836].

Management of subsequent pregnancy after OASIS

All	 women	 who	 sustained	 OASIS	 should	 be	 as-
sessed	 in	 hospital	 by	 a	 senior	 obstetrician	 6	 to	 12	
weeks after delivery. Some centres have established 
dedicated	multidiscliplinary	perineal	clinics.	In	2010,	
30%	of	UK	hospitals	had	such	a	dedicated	clinic	(Sul-
tan AH, unpublished data). It is important that a com-
prehensive history is taken regarding bowel, bladder 
and sexual function. As these symptoms are embar-
rassing, a structured questionnaire may be useful. 
A proper vaginal and rectal examination should be 
performed to check for complete healing, scar ten-
derness	 and	 sphincter	 tone	 [809,	 813,	 841].	 Mild	
incontinence	 (faecal	 urgency,	 latus	 incontinence,	
infrequent soiling) may be controlled with dietary 
advice, constipating agents (loperamide or codeine 
phosphate), physiotherapy or biofeedback. How-
ever, women who have severe incontinence should, 
in addition, be offered secondary sphincter repair by 
a colorectal surgeon. Asymptomatic women must be 
advised		to	return	if	symptoms	develop	[812].

There are no randomised studies to determine the 
most appropriate mode of delivery.  Women who 
have had a successful secondary sphincter repair for 
faecal incontinence should be delivered by cesarean 
section	[842].	Some	women	with	faecal	incontinence	
may choose to complete their family prior to embark-
ing on anal sphincter surgery. It would appear that 
these women could be allowed a vaginal delivery as 
the damage to the sphincter has already occurred 
and risk of further damage is minimal and probably 
insigniicant	in	terms	of	outcome	of	surgery.	The	risk	
of worsening or de novo neuropathy has not been 
quantiied	 and	 in	 practice,	 does	 not	 appear	 to	 be	
clinically	signiicant.				

Until	recently	[821]	the	management	of	a	subsequent	
pregnancy	 after	OASIS	 has	 not	 been	 described	 in	
any	detail	[816].	

It has been suggested that a cesarean section should 
be performed even after transient anal incontinence 
[843]	but	this	has	been	questioned	[844].

In	order	to	counsel	women	with	previous	OASIS	ap-
propriately,	Sultan	et	al	[812]	ind	it	useful	to	have	a	
symptom questionnaire, anal ultrasound (Figure 7 ) 
and manometry results (Fig 3 ). It has been shown 
that clinical assessment alone has a poor sensitiv-
ity	for	detecting	anal	sphincter	defects	[845]	If	vagi-
nal delivery is contemplated then these tests should 
be performed during the current pregnancy unless 
performed previously and found to be normal. In a 
prospective study over a 5 year period, Scheer et 
al.	 [846]	 followed	 the	 protocol	 shown	 in	Figure 15  
and found that when women who had no evidence of 
signiicant	anal	sphincter	compromise	based	on	anal	
endosonography and manometry were allowed a 
vaginal delivery (the others offered cesarean section) 
there was no deterioration in symptoms, anorectal 
function	or	quality	of	life.	Although	11%	of	textbooks	
recommend	a	prophylactic	episiotomy	[816]	there	is	
limited evidence that an elective episiotomy prevents 
subsequent	 anal	 sphincter	 disruption	 [116]	 while	
other studies have indicated that episiotomy may in-
crease the prevalence of anal sphincter disruption.

Although only 4% of women delivered by forceps 
sustain	a	3rd/4th	degree	tear,	up	to	50%	of	those	
that	do	 tear	have	an	 instrumental	delivery	 [819].	
Vacuum	extraction	 is	 associated	with	 fewer	OA-
SIS than forceps and this view is supported by 
two	 large	 randomised	 studies	 [847,	 848].	 A	 UK	
study	 [847]	 where	 mediolateral	 episiotomy	 is	
practised reported severe vaginal lacerations in 
17%	of	 forceps	compared	to	11%	of	vacuum	de-
liveries and a Canadian study	[848]	where	midline	
episiotomy	is	practised	reported	OASIS	in	29%	of	
forceps	 compared	 to	 12%	 of	 vacuum	 deliveries.		
In	 a	 Cochrane	 review	 [849],	 	 forceps	 were	 less	
likely than the vacuum extractor to fail to achieve 
a vaginal birth (risk ratio 0.65, 95% CI: 0.45-0.94). 

III. INSTRUMENTAL VAGINAL
DELIVERY
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However, with forceps there was a trend to more 
cesarean sections, and significantly more third- or 
fourth-degree tears (with or without episiotomy), 
vaginal trauma, use of general anaesthesia, and 
flatus incontinence or altered continence. Facial 
injury	was	more	likely	with	forceps	(RR	5.10,	95%	
CI:	1.12-23.25).	Serious	neonatal	 injury	was	un-
common with either instrument. 

A 5 year follow-up of infants who participated in a 
randomised trial of forceps and vacuum delivery 
has	conirmed	that	there	is	no	difference	in	terms	
of neurological development and visual acuity with 
use	of	either	 instrument	 [850].	 “Occult”	 trauma	 to	
the	 anal	 sphincter	 has	 also	 been	 identiied	more	
frequently	in	forceps	delivery	occurring	in	up	to	80	
percent	[202,	805,	851].	A	small	randomised	study	
(n=44)	 conirmed	 this	 by	 identifying	 occult	 anal	
sphincter	 defects	 in	 79%	of	 forceps	 compared	 to	
40%	 of	 vacuum	 deliveries	 [851].	 Trauma	 occurs	
more frequently when a second instrument is used 
to	attempt	vaginal	delivery	[851]	and	therefore	if	no	
descent of the head occurs following appropriate 
cup selection and application technique of vacuum 
extraction, one should resort to a cesarean sec-
tion. Metal cups appear to be more suitable for 
‘occipito-posterior’,	transverse	and	dificult	‘occipi-
to-anterior’	position	deliveries	[852].	The	soft	cups	
seem to be appropriate for straightforward deliver-
ies	 as	 they	 are	 signiicantly	more	 likely	 to	 fail	 to	
achieve	 vaginal	 delivery	 (OR	 1.65,	 95%	Cl	 1.19-
2.29). Although, they were associated with less 
scalp	 injury	 (OR	 0.45,	 95%	 CI	 0.15-0.60),	 there	
was no difference between the two groups in terms 
of	maternal	 injury.	Farrell	et	al.	 [853]	performed	a	
prospective study of 690 primigravid women and 
found that forceps delivery was associated with 
a	higher	 incidence	of	latal	 incontinence	 (RR	2.6)	
compared to spontaneous vaginal delivery and a 
higher	 incidence	 of	 both	 latal	 (RR	 2.6)	 and	 fae-
cal	 (RR	 3.6)	 incontinence	 compared	 to	 cesarean	
delivery. Vacuum delivery did not increase the risk 
of	latus	 incontinence.	MacArthur	et	al.	 [786]	per-
formed the largest questionnaire based multicentre 
study to establish the prevalence of faecal incon-
tinence	at	3	months	post-partum.	They	reported	a	
prevalence of 9.2%, with 4.2% reporting it more 
often than rarely. Compared to vacuum extraction, 
forceps delivery was associated with almost twice 
the risk of developing faecal incontinence. Thakar 
and	 Eason	 [854]	 performed	 a	meta-analysis	 and	
demonstrated that one anal sphincter injury is 
avoided	for	every	18	women	delivered	by	vacuum	
extraction instead of forceps.

There is now considerable observational data 
to indicate that a reduction in episiotomy rate is 
not associated	 with	 an	 increase	 in	 OASIS	 [855].	
The Cochrane database	[200]	shows	that	restrict-
ing the use of episiotomy is associated with less 
posterior trauma. Although there was an increase 

in anterior perineal trauma it had no effect on the 
development of urinary incontinence.  Henrikssen 
et	al.	[856,	857]	performed	an	observational	study	
in which they noted that when midwives who pre-
viously had a high episiotomy rate reduced their 
rate,	the	prevalence	of	OASIS	also	reduced.	How-
ever,	 this	 beneicial	 effect	 was	 abolished	 when	
midwives with a low rate of episiotomy attempted 
to	reduce	it	even	further.	Based	on	this	evidence,	
it was suggested that the ideal episiotomy rate 
should	lie	between	20	to	30%	and	no	more.	Midline	
episiotomies are more popular in North America as 
it is believed that they are more comfortable and 
recovery is less complicated. However Coats et 
al.	 [858]	 performed	 a	 quasi-randomised	 study	 of	
407	primiparae	and	found	24%	of	midline	episioto-
mies extended into the anal sphincter (partial or 
complete tears) compared to 9% of mediolateral 
episiotomies.	Although	 the	 perineum	 was	 signii-
cantly less bruised in the midline group and sexual 
intercourse commenced earlier, pain and wound 
breakdown was similar in both groups.  However, 
care needs to be taken to ensure that mediolateral 
episiotomies are performed correctly as Andrews 
et	 al	 [859]	 have	 shown	 that	 only	 22%	 of	 doctors	
and no midwife made the incision commencing 
from the posterior fourchette with a 40 to 60 de-
gree angle from the midline. Another study dem-
onstrated that for every six degrees away from the 
midline	there	was	a	50%	reduction	in	OASIS	[860].	
It has also been shown that the angle of incision 
when the head is crowning is underestimated such 
that a 60 degree angle measures 45 degrees after 
delivery	[205].

Pirhonen	 et	 al.	 [861]	 compared	 the	 frequency	 of	
OASIS	in	low	risk	deliveries	between	two	Scandina-
vian	countries	(26	541	vaginal	deliveries)	and	found	
the	 risk	 to	 be	 13	 times	 higher	 in	 Sweden	 (Malmo)	
vs Finland (Turku). They speculated that the only 
explanation for this was a difference in manual sup-
port given to the baby’s head during crowning and 
pushing	the	perineum	under	the	chin.	Jonsson	et	al.	
[862]	performed	a	randomised	trial	between	the	Rit-
gen’s manoeuvre and standard delivery but found no 
signiicant	difference	in	OASIS	rates.	However,	only	
50% of the elligible women were assigned and al-
most 20% of the women randomised to the Ritgen’s 
manoeuvre did not have this method of delivery.  The 
following interventions with randomised controlled 
trials evidence regarding effectiveness demonstrat-
ed	no	effect	on	OASIS:	antenatal	perineal	massage,	
pelvic	loor	exercises	in	pregnancy,	water	births,	po-
sitions during labour and birth, epidural analgesia, 
early vs delayed pushing with epidural and second 
stage	pushing	advice	[854].	Although	one	small	ran-
domised	trial	showed	otherwise	[788]	other	large	ob-
servational studies, have shown that duration of the 
second stage of labour is an independent risk factor 
for	the	occurrence	of	OASIS	[796,	799,	863,	864].

IV. EPISIOTOMY

V. DELIVERY TECHNIQUES
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McLennan	 et	 al.	 [865]	 who	 surveyed	 1177	 fourth	
year residents and found that the majority of resi-
dents	had	received	no	formal	training	in	pelvic	loor	
anatomy, episiotomy or perineal repair and supervi-
sion during perineal repair was limited. Stepp et al. 
[866]	 found	 that	 textbooks	used	 in	American	prac-
tice offered little in terms of prevention and repair of 
perineal trauma. There is evidence from one study 
[815]	 that	 perineal	 anatomy	 is	 poorly	 understood	
by midwives and trainee doctors, who perform the 
bulk	of	deliveries	 in	 the	UK.	 	 In	 this	study	41%	of	
trainees	and	16%	of	midwives	incorrectly	classiied	
a partial or complete tear of the EAS as ‘second 
degree’.	 	 Inconsistency	 in	 classiication	 of	 tears	
would allow many injuries to pass, unrecognised. 
In another study conducted in the USA, the majority 
of residents demonstrated substandard skill in re-
pairing	OASIS	[867].	It	has	been	shown	that	hands-
on workshops on perineal repair (www.perineum.
net)	can	change	practice	 	 [868-870]	and	 intensive	
and focused training in perineal anatomy and repair 
should therefore become an essential module in the 
programme for trainees and midwives. Hals et al. 
[871]	provided	the	best	available	evidence	to	show	
how an interventional program in four Norwegian 
hospitals	can	reduce	the	frequency	of	OASIS.	The	
program	 involved	a	2-3	day	course	at	 the	delivery	
suite of each hospital that included training on de-
livery with perineal support and delivery of the neo-
nates chin. In addition, restrictive mediolateral/ lat-
eral	episiotomy	was	recommended.	OASIS	reduced	
from	4.16	-5.25%	before	intervention	to	1.73%	dur-
ing the last year of intervention.

IBS	 affects	 3-17%	 in	 selected	 populations	 and	 the	
cause	remains	unknown.	Donnelly	et	al.	[872]	recruit-
ed	312	primiparous	women	and	reported	that	11%	of	
young	 primiparous	 women	 (n=	 34	 of	 208)	 suffered	
from	 pre-existing	 IBS	 prior	 to	 their	 irst	 pregnancy.	
Twenty four percent reported symptoms of impaired 
faecal continence in the puerperium but symptoms 
were	found	signiicantly	more	frequently	in	those	with	
IBS	compared	to	those	with	normal	bowel	habit	(71%	
vs	18%).	However,	women	suffering	from	IBS	are	no	
more likely to incur mechanical or neurological injury 
to	the	anal	sphincter.	Women	with	IBS	delivered	by	ce-
sarean section did not have altered continence post-
partum. However, 6 months postpartum there were 
no	symptomatic	differences	between	 those	with	 IBS	
and	those	without	but	only	90	of	the	107	women	who	
had either impaired faecal continence or abnormal 
anal manometry were studied. Treatment is directed 
towards the predominant symptom and although an-
tispasmodics such as hyoscine, mebeverine and di-
cyclomine are used widely to relax intestinal smooth 
muscle, they should be avoided during pregnancy.

a)  Compared to forceps the vacuum extractor is 
associated with less perineal and anal sphincter 
trauma. (Level 1)

b)  Compared to midline episiotomy, mediolateral 
episiotomy	is	associated	with	a	signiicantly	low-
er	risk	of		3rd/4th	degree	tears.	(Level 1)  

c)		Liberal	use	of	episiotomy	is	not	beneicial	(Level	
1)	and	restricting	the	rate	of	episiotomy	to	about	
30%	may	 reduce	 the	 risk	of	 trauma	 to	 the	anal	
sphincter. (Level 4) 

d)  A prolonged active second stage of labour is as-
sociated	with	denervation	of	the	pelvic	loor	and	
one study has suggested that this also occurs 
with a prolonged passive second stage of labour 
with epidural analgesia. In these circumstances, 
early use of oxytocics in the second stage of la-
bour may be useful. (Level 4)

e)  Selective use of cesarean section may be ben-
eicial	particularly	in	those	who	have	evidence	of	
compromised anal sphincter function and those 
who have had previous successful continence or 
prolapse surgery. (Level 4)  

f)		Modiication	in	techniques	of	delivery	of	the	baby	
may reduce anal sphincter injury and further re-
search is needed. (Level 3)

g)  A more focused training program for doctors and 
midwives needs to implemented. There is a poor 
understanding of perineal and anal sphincter 
anatomy	and	hence	identiication	of	anal	sphinc-
ter	trauma,	incorrect	classiication	and	poor	out-
come of repair. (Level 4)

h)  There is increasing evidence supporting the 
identiication	 and	 repair	 of	 the	 internal	 anal	
sphincter. Repair techniques of the external 
sphincter (overlap versus the end-to-end) are 
inconclusive and one technique cannot be rec-
ommended over the other. (Level 1)

Urinary incontinence (UI) in men, as in women, which 
is subdivided into three major groups as there is ur-
gency, stress and mixed UI, may be caused by either 
an abnormality of the bladder (UUI), an abnormality 
of the bladder outlet (SUI) (bladder outlet which in-
cludes the internal (IUS) and distal to the prostate the 
external urethral sphincter (EUS)), or a combination 
of	 both	 (MUI)	 [873-875].	Changes	 in	 bladder	 ultra-
structure and function that can occur as a result of 
neurological disease or aging (that can cause detru-
sor	overactivity	or	underactivity)	occur	in	men	[876].	

VIII. CONCLUSIONS AND
RECOMMENDATIONS

VI. TRAINING

VII. IRRITABLE BOWEL
SYNDROME (IBS)

G. PATHOPHYSIOLOGY OF 
INCONTINENCE IN MEN
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Many of these problems are associated with be-
nign and/or malignant diseases of the prostate and 
their treatment. For example in men the prevalence 
of detrusor overactivity and impaired compliance 
causing incontinence is not associated with the 
bladder outlet obstruction caused by benign pros-
tatic	obstruction	[876,	877].

Key	outlet	functions	are;	maintaining	closure	for	urine	
storage, increased closure (guarding) during exer-
tion, sustained opening for voiding, transient opening 
for territorial marking in animals and orthograde male 
ejaculation. These are coordinated by several spinal 
and higher CNS centres, with overlap of the somatic, 
sympathetic and parasympathetic nervous systems 
[878].	Also	 sphincter	 insuficiency	 resulting	 in	 stress	
urinary incontinence (SUI) does not generally occur as 
the result of aging, but rather as a side effect of surgery 
(for benign or malignant conditions) or radiation of the 
prostate followed by transurethral resection or neuro-
logical injury. Ectopic ureter in the male does not cause 
incontinence as its insertion into the lower urinary tract 
is always proximal to the external urethral sphincter. 
Extra-urethral incontinence in men is only known as 
a	result	of	a	istula,	where	as	 it	can	occur	 in	women	
because of congenital (developmental) abnormalities. 
Fistulae in men are most often iatrogenic (surgery, 
radiotherapy, cryotherapy, HIFU (High-intensity fo-
cused	ultrasound))	or	inlammatory	(diverticulitis).

This section will focus on the pathophysiology of in-
continence as it relates to prostatic obstruction and 
its treatment and the treatment of prostate cancer.

The internal urethral sphincter (IUS) has its source at 
the urinary bladder’s inferior neck (smooth muscle) 
continues through the prostatic urethra above the 
verumontanum and remains under autonomic con-
trol.  The external urethral sphincter (EUS) located 
distal to the prostate at the level of the membranous 
urethra as the secondary sphincter to control the 
low	of	urine.	It	contains	mainly	striated	muscle	and	
is therefore under voluntary control by the somatic 
nervous	system.	Opposite	to		the	female	sphincter	
(Figure 16 ), the male closing mechanism of the 
bladder is separated by the prostate.

At the boundary between the IUS and EUS, the stri-
ated	 and	 smooth	muscle	 ibres	 intertwine	 to	 some	
extent. The external urethral sphincter (EUS) ex-
tends from the prostatic urethra below the veru-
montanum through the membranous urethra. EUS 
includes the rhabdosphincter (intrinsic skeletal and 
smooth muscle) and extrinsic paraurethral skeletal 
muscle. At the prostatic level, the superior part of the 
striated	EUS	is	largely	conined	to	the	anterior	side	of	
the urethra and prostate. Inferior to the prostate, the 
EUS is horseshoe-shaped (although named as the 
rhabdosphincter, omega shaped) with the opening 

on	the	dorsal	side.	The	dorsal	muscle	ibres	of	the	left	
and right sides approach the midline and sometimes 
cross	the	prostate	[227,	880,	881].

For simplicity, the normal male urinary sphincter 
mechanism may be divided into two functionally sep-
arate units, the internal urethral sphincter (IUS) and 
the	external	urethral	sphincter	(EUS)	[882].	The	IUS	
consists of the bladder neck, prostate and prostatic 
urethra to the level of the verumontanum. The IUS is 
innervated by autonomic parasympathetic and sym-
pathetic	 ibres	 from	 the	 inferior	 hypogastric	 plexus	
(Figure 17 ). The EUS extending from the verumon-
tanum to the proximal bulb and is comprised of a 
number of structures that help to maintain continence. 

Figure 16. a: Rhabdosphincter and urethra of a fe -
male fetus (transverse section). Both ends of the 
omega-shaped rhabdosphincter
(RS) and the urethra (U) are anchored in the ventral 
wall of the vagina by the help of a strong dorsal 
connective tissue raphe (T). Ventrally and laterally 
the rhabdosphincter and the urethra are surround -
ed by loose connective tissue (and vessels). P, pu -
bic bone; N, nerves; b: Rhabdosphincter and ure -
thra of the same fetal specimen as in (transverse 
section). The level of this section is more caudal 
than in (a). P, pubic bone; U, urethra; RS, rhabdo -
sphincter; UF, ventral urethral fascia; T, strong dor -
sal connective tissue raphe (T); the tendinous arch 
of the pelvic fascia is marked with arrows.
From Fritsch et al. (2006) Neurourol Urodyn  25: 128 
– 134 [879]

I. CONTINENCE MECHANISM IN
THE MALE
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The male EUS complex is composed of the prosta-
to-membranous urethra, cylindrical rhabdosphincter 
(external sphincter muscle) surrounding the prosta-
to-membranous urethra, and extrinsic paraurethral 
musculature and connective tissue structures of the 
pelvis. The rhabdosphincter is a muscular structure 
consisting of longitudinal smooth muscle and slow-
twitch	(type	I)	skeletal	muscle	ibres,	which	can	main-
tain	resting	tone	and	preserve	continence	[227,	883,	
884].	The	 striated	muscle	 of	 the	 rhabdosphincter	 is	
considerably thicker ventrally and thins dorsally. Stri-
ated	muscle	ibres	of	the	rhabdosphincter	have	been	
shown	to	intermingle	with	smooth	muscle	ibres	of	the	
proximal urethra, suggesting a dynamic and coordi-
nated interaction. The rhabdosphincter is invested in 
a facial framework, and supported below by a mus-
culofascial plate that fuses with the midline raphe, 
which is also a point of origin for the rectourethralis 
muscle	 [885].	 Superiorly,	 the	 fascial	 investments	 of	
the rhabdosphincter fuse with the puboprostatic liga-
ments	[886].	This	dorsal	and	ventral	support	probably	
contributes to the competence of the sphincter. The 
striated	ibres	of	the	extrinsic	paraurethral	muscle	(le-
vator ani complex), on the other hand, are of the fast-
twitch	(type	II)	variety	[883].	During	sudden	increases	
in	abdominal	pressure,	these	ibers	can	contract	rap-
idly and forcefully to provide continence. Continence 
maintains even after inducing paralysis of the striated 
sphincter	[887]	indicating	that	this	structure	is	not	sole-
ly responsible for continence. In addition, unlike in the 
female where urethral support can be compromised 
as	a	result	of	childbirth	and	aging	[888],	in	the	majority	
of the cases the male rhabdosphincter  functions as 
a	result	of	prostate	surgery[889].	The	striated	muscle	
ibres	of	the	rhabdosphincter	intermingle	with	smooth	
muscle	ibres	of	the	proximal	urethra	and	in	fact	have	
been shown	to	be	inseparable	from	each	other	[880].	
In the past related to the approach of radical prosta-

tectomy	 the	 smooth	muscle	 ibres	 inserting	 into	 the	
bladderneck (IUS) were resected, which interrupted 
innervation. It is worth noting that impaired detrusor 
contractility seems to be frequently associated with 
intrinsic	sphincter	deiciency.	With	 increasing	knowl-
edge of the periprostatic nerves and the improvement 
of preservation of the bladder neck (IUS) the function-
al	outcome	has	improved	even	further	[890].

The EUS is innervated by the autonomic (via the 
pelvic nerve) and somatic (by the pudendal nerve) 
nervous	systems.	Nerve	ibres	are	seen	proximally	
ina	dorsolateral	position	(5	to	7	o’clock),	while	more	
distally,	they	are	located	primarily	laterally	[885,	891].	
The intrinsic smooth muscle of the proximal urethra 
receives parasympathetic innervation from pelvic 
nerve branches of the inferior hypogastric plexus 
[891,	 892].	 The	 rhabdosphincter	 may	 also	 receive	
somatic innervation. Hollabaugh et al. described the 
so-called	 “putative	continence	nerves”	as	branches	
of the pelvic nerve travelling under the endopelvic 
fascia picking up intrapelvic branches of the puden-
dal nerve, given off before it enters the pudendal 
canal,	 which	was	 further	 veriied	 by	Castello	 et	 al.	
[891,	893].	 It	has	also	been	proposed	 that	somatic	
innervation from the pudendal nerve after it exits the 
pudendal canal is primarily sensory in origin, facili-
tating	relex	contraction	of	the	sphincter	complex	to	
maintain	continence.	[894]	(Figure 17 ).

An elegant histological and immunohisto chemical-
study	with	3-D	 reconstruction	 in	 the	male	 fetus	has	
conirmed	mixed	autonomic	and	somatic	innervation	
[880].	 Unmyelinated	 (autonomic)	 nerve	 ibres	 des-
tined	 for	smooth	muscle	ibres	 run	alongside	of	 the	
myelinated	(somatic)	ibers.	The	majority	of	the	unmy-
elinated	ibres	approach	the	smooth	muscle	layers	at	
5	and	7	o’clock	while	the	majority	of	myelinated	ibres	
penetrate	the	striated	sphincter	at	3	and	9	o’clock.

Figure 17. The innervation of the bladder outlet is better investigated with its internal urethral sphincter than 
the external sphincter, which is substantial for the continence.
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Structure and innervation are important compo-
nents of sphincter function. In addition, Tuygun et 
al.	 [895]	 have	 found	 a	 much	 higher	 incidence	 of	
periurethral	(or	peri-sphincter)	ibrosis	in	incontinent	
vs. continent men after prostatectomy. Using MRI at 
least 6 months after prostatectomy they discovered 
that	all	22	incontinent	men	had	periurethral	ibrosis	
while	only	4/14	(29%)	continent	men	did	[896,	897].	
This might lead to the importance of the corpus 
spongiosum, which surrounds the bulbar urethra 
and	supports	with	its	blood	illing	in	addition	to	the	
sphincteric function.  

In summary, sphincter continence in the male is 
dependent on the integrity of the IUS and/or EUS, 
its support structures and neural innervation and 
probably the prostate, as long it is not enlarged 
to cause obstruction. Following the removal of 
the IUS during radical prostatectomy, continence 
seems to be mainly maintained by the EUS mech-
anism, consisting of soft tissue supportive struc-
tures, smooth muscle, and striated muscle. This 
outcome has improved in relation to  surgical tech-
niques which preserve  the IUS. The smooth mus-
cle and slow twitch striated muscle of the rhabdo-
sphincter (EUS) are probably mostly responsible 
for	sphincter	continence;	however,	striated	muscle	
contractions of the periurethral and paraurethral 
muscles are likely to assist. Damage to the in-
nervation (parasympathetic and somatic) of the 
smooth and striated muscle may indirectly contrib-
ute to post-prostatectomy incontinence. In addition 
compromise of the sphincter support mechanism 
or	 post	 operative	 changes	 such	 as	 ibrosis	 can	
compromise sphincter function (Figure 18 ).

Benign	prostatic	hyperplasia	(BPH)	and	benign	pros-
tatic	 obstruction	 (BPO)	 and	 their	 treatments	 have	
long been associated with incontinence in men. De-
trusor	 Overactivity	 (DO),	 impaired	 compliance	 and	
urgency	incontinence	are	prevalent	in	men	with	BPO.	
The	prevalence	of	OAB	ranges	in	adult	males	from	
10%	to	26%	and	in	adult	 females	from	8%	to	42%.	
It increases with age and is often associated with 
other	 LUTS	 [898].	 In	 men	 undergoing	 urodynamic	
testing	detrusor	overactivity	is	present	in	40-80%	of	
patients	with	 obstruction	 [899-901].	 In	 addition,	 im-
paired compliance, another potential cause of incon-
tinence, has been shown to have a high correlation 
with	outlet	obstruction	in	men	[902,	903].	Thus	even	
before	treatment	of	BPH	and	BPO	there	is	a	notable	
incidence of bladder dysfunction and incontinence.

Incontinence	after	the	treatment	of	BPH	may	be	re-
lated to persistent bladder dysfunction, new onset 
bladder dysfunction or sphincter dysfunction (injury). 
However,	one	European	survey	of	840	men	reported	
lower prevalence of UI after transvesical prosta-

tectomy	 for	 BPH	 compared	 to	 other	 studies	 [904].	
Turner-Warwick	 et	 al.	 [905]	 irst	 directed	 attention	
to the relationship of bladder outlet obstruction, the 
symptoms of frequency, urgency and urgency incon-
tinence (now commonly known as LUTS: Lower Uri-
nary Tract Symptoms) and the correlation of these 
symptoms with detrusor overactivity seen on cys-
tometry.	They	noted	that	in	75%	of	men,	symptoms	
resolved after relief of the obstruction. Leng and Mc-
Guire	[906]	showed	improvement	in	compliance	after	
removal	of	obstruction	in	7/9	men	with	severely	im-
paired compliance (<5 ml/cmH2O),	but	only	one	man	
regained	“normal”	bladder	compliance.	Several	con-
temporary explanations for the cause of persistent 
overactivity after obstruction exist. These include de-
nervation	supersensitivity	of	the	bladder	muscle	[11,	
907,	908],	alterations	in	collagen	composition	of	the	
obstructed	bladder	[909],	emergence	of	altered	and	
increased	sensory	relexes	mediating	the	micturition	
relex	 [910,	 911]	 and	 physical	 changes	 in	 detrusor	
myocytes	 affecting	 electrical	 transmission	 [912]	 or	
even	the	remaining	inluence	of	CRP	as	investigated	
by	Kupelian	et	al	[73].	In	addition,	the	bladder	itself	
and particularly the trigone may be inadvertently re-
sected during surgery, causing bladder dysfunction 
or even without prior surgical treatment. Causes of 
sphincter damage related to transurethral or open 
prostatectomy include direct damage because of 
surgical technique and electrocautery or thermal in-
jury	to	the	sphincter	[913].

Recently,	Han	et	al	[914]	conducted	a	retrospective	
data analysis using a managed care data set (In-
tegrated Healthcare Information Services National 
Benchmark	 Database)	 from	 1997	 through	 2003.	
They	 identiied	a	cohort	of	men	with	BPH	using	 In-
ternational	Classiication	of	Diseases,	Ninth	Revision	
(ICD-9)	codes.	From	a	total	of	over	12	million	men,	
411,658	men	with	BPH	(3.3%)	were	 identiied.	The	
group then determined the nature of incontinence in 
these	men	with	BPH	focusing	on	its	incidence,	prev-
alence, and management. Furthermore they strati-
ied	patients	 into	 therapeutic	subgroups	of	watchful	
waiting, alpha-block-

ers,	5-alpha-reductase	inhibitors	and	surgery.	Of	the	
total	cohort,	2.7%	had	a	diagnosis	of	 incontinence.	
Most	of	 these	men	(87.5%)	did	not	have	prior	BPH	
surgery,	but	those	who	did	have	surgery	12.5%	were	
diagnosed with incontinence. The rates were almost 
identical whether the procedure was transurethral 
resection or incision, laser, transurethral needle ab-
lation, transurethral microwave therapy. Newer data 
suggest that open prostatectomy might be more ef-
fective and safer than the transurethral approaches, 
which probably depends to the size of the prostate 
and	 the	experience	of	 the	surgeon	 [915,	916].	The	
rate of incontinence after surgical treatment was 
1.4%	for	both	stress	and	mixed	 incontinence,	4.5%	
for	 urgency	 incontinence	 and	 6.5%	 for	 unspeciied	
incontinence whereas the incontinence rates for men 
on watchful-waiting, alpha-blockers, 5-alpha-reduc-
tase inhibitors and combination therapy were 6.4%, 
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5.7%,	5.1%,	and	6,	5%	respectively	[914].	This	study	
provides some interesting data but must be interpret-
ed with caution. The diagnosis of incontinence was 
limited by what the patient and provider considered 
to	be	 incontinence	and	was	not	often	conirmed	by	
objective testing.

Nevertheless,	 the	 relationship	 between	 BPH	 and	
incontinence can clearly be inferred. Until the last 
decade, transurethral resection of the prostate 
and open prostatectomy accounted for the major-

ity	of	surgical	procedures	to	treat	BPO.	In	1989,the	
American Urological Association published two ma-
jor series on TURP and its complications. The AUA 
cooperative	 study	 included	 3,885	 patients	 from	 13	
teaching	 centres	 and	 private	 practices	 [917],	 while	
the second consisted of a survey of all practicing 
urologists	in	the	United	States	of	whom	2,716	urolo-
gists	 responded	 [917].	 Rates	 of	 post-TURP	 incon-
tinence requiring a pad or collection device were 
0.4%	in	the	irst	and	3.3%	in	the	second	study.	The	
AUA Cooperative study also reported mild stress 

Figure 18. The external urethral sphincter (EUS) and internal urethral sphincter (IUS) in a male fetus (12 wk 
of gestation). Three- dimensional reconstruction in (A) anterior view, (B) posterior view, (C) right-lateral view, 
(D) superior view, and (E) inferior view. The EUS is shown in blue, and the IUS is shown in pink. The urethra 
and prostate are shown in light grey. Anterior and posterior directions are represented by the letters ‘‘a’’ and 
‘‘p.’’ Immunohistochemically stained sections: Sections from inferior (F) to superior (H) stained immunohis-
tochemically for striated muscle, showing the EUS (black arrowheads). Panels (I) through (K) are from same 
level as sections (F) through (H), stained immunohistochemically for smooth muscle, showing the IUS (red 
arrowheads). Note the smooth muscle tissue at the dorsal side of the urethra, where the striated muscle of 
the external sphincter is lacking; see red arrow in (J). Red lines in (C) illustrate the level of the sections as 
seen in (F) through (H). L = levator ani muscle; PB = pubic bone; R = rectum; U = urethra; bar = 0.5 mm.
From Wallner et al, Eur Urol 55(4):932-944, 2009 [227]
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incontinence	in	1.2%	[918].	In	1994,	the	Agency	for	
Health Care Policy and Research published clinical 
guidelines for the diagnosis and treatment of benign 
prostatic hyperplasia. The guidelines panel reviewed 
27	 articles	 about	 transurethral	 prostatectomy	 and	
30	articles	reporting	open	prostatectomy	to	analyse	
treatment outcomes. The panel reported that the risk 
of	total	incontinence,	deined	as	complete	loss	of	vol-
untary control over micturition was of great concern 
to	 patients	 facing	 a	 treatment	 decision	 for	BPH.	 In	
an	overall	ranking	of	15	different	outcomes,	the	pan-
el’s proxy judges ranked total incontinence of urine 
as	 the	 fourth	 most	 important	 outcome	 inluencing	
a	 treatment	 decision.	After	TURP,	 2.1%	of	 patients	
experienced	stress	incontinence,	1.9	%	had	urgency	
incontinence,	and	1.0%	reported	total	 incontinence.	
The panel attempted to abstract data on urgency in-
continence, but found very few studies reporting this 
particular outcome, therefore a statistical analysis 
was not performed.   For open prostatectomy stress 
incontinence	occurred	in	1.9%,	urgency	incontinence	
in 0.5% and total incontinence in 0.5% of patients.

Most studies evaluating post TURP and open pros-
tatectomy	incontinence	have	found	a	signiicant	in-
cidence of sphincter and bladder dysfunction. The 
incidence of sphincter dysfunction ranges from 20-
92%	 and	 bladder	 dysfunction	 from	 56-97%	 [919-
924].	 The	 relatively	 high	 incidence	 of	 sphincter	
dysfunction may seem somewhat surprising as the 
incidence	of	DO	before	treatment	 is	so	high	and	it	
persists	in	18-59%	after	surgery	to	relieve	obstruc-
tion	 [900,	905].	Therefore	one	might	expect	 that	a	
large number of patients would have persistent de-
trusor overactivity and urgency incontinence. How-
ever, in large series, sphincter dysfunction appears 
to be the main cause of incontinence. The high inci-
dence of sphincter dysfunction is likely to represent 
a selection bias, e.g. large numbers of patients re-
ferred to tertiary centres for treatment of stress in-
continence.	Nitti	et	al.	[925]	evaluated	patients	with	
voiding dysfunction after TURP and found that of 
those	who	had	incontinence	75%	had	bladder	dys-
function, while only 20% had sphincter dysfunction 
(the	cause	of	incontinence	could	not	be	identiied	in	
5%). Twenty-seven percent of incontinent patients 
with bladder dysfunction also had obstruction. In the 
past decade, alternatives to TURP for the treatment 
of	 BPH	 have	 emerged.	 Most	 notable	 are	 thermal	
therapies and laser resection/enucleation of the 
prostate. Thermal therapies are considered “less 
invasive”	and	outcomes	in	most	series	are	not	com-
parable	to	traditional	TURP	with	respect	to	eficacy.	
However some laser treatments provide similar ef-
icacy	in	well-selected	patients,	at	least	in	the	short	
term. Studies that have evaluated that holmium la-
ser resection (HoLRP) and potassium titanyl phos-
phate (KTP) laser vaporisation of the prostate have 
shown a similar incidence of incontinence. Two ran-
domised controlled trials of holmium laser versus 
TURP have shown rates of stress incontinence to 
be very similar. 

Westenberg,	 et	 al	 [926]	 showed	 the	 incidence	 of	
stress incontinence with or without urgency incon-
tinence	to	be	7%	for	HoLRP	versus	6.7%	for	TURP	
at a minimum of 4 years follow-up. Kuntz and col-
leagues	[927]	found	just	1%	stress	incontinence	in	
each	group	at	12	months.	They	also	showed	a	simi-
lar rate of resolution of preoperative urge inconti-
nence	for	both	groups	(81%	versus	85%).	Two	other	
prospective non-randomised trials of HoLEP found 
0.6%	 -2.5%	 incidence	 of	 stress	 [928].	 Two	 ran-
domised controlled trials of KTP (green light) laser 
versus	TURP	 reported	 0%	and	 1%	 stress	 inconti-
nence	in	each	group	respectively	[929,	930]	while	a	
third randomised trial did not mention incontinence 
[931].	Retrospective	studies	on	Greenlight	showed	
a	 2-3.3%	 incidence	 of	 stress	 incontinence	 [932,	
933].	Te,	et	al.	[934]	reported	1	year	results	of	Green	
Light	in	the	irst	US	multicentre	prospective	trial.	At	
12	months	2	of	139	men	had	persistent	new	onset	
UII.	 They	 reported	 no	 stress	 incontinence.	Others	
report no better outcome than standard manage-
ment	apart	from	length	of		hospitalisation	[935].

In addition to the surgical treatment, it needs to be 
borne in mind that males with urinary tract infections 
(UTIs) had higher adjusted rates of UI with a pooled 
odds	ratio	of	3.5	(95%	CI:	2.3;	5.2)	[936-940].	Acute	
genitourinary toxicity, enuresis, incomplete urination 
(residual), and other urological conditions were as-
sociated with higher adjusted odds of UI in all stud-
ies	that	examined	the	relationship	[936,	941-943].

1. INCIDENCE

The incidence of incontinence after radical prosta-
tectomy has been a source of controversy over the 
past several decades as reported rates have varied 
greatly	depending	on	 the	deinition	and	methodol-
ogy of data collection. The incidence has probably 
declined over the past two decades, owing to ad-
vances in surgical technique and to earlier recog-
nition of lower stage disease in younger patients, 
however the prevalence of post-prostatectomy in-
continence	has	risen;	paralleling	the	increase	in	sur-
gical	procedures	performed	annually	[944].	In	1991,	
Foote et al tabulated data from series published be-
tween	1977	and	1990,	and	reported	a	range	of	 in-
continence	rates	from	2.5	to	87%	after	radical	pros-
tatectomy	 [945].	 In	general,	older	 single-institution	
studies utilizing physician assessments to deter-
mine incontinence rates report relatively low rates 
(5-8%)	[946-951].	Another	study	with	a	follow-up	of	
up	to	5	years	reported		frequent	leakage	in	14%	or	
no urinary control in men 60 months after diagnosis 
[952].		A	variety	of	deinitions	of	incontinence	were	
used,	 making	 comparison	 of	 data	 dificult.	 Since	
then, validated patient questionnaires have been 
developed,	which	help	to	standardise	deinitions	of	
incontinence, allow easier comparison between in-
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stitutions, and assess  the impact of incontinence 
on quality of life. This eliminates physician bias 
perhaps	 improving	accuracy	 [953-955],	although	 it	
introduces the cavee at that questionnaire-based 
data	may	relect	subjective	urine	leakage	but	does	
not correlate with bother or actual urine, especially 
for	mild	degrees	of	incontinence	[956,	957].	As	ex-
pected these studies show the incidence of inconti-
nence	to	be	signiicantly	higher,	13-65%,	depending	
upon	the	deinition.

In the past few years robotic radical prostatectomy 
has gained popularity and now, probably the major-
ity of radical prostatectomies are performed with the 
support of robot surgical assistance. This surgical ap-
proach (trans- vs. extraperitoneal) has been further 
developed so that even in this instance, the outcome 
related to the approach needs to be evaluated pe-
riodically	 by	 further	 developments	 [958].	 Similar	 to	
what has been observed with open radical prosta-
tectomy, the continence rates tend to increase with 
longer follow-up and may continue to improve even 
beyond	12	months	[959].	The	continence	rates	from	
several large recently published series ranged from 
68	 to	 97%	 at	 12	 months	 post	 surgery	 [959-964],	
reaching  the laprascopic data with longer experi-
ence	 (continence	 range	12	months	post	 op:	 84.9	–	
94	(mean72)%	[965],	Jacobson	et	al	reported	in	their	
prospective study that there were no differences in 
urinary functional outcomes one year after open radi-
cal retropubic prostatectomy or laparoscopic radical 
prostatectomy	[966]	with	20	-	27%	reported	to	have	
achieved immediate continence following catheter 
removal	[960,	962,	963].	Recently	anterior	vesicoure-
thral	reconstruction	[967],	posterior	vesicourethral	re-
construction	[968]	and	total	reconstruction	[969]	have	
been described to increase the continence rate and 
hasten time to recovery of continence. As in earlier 
open prostatectomy series, robotic series tend to be 
single institution studies with physician reported out-
comes	and	continence	status	based	on	0	or	0-1	pads.

In	1993,	The	American	College	of	Surgeons	Com-
mission on Cancer reviewed the reported results 
of	 2,122	patients	 treated	by	 radical	 prostatectomy	
performed	 at	 484	 institutions	 in	 1990	 [970].	 Only	
58%	 reported	 complete	 continence,	 23%	 reported	
occasional	 incontinence	not	 requiring	pads,	11.2%	
wore 2 or fewer pads per day, 4% wore more than 
2	pads	per	day,	and	3.6%	were	completely	inconti-
nent.	Fowler	et	al	[971]	published	the	results	of	an	
outcomes study on a series of Medicare patients 
with less encouraging results. In this series patients 
age >65 surveyed by mail, telephone, and personal 
interview,	over	30%	reported	currently	wearing	pads	
or	clamps	to	deal	with	wetness;	over	40%	said	they	
dripped urine on coughing or when the bladder was 
full;	23%	reported	daily	wetting	of	more	than	a	few	
drops. Six percent had surgery after the radical 
prostatectomy to treat incontinence.

There appear to be differences in physician vs. pa-
tient reported outcomes and centres of excellence 

versus	community	surgeons’	outcomes	[972].	When	
trying to interpret all of the data, it is clear that the 
varying	 deinitions	 of	 incontinence	make	 compari-
sons	 impossible.	 Even	 using	 the	 deinition	 of	 pad	
free totally continence has its limitations. Rodriguez 
et	 al	 [964]	 found	 that	 70%	 of	 men	 who	 attained	
“pad-free	 continence”	 after	 radical	 prostatectomy	
have occasional incontinence. Conversely, Lepor et 
al	[973]	asked	the	single	question	“Do	you	consider	
yourself	 continent?”	 at	 3-24	 months	 after	 surgery	
where	 97.1%	 of	 men	 answered	 yes.	 They	 found	
that the best correlation of objective measures with 
a	positive	response	were	0	or	1	pad,	total	control	or	
occasional dribbling, and no or slight problem from 
incontinence on the UCLA/RAND questionnaire 
[973].	There	is	a	wealth	of	good	quality	prospective	
studies evaluating incontinence after prostatectomy 
in	an	objective	manner.	One	such	study	compared	
continence in patients undergoing open versus lap-
aroscopic radical prostatectomy at one year, using 
a 24-hour pad test, symptom scores and quality of 
life	measures	[689].	Incontinence	was	deined	as	a	
pad	weight	of	>	8	grams/24	hours.	There	were	no	
differences in objective and subjective measures 
between the two groups. Urinary incontinence was 
present	 in	 13%	 of	 open	 and	 17%	 of	 laparoscopic	
cases. In practical terms incidence of incontinence 
that produces bother, no matter what its degree, is 
the true parameter of interest. However, because of 
the individual variability of bother and the way data 
have been collected, we must be aware of the limi-
tations of the historical data in the literature.

2.  RECOVERY OF CONTINENCE AFTER RAD-
ICAL PROSTATECTOMY

While the majority of patients experience inconti-
nence immediately following RRP, for most this is 
transient with a gradual improvement over time. 
It needs to be kept in mind that there is even a 
group of about 4% who might be incontinent prior 
to	 surgery	 (≥8g)	 although	 they	might	 not	 consider	
themselves	 as	 incontinent	 [974].	 Most	 studies	 re-
port progressive return of continence up to one year 
after surgery and in general intervention for incon-
tinence is usually delayed until one year after sur-
gery unless absolutely no progressive improvement 
is seen. Thus, most prostatectomy series report 
continence	 rates	 at	 1	 year.	 Lepor	 and	 Kaci	 [973]	
showed that continence may continue to improve 
up to 24 months based on objective and subjective 
measures. They showed modest improvements in 
bother (UCLA RAND questionnaire) pad usage and 
total	control	rates	between	12	and	24	months.	Pad	
weights were not determined so it is possible that 
some	“improvement”	could	have	been	related	to	pa-
tient tolerance and expectations over time. Smither 
et	al.	[975]	objectively	assessed	the	natural	history	
of post radical prostatectomy incontinence using a 
standardised I hour pad test. They showed a rapid 
improvement	 in	 urinary	 control	 during	 the	 irst	 18	
weeks	 post-RRP	with	 a	 lattening	 of	 the	 recovery	
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curve beyond that point. Minimal incontinence de-
ined	as	<	1	g	on	a	1	hour	pad	test	was	as	demon-
strated	in	3,37,66,	85,	87	and	91%	of	patients	at	2,	
6,	18,	30,	42,	and	54	weeks.	They	concluded	 that	
the	18-week	marker	appears	to	be	the	time	point	af-
ter which the majority of patients have achieved uri-
nary control, although a small percentage will have 
continued objective improvement. This estimation 
is echoed by Socco et al. reporting the progressive 
improvement of continence until 2 years following 
RRP but some patients may become incontinent 
even	 later	 [976]	 whereas	 others	 reported	 that	 the	
peak	level	of		continence	was	already	reached	at	3	
months	[974].

3. RISK FACTORS

An increased risk of post-prostatectomy inconti-
nence in older men is supported in theory by ana-
tomical observations. With advancing age, there is 
evidence	 of	 atrophy	 of	 the	 rhabdosphincter	 [885]	
and	 neural	 degeneration	 [977].	 Several	 studies	
have shown advancing age to be a risk factor for 
postoperative	 incontinence	 [946,	 947,	 949,	 951,	
978,	979].	Steiner,	et	al	[950]	found	no	correlation	
between	 age	 and	 continence	 status,	 but	 only	 21	
of	 the	593	patients	were	70	years	or	older.	Cata-
lona	et	al.	[946]	reported	that	“Recovery	of	urinary	
continence	occurred	in	92%	(1,223	of	1,325	men)	
and	was	associated	with	younger	age	(p<0.0001)	
which might be related to surgical approach (nerve 
sparing), which might be performed more in the 
younger than in the older patient, although they 
ultimately	 reach	 a	 similar	 outcome	 [980],	 Most	
large series have found no correlation between the 
stage	of	disease	and	incontinence	rates	[946,	947,	
953,	 957],	 whereas	 Loeb	 reported	 the	 beneit	 of	
the younger patient in the high risk group to main-
tain	 continence	 [981].	However,	 in	 certain	 cases,	
the stage of disease may affect the surgical tech-
nique (i.e. nerve sparing) and rates may be higher, 
but	this	appears	to	be	a	relection	on	surgical	tech-
nique	and	not	disease	stage	[947].

Authors of several single-institution studies have 
argued that surgeon experience and surgical tech-
nique are important determinants of post-operative 
incontinence	 rates	 [891,	921,	947,	982,	983]	and	
many have found that changes in their own tech-
nique have led to reduced rates of incontinence or 
a	reduced	time	to	continence	recovery	 [891,	947,	
969,	984-986].

This	 includes	 procedural	 modiications	 such	 as,	
nerve sparing (probably secondary to a more care-
ful	dissection	 [987,	988]	bladder	neck	preservation,	
preservation of anterior urethral ligamentous attach-
ments and urethrovesical junction reconstruction 
(Figures 19, 20 ).

Patients who have undergone previous  irradia-
tion for prostate cancer are at high risk of devel-
oping incontinence after radical prostatectomy 

with the possible need of a postoperative radia-
tion	 therapy	 [981].	 Rates	 of	 significant	 inconti-
nence after salvage prostatectomy range from 
57-64%	 [991,	 992].	 Sanderson and colleagues 
[993]	 reported	 that	 45%	 of	 men	 underwent	 arti-
ficial urinary sphincter placement after salvage 
prostatectomy	and	another	31%	without	an	artifi-
cial sphincter had incontinence greater than occa-
sional dribbling. This has prompted some to rec-
ommend urinary diversion at the time of salvage 
radical	prostatectomy	[708].

4.  AETIOLOGY AND PATHOPHYSIOLOGY OF 
POST RADICAL PROSTATECTOMY INCON -
TINENCE: SPHINCTER VS.BLADDER DYS -
FUNCTION

There is fairly extensive literature on urodynamic 
investigation of post prostatectomy incontinence. 
While it is well established that both bladder and 
sphincter dysfunction may be present after radi-
cal prostatectomy, most studies agree that sphinc-
ter dysfunction (stress incontinence) is the main 
cause	 [994].	 In	 these	 series	 the	 incidence	 of	
sphincter	dysfunction	ranges	from	88-98.5%,	with	
associated bladder dysfunction (detrusor overac-
tivity and less commonly impaired compliance) in 
26-46%.	Bladder	dysfunction,	on	 the	other	hand,	
was	 present	 in	 34-45%	 of	 patients,	 but	 was	 the	
sole	cause	of	 incontinence	 in	only	1.5-4%.	Blad-
der dysfunction when present in association with 
sphincter dysfunction may not always be clini-
cally	 significant.	 Ficazzola	 and	 Nitti	 [995]	 found	
that although 46% of patients had bladder dys-
function, incontinence on urodynamic study was 
demonstrated	in	only	27%.	Even	in	those	patients,	
sphincter dysfunction was the main cause of in-
continence in the overwhelming majority. Groutz 
and	 colleagues	 [996]	 found	 a	 33%	 incidence	 of	
bladder dysfunction, but found that it was the main 
cause	 of	 incontinence	 in	 only	 7.25%.	 Two	 earli-
er series reported a higher incidence of bladder 
dysfunction	[920,	921].	Some	authors	 feel	 that	 in	
some patients with severe intrinsic sphincter defi-
ciency, bladder dysfunction may occur as a result 
of filling the bladder to volumes that it is not accus-
tomed	to	holding	[995].		The	study	of	Giannantoni	
et al. reported that after RRP a high proportion of 
patients	 (70.3%)	were	affected	by	DO	and	about	
the half of these patients complained of overac-
tive	bladder	symptoms	of	which	DO	was	also	ob-
served	in	61.2%	of	patients	before	surgery,	which	
indicates that the abnormality can be attributed 
to the surgical damage in a small percentage of 
patients.	At	 the	36-month	 follow-up,	 the	dysfunc-
tion	persisted	in	56.3%	of	32	men,	and	about	40%	
of these presented with overactive bladder symp-
toms. At three year follow-up, the dysfunction per-
sisted	 in	 25%	of	 cases.	 [997].	 Filling	 to	 capacity	
may produce detrusor overactivity or decreased 
accommodation. Thus, bladder dysfunction is in a 
sense an artefact, but one possibility is partial de-
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Figure 19: By projecting the found concourses of the periprostetic nerves (B, [989]) and the structure of 
the external urethral sphincter (C,[227]) in the common given anatomical knowledge (A) demonstrates the 
necessary protection of the periprostatic nerve concourses to ensure the postoperative fast recurrence of 
urinary continence (E,[888]). The extraprostetic innervation continues into the external urethral sphincter, 
surrounding the apex of the prostateal most completely. The external urethral sphincter function, and the 
related continence, is secured through the Lig. Pubovesicale, anchored by the tendinous arch and the 
detrusor ( (D)[879]). 

Figure 20. Surgical anatomy of the 
urethral sphincter complex. (A) 
Fixation of the urethral sphinc -
ter (modiied from Luschka [16]). 
(B) Lateral aspect of the urethral 
sphincter after nerve sparing. PPL 
= puboprostatic ligament; PVL = 
pubovesicalis ligament; PP =  pu -
boperinealis muscle; DA = detrusor 
apron; B = bladder; FSS = fascia of 
the striated sphincter; ML = Muel -
ler’s ligaments (ischioprostatic 
ligaments); NVB = neurovascular 
bundle; R = rectum; MDR =medial 
dorsal raphe; RU = rectourethralis 
muscle; OI = Os ischiadicum; SS = 
striated sphincter (rhabdosphinc -
ter); PB = pubis bone.
From Schlomm et al, Eur Urol 
2011 [990]
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centralisation of the bladder as a result of its mo-
bilisation	 during	 prostatectomy	 [996],	 combined	
with somatic denervation, because the branches 
of the pudendal nerves innervating the pelvic floor 
muscles and the striated urethral sphincter split 
before	 reaching	 the	 urogenital	 diaphragm	 [950].	
This may explain why the outcomes for artificial 
urinary sphincters for the treatment of stress in-
continence are not adversely affected by the pres-
ence	of	 detrusor	 overactivity	 [998,	 999].	 In	 addi-
tion bladder dysfunction may be chronic and stem 
from obstructive uropathology present before 
prostatectomy. It must be emphasised that patient 
selection, urodynamic technique and timing of 
urodynamic evaluation maybe responsible for the 
differences seen among the different studies. It is 
also important to note that most of these studies 
are preformed in men seeking treatment for their 
incontinence. However, it appears that sphincter 
dysfunction is the primary cause of post-radical 
prostatectomy incontinence, but bladder dysfunc-
tion may be present in a significant number of men 
(though rarely alone) and must not be completely 
discounted when planning treatment.

The majority of evidence in the literature supports 
the conclusion that sphincter damage is the prima-
ry cause of incontinence after total prostatectomy. 
Direct exposure and manipulation of the sphincter 
during radical prostatectomy would suggest that 
sphincter damage is the most likely cause of in-
continence.	Successful	treatment	with	the	artiicial	
urinary sphincter and male sling procedures also 
indirectly suggests that primary sphincter injury is 
the major cause of incontinence, since outcome is 
usually not complicated by bladder dysfunction. It 
might be helpful to include urodynamics and es-
pecially	 the	 urethral	 pressure	 proile	 as	 suggest-
ed	by	Bentzon	et	al.	 [1000].	They	suggested	 that	
postoperative urodynamics after 6 months may 
be predictive for persistent incontinence at the 
bladder, sphincter, and both, that immediate in-
tervention is more appropriate than watchful wait-
ing.	 They	 found	 that	 sphincter	 insuficiency	 was	
diagnosed by stress incontinence with maximal 
urethral	 closure	 pressure	 below	 30	 cmH2O,	 de-
creased	functional	length	and	a	distinctive	proile.	
Bladder	dysfunction	after	prostatectomy	may	have	
been present preoperatively, for example due to 
pre-existing	outlow	obstruction,	may	be	caused	by	
the operation itself, or may be due to age related 
changes in bladder function. Many patients who 
have prostate surgery have pre-existing bladder 
dysfunction, which may or may not be symptom-
atic. While it is more obvious how an overzealous 
TURP (with resection into the trigone) can cause 
detrusor overactivity, it is less apparent how radi-
cal prostatectomy affects detrusor function. Some 
have suggested that denervation of the urethra or 
the bladder may occur during radical prostatec-
tomy.	 John	 et	 al	 [1001]	 studied	 trigonal	 innerva-
tion by biochemical markers and found that “uri-

nary incontinence was associated with decreased 
trigonal innervation, a high sensory threshold and 
low	maximal	urethral	closure	pressure”	which	was	
evaluated differently by the same author slightly 
differently	[877].

Radiation therapy, whether external beam or brachy-
therapy, can be a cause of voiding dysfunction and 
incontinence	[1002].	Sometimes	this	is	a	direct	effect	
of the radiation or it can be related to the treatment of 
other sequelae such as urinary retention. The initial 
response to it is primarily oedema and then gradually 
degeneration,	ibrosis	and	disorganisation	overcome	
the bladder musculature. While radiation is primar-
ily delivered to the prostate, portions of the bladder 
may	also	be	affected.		Perivascular	ibrosis	of	blood	
vessels may then cause vascular occlusion followed 
by ischemia of the bladder wall, which can then prog-
ress	 to	ibrosis	within	6	 to	12	months	 [1003].	Choo	
et	al.	[1004],	found	that	urodynamic	bladder	capacity	
decreased	 by	 an	 average	 of	 54	ml,	 18	months	 af-
ter	radiation	therapy.		Blaivas	et	al	[1005]	evaluated	
47	men	with	symptomatic	LUTS	after	brachytherapy	
and	found	that	71%	were	 incontinent	and	85%	had	
detrusor overactivity. Similarly, radiation can cause 
damage to the distal urinary sphincter, which can 
result in incontinence. In addition there is a dose-
effect	relationship	for	individual	pelvic	loor	muscles	
and anorectal complaints after prostate radiotherapy, 
which was related to incontinence-related complaints 
showing	speciic	dose-dependent	effects	to	individu-
al	pelvic	loor	muscles	[721].	

Urinary retention and increased obstructive 
LUTS are other common problems of radiation 
therapy,particularly brachytherapy resulting in uri-
nary retention. The incidence of retention has been 
reported	 to	 range	 from	 	 2%	 to	 30%	 after	 brachy-
therapy	 [1006-1009].	 	 Most	 patients	 with	 retention	
will have resolution of their obstruction within weeks 
while others may require surgical procedures. A ret-
rospective	 review	 of	 over	 2,100	 Medicare	 patients	
who underwent brachytherapy for prostate cancer 
found	that	8.3%	required	a	surgical	procedure	to	re-
lieve bladder outlet obstruction post-brachytherapy 
[1010].	 Flam,	 et	 al	 [1011]	 reported	 that	 19	 of	 600	
(3.1%)	 patients	 receiving	 brachytherapy	 required	
TURP.	 Kollmeier	 and	 colleagues	 [1012]	 reported	 a	
similar rate of 2% in 2050 men. Most authors have 
found	 signiicant	 rates	 of	 post	 TURP	 incontinence	
after radiation.  Incontinence following TURP after 
brachytherapy	 has	 been	 reported	 in	 0-70%	 and	 is	
often	 severe.	 [1011-1013].	 External	 beam	 radiation	
is	also	a	 risk	 factor	as	Green	et	al	 [1014]	 reported	
a	33%	incidence	of	 incontinence	following	TURP	in	
patients post-irradiation for prostate cancer. Some 
authors have emphasised that incontinence can be 

IV. INCONTINENCE RELATED TO 
RADIATION THERAPY FOR PROS -

TATE CANCER
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minimised	by	performing	a	limited	resection	[1015]	or	
by performing TURP within 2 years of brachytherapy 
[1012].	 In	 the	 latter	 study,	 two	 of	 24	 patients	 (8%)	
that underwent TURP within 2 years of treatment 
were	incontinent	and	5	of	14	patients	(36%)	that	un-
derwent TURP 2 years or more after brachytherapy 
were incontinent (p=0.04). However, others suggest 
that delaying TURP until 5 years after radiation can 
actually	reduce	the	risk	of	incontinence	[1016-1018].

Incontinence in the male as in the female can be 
broadly divided into causes related to bladder and/
or sphincter dysfunction. The pathophysiology of 
incontinence	 as	 it	 relates	 speciically	 to	 the	 male	
is	 fairly	 well	 described;	 however	 advances	 in	 sci-
ence and anatomy will undoubtedly provide a more 
intricate understanding in the future. For example, 
the	causes	of	sphincter	insuficiency	are	known	(i.e.	
damage to muscle, nerve and/or supporting struc-
tures) but clinicians are not able to accurately as-
sess	 the	 exact	 cause	 of	 sphincter	 insuficiency	 in	
any given patient. Therefore much of our under-
standing of post treatment incontinence “patho-
physiology”	is	derived	from	reports	of	incontinence	
(incidence/prevalence) after surgery or radiation. In 
addition	investigators	have	not	adequately		deined	
the incidence of incontinence related to interven-
tions for prostatic disease, whether benign or ma-
lignant. Some work has been undertaken to under-
stand and discriminate the issue of pre- and post 
operative related incontinence, but because of the 
shortened hospitalization those prospective investi-
gations, which are mandatory for the understanding 
of the physiological functioning and the pathophysi-
ology,	which	might	become	clinically	signiicant	after	
the	intervention.	Problems	have	been	two-fold:	irst	
in	 deining	 incontinence	 and	 what	 is	 bothersome/
signiicant	and	second	in	accurately	reporting	data.	
New	 technologies	 for	 the	 treatment	 of	 BPH	 have	
provided	 us	 with	 Level	 1	 evidence	 regarding	 the	
incidence of incontinence in trials comparing new 
technology to TURP and Level 2  evidence through 
meta-analysis and prospective series. Data regard-
ing the incidence of post-radical prostatectomy and 
postradiation incontinence has been less robust 
and of a lower quality - level 2-4.

Transient causes probably account for one-third 
of incontinent cases among community-dwelling 
older people (>65 years old), up to one-half of 

cases among acutely-hospitalised older people, 
and a significant proportion of cases among nurs-
ing	 home	 residents	 [1019-1023].	 Transient	 uri-
nary incontinence rises suddenly, lasts less than 
six months, and results from reversible causes 
[1024].	Most	 causes	of	 transient	 incontinence	 in	
the older population lie outside the lower urinary 
tract but two points are worth emphasising. First, 
the risk of transient incontinence is increased if, 
in addition to physiologic changes of the lower 
urinary tract, the older person also suffers from 
pathological	 changes	 [1025,	 1026].	 Overflow	 in-
continence is more likely to result from an anti-
cholinergic agent in a person with a weak or ob-
structed bladder, just as urgency incontinence is 
more likely to result from a loop diuretic in some-
one with detrusor overactivity and/or impaired 
mobility	[1027,	1028].

This fact may explain why some controversy per-
sists regarding some causes of transient incon-
tinence. It also emphasises that continence de-
pends on the integrity of multiple domains-mental 
state, mobility, manual dexterity, medical factors, 
and motivation, as well as lower urinary tract func-
tion. Although in younger individuals incontinence 
usually results from lower urinary tract dysfunction 
alone, incontinence in older patients often results 
from	deicits	 in	multiple	domains	 that	 together	re-
sult	in	incontinence	[1023,	1029].	Attention	to	any	
one or more of these risk factors can restore con-
tinence or at least improve it. Second, although 
termed	 “transient,”	 these	 causes	 of	 incontinence	
may persist if left untreated, and so they cannot be 
dismissed merely because the incontinence is of 
long duration.

1. QUALITY OF DATA

In older people, continence status may not be ab-
solute, especially in those who are frail. Infrequent 
leakage of small amounts may appear and disap-
pear,	and	reporting	accuracy	varies	as	well	[1030].		
Sometimes the changing status of incontinence is 
the initial symptom of LUTS, neurological disorder 
(Parkinson’s disease, MS etc.), cardiac changes 
or diabetes.  Furthermore, ethical constraints and 
methodological issues preclude robust investiga-
tions of the conditions commonly impugned as 
causes of transient incontinence. Thus, it is not 
surprising that evidence supporting the associa-
tion between these conditions and transient in-
continence consists predominantly of case reports 
and case series.

2. RESULTS OF LITERATURE REVIEW

Transient causes of incontinence in older people 
are shown in Table 6  and can be recalled using 
the mnemonic DIAPPERS  (Delirium, Infection, 
Atrophic vaginitis, Pharmaceuticals, Psychological 
condition, Excess urine output, Reduced mobility, 
Stool	impaction)	[1024,	1031-1033].

V. CONCLUSIONS

I. URINARY INCONTINENCE

H. CAUSE OF TRANSIENT 
INCONTINENCE IN OLDER ADULTS
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Table 6: Transient Incontinence in Older Adult
DIAPPERS

Delirium

Infection

Atrophic vaginitis 

Pharmaceuticals

Psychological condition 

Excess urine output 

Reduced mobility 

Stool impaction

a)  Delirium

“D”	is	for	delirium,	a	confusional	state	characterised	
by	luctuating	inattentiveness	and	disorientation.	Its	
onset occurs over hours to days, as contrasted with 
dementia, which develops over years. Delirium can 
result from almost any medication and from virtu-
ally any acute illness, including congestive heart 
failure, deep vein thrombosis, or infection. Many of 
these conditions may present atypically in older pa-
tients, and if the patient becomes confused because 
of	 them,	 incontinence	may	be	the	irst	abnormality	
detected	[1034].	Delirium	leads	the	 list	because,	 if	
unrecognised,	it	 is	associated	with	signiicant	mor-
tality	[1035].	Thus,	in	this	case,	meticulous	medical	
evaluation	-	not	cystometry	-	is	crucial	[1036].

b)  Urinary infection

Symptomatic urinary infection is another cause of in-
continence, although it is supposing uncommon one 
[1022].	However,	asymptomatic	urinary	 infection,	 is	
much	more	 common	 in	 older	 people	 [1037,	 1038].	
Women with recurrent urinary tract infection had the 
highest	increase	in	UI	by	230%	for	weekly	UI	[1039]	
and	 for	monthly	UI	 [1040],	220%	 for	UI	 in	 the	past	
year	[936],	and	by	470%	for	ever	having	UI	[1041].		
In addition Arya at al. reported that women with re-
current UTIs have greater urinary frequency and in-
creased perceived bladder sensation in the absence 
of	an	active	infection	than	control	women	[1042].

c) Atrophic vaginitis

Atrophic vaginitis in older women is frequently asso-
ciated with lower urinary tract symptoms, which oc-
casionally	include	incontinence	[1043].	As	many	as	
80%	of	such	women	attending	an	incontinence	clinic	
are reported to have physical evidence of atrophic 
vaginitis, characterised by vaginal mucosal atrophy, 
friability, erosions, and punctuate haemorrhages. 
While the evidence supporting the use of oestrogens 
in lower urinary tract dysfunction remains contro-
versial there are considerable data to support their 
use in urogenital atrophy and the vaginal route of 
administration correlates with better symptom relief 
by improving vaginal dryness, pruritus and dyspa-
reunia,	greater	improvement	in	cytological	indings,	
and	higher	serum	oestradiol	 levels	[1044].	Atrophic	

vaginitis has been associated with urgency and oc-
casionally	 a	 sense	 of	 “scalding”	 dysuria,	 but	 both	
symptoms may be relatively unimpressive. More re-
cent epidemiological and clinical studies have called 
these beliefs into question since they have dem-
onstrated an association with systemic oestrogen 
treatment	and	the	onset	of	 incontinence	[Sievert	et	
al	 ICI-RS	paper	2012].	Unfortunately,	 limitations	 in	
their design allow for the possibility of both bias and 
confounding factors. Further research is warranted.

d) Medications

Pharmaceuticals are one of the most common 
causes of incontinence in older people, with sever-
al	 categories	 of	 drugs	 commonly	 implicated	 [1045,	
1046].	Of	note,	many	of	these	agents	are	also	used	
in the treatment of incontinence, underscoring the 
fact that most medications used by older people are 
“double-edged	swords.”	The	irst	category	of	relevant	
drugs is the long-acting sedative/hypnotics, such as 
diazepam	and	lurazepam,	which	can	cloud	an	older	
patient’s	memory.	 “Loop”	diuretics,	 such	as	 furose-
mide or bumetanide, by inducing a brisk diuresis, 
can also provoke leakage. Drugs with anticholinergic 
side effects are a particular problem and include ma-
jor tranquilizers, antidepressants, anti-Parkinsonian 
agents (e.g., benztropine mesylate or trihexypheni-
dyl),	irst	generation	(sedating)	antihistamines,	anti-
arrhythmics (disopyramide), antispasmodics, and 
opiates.	 By	 decreasing	 detrusor	 	 contractility,	 they	
can	 cause	 urinary	 retention	 and	 overlow	 inconti-
nence. They also can cause confusion. Anticholiner-
gic agents are particularly important to ask the pa-
tient about for two reasons. First, older patients may 
often take more than one of them at a time. Second, 
they are contained in many non-prescription prepa-
rations that older people frequently take without con-
sulting a physician.

Adrenergically-active agents have also been as-
sociated with incontinence. Many alpha-adrenore-
ceptor antagonists (used mainly for treatment of hy-
pertension) block receptors at the bladder neck and 
may	 induce	 stress	 incontinence	 in	women	 [1047].	
Older	women	are	particularly	at	 risk	because	 their	
urethral length and closure pressure normally de-
cline with age. Thus, prior to considering other in-
terventions for stress incontinence in a woman tak-
ing such a drug, substitution of an alternative agent 
should be tried and the incontinence re-evaluated. 
Calcium channel blockers can cause incontinence. 
As smooth muscle relaxants, they can increase 
residual volume, especially in older adults with im-
paired detrusor contractility. The increased residual 
urine may occasionally lead to stress incontinence 
in women with a weak urethral sphincter, or to over-
low	 incontinence	 in	 men	 with	 concurrent	 urethral	
obstruction. Finally, angiotensin converting enzyme 
inhibitors, by inducing cough (the risk of which is 
age-related), may precipitate stress incontinence 
in older women whose urethra has shortened and 
sphincter	weakened	with	age	[1048].
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e) Diuresis

Excess urinary output can also cause incontinence, 
especially in individuals with impaired mobility, men-
tal state, or motivation, particularly if they also have 
detrusor overactivity. Causes of excess output in-
clude excess intake, diuretics (including theophyl-
line-containing	 luids	 and	 alcohol),	 and	 metabolic	
abnormalities (e.g., hyperglycemia and hypocal-
caemia). Nocturnal incontinence can be caused or 
exacerbated by disorders associated with excess 
nocturnal excretion, such as congestive heart failure, 
peripheral	 venous	 insuficiency,	 hypoalbuminemia	
(especially in malnourished older people), and drug 
induced peripheral oedema associated with NSAIDs, 
thiazolidinediones, and some calcium channel block-
ers (e.g., dihydropyridines such as nifedipine, isra-
dipine, and nicardipine).  In addition certain foods 
are natural diuretics like asparagus, parsley, beet-
root, grapes, green beans, leafy greens, pineapple, 
pumpkin, onion, leeks, and garlic, as well as juices 
such as orange juice. The role of caffeine and tim-
ing	 of	 drinking	 luids	 (e.g.	 in	 the	 evening	or	 before	
bedtime) is still not clear, but should nonetheless be 
considered a possible contributing cause for nocturia 
and nocturnal incontinence, whereas it is known to 
increase	the	bowel	motility	[1049-1051].

f) Restricted mobility

Restricted mobility is an easily understood but fre-
quently	 overlooked	 cause	of	 incontinence	 [1052].	 In	
addition to obvious causes, restricted mobility may be 
associated with orthostatic or postprandial hypoten-
sion,	poorly-itting	shoes,	poor	physical	state,	or	fear	
of falling, all of which are common geriatric conditions. 
All of these reasons together with  restricted mobility 
might be the cause of incontinence due to  nocturia.

g) Nocturia

For frail/older people with bothersome nocturia, as-
sessment should focus on identifying the potential 
underlying cause(s), including (GR: C): 

•	Nocturnal	polyuria;

•	Primary	sleep	problem	(including	sleep	apnoea);

•	 Conditions	 resulting	 in	 a	 low	 voided	 volumes	
(e.g. elevated post-voiding residual) co-morbidity.

Post-void residual (PVR) volume

A post-void residual volume (PVR) is impractical 
to obtain in many care settings. However, there is 
compelling clinical experience for measuring PVR 
in selected frail/ older persons with:

•	Diabetes	mellitus	(especially	if	longstanding);

•	Previous	episodes	of	urinary	retention	or	history	
of	high	PVR;

•	Recurrent	UTIs;

•	 Medications	 that	 impair	 bladder	 emptying	 (e.g.	
anticholinergics);

•	Chronic	constipation;

•	Persistent	or	worsening	UI	despite	treatment	with	
antimuscarinics;
•	Previous	urodynamic	study	demonstrating	detru-
sor underactivity and/or bladder outlet obstruction 
(GR: C).

h) Faecal impaction

1. BACKGROUND

The prevalence of faecal incontinence in older adults 
ranges	 from	 3.7-27%	 in	 community	 dwelling	 elderly	
persons	to	over	50%	in	nursing	home	residents	[602,	
603,	 605,	 606,	 636,	 637,	 672,	 709,	 1053,	 1054].	 In	
addition faecal incontinence is a common reason for 
referral	 of	 elderly	 persons	 to	 a	 nursing	 home.	 [565,	
1055]	 	 Underreporting	 is	 an	 issue	with	 both	 urinary	
and	 faecal	 incontinence	 [656,	 1054,	 1056,	 1057];	
memory-loss and dementia exacerbate that the prob-
lem in the elderly. While the prevalence is fairly well 
documented, the percentage of those people who 
have transient as opposed to long-term incontinence 
is	 not	 well	 known.	There	 is	 signiicant	 inancial	 and	
social cost associated with management of faecal 
incontinence in the community and nursing homes 
[607,	656,	1058-1062].	Identifying	transient	and	reme-
diable	causes	would	beneit	patients,	caregivers	and	
the	 health	 care	 system.	One	 confounding	 aspect	 in	
the discussion of transient incontinence is the largely 
unknown natural history of faecal incontinence. It is 
clear that the symptom is intermittent in some patients 
and spontaneously resolves in others. As noted ear-
lier in this chapter, continence for stool is a complex 
mechanism involving the consistency and transit time 
of	stool,	rectal	capacity	and	pelvic	loor	function.	Rec-
tal	capacity	and	pelvic	loor	function	are	less	likely	to	
undergo transient changes but stool consistency, tran-
sit time of the intestinal tract and other medical condi-
tions may change. It is well established that the preva-
lence of faecal incontinence increases with age, even 
if	 the	mechanism	 is	 not	 completely	 understood;	 the	
increase in prevalence suggests progressive deterio-
ration	of	some	aspect	of	anorectal	function	[602-604,	
606,	607,	636,	640,	656].	Theoretically,	alternations	in	
stool consistency, transit time and medical conditions 
would be more likely to result in incontinence in the el-
derly	although	that	there	is	minimal	conirmatory	data.	
The literature on transient faecal incontinence is limit-
ed with a dominance of case series and retrospective 
reports. Some information is inferred from data from 
large studies of prevalence and risk factors.  Treat-
ment recommendations are frequently based upon an 
empirical rather than evidence-based approach.

2. CAUSES

Faecal incontinence occurs when the propulsive forc-
es in the colon and rectum overwhelm the resistant 
forces	of	the	pelvic	loor.	Continence	for	stool	requires	
the receipt and recognition of the urge to defaecate, 
mobility to reach the toilet in time, and the ability to 
postpone defaecation until reaching the bathroom. 

II. FAECAL INCONTINENCE
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Delaying	defaecation	requires	suficient	rectal	capac-
ity and compliance and adequate neurologic and anal 
sphincter function.

a) Altered mental status

Acute medical illness, hospitalisation, surgery and 
medications such as opiates and sedatives may re-
sult in delirium or disorientation in the elderly.  The 
reported rates of mental status changes to as high as 
74%	after	surgery	and	from	11	to	42%	during	medical	
hospitalisation	[1063,	1064].		In	a	systematic	review	of	
delirium associated with medication, opiods, benzodi-
azepines, and dihydropyridines were found to clearly 
increase the risk of delirium. There was uncertainty 
regarding antihistamines, tricyclic antidepressants, 
anti-Parkinson mediations, steroids and non-steroidal 
anti-inlammatory	medication	[1065].	Delirium,	confu-
sion and other transient changes in cognitive function 
may impair a patient’s ability to recognise the urge to 
defaecate and/or their motivation to remain continent. 
The limited investigations of the relationship between 
delirium and incontinence studied patients with chron-
ically	altered	mental	status;	any	relationship	of	acute	
delirium and/or confusion with faecal incontinence is 
inferred from those data. Studies of the impact of de-
lirium on continence show that delirium plays an im-
portant	role	in	the	development	of	incontinence	[670,	
708].	The	 impact	 of	 altered	mental	 status	 on	 conti-
nence has also been inferred from studies showing 
improvement in continence with scheduled toileting 
programs	 [1066,	 1067].	 Ignoring	 the	urge	 to	 defae-
cate combined with the effect of medications may 
result in faecal impaction followed by incontinence. 
Delirium may require the use of restraints. Need for a 
restraint has been reported as an independent factor 
in	incontinence	[709].
b) Impaired mobility

Lack of adequate mobility may prevent a patient from 
reaching the bathroom in time to avoid incontinence. In 
addition to the causes described in the urinary incon-
tinence section, musculoskeletal ailments, such as ar-
thritis and bone fractures, occur more commonly in the 
elderly and limit mobility. During the recovery phase 
from joint replacements ambulation may be slow 
and unsteady. Acute neurological conditions such as 
stroke may affect a patient’s gait as well as debilitated 
states from other illness.  Faecal incontinence is fairly 
common	(up	 to	30%	in	irst	week)	 immediately	after	
a	stroke;	with	rehabilitation,	the	rate	decreases	[605,	
681,	1068].	The	use	of	anti-cholingeric	medication	and	
requiring	assistance	to	reach	the	toilet	were	signiicant	
independent	factors	[681].	For	patients	temporarily	re-
quiring assistance to reach the bathroom, the timeli-
ness of the assistant may affect their continence.

c) Stool consistency 

Change	 in	stool	consistency	affects	continence;	
both constipation and diarrhoea may result in 
faecal incontinence.

d) Diarrhoea

Loose stool is clearly a risk factor for incontinence 

[606,	608,	636,	640,	674,	1054,	1068-1070];	one	study	
identiied	loose	stool	as	the	most	important	indepen-
dent	risk	factor	[607].	Any	condition	or	medication	re-
sulting in loose stools may also lead to incontinence 
including	 acute	 infection,	 intestinal	 inlammatory	
processes, medication and supplements (Table 7) . 
Medications with the side effects of diarrhoea and/or 
steatorrhea may result in faecal incontinence. Table 8  
lists the medications, which cause diarrhoea or steat-
orrhoea	with	reasonable	frequency.[605,	1071,	1072]		
Laxatives and the medications used for bowel prepa-
ration for colonoscopy and surgery frequently result in 
temporary incontinence in older patients.

Although rarely described in the literature, intuitively 
cessation of the causative medication should de-
crease the incontinence. In a case report, withdrawal 
of the offending medication, metformin, resolved the 
incontinence.[648]
e) Constipation

Paradoxically faecal incontinence may occur in pa-
tients	 with	 faecal	 impaction.	 [641,	 662,	 1073-1075]	
Immobility,	 inadequate	 dietary	 and	 luid	 intake,	 de-
pression, metabolic disorders neurological conditions, 
connective tissue disorders and medications contrib-
ute	to	constipation.[641,	662]	Impaction	may	result	in	
overlow	incontinence	with	loose	stool	leaking	around	
the	faecal	bolus.	[663]	Evaluation	of	impacted	patients	
compared to elderly controls revealed similar resting 
and squeeze pressures although both groups had 
lower pressures than younger healthy controls. How-
ever perianal and rectal sensation was impaired in 
74%	of	the	impacted	patients.[613,	1076]	The	theory	
is the patients with impaired sensation do not expe-
rience the urge to defaecate with the typical volume 
of	stool.	The	stool	bolus	causes	 the	usual	 relex	 re-
laxation of the internal anal sphincter but the lack of 
perception prevents the normal contraction of the ex-
ternal sphincter muscle. Incontinence is often aggra-
vated by the use of laxatives to relieve constipation.

Table 7:Causes of Loose Stool

Infection
•	 Acute viral or bacterial gastroenteritis
•	 Clostridium	dificile	colitis

Inlammation
•	 Ischaemic colitis
•	 Inlammatory	bowel	disease	lare	

(ulcerative colitis, Crohn’s colitis)
•	 Microscopic colitis

Medications
•	 Supplements/dietary elements
•	 Caffeine
•	 Fructose
•	 High dose probiotics     
•	 Magnesium
•	 Omega-3	fatty	acids
•	 Orlistat

Tube feedings
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Apart from data for alpha-adrenergic agents (Level of 
Evidence = 2 ), the level of evidence for most of these 
causes	is	Level	3-4.	Nonetheless,	because	many	are	
easily addressed and contribute to morbidity beyond 
the lower urinary tract and perianal area, they are 
worth identifying even if the evidence is not strong.

Despite the lack of robust data about the incidence 
and causes, transient urinary and faecal inconti-
nence are  clinically common problems. Since in 
most cases treatment is relatively straightforward, it 
is important to consider the causes discussed in this 
section when elderly patients present with new onset 
incontinence. Moreover, addressing them may im-
prove the incontinence even if it does not eliminate it, 
and it may make the incontinence more amenable to 
subsequent therapy. (Grade of recommendation C )

Further research should be performed on the mecha-
nisms, prevalence, incidence, and remission rates of 
each of the known causes of transient incontinence, 
and	possible	additional	causes	should	be	 identiied	
as well.  Since the clinical circumstances of older 
people are heterogeneous, studies should be con-
ducted among several subgroups, including inde-
pendent and homebound and community-dwelling 
older people, bedbound and mobile institutionalised 
older people and acutely hospitalised older people.

III. SUMMARY

IV. RECOMMENDATIONS

V. RESEARCH PRIORITIES

Alpha-glucosidase inhibitors
Antibiotics
Antiretroviral therapy
Biguanides	(e.g.	Metformin)
Bile	acids
Chemotherapy agents
Cholinergic drugs
Colchicine
Diacerein
Digoxin
Immunosuppressive agents
Mesalamine
Metocopramide
Non-steroidal	anti-inlammatory	agents
Orlistat
Osmotic	laxatives
Prostaglandins
Selective serotonin reuptake inhibitors
Ticlopidine
Tyrosine kinase inhibitors

Table 8: Medications causing diarrhoea

LIST OF ABBREVIATIONS

ACS     American College of  
Surgeons

ANS Autonomic Nervous System
ACh Acetylcholine
AChE Acetylcholinesterase
ASR Anal Sphincter Rupture
ATP Adenosine Triphosphate
BPH	 Benign	Prostatic	

Hyperplasia
BPO	 Benign	Prostatic	Obstruction
CNS Central Nervous System
CI	 Conidence	Interval
cAMP Cyclic Adenosine 

Monophosphate
DO	 Detrusor	Overactivity
DM Diabetes Mellitus
DSD Detrusor Sphincter 

Dyssynergia
EMG Electromyography
EAS External Anal Sphincter
IBD	 Inlammatory	Bowel	Disease
IBS	 Irritable	Bowel	Syndrome
IAS Internal Anal Sphincter

ICI International Consultation on 
Incontinence

IPSS International Prostate 
Symptom Score

ISD Intrinsic Sphincter 
Deiciency

LAM      Levator Ani Muscle
LUTS    Lower Urinary Tract   
             Symptoms
MRI       Magnetic Resonance  
             Imaging
MS        Multiple Sclerosis
NO								Nitric	Oxide
NOS						Nitric	Oxide	Synthase
NGF      Nerve Growth Factor
OAB						Overactive	Bladder
OR								Odds	Ratio
PMC     Pontine Micturition Centre 
PFD      Pelvic Floor Dysfunction
PFM      Pelvic Floor Muscle
POP						Pelvic	Organ	Prolapse
POP-Q		Pelvic	Organ	Prolapse		
														Quantiication	

PNTML  Pudendal Nerve Motor  
              Terminal Motor Latency
RRP      Radical Retropubic
              Prostatectomy 
RCOG			Royal	College	of	
														Obstetricians	and	
              Gynaecologists
RR         Relative Risk 
SSRI      Selective Serotonin
              Re-uptake Inhibitor
SUI        Stress Urinary Incontinence
TURP    Transurethral  
              Prostatectomy 
TUIP      Transurethral Incision of the 
              Prostate 
TTX      Tetrodotoxin
VLPP     Valsalva Leak Point  
              Pressure 
UI          Urinary Incontinence
USI        Urodynamic Stress  
              Incontinence
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CRAMAN BASRA, PRASEETHA CHERIAN

The aim of this report is to present an update of the 
evidence-based recommendations from the 4th ICI 
regarding the initial assessment of urinary inconti-
nence (Committee 5A) and outcome measurements 
(Committee 5B) of UI for adult men and women. 

1. TERMINOLOGY

A critical step in the evaluation of urinary inconti-
nence (UI) is the use of up-to-date terminology 
to describe different types of UI and their associ-
ated lower urinary tract symptoms (LUTS). LUTS 
includes both storage and emptying symptoms in 
distinction to overactive bladder syndrome (OAB) 
which describes the subset of storage symptoms 
(e.g., urgency, frequency, nocturia), with or without 
the symptom of UI. The use of standardised termi-
nology during the taking of the history of UI ensures 
an accurate characterisation of the type of UI expe-
rienced by each patient. 

The ICS 2002 report [1] and the ICS /IUGA Joint 
Report [2] are recommended for reference, as well 
as an update of the terminology for nocturia [3]. 
Of note, a bibliometric and questionnaire analysis 
of the use of standardised terminology documents 
the low rate of acceptance of new terminology in 
both the literature and practice, and the slow aban-
donment of previously accepted common terms. [4] 

I.  INTRODUCTION

II. GENERAL INFORMATION

The Standardisation Steering Committee (SSC) of 
the International Continence Society (ICS) “estab-
lishes terminology and methodology in the ICS’s 
areas of activity, to underpin professional standards 
of clinical management and research. The value 
of the SSC is in promoting best standards when 
clinicians and allied professionals communicate 
with patients and colleagues, undertake diagnostic 
tests, proceed to therapeutic interventions and un-
dertake research. Precise use of agreed terminol-
ogy ensures clear understanding for collaborating 
centres and readers of publications. Adherence to 
the diagnostic testing standards gives patients and 
clinical	 colleagues	 conidence	 that	 conclusions	 on	
which important therapeutic decisions are based 
are reliable. Development of future insights into 
mechanisms and treatments of the disease areas 
relevant to the ICS is enhanced where research 
studies employ internationally standardised ap-
proaches.”	 (http://www.icsofice.org/ViewCommit-
tee.aspx?ViewCommitteeID=7)	 The	 reports	 of	 the	
SSC are posted on the internet for reference (http://
wiki.icsofice.org).	

The term “urinary incontinence” refers to the com-
plaint of any involuntary loss of urine. The symp-
tom of urinary incontinence can be volunteered by 
or elicited from the individual or may be described 
by the individual’s caregiver. Urinary incontinence 
can be categorised into several distinct sub-types 
based on associated characteristics and circum-
stances surrounding episodes of urine leakage. 
Although	deining	the	type	of	incontinence	will	not	
establish	 a	 deinitive	 underlying	 diagnosis,	 it	 will	
ultimately guide investigation and treatment. The 

Committee 5A
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following	are	the	accepted	ICS	deinitions	of	these	
conditions unless referenced [1]. 

a) Types of urinary incontinence 

 a)  Stress (urinary) incontinence: Complaint of 
involuntary loss of urine on effort or physi-
cal exertion e.g., sporting activities), or on 
sneezing or coughing.(Sporting activities) 

 b)  Urgency (urinary) incontinence: Complaint of in-
voluntary loss of urine associated with urgency.

 c)  Postural (urinary) incontinence: Complaint 
of involuntary loss of urine associated with 
change of body position, for example, rising 
from a seated or lying position.

 d)  Mixed (urinary) incontinence: Complaint of 
involuntary loss of urine associated with ur-
gency and also with effort or physical exer-
tion or on sneezing or coughing.

 e)  Incontinence associated with chronic retention 
of urine: Complaint of involuntary loss of urine 
which occurs in conditions where the blad-
der does not empty completely as indicated 
by	a	signiicantly	high	 residual	urine	volume	
and/or a non-painful bladder which remains 
palpable or percussable after the individual 
has passed urine. (Note: The ICS no longer 
recommends	the	term	overlow	incontinence.	
A	signiicant	residual	urine	volume	denotes	a	
minimum	volume	of	300	mls,	although	this	ig-
ure has not been well established.) 

 f)   Nocturnal enuresis: Complaint of involuntary 
loss of urine which occurs during sleep.

 g)   Continuous (urinary) incontinence: Com-
plaint of continuous involuntary loss of urine.

 h)  Insensible (urinary) incontinence: Complaint 
of urinary incontinence where the individual 
is unaware of how it occurred.

 i)  Coital incontinence (for women only): Com-
plaint of involuntary loss of urine with coitus. 
This symptom can be further divided into that 
occurring with penetration or intromission 
and that occurring at orgasm. 

 j)  Functional incontinence: Complaint of involun-
tary loss of urine that results from an inability 
to reach the toilet due to cognitive, functional 
or mobility impairments in the presence of an 
intact lower urinary tract system. (see Cmte. 
11, Frail Elderly) 

 k)  Multifactorial incontinence: Complaint of in-
voluntary loss of urine related to multiple in-
teracting risk factors, including factors both 
within and outside the lower urinary tract 
such as comorbidity, medication, age-related 
physiological changes and environmental 
factors. (see Cmte. 11, Frail Elderly). 

Urinary incontinence can exist in isolation or may be as-
sociated with other lower urinary tract symptoms. The ICS 
classiies	lower	urinary	tract	symptoms	(LUTS)	into	blad-
der storage, voiding and post-micturition, and pelvic organ 
prolapse symptoms. The following section summarises 
the	deinitions	of	LUTS	described	by	the	ICS-SSC.	

b) Bladder storage symptoms 

Bladder storage symptoms are experienced during 
the	bladder	illing	phase:

 a)  Increased daytime urinary frequency: Com-
plaint that micturition occurs more frequently 
during waking hours than previously deemed 
normal. Traditionally seven episodes of mic-
turition during waking hours was considered 
as the upper limit of normal, although it may 
be higher in some populations.

 b)  Nocturia: Complaint of interruption of sleep 
one or more times because of the need to void. 
Each void is preceded and followed by sleep. 
(Note: The number of nocturia episodes and 
the degree of bother based on number has 
been questioned and the threshold of 2-3 per 
night	has	been	suggested.)	[5,6,7]

 c)  Urgency: Complaint of a sudden, compelling 
desire	to	pass	urine	which	is	dificult	to	defer.	
(Note: The ‘all or none’ nature of ‘urgency’ 
has been questioned) [8].

 d)  Overactive bladder syndrome (OAB): Urinary 
urgency, usually accompanied by increased 
urinary frequency and nocturia, with or without 
urgency urinary incontinence, in the absence of 
urinary tract infection or other obvious pathology.

c) Bladder sensation

Asking patients about bladder sensory symptoms 
during	bladder	illing	may	be	helpful	in	characterising	
certain types of incontinence. 

 a)  Increased bladder sensation: Complaint 
that	 the	desire	 to	void	during	bladder	illing	
occurs earlier or is more persistent to that 
previously experienced. This differs from 
urgency by the fact that micturition can be 
postponed despite the desire to void.

 b)  Reduced bladder sensation: Complaint 
that	 the	 deinite	 desire	 to	 void	 occurs	 later	
than that previously experienced despite an 
awareness	that	the	bladder	is	illing.

 c)  Absent bladder sensation: Complaint of both 
the	absence	of	the	sensation	of	bladder	ill-
ing	and	a	deinite	desire	to	void.	

d) Voiding and postmicturition symptoms

Voiding	 symptoms	 are	 experienced	 during	 the	
voiding phase and post-micturition symptoms are 
experienced immediately after micturition.
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 a)  Hesitancy: Complaint of a delay in initiat-
ing micturition.

 b)  Slow stream: The individual’s perception of 
reduced	urine	low,	usually	compared	to	pre-
vious performance or in comparison to others.

 c)  Intermittent stream (intermittency) Complaint 
of	urine	low	which	stops	and	starts,	on	one	
or more occasions, during micturition.

 d)  Straining to void: Describes the muscular ef-
fort used to initiate, maintain or improve the 
urinary stream. 

 e)  Spraying (splitting) of urinary stream: Com-
plaint that the urine sprays or splits rather 
than coming out as a single, discrete stream.

 f)  Terminal dribble: is the term used when an 
individual	describes	a	prolonged	inal	part	of	
micturition,	 when	 the	 low	 has	 slowed	 to	 a	
trickle/dribble.

 g)  Feeling of incomplete bladder emptying: 
Complaint that the bladder does not feel 
empty after passing urine. 

 h)  Need to immediately re-void: Complaint that 
further micturition is necessary soon after 
passing urine.

 i)  Postmicturition leakage: Complaint of a fur-
ther involuntary passage of urine following 
the completion of micturition.

 j)  Position-dependent micturition: Complaint of 
having	to	take	speciic	positions	to	be	able	to	
micturate spontaneously or to improve blad-
der emptying, for example, leaning forwards 
or backwards on the toilet seat or voiding in 
the semi-standing position.

 k)  Dysuria: Complaint of burning or other dis-
comfort during micturition. Discomfort may 
be intrinsic to the lower urinary tract or exter-
nal (vulvar dysuria in women).

 l)  (Urinary) retention: Complaint of the inability 
to pass urine despite persistent effort. 

2.   ASSESSMENT OF SUB-POPULATIONS
    REVIEWED BY OTHER COMMITTEES

The	 targeted	 assessments	 and	 speciic	 outcome	
measures for conditions of UI in Children (Cmte 
9), Neurogenic Patients (Cmte.10), Frail Elderly 
(Cmte.11), Painful Bladder Syndrome (Cmte.19) and 
Faecal Incontinence (Cmte.16) are presented sepa-
rately in the respective reports. The requirements of 
speciic	sub-populations	negate	the	ability	to	recom-
mend a ‘universal’ initial evaluation. Within the initial 
assessment of UI, these sub-populations / subgroups 
are recognised because of the differences within 
patient groups or the interrelationship between the 

conditions. Congenital and maturational issues are 
critical	 considerations	 in	 children.	 Speciic	 risks	 for	
combined storage and emptying abnormalities and 
upper urinary tract deterioration in the neurogenic 
population demand a more involved initial and com-
plex evaluation. The effects of ageing on the lower 
urinary tract, altered toileting functions, and medi-
cal co-morbidities in the frail elderly group present 
unique challenges. These subgroups also include 
patients with LUTS with and without incontinence but 
the presence of pelvic pain or faecal incontinence. 

The sub-sections in this report should be utilised in 
conjunction with other population or condition spe-
ciic	 Committee	 Reports	 of	 the	 Consultation	 and	
with	the	inal	recommendations	of	the	Consultation	
which	 are	 presented	 in	 simpliied	 form	 in	 the	Ap-
pendix	 (1.Deinitions).	Recommendations	 for	 initial	
evaluation have been developed by the Interna-
tional	Scientiic	Committee	and	are	also	published	
in the Appendix (2.Evaluation). In addition, History 
and Symptom Assessment recommendations are 
further detailed as the initial steps in the evaluation 
of the index adult male (3. Initial Management, II. 
Male), and adult female (3. Initial Management, III. 
Female). The reader is encouraged to refer to these 
recommendations and algorithms in combination 
with this report. 

3. EVIDENCE BASED RECOMMENDATIONS

The recommendations presented in this report are 
evidence-based and utilise the ICUD - EBM grades. 
A search of the available literature in English ob-
tained from Medline© and Pubmed© up to January 
2012 by the individual committee members em-
ployed multiple search terms related to the initial 
assessment of the patient with urinary incontinence 
and patient reported outcomes assessment.

 

1.     PURPOSE OF INTIAL ASSESSMENT
     (EXPERT OPINION OF THE COMMITTEE)

As will be noted, especially in this committee report 
(5A), the amount and sophistication of the literature 
that is applicable for the development of evidence-
based guidelines is limited. For this reason, the grade 
of recommendation in the area of “initial assessment” 
will often rely on ‘expert opinion of the panel’. For the 
purpose of subsection 5A, the ‘initial assessment’ rep-
resents the components of the history, physical exami-
nation,	laboratory	tests,	and	basic	ofice	testing	to:

1)  Establish a presumptive or condition specific 
diagnosis, and exclude underlying organ-spe-
cific related or unrelated conditions that would 
require intervention.

2)  Assess the level of bother and desire for inter-
vention from information obtained from the 

III. INTIAL ASSESEMENT 
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patient or caregivers, utilising objective mea-
sures or patient reported outcomes.

3)  Prepare for the institution of empirical or disease 
speciic	primary	 therapy	based	on	 the	 risk	and	
beneit	of	the	untreated	condition,	the	nature	of	
the intervention and the alternative therapies – 
including Conservative (Cmte. 12) or Pharma-
cological (Cmte. 8) therapies. 

4)  Prompt the recommendation of additional 
more complex testing or specialist referral 
(when indicated).

5)  Assess the level of improvement after interven-
tion from information obtained from the patient 
or caregivers, utilising objective measures or pa-
tient reported outcomes (Cmte. 5B). 

Once the type of UI with associated LUTS has been 
established, elaboration of a differential diagnosis 
can occur, and further investigations may be elected 
and an eventual treatment plan can be formulated 
to address or modify the effects of the underlying 
cause(s). The success of the treatment plan can 
be measured by patient-reported outcomes (from 
a simple “yes” or “no” to more complex question-
naires), and/or other objective measures of urinary 
leakage events (including bladder diaries, pad tests, 
or urodynamics studies). 

The initial assessment must consider the degree 
of bother, and the costs of further evaluation, bal-
anced against the consequences of a failure to 
diagnose an underlying condition, the risks and 
beneits	of	empirical	conservative	management	or	
pharmacological therapy, and the need for an ac-
curate diagnosis before more complex intervention 
or empirical therapy. The burden of these condi-
tions and the availability of resources for individual 
patients, caregivers,, physicians, and health care 
systems requires that primary intervention strate-
gies be formulated, when available, from evidence 
based	indings	and	decisions	emanating	 from	the	
initial evaluation. 

Of	 note,	 LUTS	 cannot	 be	 utilised	with	 conidence	
to	 make	 a	 deinitive	 diagnosis	 of	 a	 speciic	 lower	
urinary tract condition or lower urinary tract disease 
(LUTD), as these symptoms may suggest and in-
dicate pathologies such as urinary tract infection 
(UTI) or more serious underlying conditions. Basic 
laboratory tests, such as testing for UTI or blood 
(haematuria), and appropriate screening for malig-
nancy should be considered before the decision is 
made to choose therapy for incontinence. Urinary 
retention	with	overlow	voiding	may	present	as	uri-
nary urgency, frequency, and nocturia with urinary 
loss mimicking OAB. 

Concomitant pathology may affect urine production 
as	a	co-morbid	contributory	factor,	by	affecting	luid	
balance	 or	 renal	 function	 (luid	 intake	 and	 output	
regulation) and may need to be addressed prior 

to or in combination with bladder or bladder outlet 
therapy. A thorough review of medications which 
alter	luid	production	or	lower	urinary	tract	function	
should be addressed. The physician should elicit a 
history of pelvic pathology or surgery and neurologi-
cal symptoms and signs that may indicate altera-
tions in the control of lower urinary tract function or 
be responsible for the cognitive, motivational, or 
physical factors that determine the ability to perform 
toileting functions effectively. The physical examina-
tion and the appropriate laboratory tests are neces-
sary	 to	 reine	 the	 differential	 diagnosis	 and	 thera-
peutic course. 

2.   INTIAL ASSESSMENT –
    GENERAL RECOMMEDATIONS

1.  Lower Urinary Tract Symptoms (LUTS) cannot 
be	used	to	make	a	deinitive	diagnosis;	they	may	
also indicate pathologies other than Lower Uri-
nary	 Tract	 Disease	 (LUTD).	 Speciic	 to	 this	 re-
port, LUTS includes Overactive Bladder (OAB) 
a syndrome which is associated with urgency 
incontinence (OAB-wet) or without incontinence 
(OAB-dry). (Level 5 - Grade D )

2.  Urinary incontinence should be described by spec-
ifying relevant factors such as type, frequency, se-
verity, precipitating factors, social impact, effect on 
hygiene and quality of life, the measures used to 
contain the leakage and whether or not the indi-
vidual seeks or desires help. (Level 5 - Grade D )

3.  Urinary incontinence should be categorised by 
symptoms into urgency incontinence, stress in-
continence or mixed incontinence and conserva-
tive (non-invasive) therapies may then be started 
based	 on	 this	 classiication	 to	 treat	 the	 most	
troublesome component, or either component of 
the incontinence. (Level 5 - Grade D ) More so-
phisticated testing (e.g., urodynamic studies) is 
not required prior to the institution of conservative 
therapy (see indications for urodynamics in the 
Committee Report on Dynamic Testing Commit-
tee 6). (Level 3 - Grade C )

4.  Both objective (bladder diary) and subjective 
(patient reported outcomes – PROs) are recom-
mended for assessment and measurement of the 
degree of symptoms and bother of UI at baseline, 
and for the assessment of the impact of therapy. 
(Level 3 – Grade D ).

5.  Normal lower urinary tract function requires the 
ability of the bladder to adequately store urine 
at low pressure while the bladder outlet remains 
competent, and the bladder to contract until com-
pletely empty while the bladder outlet remains 
open . In addition to an evaluation of LUT func-
tion, a thorough evaluation for co-morbid condi-
tions	which	affect	luid	 intake	and	output	should	
be undertaken. Diseases of the nervous system 
and pelvic disorders, as well as medications 
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which may affect the LUT should be addressed. 
(Level 5 - Grade D ).

6.  Referral to a specialist is recommended for he-
maturia (visible or microscopic), urinary tract in-
fection (persistent or recurrent), prolapse (symp-
tomatic or below the introitus) , obstruction or 
retention	(symptoms	or	indings	of	palpable	blad-
der,	 hydronephrosis	 or	 obstructive	 renal	 insufi-
ciency), suspected neurological disease, mass 
(urethral, bladder or pelvic - benign or malignant), 
istula	 (urinary	or	bowel),	 faecal	 incontinence,	a	
history of prior pelvic surgery or radiation (incon-
tinence, oncologic) (Level 5 - Grade D ).

3.  INTIAL ASSESSEMENT –
   GENERAL RESEARCH RECOMMENDATIONS

1.		Standardisation	 of	 the	 ‘deinition	 of	 symptoms’	
and the ‘measurements of symptom frequency, 
severity and bother’ are essential for patient care 
and research. Continued research into the appro-
priate scales and metrics should be accompanied 
by	a	signiicant	attempt	to	establish	best	practice	
guidelines for their use and a consensus on the 
adoption of universal standards. 

2.  Recognition and resolution of the differences in 
common	 language	 usage	 and	 scientiic	 utilisa-
tion of terms should continue. Resolution of the 
differences	 in	 deinitions	 and	 metrics	 between	
recognised societies and regulatory agencies is 
essential for communicating data with respect to 
patient care, research, and treatment outcomes.

3.  Research into the development of accurate mea-
sures to objectify subjective symptoms such as 
“urgency” and other bladder sensory symptoms.

4.  Development, standardisation, and universal 
adoption of symptom assessment tools (ques-
tionnaires) to improve the diagnostic accuracy of 
lower urinary tract symptoms. (Refer to section 
5B of this committee’s report)  

5.		Validation	of	the	accuracy	of	speciic	components	
of	 the	 history	 and	physical	 indings	 to	 establish	
an accurate diagnosis and initiate non-invasive 
conservative or pharmacological therapy. In ad-
dition, to further identify components that would 
indicate the need for more invasive testing, com-
plex therapeutic interventions, and indications 
prior to / or as a result of referral. 

6.  Creation and institution of evidence based guide-
lines for the referral of patients to a specialist are 
needed	to	improve	the	eficiency	of	the	healthcare	
system in treating the large burden of disease. 
(See Epidemiology, Committee 1). The institution 
of conservative measures and pharmacology are 
in the domain of the primary caregiver. Further im-
provement	in	the	ability	to	deine	the	index	patient,	
but more importantly the sub-groups of patients 
who will require more complex specialist therapy, 

will aid in counselling and referral at the primary 
level.	In	addition,	reining	the	true	risks	for	signii-
cant underlying disease noted while obtaining the 
history, or during the examination or laboratory 
indings	will	improve	resource	utilization.	

1.  INITIAL ASSESSMENT OF
    URINARY INCONTINENCE

Individuals	with	UI	can	be	identiied	through	routine	
screening, or the patient may initiate discussion 
about incontinence problems. The initial assess-
ment of UI should help the health care provider un-
derstand the type of incontinence, while identifying 
potentially	modiiable	contributing	factors.	Most	pri-
mary	treatment	options,	such	as	 lifestyle	modiica-
tions and behavioral treatments, do not vary by type 
of UI. However, it is important to determine the type 
of UI since some treatment options do vary accord-
ing to incontinence. Equally important, establishing 
the type of UI will lead the health care provider to 
a list of possible underlying causes, or differential 
diagnosis of the urinary symptoms. Most causes 
of UI are non-life threatening, however symptoms 
of incontinence may also herald life-threatening or 
more severe disease such as bladder cancer when 
associated	with	haematuria;	when	more	specialised	
testing will be required immediately. Finally, assess-
ing the level or bother and desire for intervention 
from information obtained from the patient or care-
giver is essential for guiding the nature of the treat-
ment plan. 

a) History

The general history should include questions rel-
evant to precipitating and aggravating factors of uri-
nary loss, time of onset and duration of symptoms, 
and degree of bother. Acute symptoms can be de-
ined	 by	 documenting	 patterns	 of	 luid	 intake	 and	
output, acute infection, recent surgery or trauma. 
Chronic symptoms should prompt queries about 
a history of congenital abnormalities, neurological 
disease, relevant surgery or general health. Infor-
mation should be obtained concerning medications 
with known or possible effects on the lower urinary 
tract. The general history in women should also in-
clude assessment of menstrual, obstetric, sexual 
and bowel function. The reader is referred to the 
report	 on	 Epidemiology	 (Cmte.	 1)	 for	 speciic	 risk	
factors to be considered during the medical history, 
and to the report on Frail Elderly (Cmte. 11) for a list 
of co-morbidities and medications that can cause or 
contribute to UI. 

A later section of this Committee Report (5B) pres-
ents a complete review and evaluation of question-
naires that are applicable for clinical and research 
use in evaluating patient symptoms. Structured con-
dition	 speciic	 questionnaires	 may	 be	 utilised,	 and	

IV. GENERAL POPULATIONS 
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may be either clinician or self-administered. Use of 
questionnaires may facilitate disclosure of embar-
rassing symptoms, ensure that symptoms are not 
omitted, and standardise information for audit and re-
search. In the absence of questionnaire use, Table 1  
summarises key questions for the initial assessment 
of urinary incontinence based on the expert opinion 
of this committee. Note that the committee strongly 
encourages the use of standardised questions. 

b) Diaries

The micturition time chart records the timing of voids 
in	24	hours;	 the	 frequency-volume	chart	 (FVC)	ad-
ditionally includes the urinary volume voided, and 
the bladder diary which may include incontinence 
episodes,	 pad	 usage,	 luid	 intake,	 and	 the	 degree	
of urgency and incontinence. Documentation of the 
frequency of an individual’s lower urinary tract symp-
toms and the voided volume for at least 24 hours 
can be extremely helpful both in the initial assess-

ment of urinary incontinence, may be therapeutic 
as it provides insight into bladder behaviour, can 
be utilised to monitor the effectiveness of treatment 
during follow-up. Two main methods of documenting 
this information are in use, and a sample frequency-
volume chart and bladder diary are illustrated with 
the instructions for use in the appendix in Annex 1: 
Bladder Charts and Diaries. The frequency-volume 
chart is used to describe a chart that records the time 
of each micturition and the volume voided for at least 
24 hours, although 2-3 days of recording generally 
provide more useful clinical data. The bladder diary 
refers to a more comprehensive instrument that may 
include	the	individual’s	daily	type	and	volume	of	luid	
intake, pad usage, incontinence episodes, and the 
degree of incontinence. Episodes of urgency and 
sensation might also be recorded, as might be the 
activities performed during or immediately preced-
ing the involuntary loss of urine. A frequency-volume 
chart or bladder diary, if properly completed, can con-
irm	all	of	the	following	information.

Stress urinary incontinence:  Do you sometimes leak urine when you cough or sneeze or when you exert 
yourself, such as when lifting a heavy object?*

Urgency urinary incontinence: Do you sometimes feel an urge to void that is so sudden and strong that 
you sometimes don’t make it to the bathroom on time?*

How long have the symptoms been present?

How often do you leak urine and how much do you leak?

Circumstances surrounding urine leakage e.g. sexual activity, change in position,  provocation by run-
ning water or ‘key in the latch’?

Nocturnal symptoms or enuresis?

Association with other lower urinary tract or pelvic organ prolapse symptoms?

Impact on personal and social life?

Amount	and	type	of	luid	intake	e.g.	coffee,	tea,	alcohol?

Episodes of urinary tract infection or haematuria?

Previous treatment attempts (successful and unsuccessful)?

Mobility problems?

Cognitive	deicits?

Neurological	deicits?

Problems with constipation or faecal incontinence?

Number of pregnancies and the type of delivery, with complications?

Previous prostate, pelvic or abdominal surgeries or radiation treatment?

Coexisting diseases (diabetes, heart disease, neurological impairment)?

Types of medications consumed?

Table 1: Key questions in the initial assessment of urinary incontinence

*Evidence regarding the reliability of these questions for diagnosing stress or urgency urinary incontinence is detailed below.
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 a)  Daytime urinary frequency: Number of voids by 
day (wakeful hours including last void before 
sleep	and	irst	void	after	waking	and	rising).

 b)  Nocturnal frequency/nocturia: Number of 
times sleep is interrupted by the need to mic-
turate. Each void is preceded and followed 
by sleep.

 c)  Twenty-four-hour frequency: Total number of 
daytime voids and episodes of nocturia dur-
ing	a	speciied	24-hr	period.

 d)  Twenty-four-hour urine production: Summa-
tion of all urine volumes voided in 24 hr.

 e)  Maximum voided volume: Highest voided 
volume recorded.

 f)  Average voided volume: Summation of vol-
umes voided divided by the number of voids.

 g)  Median functional bladder capacity: Median 
maximum voided volume in everyday activities.

 h)  Polyuria: Excessive excretion of urine result-
ing in profuse and frequent micturitions, de-
ined	 as	 over	 40	ml/kg	 body	 weight	 during	
24 hours or greater than 2.8 L of urine for an 
individual	weighing	70	kg.

 i)  Nocturnal urine volume: Cumulative urine 
volume from voids after going to bed with the 
intention	of	sleeping	to	include	the	irst	void	at	
the time of waking with the intention of rising 
(excludes last void before sleep).

 j)  Nocturnal polyuria: Excess (over 20–30% 
age dependent) proportion of urine excretion 
(nocturnal voided volume/total 24 hr voided 
volume x 100%) occuring at night (or when 
the patient is sleeping). [9] 

However, it should be noted that there are some 
limitations to the use of a frequency-voiding chart 
or bladder diary. There is no evidence that the re-
sults of these charts provide a valid prediction of 
the type of urinary incontinence experienced by 
each patient.[10, 11] Some patients may have dif-
iculty	completing	 the	diary	 in	a	 reliable,	meaning-
ful or timely fashion, especially when increasing the 
complexity or the amount of time (days) required to 
complete the diary. [12] The bladder diary may not 
be helpful for gleaning information about the evolu-
tion of incontinence episodes that occurs less fre-
quently than once per day. [12,13]

 • Recommendations- Bladder Diary

  1)  A bladder diary is recommended in order to 
document and communicate both objective 
information and to objectify observations by 
the patient during the diary period. Although 
never completely diagnostic, diary patterns 
may characterise normal and abnormal 
states. (Level 3 – Grade C )

  2)  The ideal duration of a diary is not clear. 
(Level 4 ) A 1-day frequency volume chart 
(FVC)	which	 includes	 the	irst	morning	void	
the following day is a reasonable tool to gain 
insight into voiding habits during normal 
daily	routine.	A	3-day	FVC	or	diary	is	recom-
mended for accurate assessment of LUTS 
and	 for	conirming	a	consistent	clinical	pat-
tern in day-to-day practice. (Level 3 – Grade 
C) For atypical clinical patterns or clinical re-
search,	a	7-day	diary	may	be	recommended	
(most pharmacological studies now employ 
a 3-day diary as a standard to improve pa-
tient compliance). 

 • Bladder Diaries - Future Research

  1)  The ideal duration of a bladder diary based 
on accuracy, compliance, and the utility of 
the diary for diagnosis, the selection of ther-
apy, and improving the outcomes of therapy 
requires further investigation.

  2)  The utility of paper versus electronic meth-
ods of recording voiding patterns requires 
further research. 

c) Urinalysis

 “The urinalysis is a fundamental test that should 
be performed in all urological patients. Although in 
many instances a simple dipstick urinalysis provides 
the necessary information, a complete urinalysis 
includes both chemical and microscopic analysis.” 
[14] Urine dipstick testing, as opposed to micros-
copy, is satisfactory for urinalysis in the diagnosis 
of acute uncomplicated cystitis. [15] In relation to 
urinary incontinence, dipstick urinalysis is not a di-
agnostic test, but a screening test, utilised to de-
tect haematuria, glucosuria, pyuria and bacteriuria. 
Haematuria can indicate important pathology such 
as urothelial carcinoma in situ, leading to lower uri-
nary tract storage symptoms including incontinence. 
[16] Glucosuria is relevant, as a potential indicator 
of diabetes mellitus. This can cause symptoms via 
several mechanisms including polyuria secondary 
to osmotic diuresis. Diabetic peripheral autonomic 
neuropathy affecting bladder innervation may be 
associated with impaired bladder emptying and 
chronic	 urinary	 infection[17]	 The	 examiner	 should	
note that a patient does not generally demonstrate 
glucose into the urine until the blood sugar is >180 
mg/dl. Consequently, a dipstick urinalysis may fail 
to reveal intermittently high sugars or mild diabetics.
[17]	If	diabetes	is	suspected,	then	a	random	or	fast-
ing blood sugar is preferred. [18] 

Pyuria and bacteriuria, detected from urinary dip-
stick leukocyte esterase and nitrite tests respec-
tively, are important signs of urinary tract infection. 
The	 speciicity	 and	 sensitivity	 of	 these	 latter	 tests	
for UTI is increased when used together compared 
to either individual test. [19,20] Even in the absence 
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of controlled studies, there is general consensus 
that	 the	beneits	of	 urinalysis	 clearly	 outweigh	 the	
costs involved, although the use of urinalysis should 
always	be	associated	with	prognostic	signiicance.
[21] A positive dipstick urinalysis will prompt formal 
urine microscopy and culture to detect UTI prior 
to antibiotic treatment and/or the use of additional 
tests such as endoscopy and urinary tract imaging. 
In the evaluation of urinary incontinence and lower 
urinary tract symptoms, the value of urinalysis can 
be	illustrated	by	the	inding	that	60%	of	women	with-
out detrusor overactivity will develop detrusor over-
activity at the time of UTI. The importance of urinal-
ysis in the basic assessment of patients with urinary 
incontinence and lower urinary tract symptoms is 
not dependent on gender, age or aetiology. Indeed, 
it has been recommended in the evaluation of ge-
riatric patients including nursing home residents 
who are incontinent, [22,23] in peri- and postmeno-
pausal women, [24] and in older women reporting 
urinary incontinence. [25] In the latter context, it has 
even	been	observed	that	clinically	signiicant	urine	
samples can even be obtained from disposable dia-
pers in elderly incontinent women. [26] The clinical 
relevance of asymptomatic bacteriuria (without py-
uria) and pyuria (without bacteriuria) in the elderly is 
controversial, as eradication of bacteruria appeared 
to have no effect on the resolution of incontinence, 
and	may	not	deserve	any	treatment.	[27,28].

 • Urinalysis - Recommendation

 1.  It is considered standard to perform a uri-
nalysis by either using a dipstick test or ex-
amining the spun sediment in incontinent 
patients. (Level 5 - Grade D ) 

 2.  If a dipstick test is used, it is recommend-
ed that a “multi-property” strip that includes 
ields	 for	 haematuria,	 glucose,	 leukocyte	
esterase and nitrite tests be chosen. (Level 
5 - Grade D ) Dipstick is not as accurate as 
urine	culture,	being	speciic	for	infection	but	
not sensitive. (Level 2 - Grade C ) 

 3.  Additional tests available on urine dipstick 
strips, such a protein, bilirubin, ketones and 
pH, may be helpful in the broader medical 
management of patients. However, they are 
not essential in the context of evaluation of 
the patient with urinary incontinence or lower 
urinary tract symptoms. (Level 5 - Grade D ) 

d)  Post Voiding Residual in the Female and Male 
Patient

1. GENERAL

The	post	voiding	residual	urine	(PVR)	is	the	volume	of	
urine remaining in the bladder following a represen-
tative void. Both bladder outlet obstructionand low 
bladder contractility contribute to the development of 
PVR.	PVR	measurement	can	be	accomplished	with-
in a few minutes of voiding either by catheterisation, 

or by calculation of bladder volume using a portable 
ultrasound scanner or formal ultrasonography. 

It	 is	 dificult	 to	 determine	 the	 value	 of	 post-void	
residual determination in the initial assessment of 
urinary incontinence since most studies produc-
ing	data	on	PVR	have	not	been	in	patients	with	UI.	
However, the populations studied have included 
women with UI, and incontinent patients with neu-
rogenic bladder disease.Several studies have com-
pared volumes measured with portable ultrasound 
scanners versus catheterisation and found portable 
scanners to be 85-94% accurate [29,30]. A study 
has imaged the bladder volume after catheterisa-
tion and found that the volume of urine remaining in 
the bladder after catheterisation accounted for most 
of the difference between the two measurements 
[29]. Bimanual palpation cannot reliably estimate 
the post-void residual urine volume [31]. 

Since	 PVR	 may	 vary,	 one	 measurement	 of	 PVR	
may	not	be	suficient	[32].	PVR	should	probably	be	
measured several times to increase its reliability. 
Grifiths	et	al	 found	a	signiicant	variability	 in	PVR	
measurement depending on the time of the day, 
with the greatest volume occurring in the morning 
[33].	A	non-representative	PVR	is	particularly	com-
mon if the patient’s bladder is not full enough to yield 
an urge to void. Special consideration is required in 
male patients with incontinence and bladder outlet 
obstruction, in incontinent neurogenic patients who 
may demonstrate combined disorders of storage 
and emptying [34], and preoperatively in patients 
being considered for incontinence surgery. 

An	increased	PVR	alone	is	not	necessarily	a	clinical	
problem, but if combined with high pressure storage 
pressures in the bladder it can lead to upper urinary 
tract	problems.	If	the	PVR	is	associated	with	urinary	
tract	 infections	 (UTIs),	 the	 PVR	 may	 need	 to	 be	
treated	since	UTIs	may	be	more	dificult	to	eradicate	
in	the	presence	of	an	infected	residual.	A	signiicant	
PVR	also	decreases	the	functional	bladder	capac-
ity and contributes to urgency/frequency, urgency 
incontinence and nocturia. Of note, a Scandina-
vian study in nursing home residents found that an 
elevated	PVR	was	not	 associated	with	 bacteriuria	
and incontinence [35], Since recurrent UTI’s [due to 
elevated	 PVR]	 can	 be	 associated	 with	 urinary	 in-
continence	 it	 is	 suggestedthat	 PVR	 in	 incontinent	
patients with recurrent UTIs should be measured. 

Review of the literature does not demonstrate an 
evidence-based	speciic	maximum	PVR	that	is	con-
sidered	normal,	nor	is	there	a	minimum	PVR	that	is	
considered abnormal. The amount of residual urine 
that precludes treatment by various therapies has 
not been determined. The AHCPR guidelines state 
that,	 in	general,	a	PVR	 less	 than	50	ml	 is	consid-
ered adequate bladder emptying and over 200 ml is 
considered inadequate emptying (expert opinion of 
the panel members – Level D) [36]. 
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2.  POST VOIDING RESIDUAL  (SPECIFICS IN THE FEMALE 
PATIENT)

“Normal	 values”	 of	PVR	have	been	determined	 in	
several groups of non-incontinent and incontinent 
women. Gehrich et al studied 96 women (mean age 
60 ± 11 yrs) that were seen in a well-women clinic. 
These women had no history of incontinence, reten-
tion, symptomatic prolapse or neurologic disorders. 
Most	(97%)	had	a	minor	(asymptomatic)	degree	of	
prolapse, 80% were post-menopausal and 30% had 
had	 a	 hysterectomy.	The	median	PVR	was	 19	ml	
(range	0-145	ml;	mean	24	±	29	ml);	 only	 5%	had	
PVR	 >	 100	ml.	 Only,	 age	 >	 65	 yrs	 was	 associat-
ed	with	 higher	 PVR	 [37].	 Tseng	 et	 al	 studied	 107	
women with urodynamic stress incontinence. They 
found	a	mean	PVR	of	62.5	ml	by	bladder	scan	and	
38.5	ml	by	catheterisation.	Only	15.9%	had	a	PVR	
greater	than	100	ml.	The	PVR	determined	by	blad-
der	scan	offered	a	sensitivity	of	64.7%	and	a	speci-
icity	 of	 94.3%	 in	 detecting	PVR	greater	 than	 100	
ml [38]. Haylen et al studying women with lower uri-
nary	tract	dysfunction	found	that	81%	had	a	PVR	of	
less than 30 ml [39]. Fitzgerald et al studied women 
with urgency, frequency and urgency incontinence: 
10%	 had	 an	 elevated	 PVR	 of	 >	 100ml.	 In	 these	
women with OAB, the following independent risk 
factors	for	increased	PVR	were	found:	vaginal	pro-
lapse,	symptoms	of	voiding	dificulty	and	abscence	
of stress-incontinence [40]. Lukacz et al found that 
only	11%	of	women	with	pelvic	loor	disorders	had	
an	elevated	PVR	[41].	Wu	and	Baguley	studied	319	
consecutive patients (196 women, 123 men) in a 
predominantly geriatric subacute general rehabili-
tation unit. Twenty two patients had been admitted 
with	a	catheter	and	were	excluded.	Of	the	297	“as-
ymptomatic”	patients,	21.5%	had	PVR	volumes	of	
150	mL	or	more.	Patients	with	elevated	PVR	(>	150	
ml)	were	signiicantly	more	likely	to	have	a	urinary	
tract infection at admission and have urinary incon-
tinence on discharge [42]. Milleman et al retrospec-
tively	 reviewed	 201	 women	 (mean	 age	 55;	 range	
20-90) who presented with complaints of urinary fre-
quency, urgency and /or urgency incontinence. 19% 
had	an	elevated	PVR	of	more	 than	100	ml	 (mean	
211	ml;	range	100-997	ml).	On	multivariate	analysis	
the	following	independent	predictors	of	raised	PVR	
were	identiied:	age	>	55	yrs	[OR	3.71],	prior	incon-
tinence surgery [OR 4.32], a history of multiple scle-
rosis [OR 15.32] and pelvic organ prolapse grade 2 
or greater [OR 3.61] [43]. In summary, an elevated 
PVR	>	100	ml	was	found	in	5%	of	women	visiting	a	
well-women clinic, in 10-19% of women with OAB, 
in	11%	of	women	with	pelvic	loor	disorders	and	in	
15.9% of women with urodynamic SUI. Overall, in-
continent women have a slightly higher risk of el-
evated	 PVR	 compared	 to	 asymptomatic	 subjects.	
There	 are	 insuficient	 data	 on	 incontinent	 men	 to	
draw conclusions. 

Does	a	signiicant	PVR	have	an	impact	on	the	out-
come of treatment in patients with incontinence? 

Nager et al studied the predictive value of urody-
namic measures on stress continence outcomes 
after surgery for stress urinary incontinence. They 
found that urodynamic measures do not predict out-
comes.	However,	since	women	with	PVR	>	150	ml	
were excluded in this study, one can only conclude 
that	PVR	volumes	<	150	ml	did	not	have	an	adverse	
impact on stress continence outcome [44]. 

3.   POST VOIDING RESIDUAL

    (SPECIFICS IN THE MALE  PATIENT)

A	 PVR	 measurement	 is	 especially	 recommended	
in men with symptoms suggestive of bladder out-
let	obstruction.	A	PVR	less	than	50ml	is	considered	
adequate bladder emptying and over 200ml is sug-
gestive	of	obstruction.	As	in	the	female	patient,	PVR	
can be measured within a few minutes of voiding by 
catheterisation	to	conirm	that	the	bladder	is	empty	
[45] or by ultrasonography [46]. A dedicated ultra-
sound system has been developed for automatic 
measurement	 of	 PVR,	 thereby	 improving	 the	 ac-
curacy and increasing comfort in the male patient. 
The	 International	 Consultation	 on	 BPH	 deined	 a	
range of 50 to 100 ml as the lower threshold to de-
ine	abnormal	PVR	[48].	Both	the	AUA	and	the	EAU	
guidelines suggest a threshold of 300 ml to identify 
patients at risk of unfavorable outcome following 
LUTS / BPO treatment [49,50]. 

There is no consensus about the relation between 
PVR	 and	 UTI	 in	 the	 male	 patient.	 Although	 the	
negative role of large residuals has been reported, 
the evidence is controversial. Elevated residual 
urine volume has been considered a bad prog-
nostic factor for disease progression. However, in 
the standard patients, renal failure, acute retention 
and UTIs are uncommon in men with large, chronic 
residuals [51]. No factors are available to identify 
patients,	with	signiicant	residual	urine,	who	are	at	
risk of progression [52].Therefore, based on these 
trials, untreated LUTS may place the male patient 
at risk for potential clinical deterioration. Thus, pe-
riodical	measurements	 of	PVR	are	 recommended	
in such patients. 

 •  Post Voiding Residual - Recommendations 

1.		Varying	degrees	of	decreased	bladder	emptying	or	
urinary retention may be a cause of LUTS that are 
associated with symptoms of decreased urinary 
storage.	The	decision	to	perform	a	PVR	in	disease	
speciic	sub-groups	of	incontinent	patients	should	
be based on an association of the condition with 
poor bladder emptying (Grade D ), whereas in in-
dividual patients this decision may be based on 
symptoms	or	physical	indings.	(Grade C ). 

2.		Female	patients	who	present	with	storage	speciic	
symptoms, with normal sensation and no com-
plaints of decreased bladder emptying, and no an-
atomical,	neurological,	organ-speciic,	or	co-mor-
bid risk factors for retention may be assessed for 
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bladder emptying by history and physical exami-
nation alone, depending on the potential morbid-
ity of the failure to diagnose and the nature of the 
intended therapy. (Grade B ). Due to the increased 
possibility of bladder outlet obstruction due to 
prostatic obstruction is increased in the male pa-
tient, the threshold for investigating residual urine 
in	the	male	is	signiicantly	lower	(Grade D ). 

3.		A	 PVR	 should	 be	 performed	 in	 incontinent	 pa-
tients when decreased bladder emptying is sus-
pected, especially if treatments that decrease 
bladder contractility or increase outlet resistance 
are being considered. (Grade D ) 

4.  A palpable bladder on physical examination is an 
indication for referral to a specialist (Grade D ). 

Residual urine determination by bladder scan is 
preferable to catheterisation due to the increased 
morbidity associated with instrumentation. (Grade 
D).	Non-invasive	ultrasound	measurement	of	PVR	
is as accurate as measurement by catheterisation 
and is therefore the preferred method. (Grade A ) 

 •   Post Voiding Residual - Future Research

1.		Development	of	more	speciic	indications	for	PVR	
testing for diagnosis and prior to instituting ther-
apy based on history, physical examination, and 
disease	speciic	indings.	

2.  Further development of low cost, minimally in-
vasive, and accurate means of measurement of 
PVR	that	do	not	require	catheterisation.	

3.  Continued research in subsets of patients is re-
quired	 to	 determine	 the	 need	 for	 PVR	 assess-
ment	and	the	correlation	between	elevated	PVR	
and treatment outcome, generally, to determine 
the	 effect	 of	 varying	 levels	 of	 PVR	 on	 the	 out-
comes of observational, conservative, pharmaco-
logical and surgical interventions, and more spe-
ciically,	the	female	patient	prior	to	surgeries	that	
increase outlet resistance, the male patient with 
bladder outlet obstruction where medications that 
can potentially decrease bladder contractility are 
considered, and the patient with elevated residu-
al urine where intermittent catheterisation is not 
practical and where recurrent urinary tract infec-
tions and decreased functional bladder capacity 
are potential complicating factors.

1.  ESTABLISHING THE TYPE OF URINARY IN -
CONTINENCE IN WOMEN

a)  The reliability of simple history questions for 
women

A meta-analysis was conducted by Holroyd-Leduc 
et	 al.	 using	 literature	 abstracted	 from	 1960-2007 

to determine the reliability of several questions 
for establishing the type of urinary incontinence in 
women. [53] An updated literature search was per-
formed using the same search criteria from July 
2007-January	2012	to	determine	whether	new	evi-
dence was available to add to existing data. Among 
794	 new	 citations,	 no	 new	 relevant	 articles	 were	
found to contribute additional evidence. Accord-
ing to the results of the meta-analysis by Holroyd-
Leduc et al, simple questions to diagnose stress or 
urgency urinary incontinence have high reliability 
in	 women	 (kappa=0.8;	 95%	 CI,	 0.3-0.9),	 with	 the	
percent agreement between repeated questioning 
estimated at 90% (95% CI, 84%-95%) for stress, 
urgency and mixed urinary incontinence sub-types. 
[54] The reader is referred to the systematic review 
for a list of all studies included in the analysis for 
each type of incontinence. In summary, if a woman 
responds “yes” to the question, “Do you lose urine 
during physical exertion, lifting, coughing, laughing 
or sneezing?” she is twice as likely to experience 
stress urinary incontinence compared to a woman 
who responds “no” to this question (positive likeli-
hood	 ratio	 [LR],	 2.2;	 95%	conidence	 interval	 [CI],	
1.6-3.2;	negative	LR,	0.39;	95%	CI,	0.25-0.61).	The	
question to diagnose urgency urinary incontinence 
is even more reliable. A woman who responds “yes” 
when asked “Do you ever experience such a strong 
and sudden urge to void that you leak before reach-
ing the toilet?” is four-times as likely to have ur-
gency incontinence than a woman who does not ex-
perience feelings of urgency associated with urine 
leakage	(positive	LR,	4.2;	95%	CI	2.3-7.6;	negative	
LR,	0.48;	95%	CI,	0.36-0.62).	Positive	answers	 to	
both these questions strongly suggest mixed uri-
nary incontinence. 

Martin et al performed a systematic review of meth-
ods of assessing urinary incontinence from 1996-
2002,	 with	 indings	 similar	 to	 those	 reported	 by	
Holroyd-Leduc et al. [55] The clinical history alone 
in diagnosing stress urinary incontinence in women 
was found to have a sensitivity of 0.92 and speci-
icity	of	0.56,	and	for	urgency	urinary	 incontinence	
a	sensitivity	of	0.61	and	speciicity	of	0.87.	No	evi-
dence was provided by either review on the reliabil-
ity of other questions to diagnose additional symp-
toms of incontinence. 

Although positive answers to the questions noted 
by Holroyd-Leduc et al. increase the likelihood that 
a woman will have a certain type of urinary inconti-
nence,	the	history	alone	is	insuficient	to	establish	
diagnostic	certainty.	Suficient	diagnostic	certainty	
has	been	deined	as	a	positive	likelihood	ratio	>	5	
to	conirm	the	diagnosis	and	a	negative	likelihood	
ratio	<0.2	to	exclude	the	diagnosis,	which	is	great-
er than the values obtained in the meta-analysis. 
As such, diagnostic interviews need to be comple-
mented by a targeted physical exam and sound 
clinical judgment to establish a probable diagnosis. 
According to the meta-analysis by Holroyd-Leduc 

V. SPECIFIC POPULATIONS:
EVALUATION OF THE FEMALE PATIENT 
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et al., comprehensive assessment including the 
history, physical exam and targeted investigation, 
still holds the most value for diagnosing stress uri-
nary	 incontinence	 (positive	LR,	3.7;	95%	CI,	2.6-
5.2;	negative	LR,	0.20;	95%	CI	0.08-0.51)	and	ur-
gency	urinary	incontinence	(positive	LR,	4.6;	95%	
CI,	1.7-12.6;	negative	LR,	0.11;	95%	CI	0.04-0.33)	
in female patients. 

b)  Accuracy of the general physical examination 
in women

No studies were found that addressed the accuracy 
of components of the general physical examina-
tion for diagnosing the type of urinary incontinence 
in women. Nonetheless, it is recommended that a 
thorough physical examination, including but not 
restricted to the abdomen, rectum, gynaecologi-
cal/ pelvic regions and neurological system be per-
formed for ruling out certain risk factors as well as 
signiicant	associated	or	underlying	pathology,	such	
as	 signiicant	 prolapse,	 obstruction,	 neurological	
disease and malignancy. Height and weight should 
be recorded so that the body mass index can be 
calculated (Kg/M2). 

1. ABDOMINAL  EXAMINATION

Observation of the abdomen may yield evidence of 
scars from previous surgeries or increased abdomi-
nal striae. Increased abdominal striae may be found 
in association with other markers of abnormal colla-
gen metabolism, and are more likely in patients with 
prolapse and stress incontinence. [56] An attempt 
should be made to palpate the kidneys, particularly 
where a voiding dysfunction or neurogenic bladder 
dysfunction are suspected. A distended bladder 
may	be	identiied	by	abdominal	palpation	or	by	su-
prapubic percussion. In one study designed to look 
at the clinical utility of basic assessment in elderly 
women, palpable enlargement indicated a post-void 
residual	volume	of	at	least	300ml.	[57]	

2. NEUROLOGICAL  EXAMINATION 

A neurological examination should be performed with 
particular attention to the sacral neuronal pathways. 
Saddle anesthesia will occur with lesions affecting 
S2-S4. (See Cmte. 10, Neurogenic Patients) As-
sessment	of	 gait,	 abduction	and	dorsilexion	of	 the	
toes (S3) and sensory innervation to the labia mi-
nora (L1-L2), sole and lateral aspect of the foot (S1), 
posterior aspects of the thigh (S2), and cutaneous 
sacral	relexes	(bulbocavernosus	and	anal	relexes)	
are additional features of the neurological exam that 
may be assessed. A rectal examination will provide a 
subjective assessment of resting and voluntary anal 
tone (S2-S4). For patients with possible neurogenic 
lower urinary tract dysfunction, a more extensive 
neurological examination is required. In the elderly, 
full cognitive and mobility assessments are also rec-
ommended. An evaluation of hand dexterity should 
be performed when self-catheterisation is being con-

sidered as a treatment option for incontinence asso-
ciated with chronic urinary retention. 

3. GYNAECOLOGICAL  EXAMINATION 

Gynaecological examination should include in-
spection of the perineal and genital regions as 
well as a digital vaginal examination to evaluate 
pelvic floor muscle strength. Inspection of the 
vulva and perineum allows a description of the 
skin and the presence of any abnormal anatomi-
cal features, of atrophy or excoriation, features of 
prolapse, and erythema due to incontinence and 
the wearing of pads. 

Presently	 there	are	 few	scientiic	data	document-
ing the parameters of a normal pelvic examination 
in women of various ages and with various obstet-
rical histories. The components of the examination 
have not been universally agreed upon. It seems 
intuitive that the examination should include an 
assessment	 of	 the	 bony	 architecture,	 pelvic	 loor	
muscle tone and muscle mass, connective tissue 
support, the epithelial lining of the vagina, the size, 
location, and mobility of the uterus, the adnexal 
structures,	and	innervation	of	the	pelvic	loor	struc-
tures. It is important to establish the oestrogen sta-
tus as oestrogen receptors are present within the 
lower urinary tract, [58] and have been shown to 
inluence	 cell	 proliferation.	 [59]	Women	with	 oes-
trogen	 deiciency	 may	 complain	 of	 urgency	 and	
frequency and recurrent urinary tract infections 
may develop because of lossof urethral mucosal 
coaptation. In women of reproductive age, symp-
toms may vary with the menstrual cycle. [60] 

The well-oestrogenised vagina has a thickened 
epithelium, with transverse rugae in its lower 
two-thirds. The poorly oestrogenised vagina has 
a thinned epithelium with loss of transverse ru-
gae. Signs of moderate to severe vaginal atrophy 
include the presence of pale and dry vulvovagi-
nal mucosa with petechiae. [61] A urethral car-
uncle, a small, soft, smooth friable red outgrowth 
along the edge of the urethra, may also develop. 
A thin watery yellow vaginal discharge may be 
observed. The appearance of thicker, white or 
other coloured vaginal secretions may suggest a 
vaginal	infection;	urine	within	the	vagina	suggests	
genitourinary fistula. 

Urethral diverticula are occasionally congenital but 
most are acquired. They may have either a simple 
or a complex sacculation. Many patients with ure-
thral diverticula are asymptomatic and need no 
treatment. Symptomatic patients report recurrent 
cystitis,frequency, dysuria, dyspareunia, urinary in-
continence	 and	 voiding	 dificulties.	 On	 clinical	 ex-
amination	a	suburethralmass	may	be	palpable;	 the	
urethra	is	usuallytender;	and,	if	the	sacculation	com-
municates with the urethra, it may be possible to ex-
press a purulent exudate from the urethra. Occasion-
ally, a stone may develop within the diverticulum. [62] 
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4. SPECIALISED TESTS FOR DIAGNOSIS UI IN WOMEN

Three special manoeuvres can be performed dur-
ing the initial assessment of urinary incontinence: 
the stress test, the Q-tip test, and the pad test. The 
post-void residual urine volume and use of a urinal-
ysis in the initial assessment of women with urinary 
incontinence are also discussed. 

 • Stress Test

The stress test involves observation for urine loss 
with	coughing	or	Valsalva	maneouvre.

This procedure can be performed while the patient 
is in the lithotomy position or standing. Instanta-
neous	urine	 leakage	on	coughing	or	during	a	Val-
salvamaneouver is considered a positive test, and 
a sign of stress urinary incontinence. [2] Holroyd-
Leduc et al. reviewed existing evidence on the diag-
nostic accuracy of the stress test for stress urinary 
incontinence. [53] Results from the meta-analysis 
revealed that a positive stress test increases the 
likelihood of a diagnosis of stress urinary inconti-
nence	(summary	LR,	3.1;	95%	CI,	1.7-5.5),	while	a	
negative test result decreases the likelihood (sum-
mary	 LR,	 0.36;	 95%	 CI,	 0.21-0.60).	 The	 results	
obtained	during	a	 illed–bladder	 test	 are	more	ac-
curate than the results obtained during an empty-
bladder test. Doing a more complicated stress test 
that	uses	a	step-wise	approach	to	bladder	illing	and	
combines supine and standing testing does not fur-
ther improve diagnostic accuracy for stress urinary 
incontinence. The stress test performed with cough-
ing appears to be a reliable test. Reliability data are 
not	available	for	tests	performed	using	the	Valsalva	
maneouvre. Price and Noblett recently compared 
the accuracy of the cough stress to the pad test for 
diagnosing stress urinary incontinence. [63] The 
cough stress test demonstrated superiority over the 
pad	 test	with	 a	 sensitivity,	 speciicity,	 and	 positive	
and negative predictive values of 90%, 80%, 98%, 
and 44% for diagnosing stress urinary incontinence.

 • Q-tip test

The Q-tip test has traditionally been used to as-
sess mobility of the urethro-vesical junction. The 
test involves placement of a lubricated cotton swab 
or Q-tip in the urethra to the level of the bladder 
neck while the woman is in the lithotomy position. 
Change in the axis of the free end of the swab is 
then	 measured	 while	 the	 woman	 performs	 a	 Val-
salva maneouvre. The free end should remain hori-
zontal if no anatomical defect is present. If the free 
end moves above the horizontal, urethral hypermo-
bility is suspected, this can occur in patients with 
stress urinary incontinence. [64] In a meta-analysis 
by Holroyd-Leduc et al. that examined the accuracy 
of the Q-tip test for diagnosing stress urinary incon-
tinence, only two relevant studies metthe inclusion 
criteria. [53] Results of the analysis suggested that 
a positive Q-tip test does not accurately predict the 

diagnosis of stress urinary incontinence in women. 
More	specialised	testing	with	pelvic	loor	ultrasound	
and other imaging techniques appears to be gradu-
ally replacing the Q-tip test for a more advanced as-
sessment of bladder neck hypermobility. The reader 
is referred to the Report by the Committee on Imag-
ing	and	Other	Investigation	(Cmte	7).	

 • Pad test

A pad test involves the continuous wearing of con-
tinence pads for a set period of time. The objective 
of pad testing is to quantify the volume of urine lost 
by weighing a perineal pad before and after some 
type of leakage provocation. This test has also been 
used in an attempt to distinguish continent from in-
continent women, rather than for distinguishing the 
type of urinary incontinence. Holroyd-Leduc et al. 
reported that a positive pad test increases the likeli-
hood	of	an	incontinence	problem	(LR,	3.3;	95%	CI,	
2.0-5.4), while a negative pad test makes an incon-
tinence	problem	much	less	likely	(LR,	0.11;	95%	CI,	
0.05-0.27).	[53]	Pad	tests	can	be	divided	into	short-
term tests, usually performed under standardised 
ofice	conditions,	and	 long-term	 tests,	usually	per-
formed at home for 24–48 hours. Pad tests are gen-
erally	performed	with	a	 full	bladder	or	with	a	ixed	
known volume of saline instilled into the bladder be-
fore beginning the series of exercises. A pad weight 
gain >1 g is considered positive for a 1-hour test, 
and a pad weight gain >4 g is positive for a 24-hour 
test. There is wide variation in the pad weight gain 
in incontinent women participating in clinical trials. 
Although some studies have found high test-retest 
correlations in pad tests, [65, 66] other studies have 
reported low inter-subject and intra-subject reliabil-
ity.	[67,	68]	The	correlation	coeficient	between	total	
leakage during two long-term tests appears to ex-
ceed	of	standard	1-hour	tests.	[69,	70]

2.  PELVIC ASSESSMENT: PELVIC FLOOR 
STRENGTH AND PELVIC ORGAN PROLAPSE 

a) Assessment of pelvic loor muscle strength 

According to the recent 2010 joint guidelines pub-
lished	 by	 IUGA/ICS	 in	 2010,	 pelvic	 loor	 muscle	
strength	 is	 qualitatively	 deined	 by	 the	 tone	 at	 rest	
and	the	strength	of	a	voluntary	or	relex	contraction	
as strong, normal, weak or absent, or by a validated 
grading	 symptom.	 [2]	 Voluntary	 pelvic	 loor	muscle	
contraction should be evaluated during the initial as-
sessment by vaginal digital palpation. Any or all of 
the following factors can be assessed including mus-
cle strength (static and dynamic), voluntary muscle 
relaxation (absent, partial, complete), muscular en-
durance (ability to sustain maximal or near maximal 
force), repeatability (the number of times a contrac-
tion to maximal or near maximal force can be per-
formed), duration, coordination, and displacement. If 
possible,	it	is	desirable	to	document	indings	for	each	
side	of	the	pelvic	loor	separately	to	allow	for	any	uni-
lateral defects and asymmetry. The ICS report on the 
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standardisation	of	terminology	of	pelvic	loor	muscle	
function and dysfunction provides a fuller description 
of	the	assessment	of	pelvic	loor	muscle	function	in-
cluding	the	following:[71]	

a)		Normal	pelvic	loor	muscles:	Pelvic	loor	muscles	
which can voluntarily and involuntarily contract 
and relax.

b)		Overactive	 pelvic	 loor	 muscles:	 Pelvic	 loor	
muscles which do not relax, or may even con-
tract when relaxation is functionally needed, for 
example, during micturition or defaecation.

c)		Underactive	 pelvic	 loor	 muscles:	 Pelvic	 loor	
muscles which cannot voluntarily contract when 
this is appropriate.

d)		Non-functioning	pelvic	loor	muscles:	Pelvic	loor	
muscles where there is no action palpable. 

b) Assessment of Pelvic Prolapse

Urinary incontinence and pelvic organ prolapse are 
separate	clinical	entities	 that	often	coexist.	Signii-
cant protrusions of the vagina can obstruct voiding 
and defaecation. It is important to assess pelvic 
organ prolapse in a woman with incontinence, be-
cause repair of one pelvic support defect without 
repair of concurrent asymptomatic pelvic support 
defects can predispose to accentuation of unre-
paired defects and new symptoms. The term stress 
incontinence on prolapse reduction (occult or latent 
stress incontinence) was recently introduced to 
describe the development of stress urinary inconti-
nence after of reduction of co-existent prolapse by 
surgical repair or pessary insertion. [2] 

Assessment of pelvic organ prolapse described in 
this section is in accordance with the recent 2010 
joint guidelines produced by IUGA/ICS in 2010.[2] 
All examinations for pelvic organ prolapse should 
be performed with the woman’s bladder empty (and 
if possible an empty rectum). [2] The patient should 
be examined in the position (for example, left lateral 
(Sims), supine, standing, or lithotomy) that best dem-
onstrates prolapse according to the patient. The de-
gree of prolapse may be worse later in the day (after 
a lengthy time in the erect position) than it is earlier 
in	the	day.	The	hymen	always	remains	the	ixed	point	
of reference for prolapse description. Pelvic organ 
prolapse	 is	 deined	as	 the	descent	 of	 one	or	more	
of the anterior vaginal wall, posterior vaginal wall, 
the uterus (cervix), or the apex of the vagina (vagi-
nal vault or cuff scar after hysterectomy) at the level 
of the hymen or beyond. Most clinicians are gener-
ally comfortable with the terms cystocele, rectocele, 
vaginal vault prolapse, and enterocele, which have 
historically been used interchangeably with the terms 
anterior,	posterior	or	apical	vaginall	prolapse.	[2,	71]	

a) Stage 0: No prolapse is demonstrated.

b)  Stage I: Most distal portion of the prolapse is 
more than1 cm above the level of the hymen.

c)  Stage II: Most distal portion of the prolapse is 1 cm or 
less proximal to or distal to the plane of the hymen.

d)  Stage III: The most distal portion of the prolapse 
is more than 1 cm below the plane of the hymen.

e)		Stage	IV:	Complete	eversion	of	the	total	length	of	
the lower genital tract is demonstrated. 

1. PELVIC ORGAN PROLAPSE QUANTIFICATION (POP-Q)

Different systems have been used to describe pel-
vic organ prolapse (POP), however lack objectivity 
and	validation	 [73,	74].	The	need	 for	an	objective,	
site-speciic	method	of	quantifying	and	staging	POP	
lead to the design and validation of the POP-Q sys-
tem. The original description of the POP-Q was by 
Bump	et	al	[72]	 in	1996	and	is	shown	in	igures 1 
and 2 . The POP-Q records defects relative to the 
hymenal remnants in centimetre gradients. These 
measurements are further staged according to the 
distal-most defect (Figure 3). 

Anterior	vaginal	wall	prolapse	is	deined	as	descent	
of the anterior vagina so that the urethra-vesical 
junction (a point 3cm proximal to the external uri-
nary meatus) or any anterior point proximal to this 
is less than 3cm above the plane of the hymen. 
The well-supported anterior vaginal wall should not 
cross the longitudinal axis of the vaginal canal. Hy-
permobility of the urethro-vesical junction is demon-
strated by having the patient perform a maximum 
Valsalva	effort.	In	women	with	hypermobility,	the	in-
crease in intra-abdominal pressure causes descent 
of the urethro-vesical junction (bladder neck). 

On vaginal examination, there may be loss of the 
transverse crease between the lower and middle 
thirds of the anterior vaginal wall and descent of the 
anterior vaginal wall. Anterolateral protrusion into 
the vaginal canal may represent unilateral or bilater-
al detachment of the pubocervical fascia along the 
anterolateral vaginal sulcus from its attachment to 
the arcustendineus fascia pelvis (white line). Cen-
tral protrusions of the anterior vaginal wall may rep-
resent defects in the pubocervical fascia below the 
trigone and base of the bladder. Advanced prolapse 
of the upper anterior vaginal wall may obstruct a 
well-supported bladder neck. 

Prolapse of the apical segment of the vagina is de-
ined	as	any	descent	of	the	vaginal	cuff	scar	(after	
hysterectomy) or cervix, below a point that is 2cm 
less than the total vaginal length above the plane of 
the hymen. Descent of the cervix or of the vaginal 
apex following hysterectomy, below the level of the 
ischial spines is evidence of a defective vaginal sus-
pension mechanism. In some women, the intravagi-
nal portion of the cervix may become elongated and 
cause the cervix to extend into the lower vaginal ca-
nal,	 simulating	prolapse;	 however	 the	 fundus	may	
have good support. In other women, the uterus may 
prolapse fully outside the hymen as uterine proci-
dentia. Following hysterectomy, the vaginal cuff 
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der that lie upon the anterior vaginal wall. For exam-
ple, distal loss of support in the posterior segment 
may result in a bulge that compresses the urethra 
and affects voiding. 

The system has not been widely adopted in clinical 
practice	 particularly	 by	 non-urogynaecologists;	 ow-
ing	somewhat	to	dificulty	in	learning	the	assessment	
[75,	76].	A	simpliied	version	of	the	POP-Q	was	pub-
lished by Swift in 2002, whereby the ordinal staging 

Figure 3A and B – POP-Q system [2]

A

B

may be well supported or may prolapse fully outside 
the hymen, along with other vaginal segments. 

Posterior	vaginal	wall	prolapse	is	deined	as	any	de-
scent of the posterior vaginal wall so that a midline 
point on the posterior vaginal wall 3cm above the 
level of the hymen or any posterior point proximal to 
this, less than 3cm above the plane of the hymen. 
The well-supported posterior vaginal wall should not 
cross the longitudinal axis of the vaginal canal. Pos-
terior protrusions into the vaginal canal are most 
commonly caused by defects in the recto-vaginal 
fascia allowing protrusions of the small bowel (en-
terocoele) and/or rectum (rectocele). Normally, the 
anterior vaginal wall lies upon the posterior vaginal 
wall. Therefore, protrusions of the posterior vaginal 
wall can affect the function of the urethra and blad-

Figure 1-2 Six sites (Aa, Ba, C, D, Bp, Ap), genital 
hiatus (gh), perineal body (pb) and total vaginal 
length (tvl) used for POP-Q and the three by three 
grid for recording quantitative description of pelvic 
organ support (72].

Figure 1

Figure 2
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system of the original scale was retained. Only four 
measurement	points	were	suggested;	 i.e.	 the	ante-
rior and posterior vaginal walls, the cervix and the 
vaginal apex. Measuring the descent of a half-way 
point between the hymenal remnants and the vagi-
nal wall, cervix or vaginal apex similar to the original 
POP-Q	was	described	 [77].	The	 inter-observer	cor-
relation	of	the	simpliied	POP-Q	was	investigated	in	
a secondary analysis of data from a large multicentre 
study. Weighted kappa statistics for the four POP-Q 
sites ranged from 0.53 (indicating poor agreement) 
to	1.0	(denoting	excellent	agreement)	[78].	

 A review of the POP-Q with the aim of simplifying 
the assessment tool is underway by the standardi-
sation committees of the International Continence 
Society (ICS) and International Urogynaecology As-
sociation (IUGA) [2]. 

Despite	 the	 dificulties	 highlighted	 with	 the	 adop-
tion of the POP-Q, reproducibility and reliability of 
the assessment system have been demonstrated 
[75,	79,	80].	Hall	et	al	demonstrated	that	the	exami-
nation could be completed within four minutes by 
new learners and two minutes by clinicians experi-
enced with the assessment [81]. With experienced 
practitioners, POP-Q staging performed using the 
measurement technique and estimation based on 
clinical	 examination	 are	 not	 signiicantly	 different	
[82]. Parnell et al have described a POP-Q model 
in order to teach the POP-Q examination [83].The 
POP-Q	has	 gained	popularity	 in	 the	 quantiication	
of POP in clinical research protocols and is quoted 
in 80% of articles on POP [84]. 

A retrospective study by Collins et al showed that 
a point Bp value of >-.5 on the POP-Q was found 
to be strongly correlated with defaecatory dysfunc-
tion with symptoms of stool trapping and incomplete 
evacuation;	 leading	to	the	need	for	perineal	splint-
ing in women with POP [85]. The POP-Q has been 
used	for	the	linguistic	validation	of	condition	speciic	
health related quality of life questionnaires such as 
the Pelvic Floor Distress Inventory, Pelvic Floor Im-
pact Questionnaires [86], Prolapse Quality of Life 
questionnaire	 [87-89],	 Pelvic	 Organ	 Prolapse/Uri-
nary Incontinence Sexual Questionnaire (PISQ12) 
[90] and validation of the Patient Global Impression 
of Improvement (PGI-i) for urogenital prolapse [91]. 

The POP-Q measurements have been validated in 
the dorsal lithotomy, standing and upright positions. 
Digesu et al. investigated the reliability of the POP-Q 
in the left lateral position in a sample of 218 patients. 
Compared with digital examination, the POP-Q sys-
tem showed a higher degree of reliability (Kappa co-
eficients	of	0.54	and	0.88	respectively)	[92].

The	POP-Q	has	been	used	to	deine	improvement	
in POP after surgical interventions in a number of 
studies;	 including	 novel	 laparoscopic	 techniques	
such as uterine suspension to the anterior abdomi-
nal	 wall	 [93],	 colpocleisis[94),	 sacrospinous	 ixa-

tion	[95,	96],	vaginal	mesh	or	abdominal	mesh	[97-
124], animal derived mesh [125-128] and collagen 
coated mesh repairs [129]. An advantage of the 
widespread adoption of the POP-Q system is the 
ability to compare results and surgical outcomes of 
different studies.

A recent study involving 311 women with symptom-
atic	prolapse	aimed	to	investigate	the	inluence	of	
increasing age, body mass index(BMI) and par-
ity on POP-Q measurements [130]. The results 
of the study showed no correlation between BMI 
and POP-Q measurements. Increasing parity was 
associated with greater scores on point Aa. Ag-
ing was associated with worsening global POP-Q 
scores. The correlation between POP-Q measure-
ments and symptoms of prolapse were found to be 
poor in a study of 64 patients with stage ?or greater 
prolapse [131]. This study reported that higher BMI 
was associated with experiencing fewer symptoms 
of prolapse.

An observational study of 94 women underwent 
POP-Q and pelvic ultrasound assessment of their 
type of cystocele [132]. The aim of the study was to 
investigate the agreement between physical POP-Q 
and	 the	Green	 radiological	 classiication	 of	 cysto-
cele.	Kappa	co-eficients	ranged	between	0.56-0.54	
and	0.32-0.79	for	clinical	and	ultrasound	diagnosis	
respectively.	The	clinical	utility	of	these	indings	has	
not	been	established.	The	quantiication	of	POP	us-
ing the POP-Q was compared with dynamic MRI 
and	perineal	ultrasonographic	 imaging;	 the	 results	
showed that correlations of the anterior compart-
ment were good to moderate, compared with cen-
tral and posterior compartment that were poor to 
moderate. Correlations were independent of the 
Pop-Q staging measurements [133].

Sexual function in women with prolapse before and 
after treatment has been investigated in a number of 
studies, using the POP-Q as an objective measure of 
prolapse. One study of 68 women undergoing trans-
vaginal mesh repair found improvement in POP-Q 
scores postoperatively, however dyspareunia was a 
signiicant	 factor	 for	 pre-menopausal	women	 [134].	
Another study looking at sexual function in women 
after	 pelvic	 loor	 surgery	 found	 signiicant	 improve-
ment in both POP-Q scores and sexual satisfaction 
in women after surgery – interestingly, none of the 
women had undergone mesh repair [135]. 

3.  GENERAL RECOMMENDATIONS IN THE 
FEMALE PATIENT

1.  In order to diagnose female incontinence, inter-
views need to be complemented by a targeted 
physical exam and sound clinical judgment to es-
tablish a probable diagnosis. LEVEL 1, Grade B.

 a)  A positive response to the question “Do you 
lose urine during physical exertion, lifting, 
coughing, laughing, or sneezing?”, increases 
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the ratio to 2.2 times that a woman has stress 
incontinence than to the woman who re-
sponds negatively.

 b)  A positive response to the question “ Do you 
ever experience such a strong and sudden 
urge to void that you leak before reaching the 
toilet?, increases the ratio to 4 times as likely 
that a woman has urgency incontinence than 
to the woman who responds negatively.

 c)  Positive answers to the questions in (a) and 
(b) strongly suggest mixed incontinence.

 d)  Of note, a response ratio of 5 times as likely 
is generally accepted as a positive likeli-
hood ratio.

2.  There are no studies which address the compo-
nents of the general physical examination for diag-
nosing the type of urinary incontinence in women. 
LEVEL 1 Grade B .

	 a)		Urinary	 leakage	 with	 a	 cough	 or	 Valsalva	
maneover increases the likelihood by 3.1 
times over a stress test that demonstrates 
no leakage. 

 b)  The cough test is more reliable than a pad 
test for diagnosing stress incontinence. 

3.		An	 assessment	 of	 pelvic	 loor	 anatomy	 and	
strength should be performed during a routine 
pelvic examination. LEVEL 5 Grade D .

 a)  A simple description of the relationship of the 
anterior, superior and posterior walls at rest 
and with straining is recommended.

 b)  The degree of prolapse has not been correlat-
ed with the presence or degree of urinary loss. 

 c)  Although the POP-Q examination has been 
reviewed by this committee on Initial As-
sessment and has been shown to be repro-
ducible and reliable, this committee does 
not recommend the routine use of the POP-
Q by primary caregivers. 

4.  RESEARCH RECOMMENDATIONS IN THE 
FEMALE PATIENT

1.  Investigations to correlate the accuracy of the his-
tory (simple questions) and physical examination 
(stress test, pelvic anatomy, and pelvic strength) 
for the diagnosis of stress (effort), urgency (com-
pelling urge), and mixed (combined) incontinence 
are recommended. 

2.  Investigations which correlate the accuracy of 
combining	 the	 history	 and	 physical	 indings	 for	
predicting the treatment response to empiric 
therapies involving conservative and pharmaco-
logical intervention are recommended.

3.		A	 simpliied,	 accurate	 and	 reproducible	 system	
for grading anatomic changes, and establishing 

the likelihood or presence of stress (effort) incon-
tinence are needed. Investigations into the de-
velopment	of	speciic	maneouvers	which	involve	
the reduction of prolapse and the “unmasking” of 
leakage and the reliability of these maneouvers 
in both the diagnosis of stress incontinence, and 
response to empiric conservative therapy should 
be undertaken. 

1.  CHARACTERISTICS OF MALE INCONTINENCE

In the male patients, lower urinary tract dysfunction, 
and obstruction from benign prostatic enlargement 
presents a multi-factorial paradigm for assess-
ing symptom aetiology. Lower urinary tract symp-
toms (LUTS: voiding, storage and post-micturition 
symptoms)	in	men	have	a	signiicant	effect	on	qual-
ity of life (QOL), as compared with the unaffected 
general population [136]. The aetiology of voiding 
symptoms may vary, from benign prostatic hyper-
plasia (BPH), urethral stricture, primary bladder 
neck dysfunction, or abnormal voiding dynamics 
of the detrusor. Several epidemiological reports 
have demonstrated that storage symptoms (includ-
ing	urgency	and	urgency	 incontinence)	deined	as	
OAB syndrome also increases with age in men 
[137,138].	 In	 men	 with	 bladder	 outlet	 obstruction	
and idiopathic detrusor overactivity, older age and 
a higher grade of obstruction has been reported 
[139]. Chronic prostatic pain syndromes (e.g. non-
bacterial	 chronic	 prostatitis)	 and	 other	 pelvic	 loor	
dysfunctions can also present with a component of 
symptoms compatible with storage symptoms. In 
younger men, primary bladder neck dysfunction is a 
common cause of LUTS, with or without pelvic pain 
[140]. Functional abnormalities of striated sphinc-
ter relaxation may also occur in young men [141]. 
The complexity of the presenting symptoms and the 
various differential diagnoses mandate a thorough 
basic assessment of the lower urinary tract in men 
to plan optimal therapeutic intervention. 

a) Prevalance of OAB (male)

In	 the	 NOBLE	 study,	 a	 different	 sex-speciic	 pat-
tern emerged for OAB with or without urgency in-
continence [142]. The prevalence of OAB with ur-
gency incontinence displays a steeper age-related 
increase among women than among men and the 
gender	difference	is	statistically	signiicant.	In	wom-
en, OAB with urgency incontinence increased more 
than nine-fold from 2.0% in those 18-24 years of age 
to	19.1%	among	those	65-74	years	of	age.	In	con-
trast, a substantial increase in prevalence of OAB 
with urgency incontinence among men did not occur 
until	65	years	of	age,	reaching	8.2%	for	ages	65-74	
years	and	10.2%	 for	 those	75	 years	and	older.	 In	
men, OAB without urgency incontinence increased 
approximately three-fold, from 8.5% below 45 years 

VI. SPECIFIC POUPULATION:
EVALUATION OF THE MALE PATIENT 
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of age to 21.8% after 55 years of age, whereas OAB 
without urgency incontinence gradually increased in 
women less than 44 years of age and reached a 
plateau in women over the age of 44 years. 

Prevalence ratios for OAB with urgency inconti-
nence and for OAB without incontinence were sig-
niicantly	elevated	for	men	who	self-reported	with	a	
history of prostate problems. Thus, the evaluation of 
men with symptoms of OAB syndrome depends on 
the	 identiication	 and	assessment	 of	 lower	 urinary	
tract obstruction that may be a cause (in part or in 
entirety) of the presenting symptoms. 

Recently, Markland et al. estimated trends in the 
prevalence of urinary incontinence in the adult pop-
ulation of the United States from 2001 through 2008 
before and after adjusting for other potential associ-
ated	factors.	They	analyzed	data	on	17,850	adults	
20 years or older who participated in the 2001 to 
2008 cycles of the National Health and Nutrition 
Examination Survey. The age-standardised preva-
lence of urinary incontinence in the combined sur-
veys was 13.9% in men, and 51.1% in women. Prev-
alence in women increased from 49.5% in 2001 to 
2002,	to	53.4%	in	2007	to	2008	(Ptrend	=0.01)	and	
in men from 11.5% to 15.1%, respectively (Ptrend 
=	0.01).	 In	women,	 the	 increased	prevalence	was	
explained in part, by differences in age, race/eth-
nicity, obesity, diabetes and select chronic diseases 
across the survey periods. In men, an adjustment 
for possible associated factors did not explain the 
increasing prevalence of urinary incontinence [142]. 

Recent epidemiological surveys have demonstrated 
a	 signiicant	 association	 between	 metabolic	 syn-
drome (MS) and life style factors, and LUTS, includ-
ing incontinence. Well known life style factors, such 
as	 food;	meat,	 fat	 for	 example,	 are	 widely	 known	
high risk factor of BPH. It has been revealed that 
lifestyle factors associated with metabolism – in-
cluding obesity, blood glucose, exercise, and diet 
– also contribute substantially to the development 
of these conditions [143]. In the Third National 
Health and Nutrition Examination Survey conducted 
on men older than 60 yr, the odds of having LUTS 
increased	 signiicantly	 in	 men	 with	 three	 or	 more	
components of MS when compared with their con-
trol	 counterparts	 [odds	 ratio	 (OR)	 1.80;	 95%coni-
dence interval (CI) 1.11–2.94] [144]. Patients with 
MS also had an increasing rate of prostate growth, 
which might account for the increasing prevalence 
of LUTS [145]. 

Boston Area Community Health (BACH) survey is a 
population based epidemiological survey of a broad 
range of urological symptoms and risk factors in a 
randomly selected 1,899 men [146]. Using ATP III 
guideline to characterise MS and AUA symptom in-
dex (AUASI) to assess LUTS, it showed that there 
is	a	signiicant	association	between	MS	and	voiding	
symptoms rather than storage symptoms of LUTS. 

The overall prevalence of MS in this study was 29% 
and demonstrated the association of each LUTS 
and individual components of MS. Statistically sig-
niicant	associations	between	LUTS	and	type	2	dia-
betes and/or increased blood sugar were observed. 
Recent	studies	[147,	148]	showed	that	administra-
tion of statins, which are medications currently pre-
scribed for prevention of coronary heart disease, 
stroke, and peripheral artery diseases, may help 
prevent common urological problems in aging men. 

b)  Prevalance of Incontinence after surgery 
(male – the prostate) 

Another important issue in male patients is incon-
tinence after surgery or intervention for BPO and 
prostate	 cancer.	A	 survey	 in	 England	 of	 5276	 pa-
tients who had undergone TURP found that one-
third	of	men	(n=1759	men)	who	were	continent	be-
fore surgery reported some incontinence 3 months 
post TURP [149]. Recently, a systematic review of 
the literature revealed that many minimally invasive 
techniques and surgeries for management of BPO 
result in urinary incontinence, which was observed 
more often following TURP (1.4%). The rate of uri-
nary incontinence after other techniques are as fol-
lows:	HIFU;	0.0%,	ILCP:	0.1%,	TUMT:	0.1%,	TUNA:	
0.0%,	 TUVP:	 0.9%,	 VLAP:	 0.2%,	 HoLEP:	 1.2%	
[150]. (All these abbreviations need to be spelt out 
in	full	irst)	Carson	et	al.	reported	that	incontinence	
occurs in 0.5 to 1.0% of all patients undergoing open 
prostatectomy for benign prostatic disease [151]. 

Urinary incontinence after radical prostatectomy 
continues	to	be	a	widespread	and	dificult	problem	
for urologists to treat. After radical prostatectomy, 
Donnellan et al. reported that 6% of men were 
mildly incontinent, 6% were moderately incontinent 
and 4% were severely incontinent at 1 year after 
surgery [152]. Wei et al reported rates of 6% to 69% 
[153]. Flynn et al. reported that the rate of post-
radical prostatectomy urinary incontinence ranges 
greatly	in	the	published	literature,	from	3%	to	74%	
after	 surgery,	 with	 varying	 deinitions.	 Long-term	
incontinence after radical prostatectomy that sig-
niicantly	 affects	quality	 of	 life	 and	 requires	 surgi-
cal treatment occurs in approximately 5% of cases 
[154]. Catalona et al. showed that incontinence 
after prostate surgery was primarily dependent on 
the age of the patient. The older the patient, the 
more likely he is to be incontinent and to never re-
gain urinary control. For 40-49 year olds, perma-
nent incontinence is 8% (4/53) 50-59 year olds 3% 
(12/358) 60-69 year olds 8% (48/632) while after 
70	 it	 is	 13%	 (or	 38/282)	 making	 an	 overall	 7.7%	
(102/1325) [155]. Laparoscopic and robotic prosta-
tectomies have been reported to have lower rates 
of urinary incontinence [156]. After permanent 
prostate brachytherapy, urinary incontinence was 
reported	in	0-19%	of	patients	[157].	

Although radical prostatectomy has a clinically sig-
niicant	 beneicial	 effect	 on	 LUTS	 with	 signiicant	



380

improvements	of	AUA	symptom	index	and	low	rate,	
[158,159] urinary leakage can have a major impact 
on QOL. Greater degrees of urinary loss have been 
correlated	with	greater	bother	and	more	signiicant	
life-style changes [162]. A Medicare survey by Fowl-
er	showed	that	 in	1072	patients,	more	than	half	of	
the patients with urinary leakage considered it to be 
a medium or large problem [160]. In spite of these 
indings,	many	investigators	have	been	encouraged	
by overall patient satisfaction with surgery and pa-
tients’ willingness to undergo surgery again, if faced 
with the same situation [160]. 

In the immediate postoperative period, stress and 
urgency incontinence are common. These symp-
toms have been attributed to varying degrees of 
oedema	 and	 inlammation	 that	may	 be	 present	 in	
the healing prostatic urethra. The majority of men 
achieve continence without invasive intervention 
following radical prostatectomy. Final continence 
status should be measured using self-administrat-
ed	disease	speciic	instruments	at	24	months	after	
operation [160]. No factors (age, severity of LUTS, 
Gleason score, bilateral nerve sparing surgery and 
estimated	blood	loss)	were	identiied	that	predicted	
early return of continence [1152]. 

Post-prostatectomy incontinence may be caused 
by sphincter malfunction and/or bladder dysfunc-
tion [161, 162]. Urinary control in the adult male de-
pends on integrity of both the internal and external 
sphincters. Even during TURP, the internal sphinc-
ter mechanism is virtually destroyed, and in some 
cases, the external sphincter is also damaged. Thus 
post-prostatectomy stress incontinence may result. 

In a recent study of patients undergoing radical 
prostatectomy	 that	 speciically	 evaluated	 detrusor	
dysfunction [163] de novo detrusor underactivity 
and impaired or poor compliance, presumed to be 
a consequence of bladder denervation, occurred in 
a limited proportion of patients (28.6% and 18.4% 
respectively). However, it may cause urgency and 
urgency incontinence, which may be resolved in the 
majority within 8 months. Detrusor underactivity and 
decreased bladder compliance are also preexisting 
conditions in about 30% and 20% of patients. The 
conditions relate to the presence of BOO, and they 
do	 not	 appear	 to	 be	 inluenced	 by	 prostatectomy.	
Persistent detrusor overactivity after obstruction re-
lief is probably related to concomitant sphincter de-
iciency	and	stress	urinary	 incontinence,	which	 in-
crease afferent nerve activity of the proximal urethra 
and induce involuntary detrusor contractions [164]. 

Obstruction after prostatectomy, resulting from an 
anastomotic stricture or residual prostatic tissue 
(post TUR-P), may also play an important role in the 
development of post-prostatectomy incontinence. 
Obstructing stricture often causes increase in post-
void residual urine, resulting in urinary leakage and/
or a weak urinary stream. It has been reported that 

the anastomotic stricture treatment rates after radi-
cal prostatectomy are 16% to 33% [165,166]. 

2. GENERAL MEDICAL HISTORY (MALE) 

The medical history should focus on the urinary 
tract, previous surgical and radiation therapy histo-
ry, medical condition and symptoms that may cause 
to bladder dysfunction, familial history of prostate 
diseases (BPH and cancer), and a review of sexual 
and bowel habits. If the patient has experienced 
prostatic surgery, surgical history, current stage of 
the prostatic cancer, co-morbid conditions, and ty-
peof prostatic surgery (retropubic, perineal, laparo-
scopic, or robotic) should be assessed. Radiation 
therapy types are also assessed. 

Urinary incontinence is rare in men without a history 
of	 previous	 trauma	 or	 prostatic	 or	 pelvic	 surgery;	
therefore, neurogenic bladder dysfunction (neuro-
genic bladder) must be considered in men with no 
history of surgery or trauma. 

A critical assessment of current medications is rec-
ommended to exclude the effects of any pharma-
cological agents on lower urinary tract function. For 
example, angiotensin-converting enzyme inhibitors 
cause chronic cough, which can exacerbate activ-
ity-related (stress) incontinence. Alpha-adrenergic 
blockers cause decreased urethral resistance. This 
can exacerbate activity-related (stress) inconti-
nence. Alpha-adrenergic agonists cause increased 
urethral resistance, resulting in exacerbation of 
urinary retention. Anticholinergics cause detrusor 
relaxation, which can cause straining to void and 
possible urinary retention. Diuretics have no direct 
effect on detrusor function, but can cause an in-
crease in urinary volume, leading to frequency and 
urgency. Calcium channel blockers relax smooth 
muscles, causing straining to void may contribute 
to urinary retention. Psychotropic medications relax 
smooth muscles of detrusor, causing straining to 
void and may contribute to urinary retention. Seda-
tives have no direct affecton the bladder but can 
contribute	to	sedation	and	delirium	[167].	All	this	is	
relevant to women as well as men so should not be 
in the male section 

3. SYMPTOM ASSESSMENT (MALE) 

Symptom assessment in men with incontinence 
should aim to identify and exclude patients with com-
plicated incontinence that need to be referred for 
specialised management. Complicated incontinence 
comprises patients with recurrent incontinence af-
ter failed previous surgery, with total urinary incon-
tinence, and/or with associated symptoms such as 
pain, haematuria, recurrent urinary tract infection, 
voiding symptoms, and/or a history of previous pelvic 
radiotherapy or radical pelvic surgery [168]. 

Because the occurrence of LUTS in men does not 
necessarily indicate concomitant prostate enlarge-
ment	and/or	obstruction,	speciic	modalities	should	be	
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utilised to ascertain the potential for the aetiological 
role of these entities. A variety of symptom scores has 
been described to assess male patients with LUTS. 
In men, the American Urological Association symp-
tom	score	for	BPH	(AUA-7)	 is	most	commonly	used	
in North America for assessment of subjective symp-
toms. However, equally reproducible data can be ob-
tained from the International Prostate Symptom Score 
(IPSS), the ICSmale questionnaire (now renamed the 
ICIQMLUTS, long and short forms, as part of the ICIQ 
modular questionnaire: www.iciq.net). 

The IPSS has been the most widely used (in many 
countries and languages), but neglects the symptom 
of urgency incontinence, a symptom that produces 
signiicant	bother.	The	ICIQMLUTS	(ICSmale-SF)	is	
slightly longer, but takes into account the symptom 
of urgency incontinence, and in fact may be divided 
into voiding and incontinence sub-scores. To date, it 
has not been as widely used as the IPSS, but may 
see more use that is widespread as part of the ICIQ 
Modular Questionnaire. 

Overactive bladder symptom scores are also very 
useful for male patients with storage symptoms in-
cluding	urgency	incontinence	[169,170].	

Among LUTS, urgency, nocturia, and hesitancy are 
most bothersome, whereas weak stream, urgency, 
and frequency are the most prevalent in pooled pop-
ulations	being	evaluated	for	BPH	[171].	Postmictu-
rition dribbling is often provoked by an obstructing 
disease such as BPH or urethral stricture but can 
also be a symptom of a urethral diverticulum. 

Many studies have stressed the lack of the reliability 
of symptoms and emphasized the important role of 
urodynamics testing in order to determine the cause 
of	post-prostatectomy	incontinence,	[172,173].	Nev-
ertheless, valuable information can be gained from a 
careful history with regard to incontinence, especially 
when related to sphincter dysfunction. The symp-
tom of stress incontinence is highly predictive of the 
presence of sphincter dysfunction. Chao and Mayo 
found	that	67	of	71	men	with	post-prostatectomy	in-
continence secondary to sphincter dysfunction com-
plained	of	the	symptom	of	stress	incontinence	[174].	
Similarly, Ficazzola and Nitti found 95% positive pre-
dictive value and a 100 % negative predictive value 
for symptom of stress incontinence [161]. Urgency 
incontinence as a predictor of bladder dysfunction 
does not seem to be as valuable, and the presence 
of bladder dysfunction cannot be determined accu-
rately	without	urodynamics	testing	[161,	174].	

An important aspect of the assessment of male in-
continence should be a description of the type and 
severity of incontinence and precipitating events, 
Severity may be determined by the number of epi-
sodes per day, the need for protection (e.g., pads, 
penile clamp, external catheter), and the impact of 
incontinence on activities of daily living. Bladder 
diaries and pad tests can quantify severity. 

A bladder diary (or frequency volume chart) kept for 
3 to 5 days may be useful in almost all male pa-
tients, especially in those with OAB. (refer to section 
VII,	A,	1,a	 frequency-volume	chart	and	bladder	di-
ary, and the Appendix Annex 1). The time and void-
ed volume are recorded for each micturition during 
several 24-hour periods. Bladder diary completion 
by the patient provides useful evidence about the 
normal urinary habits of the patient, including giv-
ing some estimate of bladder capacity and diurnal 
and nocturnal frequency, urgency and stress in-
continence. It also helps to identify patients with 
nocturnal	polyuria	or	excessive	luid	intake	that	are	
common in the aging male. The data obtained from 
a frequency-volume chart provide a strong correla-
tion to cystometric capacities and are reasonably 
immune to the effect of detrusor overactivity in men 
with	LUTS	[175].	

The 24-hour pad test is an excellent test to quan-
tify the amount of urine leakage in men. Since most 
patients use different size and type of pad, it is dif-
icult	 to	 compare	 number	 of	 pad/day	 per	 patient.	
Furthermore, some patients are very disturbed by 
any leakage at all and change the pads very fre-
quently, before they are saturated. The other dis-
tinction is between a safety pad and true urinaryin-
continence. In general,the each 1g weight equals 
1ml urine loss. A cut-off value of 250gm of urine 
has been proposed to categorise minor from more 
troublesome	or	severe	leakage	[176]	Recently,	Ma-
chold et al. suggested that the technical feasibility of 
the 20-min pad test to evaluate post-prostatectomy 
incontinence was excellent. The results correlated 
signiicantly	with	both	the	self-assessment	via	ques-
tionnaire	(r	=0.63;	p<0.001)	and	the	1-hour	pad	test	
(ICS;	r	=0.66;	p<0.001).	Moreover,	it	was	highly	reli-
able	(r	=	0.74;	p<0.0005)	with	excellent	patient	ac-
ceptance.	[177]

4. PHYSICAL EXAMINATION (MALE) 

The assessments focus on general physical exami-
nation, digital rectal examination (DRE) and neuro-
logical testing of the perineum and lower extremities. 
In general a physical examination should in-
clude a speciic evaluation of the surgical 
wound, the presence or absence of a distended 
bladder, or excoriation of the genitals second-
ary to urinary incontinence. Abdominal palpation 
to evaluate bladder distension, especially in elderly 
incontinent	men,	who	may	 have	 overlow	 leakage	
due to obstruction, is recommended. A post-void re-
sidual volume should be measured in patients sus-
pected of urinary retention.The examination should 
also include external genitalia, location of the ure-
thral meatus, a retractable foreskin and evidence of 
congenital malformation. The evidence of urethral 
discharge	after	abdominal	straining	(a	Valsalva	ma-
noeuvre) or coughing in either the supine or upright 
position should be performed so that the presence 
of stress incontinence can be ascertained. 
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A focused neurological examination is also highly 
recommended. In a patient suspected of neuro-
genic bladder, evaluation of perineal sensation and 
lower extremity neuromuscular function, and anal 
sphincter tone, which is often decreased in neuro-
genic	patients	[178]	is	important.	A	focused	neuro-
logical examination should also assess the patient’s 
general mental status and ambulatory status. 

A DRE should include palpation of the prostate to 
assess size, symmetry and consistency of the gland 
and its relation to the pelvic sidewall and the rec-
tum. An enlarged, indurated and painful prostate 
may imply BPH, prostate cancer and prostatitis, 
respectively. Locally advanced prostate cancer can 
also produce OAB-like symptoms. DRE may ex-
clude	prostatic	 cancer,	 although	 its	 speciicity	 and	
sensitivity	is	low	[179].	DRE	tends	to	underestimate	
the true prostatic size: if the prostate feels large by 
DRE, it usually also is found to be enlarged by ultra-
sound or other measurement technique [180,181]. 
Prostate volume has been associated with the risk 
of BPH progression [182] and response to treat-
ment [183]. It has been reported that men with 
BPH with idiopathic detrusor overactivity showed a 
signiicantly	higher	 incidence	 (54%)	of	 intravesical	
protrusion	 of	 the	 prostate	 [184].	 This	 inding	 sug-
gests that intravesical protrusion may in some way 
increase afferent impulses from the prostate and 
alter the stability status of the bladder. Occasionally 
tumours of the anal canal can be diagnosed while 
performing DRE of the prostate.

5.  URINALYSIS AND URINE CYTOLOGY 
(MALE).

Bladder cancer, carcinoma in situ of the bladder, 
urinary tract infections, urethral strictures, and 
bladder stones can cause OAB-like symptoms in 
aged men. Although haematuria or pyuria is not 
universally present in those conditions, urinalysis 
is important to rule out these diseases. Urinalysis 
is	 not	 a	 single	 test;	 complete	 urinalysis	 includes	
physical, chemical, and microscopic examinations. 
Dipstick urinalysis is certainly convenient but false-
positive and false negative results may occur. It is 
considered an inexpensive diagnostic test able to 
identify patients with urinary tract infection as indi-
cated by the presence of leucocyte esterases and 
nitrites. A substantial proportion of older patients 
with	 chronic	 OAB-like	 symptoms	 have	 signiicant	
bacteriuria, sometimes accompanied by pyuria. In 
men, recent urinary tract infections were associated 
with OAB without urgency incontinence (prevalence 
ration=2.9;	95%	CI:	1.6-5.0)	[138].	However,	infec-
tion may exist in the absence of pyuria and, in the 
elderly population, pyuria may develop in the ab-
sence of urinary tract infection. Microscopic haema-
turia	can	be	easily	identiied	by	dipsticking	because	
of the presence of haemoglobin. The detection of 
haematuria is important because the condition is 
associated with a 4-5% risk of diagnosing urological 
disorder or malignancy within 3 years. Because of 

the high prevalence of urinary tract infection and the 
increase of LUTS in the presence of urinary tract 
infection, all guidelines on the management of pa-
tients with LUTS suggestive of BPO, and urinary in-
continence, endorse the use of urinalysis in primary 
care management [185,186]]. 

Urine cytology is also recommended in male pa-
tients with haematuria and a predominance of stor-
age symptoms, especially with a history of smoking 
or other factors, to aid in the diagnosis of bladder 
carcinoma in situ and bladder cancer This applies 
to both men and women. [185,186]].

6.  MEASUREMENT OF THE SERUM CREATI -
NINE (MALE) 

Epidemiological studies in community dwelling men 
have shown the absence of any association be-
tween BPO/BPE/BPO and chronic kidney disease 
[187]	suggesting	that	screening	for	renal	function	is	
not	 justiied	 in	 male	 patients.	 Recently,	 data	 from	
the MTOPS study showed that the risk of develop-
ing de novo renal failure in men with LUTS is low 
(less than 1%) suggesting that is not necessary to 
monitor renal function in patients with LUTS / BPO 
[188]. 

7.  MEASUREMENT OF THE SERUM PROS-
TATESPECIFIC ANTIGEN (PSA) (MALE) 

In	most	 patients,	 a	 normal	DRE	may	be	 suficient	
to exclude locally advanced cancer as a cause of 
LUTS or OAB. There is no consensus as to the 
measurement	 of	 prostate	 speciic	 antigen	 (PSA)	
in patients with LUTS. The rationale for measur-
ing PSA is twofold: to screen for prostate cancer 
[189] and to measure a parameter with prognostic 
value for the progression of BPH and the response 
to treatment [192, 193]. Because prostatic cancer 
is one of the potential causes of LUTS or OAB in 
men, PSA (together with DRE) is a relatively sensi-
tive way to exclude prostatic cancer as a diagnosis 
[190, 191]. PSA measurement is recommended in 
men with LUTS and a life expectancy of over 10 
years in whom the diagnosis of prostate cancer 
would change the management of patient’s symp-
toms. Given the uncertainties, surroundingprostate 
cancer detection physicians must use clinical judg-
ment in determining which patients should or should 
not undergo transrectal ultrasonography and pros-
tate biopsy in response to a particular PSA [192]. 

However, it is important to understand that about 
25% of men with BPH have a serum PSA greater 
than 4 ng/ml. Because of the overlap between serum 
PSA values in men with BPH and those with clini-
cally localised prostate cancer, other parameters 
(PSA velocity, free/total PSA ratio, complexed PSA 
and	 PSA	 density)	 will	 assist	 diagnostic	 speciicity	
[193, 194]. It has been suggested that a relationship 
between initial PSA level and subsequent prostate 
cancer detection with a stepwise increase in cancer 
detection	 rate	 (from	<1%	 to	 58%)	 in	 patients	with 
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<1.0	ng/ml,	1.1-2.5,	2.6-4.0,	4-1-10.0	and	>10	ng/
ml PSA value in over 26.000 patients enrolled in a 
screening programme [156]. In addition, Thompson 
reported data on prostate cancer prevalence from 
the	prostate	cancer	prevention	trial	[157].	This	trial	
conirmed	 a	 stepwise	 increase	 in	 the	 risk	 of	 hav-
ing a prostate cancer in patients with serum PSA 
from 0.5 to 4.0 ng/ml, but showing the limitation of 
the current threshold of 4.0 ng/ml. Change of PSA 
threshold from 4.0 to 2.0 ng/ml has been proposed 
but	currently	no	consensus	exists	[197].	

In addition, serum PSA is a reasonable predictor 
of prostate volume in men with LUTS and may be 
utilised in this capacity in making clinical decisions 
[192]. The role of the IPSS score in the assessment 
of BOO is questionable, and that the grade of ob-
struction correlates better with prostate volume, 
PVR,	 and	 Qmax	 [198].	 Moderate-to-severe	 LUTS	
in men can result in urinary retention. The incidence 
of retention in men with untreated LUTS in commu-
nity-based trials is 6.8 per 1000 during longitudi-
nal follow-up of 4 years [199]. If only patients with 
moderate-to-severe symptoms are considered, the 
rate of retention increases to 25 per 1000 [200]. In 
a meta-analysis of predictors of retention in pooled 
groups of placebo patients from clinical trials of men 
with LUTS undergoing active interventions (4300 pa-
tients), Roehrborn et al. found PSA and prostate vol-
ume to be strong independent predictors of urinary 
retention and the need for surgery in men with LUTS 
followed up longitudinally in clinical trials [181, 201]. 

Laniado et al [202] have also tested the hypothesis 
that PSA level be utilised to predict the presence or 
absence	of	BOO,	evaluated	by	pressure	low	stud-
ies. In patients with LUTS, those with a PSA more 
than	 4	 ng/ml	 are	 signiicantly	 more	 likely	 to	 have	
some degree of BOO. Conversely, patients with 
PSA less than 2 ng/ml have a 33% risk of BOO. 

8. RECOMMENDATIONS

1.  Male patients differ from female patients in the 
presentation of LUTS. The incidence of OAB wet 
is	lower	until	the	7th	decade.	(Level	2)

2.  Stress urinary incontinence is primarily associ-
ated with surgery of the prostate in male patients. 
(Level 2)

3.  Disorders of bladder emptying from benign pros-
tatic enlargement should be considered before 
treating male patients for OAB symptoms. (Level 
2) (Grade B).

4.  In addition to DRE, PSA measurement is recom-
mended in selected male patients with OAB. 

9. FUTURE RESEARCH

1.  Improve the understanding of the underlying 
pathophysiology and contributory clinical factors 
involved in the development and treatment of de-

trusor overactivity in the male patient, especially in 
differentiating the condition from female patients.

2.  Develop simple, non-invasive, cost-effective 
methods to determine the contribution of bladder 
storage and bladder emptying abnormalities in 
male patients.
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Patient-Reported Outcome 
Assessment

CON KELLEHER, DAVID STASKIN,
PRASEETHA CHERIAN, NIKKI COTTERILL, KARIN COYNE, ZOE KOPP, TARA SYMONDS

The last update of the International Consultations 
on Incontinence reports broadened the scope of 
this review to include all patient-reported outcomes, 
not just health-related quality of life. This update will 
continue in the same vein to extend and update the 
prior literature reviews of PROs, for lower urinary 
tract symptoms (LUTS) and bowel incontinence out-
come measures, and provide recommendations for 
questionnaire selection for use in clinical practice 
and research. In addition, this summary will review 
the purpose and content of the ICI questionnaire 
(ICIQ) modules. The expansion in scope of this 
review to include all types of patient reported out-
comes (PRO) is an important step in recogniesing 
the inherent conceptual differences of various 
PROs each with different assessment goals. A PRO 
is “any report of the status of a patient’s health con-
dition that comes directly from the patient, without 
interpretation of the patient’s response by a clini-
cian or anyone else”([1], page 2). PROs measure 
different aspects of disease and therapeutic impact 
such as: symptom frequency or symptom bother, 
health-related quality of life (HRQL), treatment sat-
isfaction, or work productivity measures (Figure 1). 
An essential component of selecting a PRO for use 
is to ensure that the selected PRO is consistent with 
the objective of the study or clinical purpose. For 
example, if the goal is to assess treatment satisfac-
tion, then a treatment satisfaction measure should 
be incorporated into the study design or as a clinical 
outcome. The matching of appropriate PRO selec-
tion with one’s desired outcomes is critical to suc-
cess when assessing PRO’s and will be reviewed 
further in this chapter.

Ultimately, the last decade has been one of tremen-
dous	 growth	 in	 the	 area	 of	 PROs	 with	 inluences	
from	scientiic	and	regulatory	communities.	As	such, 

I.  INTRODUCTION
the ICI will endeavour to continually update the rec-
ommendations it offers on the basis of emerging 
data and published evidence based on the sound 
and rigid recommendations of the prior reviews.

1.  SELECTING PRO MEASURES FOR CLINI -
CAL TRIALS AND CLINICAL PRACTICE

How does a researcher choose which instruments are 
most appropriate for a particular research study and/
or clinical assessment? The following section provides 
general guidelines for use in conducting PRO assess-
ments in clinical trials or other research investigations 
related to urinary or faecal incontinence.

As there are many available PROs, it is of utmost 
importance to select the PRO measure that is rel-
evant and applicable to one’s desired outcome. If an 
intervention is designed to reduce symptom bother, 
then a relevant PRO would be a symptom bother 
measure. Multiple PROs can be included in clinical 
practice	or	in	a	research	study;	however	the	designa-
tion of the PRO as a primary, co-primary, secondary, 

Committee 5B

Figure 1. Patient-Reported Outcomes Assessment 
Areas. Burke L, Evidence Review Branch DDMAC, FDA; DIA 
Workshop on Pharmacoeconomic and Quality of Life Labelling 
and Marketing Claims New Orleans October 3, 2000
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tertiary or exploratory endpoint must be noted. In ad-
dition, issues of staff and participant burden, time 
constraints, and resources should be considered in 
the selection of a PRO measure. Once it has been  
decided which outcomes are to be assessed it is 
important to choose a questionnaire that has been 
scientiically	developed	and	validated.	Principles	of	
validation and questionnaires that have been vali-
dated are presented in this chapter.

2.  SELECTING PRO MEASURES FOR RE-
SEARCH STUDIES

a) Study Design

There are several protocol concerns that must be 
taken into account when using PRO measures in re-
search studies, including the length of the study, the 
frequency of contact with the study participants, the 
timing of clinical assessments, the complexity of the 
study design, the number of participants enrolled, and 
participant and staff burden. The goal of the PRO as-
sessment	is	to	“it”	the	PRO	measures	to	the	protocol	
without compromising either the study objective or 
design. For example, if the study design is complex 
with frequent participant contacts and multiple clinical 
measures, it may be necessary to keep the PRO mea-
sures at a minimum or to reduce the number of times 
the PRO is assessed (e.g. baseline and end of study 
rather than during all participant contacts) to minimise 
participant and staff burden. At the same time, how-
ever, PROs must be viewed as an important variable 
in the overall trial design and cannot be devalued in 
the data collection process. Consequently, PRO mea-
sures cannot be altered or reduced to accommodate 
study design as such alterations may yield less reli-
able measures or may seriously diminish the integrity 
of the overall study design and yield useless informa-
tion. Having well developed research goals and ques-
tions regarding PROs will help to guide you in the se-
lection of measures for a study. The aim is to develop 
a conceptually adequate, yet practical PRO battery 
given	 the	study	population,	 the	speciic	 intervention,	
and the study design.

The frequency with which PRO will need to be as-
sessed in a research study will depend upon the na-
ture of the condition or intervention being investigated 
and the expected effects (both positive and negative) 
of treatment. At a minimum, as with all measurements 
collected in a research study, a baseline and end of 
study assessment should be completed. In addition, 
PRO assessments should be timed to match ex-
pected changes in functioning due to either the inter-
vention or the condition or the disease itself. Timing 
follow-up assessments to coincide with typical patient 
follow-up visits, if appropriate, may also reduce the 
costs involved in follow-up PRO assessments.

b) Study Population

It is critical to specify key population demograph-
ics	 that	 could	 inluence	 the	 choice	of	 instruments,	
the relevant dimensions of the PRO to be assessed, 

and the mode of administration. Thus, age, gender, 
educational level, the language(s) spoken, and cul-
tural diversity should be carefully considered prior 
to selecting PRO measures. For example, a cohort 
of	patients	over	 the	age	of	 70	may	have	more	 vi-
sion problems than middle-aged persons, making 
self-administered questionnaires potentially inad-
visable. Ethnically diverse groups also require mea-
sures that have been validated across different cul-
tures and/or languages.

In clinical trials, it is also as important to consider 
how the disease or condition will progress and af-
fect the outcomes of patients in the control group 
as it is to understand the effects of the study treat-
ment. For example, in patients with incontinence 
assigned to a placebo-control arm of a study, one 
might expect a symptom to worsen and thus have 
an effect on daily functioning. The point is to se-
lect PRO measures that are sufficiently sensitive 
to detect changes in both the treatment and the 
control group patients. Use of the same measures 
for both groups will ensure an unbiased and com-
parable assessment.

c) Intervention

There are three major factors related to the inter-
vention that are relevant to PRO assessment, and 
therefore require careful consideration:  1) the posi-
tive	 and	 adverse	 effects	 of	 treatment;	 2)	 the	 time	
course	of	the	effects;	and	3)	the	possible	synergism	
of the treatment with existing medications and con-
ditions. It is crucial to understand how a proposed 
treatment can affect patient outcomes in both posi-
tive and negative ways. For example, some drug 
therapies may relieve LUTS but produce side ef-
fects like dry mouth or sexual dysfunction. 

In addition, the time course of an intervention’s ef-
fects on PROs is also critical both in terms of the 
selection of measures and the timing of when PRO 
measures are administered to study participants. 
For example, in a trial comparing coronary artery 
bypass graft (CABG) surgery to angioplasty, an as-
sessment of PRO one week post-intervention might 
lead to an interpretation that the surgical arm had 
worse outcomes than angioplasty for PRO since 
the individuals in this arm of the trial would still be 
suffering the effects of the surgical procedure (for 
instance, sore muscles and surgical site discomfort) 
which	 could	 overwhelm	 any	 beneits	 associated	
with CABG. However, at six months post-interven-
tion,	 the	 beneits	 of	CABG	surgery	 such	 as,	 relief	
from angina might be more profound than the ben-
eits	 received	 from	angioplasty.	Thus,	when	PROs	
are	assessed	could	inluence	how	one	interprets	the	
beneits	(or	negative	effects)	of	the	interventions.	

Finally, it is important to have a clear understand-
ing of the current medications the patient population 
is likely to be taking prior to randomisation to the 
study treatment, and how these medications might 
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interact with the trial intervention, (either a pharma-
cological	 or	 behavioural	 intervention),	 to	 inluence	
patient outcomes.

3. TYPES OF PRO MEASURES

There are two types of PRO measures:  generic and 
condition-speciic.	Generic	measures	are	designed	
to assess outcomes in a broad range of popula-
tions (e.g., both healthy as well as ill individuals). 
These instruments are generally multidimensional, 
and assess at least the physical, social and emo-
tional dimensions of life. An example of this type of 
instrument is the Medical Outcomes Study SF-36 
Health	Status	Proile	[2].	A	second	type	of	measure	
is	condition-speciic	 (e.g.,	 instruments	designed	 to	
assess	the	impact	of	speciic	diseases,	conditions,	
age	 groups,	 or	 ethnic	 groups).	 Condition-speciic	
measures can be similar to generic instruments 
in that they assess multiple outcome dimensions, 
but	condition-speciic	measures	also	 include	 items	
more	speciic	to	the	particular	condition	or	popula-
tion	 being	 studied.	 Examples	 of	 condition	 speciic	
instruments in urology include the Incontinence Im-
pact Questionnaire [3], the King’sHealth Question-
naire [4], and the OAB-q [5].

In general, the growing trend has been to include 
condition-speciic	outcome	measures	 in	clinical	 tri-
als due to their enhanced sensitivity to change and 
the need to minimise participant burden. Important-
ly, the type of instruments selected for inclusion in 
a research study will depend on the goals of the 
intervention	and	the	speciic	research	questions	to	
be addressed. In practice, clinical trials that include 
PROs usually incorporate a combination of PRO 
measures most relevant to the study population and 
intervention, if applicable, being mindful of resource 
constraints and staff and participant burden.

Quality-adjusted Life Year (QALY)

Increasingly HRQL outcome measures are being 
used in the development of quality-adjusted life year 
(QALY) measures. A QALY is a universal health out-
come measure applicable to all individuals and all 
diseases, which combines gains or losses in both life 
quantity (mortality) and life quality (morbidity) and en-
ables comparisons across diseases and programs. 
QALYs are widely used for cost-utility analysis[6]. In 
the past decades, economic evaluation has been in-
creasingly important for the decision maker to decide 
which treatment or intervention is more cost-effec-
tive, in order to allocate limited healthcare resources 
soundly. Economic evaluation aims to compare inter-
ventions	in	terms	of	their	costs	and	beneits,	including	
their	patient	outcome	impact.	Health	beneits	can	be	
quantiied	as	QALYs	 (pronounced	 “qualies”),	which	
have become a standard measure and are now rec-
ommended in most of health economics guidelines 
as	the	method	of	choice	[7].	The	economic	chapter	
contains additional information regarding QALYs, as 
do the following references: [8, 9].

4. LITERATURE SEARCH STRATEGY

For the current version of this chapter the previous 
literature search was updated. A number of data-
bases	 were	 accessed,	 electronically,	 with	 speciic	
search criteria, such as validation work from the pe-
riod January 2006 through August, 2011. Age and 
gender	 limits	 were	 not	 speciied.	 Databases	 used	
included Pub-Med/MEDLINE, and websites ac-
cessed included oab.com, proqolid.com, ncbi.nlm.
nih.gov and mapi-institute.com. The following key-
words were used separately and/or in combination: 
“urinary incontinence”, “urinary symptoms”, “urgen-
cy”, “overactive bladder”, “stress incontinence,” “in-
continence,” “questionnaire,” “epidemiology,” “pros-
tate,” “prolapse(d),” “faecal,” “bowel,” “anal,” “quality 
of life,” “sexual,” “geriatric,” “paediatric,” “satisfac-
tion,” “symptom bother,” “goal attainment”, “screen-
er,” and “generic.”  Questionnaires evaluated in this 
chapter were updated with any new information if 
new validation work was found. New questionnaires 
not in the previously updated resource tool were 
added to appropriate sections if they were validated 
and relevant with regard to the search terms speci-
ied	above.	Grades	were	evaluated	for	correctness,	
based on previous and new validation work, and 
modiied	if	and	when	necessary	to	demonstrate	any	
changes with respect to instrument validation. 

Incontinence and other lower urinary tract symptoms 
(LUTS) as well as bowel problems and their impact 
on patients and their lives can be assessed in a num-
ber of ways. Traditionally, the clinical history has been 
used to gain a summary view of the symptoms expe-
rienced by patients and in some cases the impact on 
their lives. Increasingly however, patient-completed 
methods of measuring incontinence and LUTS are be-
ing used, including voiding diaries and questionnaires. 

Patient self-completed questionnaires or patient re-
ported outcomes (PROs) represent the most impor-
tant clinical review of symptom impact and treatment 
beneit	 from	a	patient	perspective.	PROs	provide	a	
method for the standardised collection of data, or an 
objective assessment of subjective phenomena, from 
patients relating to incontinence, other LUTS, and 
bowel problems. Clinicians’ assessments of patients’ 
outcomes have often been shown to underestimate 
the degree of bother perceived by patients, and to 
focus on issues of lesser importance to patients [10]. 

1.  PRO QUESTIONNAIRE DEVELOPMENT 
AND VALIDATION

PRO questionnaires can be used to record the pres-
ence and severity of urinary and bowel symptoms, 

II.THE MEASUREMENT OF PATIENT-
REPORTED OUTCOMES (PROS) OF 

INCONTINENCE, OTHER LOWER 
URINARY TRACT SYMPTOMS, AND 

BOWEL PROBLEMS
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as well as the impact of symptoms on everyday 
activities and health-related quality of life (HRQL) 
and satisfaction with treatment, etc. To ensure that 
the results obtained with PROs are clinically useful, 
data must be gathered using valid and reliable in-
struments. Questionnaire design and development 
is not a simple process. Developing such instru-
ments requires a multistep, structured process that 
incorporates cognitive psychology, psychometric 
theory, and patient and clinician input. The process 
begins by determining the intent and purpose of the 
PRO and culminates in studies that demonstrate 
the measure’s validity, reliability, and responsive-
ness.	The	speciic	steps	 required	 for	developing	a	
PRO questionnaire are outlined in the following sec-
tion and are shown in Figure 2. 

The	development	of	a	PRO	is	a	rigorous,	scientiic	
process	to	provide	conidence	that	the	PRO	is	mea-
suring what it is intended to measure, that it does 
this reliably, and is appropriate for use in the patient 
or	population	group	under	investigation.	The	inal	in-
strument must have demonstrated validity and reli-
ability in the intended target population. PROs need 
to be developed with patient and clinician input and 
have the psychometric, or measurement, proper-
ties of the PRO evaluated to determine that it is a 
valid outcome measure. To be a useful measure-
ment tool, a PRO instrument must also be easy to 

administer, reliable, and valid. Only PROs that have 
undergone this process and have published valida-
tion data are discussed in this chapter.

Food & Drug Administration [1]. Guidance for in-
dustry - patient-reported outcome measures: Use 
in medical product development to support labelling 
claims.	Silver	Spring,	MD:	FDA;	2009.

a) Determining Questionnaire Intent and Purpose 

The	irst	task	in	developing	a	PRO	measure	is	to	de-
termine why the instrument is needed. Given the cur-
rent	number	of	disease-speciic	questionnaires	avail-
able	 in	 the	 ield	 of	 incontinence	 and	 related	 pelvic	
disorders,	a	new	PRO	measure	must	ill	a	need	that	
has not already been met by an existing instrument. 
Once the need for the measure is recognised, its pur-
pose and clinical usefulness need to be considered 
because the purpose dictates the validation design 
process. For example, a symptom- and a treatment-
satisfaction measure would be developed and vali-
dated differently because the outcome is different. 

The development stage would focus on the outcome 
of interest (e.g., symptoms patients experience and 
the	 signiicance	 of	 each	 symptom,	 or	what	 issues	
patients	 consider	 when	 determining	 how	 satisied	
they are with treatment) with the items derived from 
the patient perspective and relating to the outcome 

Figure 2. The development of a patient reported outcome is a multistep process
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of	 interest.	Validation	efforts	would	include	design-
ing a study focused on the outcome of interest with 
the appropriate patient inclusion/exclusion criteria 
to enhance generalisability while maintaining in-
ternal consistency and providing opportunities to 
test—at a minimum—reliability and validity.

b) Developing the Items

Designing a clinically useful PRO measure involves 
more than just developing a series of questions. In 
addition to clinician input and literature review, ques-
tionnaire items must be generated from a patient 
perspective and include the patient voice. This is 
obtained through focus groups or one-on-one inter-
views to provide qualitative data on issues pertinent 
to patients and to identify the words patients use to 
describe their symptoms or disease impact. Focus 
groups and one-on-one interviews should be care-
fully planned to address the goals of the question-
naire being developed. For example, if a measure is 
intended to assess symptom bother, interview ques-
tions should pertain to the patient’s symptom experi-
ence. Importantly, rather than using clinical terminol-
ogy which patients may not comprehend, the words 
used during the focus groups or interviews should 
be common to patients. The results of the qualita-
tive patient interviews lead to item generation. After 
items are generated, the newly drafted questionnaire 
should be reviewed by other patients and experts to 
ensure its readability and content validity.

An alternative approach to questionnaire develop-
ment is to adapt an existing measure to meet the 
needs of the desired questionnaire. Patients need 
to be involved in the questionnaire adaptation to 
ensure that the revised measure is pertinent to the 
population of interest. The adapted questionnaire 
must be validated on its own in the target popula-
tion as the validity of the original questionnaire does 
not apply to an adapted measure.

For newly developed and adapted questionnaires, 
think-out-loud interviews or cognitive interviews 
should be used to ascertain the correctness and va-
lidity of the revised questionnaire. In a think-out-loud 
interview, patients are asked to review a question 
and describe what they are thinking as they cogni-
tively	 process	 the	 question;	 the	 patients	 think	 out	
loud about what the question means to them and how 
they think through their response to the question. For 
a cognitive interview approach, patients review and 
respond to the questionnaire items, and then they 
are interviewed about what each item meant to them 
as they completed the questionnaire. Both approach-
es provide information about what patients consider 
when responding to each question.

c)  Determining the Mode of Administration of a 
Questionnaire

When generating the PRO items, the mode of ad-
ministration must be considered. Will the measure 
be completed by the patient (i.e., self-administered) 

or administered by an interviewer (i.e., interviewer-
administered)? How the questionnaire will be com-
pleted needs to be determined before the validation 
stage because mode of administration can affect 
patient responses. For highly personal or intimate 
questions, a self-administered questionnaire is rec-
ommended to avoid response bias. Questionnaires 
that are self-administered are preferable to inter-
viewer-administered questionnaires because the 
data collection burden is reduced and patients are 
more likely to provide unbiased information on self-
administered questionnaires. Importantly, if a ques-
tionnaire has been validated for a particular mode 
of administration (self-administered pen and paper), 
this does not make the questionnaire valid for all 
modes of administration (e.g. electronic administra-
tion via web or hand held device). Should the mode 
of administration change from the original valida-
tion, processes must be undertaken to ensure no 
change in meaning or content have occurred with 
the format change. Guidelines for this type of adap-
tation are clearly outlined by Coons et al (2009) [11]. 

d) Questionnaires’ Psychometric Properties

All PRO measures must demonstrate reliability, valid-
ity, and responsiveness, which are described in detail 
below. This can be accomplished in several ways: 

(1)  Perform a stand-alone cross-sectional study to 
validate the questionnaire in the patient popula-
tion	for	which	it	was	designed;

(2)  Administer the untested questionnaire in a clini-
cal study and use the baseline data to perform 
psychometric validation (the end-of-study data 
can	also	be	used	to	evaluate	responsiveness);	or	

(3)  Perform a stand-alone longitudinal study with an 
intervention to determine the instrument’s psy-
chometric performance and responsiveness in a 
non-clinical trial setting.

The following psychometric properties must be tested 
for and demonstrated in a validated questionnaire.

Reliability  refers to the ability of a measure to pro-
duce similar results when assessments are repeated 
(i.e., is the measure reproducible?). Reliability is criti-
cal to ensure that change detected by the measure 
is due to the treatment or intervention and not due 
to measurement error [12]. One measure of reliabil-
ity is the questionnaire’s internal consistency, which 
indicates how well individual items within the same 
domain (or subscale) correlate. Cronbach’s alpha 
coeficient	is	used	to	assess	internal	consistency	reli-
ability, with higher alphas indicating greater correla-
tion. Typically, Cronbach’s alpha should be greater 
than	0.70	to	 indicate	good	internal	consistency	reli-
ability [12, 13]. If the item-to-total alpha is less than 
0.20, the question should be removed or rewritten.

Test-retest reliability , or reproducibility , indicates 
how well results can be reproduced with repeated 
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testing. To assess test-retest reliability, the same 
patient completes the questionnaire more than 
once, at baseline and again after a period of time 
during which the impact of symptoms is unlikely to 
change (e.g., a few days or weeks) [12, 13]. The 
Spearman’s	 correlation	 coeficient	 and	 intraclass	
correlation	coeficient	are	used	 to	demonstrate	 re-
producibility. For group data, a Spearman’s corre-
lation	 coeficient	 or	 an	 intraclass	 correlation	 coef-
icient	of	at	least	0.70	demonstrate	good	test-retest	
reliability [12, 13].

Interrater reliability  indicates how well scores cor-
relate when a measure is administered by different 
interviewers or when multiple observers rate the 
same phenomenon [12]. Demonstration of interra-
ter reliability is not necessary for self-administered 
questionnaires but is necessary for instruments 
based on observer ratings or using multiple inter-
viewers. A correlation of 0.80 or higher between rat-
ers indicates good interrater reliability [12].

Validity  refers to the ability of an instrument to mea-
sure what it was intended to measure [12, 13]. A 
measure	should	be	validated	for	each	speciic	condi-
tion or outcome for which it will be used. For example 
a measure designed to assess stress incontinence 
would	not	be	valid	for	OAB	unless	it	were	speciically	
validated in patients with OAB symptoms.

Content validity, convergent validity, discriminant 
validity  and criterion validity  typically are required 
to validate a questionnaire [12, 13]. Content valid-
ity is a qualitative assessment of whether the ques-
tionnaire captures the range of the concept it is in-
tended to measure [12, 13]. For example, does a 
measure of symptom severity capture all the symp-
toms that patients with a particular condition have, 
and if so, is the measure capturing the items in a 
manner meaningful to patients in language patients 
can understand?  To obtain content validity, patients 
review the measure and provide feedback as to 
whether the questions are clear, unambiguous, and 
comprehensive.

Convergent validity is a quantitative assessment 
of whether the questionnaire measures the theoreti-
cal construct it was intended to measure [12, 13]. 
Convergent validity indicates whether a question-
naire has stronger relationships with similar con-
cepts or variables. Stronger relationships should be 
seen with the most closely related constructs and 
weaker relationships seen with less-related con-
structs [12, 13]. 

Discriminant validity  indicates whether the ques-
tionnaire can differentiate between known patient 
groups (e.g., those with mild, moderate, or severe 
disease) [12, 13]. Generally, measures that are 
highly discriminative are also highly responsive. 

Criterion validity 	 relects	 the	 correlation	between	
the new questionnaire and an accepted reference, 

or	gold	standard	[12,	14].	One	dificulty	in	establish-
ing criterion validity is that a gold-standard measure 
might not be available [12, 14]. When criterion va-
lidity can be established with an existing measure, 
the	correlation	should	be	0.40	to	0.70;	correlations	
approaching 1.0 indicate that the new questionnaire 
may be too similar to the gold-standard measure 
and therefore redundant [12, 14].

Responsiveness  indicates whether the measure 
can detect change (for better or worse) in a pa-
tient’s condition [15]. An aspect of responsiveness 
is determining not only whether the measure de-
tects change but whether the change is meaningful 
to the patient. This can be done by determining the 
minimal important difference (MID) of the measure. 
The MID is the smallest change in a PRO question-
naire score that would be considered meaningful or 
important to a patient [16]. A treatment that is sta-
tistically	 signiicantly	 better	 than	 another	 may	 not	
necessarily have made a meaningful difference to 
the	patient;	the	MID	indicates	whether	the	treatment	
made such a difference from a patient perspective.

Unfortunately,	there	is	no	scientiic	test	for	MID	as	it	
is an iterative process that involves two methodolo-
gies to determine the MID of a questionnaire: an an-
chor-based approach and a distribution-based ap-
proach	 [17,	18].	With	 the	anchor-based	approach,	
the MID is determined by comparing the measure to 
other measures (or “anchors”) that have clinical rel-
evance	[17].	With	the	distribution-based	approach,	
the MID can be determined by the statistical distri-
butions	of	the	data	[17],	using	analyses	such	as	ef-
fect size, one-half standard deviation, and standard 
error	of	measurement	[17-19].

Another	methodology	to	evaluate	treatment	beneit	is	
to examine the cumulative distribution function (CDF) 
of responses between treatment groups. The CDF 
provides plots to examine the treatment effect and 
mean improvements by treatment group to see if the 
mean improvement varies by patient subsets [1, 19]. 

e) Linguistic and Cultural Validation

Increasingly, PRO questionnaires are required to be 
used in a number of different populations and set-
tings, however, questionnaires and their psychometric 
properties are not necessarily transferable [20, 21]. A 
measure that is valid and reliable for a particular lan-
guage and culture may not prove to be so after trans-
lation. Linguistic and cultural adaptation of a question-
naire can occur during the development phase before 
validation, or it can be done after the questionnaire is 
validated in the language in which it was initially de-
veloped, with the latter being the more common ap-
proach. Ensuring the linguistic and cultural validity of 
a questionnaire is especially important for measures 
used in multinational clinical trials [20, 21]. 

The principal steps in adapting a measure for differ-
ent languages and cultures are as follows: 
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(1)  two forward translations of the original instru-
ment	into	the	new	language;

(2)  quality-control procedures that may include a 
backward translation (translating the instrument 
back	into	the	original	language)	[21];

(3)		adjudication	of	all	translated	versions;

(4)  discussion by an expert panel to ensure clarity of 
the	translated	questionnaire;	and	

(5)  testing the translated instrument in monolingual 
or bilingual patients to ensure that it measures the 
same concepts as the original instrument [21, 22]. 

However, if a backward translation of the mea-
sure does not produce a semantically equivalent 
instrument, then the instrument may need to be 
developed in the target language, rather than just 
translated [21].

After cultural and linguistic validation, PROs should 
also be psychometrically validated within the target 
language. Thus, reliability, validity, and responsive-
ness need to be assessed with each language 
translation	to	conirm	the	same	measurement	prop-
erties are present in the translated language(s) to 
ensure psychometric equivalence. If psychometric 
equivalence is not present (e.g., not achieving simi-
lar or better results in new language translation), 
the cultural and linguistic translations need to be re-
evaluated and perhaps a new instrument may need 
to be developed.

The ICIQ questionnaires and many of the other 
questionnaires discussed in this chapter have mul-
tiple linguistically validated versions making them 
useful for International implementation. It is also 
important to note that the step after linguistic vali-
dation, demonstrating psychometric equivalence, 
should also be demonstrated to ensure that the 
PRO performs equivalently in different languages 
and cultures (e.g., Coyne et al. 2008 [23]). 

f) Regulatory Oversight

As clinicians and scientists have begun to appre-
ciate and accept PROs as appropriate outcome 
measures, regulatory authorities have issued guid-
ance documents on current best practices in the 
development and implementation of PRO in clinical 
trial settings [1, 24, 25]. For PROs to be acceptable 
outcome measures for regulatory authorities, docu-
mentation of measurement properties must be pres-
ent as well as evidence of inclusion of the patient 
perspective and understanding of the PRO and a 
cohesive conceptual framework that stipulates how 
the PRO is related to the intervention. While PROs 
within this document may have a “recommended” 
status, they may not meet all of the required regula-
tory guidelines and may require additional valida-
tion work either from a qualitative or quantitative 
perspective. It is strongly suggested that regulatory 

authorities be contacted early in the process of se-
lecting a PRO for clinical trials to ensure regulatory 
acceptance of the PRO.

g) Questionnaire Development - A Conclusion

PROs are the most suitable method for assessing the 
patient’s perspective of their lower urinary tract, vagi-
nal and bowel symptoms [26]. Questionnaires may be 
long and detailed for use in research, but need to be 
short and easy to use to be relevant for clinical prac-
tice. In addition to being valid and reliable, they need 
to be easy to complete, and, if they are being used 
to measure outcome, sensitive to change. Developing 
a new questionnaire and testing it thoroughly takes a 
great deal of time and is only necessary if there is not 
an existing instrument available. 

There are many questionnaires currently available 
for use and these have been reviewed and de-
scribed with recommendations from the Committee 
for their use in the last three ICI reports.

The major purpose of the ICI has been to provide 
a	 deinitive	 international	 review	 and	 consultative	
opinion regarding the recommended measures to 
assess patient reported outcomes within the area 
of urinary incontinence and LUTS. To this end since 
the First Consultation, the ICI has worked to devel-
op a modular format for the various patient reported 
outcomes allowing clinicians and researchers to 
select internationally recommended questionnaires 
for the assessment of their patients in both clinical 
practice	 and	 clinical	 trials.	 In	 this	 ifth	 ICI	 review,	
the ICIQ modular questionnaires (supported by the 
International Consultation) are presented in detail 
and their use evaluated. Whilst some of the modular 
questionnaires are still currently under full evalua-
tion their content and format are presented within 
this chapter.

Grades of Recommendation for Question -
naires 2012

As with previous Consultations, the Committee con-
tinues to use three grades of recommendation. How-
ever, we have added a + sign to indicate when pub-
lished content validity is available for an instrument: 

•		Questionnaires	 were	 ‘highly	 recommended’	 and	
given a Grade A  if the Committee found “Pub-
lished data indicating that the questionnaire is 
valid, reliable and responsive to change following 
standard psychometric testing. Evidence must be 
published on all three aspects and questionnaires 
must be relevant for use with persons with incon-
tinence. Grade A + indicates there is additional 
evidence of published  content validity.”   

•		Questionnaires	were	“recommended”	and	given	a	
Grade B  if the Committee found “Published data 

III. RECOMMENDED
PRO QUESTIONNAIRES
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indicating that the questionnaire is valid and reli-
able following standard psychometric testing. Evi-
dence must be published on two of the three main 
aspects (usually validity and reliability). Grade B + 
indicates there is additional evidence of pub -
lished  content validity.”

•		Questionnaires	were	 considered	 to	 have	 “poten-
tial” and given Grade C  if the Committee found 
“Published data (including abstracts) indicating 
that the questionnaire is valid or reliable or respon-
sive to change following standard psychometric 
testing. Grade C + indicates there is additional 
evidence of published  content validity.”

The Committee decided that evidence published 
in abstracts or posters could be used to indicate a 
developing questionnaire’s potential, but was not 
suficiently	peer-reviewed	to	provide	the	basis	for	a	
stronger recommendation. 

As decided in the Fourth Consultation the recom-
mendation will be to preferably utilise questionnaires 
from the ICIQ modules described in detail below. 
Many, but not all, of these questionnaires are Grade 
A or A+ questionnaires by previously stipulated crite-
ria. Within the description of the ICIQ modules below 
the grade assigned to each module is indicated. 

Should none of the modular questionnaires be 
deemed	appropriate	for	speciic	research	or	clinical	
purposes, ICI’s recommendation is to use a Grade 
A+ or A questionnaire as previously recommended. 
When no suitable instrument exists a Grade B or 
C questionnaire, performing additional validation as 
indicated prior to use if feasible, should be used.

For UI and UI/LUTS, the Committee examined the 
quality of the psychometric evidence. Only where 
published	 data	 were	 scientiically	 sound	 was	 the	
label ‘with rigor’ allowed. Where the Committee 
had concerns about the quality of evidence, this is 
noted in the descriptions of the questionnaires be-
low. The Committee considered that the number of 
high quality questionnaires means that there are now 
suficient	questionnaires	for	most	purposes	and	it	is	
not necessary to encourage the development of new 
questionnaires, except for particular patient groups 
(see below).

The ICIQ modular questionnaire was developed to 
meet the need for a universally applicable standard 
guide for the selection of questionnaires for use in 
clinical	 practice	 and	 clinical	 research	 [27,	 28].	 The	
decision to develop standard questionnaire modules 
was	taken	by	the	Committee	after	the	irst	ICI	meeting	
in 1998, and resulted in the development of the ICIQ 

core questionnaire discussed in this section. It was 
recognised at that time that there were many good 
validated	questionnaires	each	developed	for	a	speciic	
purpose and each subtly different. Although develop-
ers of the questionnaires were familiar with their con-
tent and use, the increasing number of questionnaires 
made	 appropriate	 selection	 dificult	 and	 limited	 the	
ability to compare similar clinical and research data 
due to different data collection methods. 

An international advisory board was established to 
continue the development of the modular ICI ques-
tionnaire outside the limits imposed by triennial con-
vening of the ICI Committee. Early discussions with 
the advisory board resulted in the decision to expand 
the concept to include wider urinary symptoms, bow-
el symptoms and vaginal symptoms. The advisory 
board consisted of clinicians and researchers with 
experience in the design and use of questionnaires 
representing the major societies involved in the as-
sessment and research of lower genital tract, lower 
urinary tract and bowel function. The members of the 
advisory board of the ICI can be seen on the ICIQ 
website at www.iciq.net. The ICIQ modular question-
naire was then established. Researchers who have 
developed questionnaires that they would like to be 
reviewed by the advisory board for inclusion should 
send the questionnaires and relevant publications to 
www.iciq.net. The project is a series of living docu-
ments that will be continually updated.

1. AIMS AND OBJECTIVES

The ICIQ’s objective is to provide international con-
sensus on the use of patient completed question-
naires for the assessment of lower pelvic symp-
toms and their impact on patient’s lives. Three aims 
underpin the ICIQ in order to achieve clarity over 
questionnaire use:

•		To	recommend	high	quality	self-completion	ques-
tionnaires according to evidence of validation as 
stipulated	by	the	three	prior	ICI	Committees;

•		To	 promote	wider	 use	 of	 questionnaires	 to	 stan-
dardise assessment of lower urinary tract and pel-
vic dysfunction and its impact on patients’ lives, in 
order	to;

•		Facilitate	 communication	 in	 different	 patient	 set-
tings and different patient groups both in clinical 
practice and wider clinical research.

The ICIQ recognised that many high quality pub-
lished questionnaires already existed and, with per-
mission from the authors, those instruments were 
adopted into the modular project. It was not possible 
to adopt all available questionnaires and where more 
than one option existed, the most appropriate ques-
tionnaire for the purpose was included. Where high 
quality questionnaires were not available, the need to 
develop a new questionnaire/s was acknowledged. 
Collaborative efforts to develop new questionnaires 
are welcome and encouraged.

IV. INTERNATIONAL CONSULTA-
TION ON INCONTINENCE MODULAR 

QUESTIONNAIRE (ICIQ):
WHAT IS THE ICIQ?
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The ICIQ’s international nature requires that lin-
guistically validated translations are available. 
More than 50 language versions of various mod-
ules have been validated to date, conducted ac-
cording to established protocol.

Fourteen ICIQ modules/questionnaires are currently 
available for use, with further modules in development 
(discussed in detail below). Clinicians or researchers 
are able to select module(s) to meet the particular re-
quirements of their study or clinical practice. In order 
to simplify this selection process, modules have been 

categorised as shown in Table 1 . It must be stressed 
that although multiple questionnaires can and prob-
ably should be used they must be used in the format in 
which they were originally designed and the question-
naires cannot be merged together. 

In recent years, increasing advances have been 
made in the area of electronic documentation, 
particularly with regard to patient care. It is 
recognised that questionnaires requiring writ-
ten completion by hand may lack versatility and 
therefore prevent uptake of the ICIQ, hampering 

Core 
modules

CONDITION

CONDITION

Urinary 
symptoms

RECOMMENDED 
MODULES

RECOMMENDED ADD-ON MODULESOPTIONAL 
MODULES

HRQL Generic
HRGL

Post-
treatment

Symptoms

Males: 
ICIQ-MLUTS
Females:  

ICIQ-FLUTS

Males: 
ICIQ-

MLUTS LF
Females: 

ICIQ-
FLUTS LF

ICIQ-
LUTSqol

SF-12 Males: ICIQ-
MLUTSsex
Females: 

ICIQ-FLUTSsex

ICIQ-
Satisfac-

tion*

ICIQ-
Satisfac-

tion*

Males: ICIQ-Bsex*
Females: 

ICIQ-Bsex*

Specific 
patient 
groups

ICIQ-VSVaginal 
symptoms 
and sexual 

matters

ICIQ-
VSqol*

SF-12

ICIQ-BBowel 
symptoms 
and quality 

of life

SF-12

Males: 
ICIQ-MLUTSsex

Females: 
ICIQ-FLUTSsex

B) Specific patient 
groups

HRQL Generic 
HRQL

Sexual Matters Post-
treatment

Sexual Matters

Urinary 
Incontinence

Nocturia

SF-12

SF-12

ICIQ-
LUTSqol

ICIQ-UI 
Short Form

ICIQ-UI LF*

ICIQ-N ICIQ-
Nqol

ICIQ-
OABqol

Males: ICIQ-
MLUTSsex
Females: 

ICIQ-FLUTSsex

Males: ICIQ-
MLUTSsex
Females: 

ICIQ-FLUTSsex

Overactive 
Bladder

Neurogenic ICIQ-Spinal Cord 
Disease*

SF-12

SF-12

Long-term 
catheter users

ICIQ-LTC* SF-12

Children ICIQ-CLUTS* ICIQ-
CLUTS

qol*

ICIQ-OAB

Table 1. The ICIQ Modular Structure

Gray: In development; black: Grade A
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attempts to promote standardisation of evalu-
ation. Evaluations of electronic ICIQ modules 
are currently underway. Cognitive interviewing 
is being conducted among the potential popula-
tions of interest to ensure the appropriateness 
of these formats, for example, adults with var-
ied lower urinary tract symptoms [11]. Quantita-
tive comparison studies of equivalence are also 
planned to ensure the robustness of their mea-
surement capabilities is not compromised.

In this chapter, questionnaires forming part of the 
ICIQ modular format are referred to as those pre-
ferred for usage. Although many of the modules 
are Grade A or A+ questionnaires, others are still 
under various phases of development and are 
graded appropriately. Questionnaires that are in 
early stages of development and have yet to reach 
Grade C are described as “in development”. Where 
an ICIQ module is not available it is recommended 
that a Grade A or B or C questionnaire is used.

2. ICIQ MODULES

a) Core Modules

Questionnaires to assess the core symptoms and 
impact on health related quality of life (HRQL) of 
lower pelvic dysfunction are contained in this sec-
tion, in addition to impact on sexual matters. Core 
modules (Table 2 ) provide evaluation of:

•	Lower	urinary	tract	symptoms

•	Urinary	incontinence

•	Vaginal	symptoms

•	Bowel	symptoms

Each symptom module is intended for the com-
prehensive yet succinct measurement of symp-
toms and associated ‘bother’. The bother item 
attached to each symptom enables the individual 
to indicate areas that cause the greatest negative 
impact on HRQL as perceived by them. This can 
be a more sensitive indicator of treatment goals 
than frequency of symptoms alone. The HRQL 
questionnaires cover specific issues that are a 
consequence of symptoms, such as life limita-
tions and emotional impact.

b) Speciic Patient Group Modules

Questionnaires	 to	 assess	 speciic	 conditions	 or	
symptom complexes such as nocturia and overac-
tive bladder are contained in this section along with 
HRQL	 modules	 for	 these	 speciic	 symptom	 com-
plexes.	This	category	also	includes	speciic	patient	
groups, for example, children. These instruments 
contain only question items characteristic of the 
symptom	complex	or	have	been	developed	specii-
cally for use in a diverse group making the items/
questionnaire only utilisable in that population.

•	Nocturia

•	Overactive	bladder

•	Patients	with	spinal	cord	disease

•	Patients using long term catheters

•	Lower	urinary	tract	symptoms	in	children

c) Optional Modules

This category lies within the core symptoms and 
includes lengthier questionnaires for more in-
depth (maybe in-depth evaluation is more accu-
rate) evaluation of lower pelvic dysfunction. Whilst 
these questionnaires are suitable for use in clinical 
practice, they have not been shortened for clinical 
efficiency and are therefore more widely used in 
research studies where exploration of broader as-
sociated symptoms may be desired.

•	Lower	urinary	tract	symptoms

•	Urinary	incontinence

d) Post-treatment Module

The ICIQ module for post-treatment satisfaction 
is in the early stages of development. Assess-
ment of a patient’s satisfaction with treatment 
(behavioural, surgical or medication) provides 
information on treatment impact on their con-
dition and life and includes their perception of 
effectiveness, tolerability and convenience. It is 
not yet clear if satisfaction following treatment 
can be characterised by a set of common ques-
tion items that are applicable to all lower pelvic 
health conditions. As with HRQL, there are ge-
neric and disease specific questionnaires that 
assess satisfaction. Ongoing studies will pro-
vide further evidence on which to make sugges-
tions regarding post treatment evaluation but it 
is likely that this will encompass both generic 
and condition specific measures. Ultimately, the 
development of post treatment modules will also 
rely on advice from regulatory authorities (e.g. 
FDA, EMA) to ensure that measures capture a 
recognised multidimensionality of satisfaction.

3. GUIDANCE FOR USE OF THE ICIQ

The ICIQ recommends the use of a symptom and 
HRQL module that match the intended purpose 
of a study in order to provide a comprehensive 
evaluation of these two perspectives. The extent 
of burden placed on the respondent and the study 
or clinical outcomes must be considered however 
and ultimately guide questionnaire selection. The 
characteristics of each module are summarised 
below, although more extensive information can 
be found on the project website, www.iciq.net.  
Modules currently under development are sum-
marised in Table 3 . 
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Name Scope of assess ment Domains Items Grade 

ICIQ-MLUTS [29] 
(ICSmaleSF)   

Male lower urinary tract symptoms 
and associated bother. 

• Voiding 
• Incontinence 
• Individual items evaluating frequency and nocturia 

13 A
 

ICIQ-FLUTS [30] (BFLUTS 
SF)  

Female lower urinary tract 
symptoms and associated bother. 

• Filling 
• Voiding 
• Incontinence 

12 A 

ICIQ-VS [31] 
Vaginal symptoms including 
prolapsed and associated bother. 

• Vaginal symptoms 
• Sexual matters 
• Quality of life 

14 A 

ICIQ-B [32, 33] 
Bowel symptoms including anal 
incontinence and associated bother

 

• Bowel pattern 
• Bowel control 
• Quality of life 

21 A+ 

ICIQ-UI Short Form [28] Urinary incontinence. •  Urinary incontinence frequency, overall interference
• Perceived cause of incontinence

4
 

A
 

ICIQ-LUTSqol[4, 34] 
(King’sHealth Questionnaire))  

HRQL issues associated with 
urinary symptoms and associated 
bother. 

• Life restrictions 
• Emotional aspects 
• Preventive measures 

22 A+ 

ICIQ-MLUTSsex[35] 
(ICSmale)   

Male sexual matters associated with urinary 
symptoms and associated bother.  

• Erection and ejaculation issues 
• Overall interference 4 A 

ICIQ-FLUTSsex[36] (BFLUTS) 
 

Female sexual matters associated 
with urinary symptoms and related bother.  

•
 

Pain and leakage with sexual intercourse
 

• Overall interference 4 A 

ICIQ-FLUTS Long Form 
(BFLUTS) 

Detailed assessment of female lower urinary 
tract symptoms and associated bother. • Varied lower urinary tract symptoms 18 A 

ICIQ-MLUTS Long Form 
(ICSmale) 

Detailed assessment of male lower urinary 
tract symptoms and associated bother. • Varied lower urinary tract symptoms 23 A 

ICIQ-N  
Comprehensive assessment of symptoms of  
nocturia and associated bother.  

• Frequency 
• Nocturia. 2 A 

ICIQ-OAB  
Comprehensive assessment of 
symptoms of overactive bladder 
and associated bother. 

• Frequency 
• Nocturia 
• Urgency 
• Urgency incontinence 

4 A 

ICIQ-OABqol 
(OAB-q) [5] 

Detailed assessment of health-
related quality of life issues 
associated with overactive bladder.  

• Coping 
• Concern/Worry 
• Sleep 
• Social Interaction 

25 A 

ICIQ-Nqol 
(NQOL) [37, 38] 

Detailed assessment of HRQL 
issues associated with nocturia. 

• Issues associated with sleep disturbance 
• Life restrictions 
• Preventive measures 

13 A+ 

Table 2. ICIQ Module Description
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4. ICIQ QUESTIONNAIRE IMPLEMENTATION

The ICIQ modular questionnaire has attracted con-
siderable attention from both clinicians and research-
ers	 worldwide	 since	 its	 structure	 was	 inalised	 in	
2004. More than 1200 requests for use of the vari-
ous modules have been documented and over 180 
published	studies	were	identiied	up	to	March	2012.
The most widely applied module is the ICIQ-UI Short 
Form, particularly to evaluate female urinary incon-
tinence. Reports on further validation and transla-
tions of the ICIQ and related educational projects 
are growing in number. This is essential in order to 
achieve	standardised	evaluation	of	pelvic	loor	dys-
function, which is a primary aim of the initiative.

The ICIQ has also been applied to clinical and gen-
eral practice settings, and has been adopted in 
national guidelines for the management of urinary 
incontinence in primary care by the Scottish Inter-
collegiate Guidelines Network (www.sign.ac.uk/pdf/
sign79.pdf)	and	in	a	primary	care	resource	pack	by	
the British Society of Urogynaecology.

5. CONCLUSION

The ICIQ modular questionnaire project (www.iciq.
net) provides a series of standardized question-
naires for the patient reported assessment of lower 
pelvic dysfunction symptoms and their impact on 
patients lives. The ICIQ provides clarity over the 
selection of questionnaires by recommending only 
those with evidence of high quality and robust psy-
chometric validation including validity, reliability and 
sensitivity to change. This assurance provides the 
user	with	conidence	 in	 the	 results	obtained,	which 
is important in clinical practice and research where 
treatment decisions or trial outcomes depend on this 

evidence. Increasing awareness of the ICIQ aims to 
promote increased use of standardised question-
naires, thereby facilitating communication between 
clinicians and researchers and enable more wide-
spread comparisons between different treatments 
and patient groups worldwide. Collaboration with the 
ICIQ is encouraged among clinicians and research-
ers in order to conduct further evaluation and provide 
further translations of ICIQ modules.

There are a variety of PRO measures available for 
use in clinical practice and research that assess a 
range of concepts (e.g. HRQL, patient satisfaction, 
symptom bother, etc). This section and table series 
at the end of the chapter provides an overview and 
assessment of those measures. Importantly, clinical 
practitioners and researchers need to clearly deter-
mine their clinical and research objectives before 
selecting a PRO as it is these objectives and the tar-
get patient population that will help determine which 
validated PRO is appropriate to use. Appendixed 
Tables 4 through 8 provide a brief overview of all 
current PRO measures for urinary incontinence and 
LUTS, their purpose, psychometric properties, trans-
lation availability, and recommended ICI grade.

Please note, as instrument development and vali-
dation is an ongoing process, the tables below 
contain publications through August, 2011. As ad-
ditional work may have been performed on an in-

Name Purpose  Current status  

ICIQ-CLUTS [39] Assessment of urinary symptoms in 
children. 

Validitytesting published awaiting 
reliability and responsiveness 
evaluation. 

ICIQ-LTCqol Assessment of HRQL associated 
with long term catheter use 

Validity and reliability underway but 
yet to be published. Requires 
responsiveness evaluation. 

ICIQ-Bladder diary [40] 
Daily diary regarding bladder 
pattern including frequency, volume, 
intake and incontinence episodes. 

Validity and reliability established. 
Requires responsiveness 
evaluation. 

ICIQ-Spinal cord disease 

Assessment of urinary symptoms 
and impact on HRQL associated 
with speciic management devi ces 
and related bother. 

Initial qualitative development 
completed. Requires quantitative 
evaluation. 

ICIQ-VSqol 
Detailed assessment of HRQL 
issues associated with 
vaginalsymptoms and related bother. 

Initial qualitative development 
completed. Quantitative evaluation 
underway. 

ICIQ-Satisfaction 

Generic assessment of post-
treatment satisfaction for lower 
pelvic dysfunction including surgical 
and conservative intervention. 

Initial qualitative development 
completed. Quantitative evaluation 
underway. 

eICIQ Evaluation of altered administration 
of ICIQ modules. 

Initial qualitative evaluation 
completed. Quantitative evaluation 
of psychometric equivalence 
underway. 

Table 3. ICIQ Description of modules in Development.

V. PATIENT-REPORTED OUTCOME 
(PRO) QUESTIONNAIRES TO AS-
SESS THE IMPACT OF URINARY 

INCONTINENCE, OAB AND LOWER 
URINARY TRACT SYMPTOMS 
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strument, it is always prudent to conduct a further 
literature search and/or contact the instrument de-
veloper prior to selecting an outcome measure for 
your clinical practice or study.

One trend that has become more apparent since the 
previous	 Consultations	 is	 the	 modiication	 of	 more	
established urinary incontinence questionnaires for 
use in selected patient groups (e.g., pelvic organ 
prolapse;	males;	different	cultural/language	groups).	
When using a questionnaire in a patient group other 
than the group in which it was initially developed, 
cognitive interviews with the new patient popula-
tion should be held to review the applicability of the 
questionnaire to the new patient group. Several of 
the main questionnaires to be discussed below have 
now	 had	modiied	 versions	 published	 in	 the	 litera-
ture. The Committee’s view is that although it may 
be appropriate to modify established questionnaires 
for use with some populations, it is advisable to 
keep	such	modiications	 to	a	minimum,	and	 to	use	
the original versions whenever possible. Any modi-
ications	of	established	questionnaires	may	result	in	
changes (sometimes substantial) in the psychomet-
ric performance of the instrument, and thus all modi-
ied	 instruments	 should	 be	 subjected	 to	 the	 same	
psychometric testing as that employed in developing 
a	completely	 new	 instrument.	Speciically,	modiied	
instruments should report information regarding the 
instrument’s construct validity, reliability, and test-
retest reliability, at a minimum, and sensitivity to 
change, in intervention studies. 

For some of the more widely used instruments listed 
below,	 several	 modiied,	 shortened	 versions	 have	
been	published.	Information	regarding	the	modiied	
versions is provided under the original source ver-
sions	 of	 the	 questionnaires,	 but	 the	modiied	 ver-
sions are evaluated and graded separately, based 
on the available information regarding their psycho-
metric properties and performance.

1.  HEALTH-RELATED QUALITY OF LIFE 
MEASURES

Health-related quality of life (HRQL) measures help 
to assess the impact of disease and treatment on 
those aspects of quality of life related to health. UI is 
a symptomatic condition that has been shown to af-
fect many aspects of a patient’s life - physical, emo-
tional, and social relations and cause concern and 
burden. As such, it is important to assess HRQL in 
clinical research and practice. Appendixed Table 4 
at the end of the chapter provides a quick overview 
of the variety of HRQL measures available and their 
validity and characteristics to determine which mea-
sure is suitable for your objectives.

2.  PATIENT SATISFACTION AND GOAL AT -
TAINMENT SCALING

Patient satisfaction and Goal Attainment Scaling 
are two important but separate types of PROs that 
allow for individualised assessment of disease im-

pact and treatment. Patient satisfaction is the sub-
jective, individual evaluation of treatment effective-
ness and/or the service provided by the healthcare 
system. Goal attainment scaling (GAS) is a method 
developed to ascertain individual patient treatment 
goals and using those to facilitate patient-provider 
interaction and tailor the treatment plan based on 
those individual’s goals [41]. 

 Measures of patient satisfaction can include evalu-
ation of accessibility/convenience, availability of 
resources,	 continuity	 of	 care,	 eficacy,	 inances,	
humaneness, information gathering and giving 
processes, pleasantness of surroundings and per-
ceived quality/competence of health care personnel 
[42]. At its most basic level, satisfaction is a compre-
hensive evaluation of several dimensions of health 
care based on patient expectations and provider 
and treatment performance. As an outcomes mea-
sure, patient satisfaction allows health care provid-
ers to assess the appropriateness of treatment ac-
cording to patient expectations. In chronic diseases, 
where patients must live with treatment, patient sat-
isfaction may be the distinguishing outcome among 
treatments	with	comparable	eficacy	[43].	

Two patient satisfaction methods of promise with 
Grade B criteria are the BSW and OAB-S [44, 45]. 
Generally responsiveness cannot be assessed as 
there is no baseline assessment of patient satisfac-
tion with treatment as no treatment has been given. 
Appendixed Table 5 at the end of the chapter pres-
ents a summary of satisfaction instruments identi-
ied	in	UI,	OAB	and	other	LUTS.

GAS has been used to measure clinically important 
change in several therapeutic areas. Although it was 
originally developed to assess health outcomes in 
mental health settings, it has recently been expanded 
to include evaluations in urogynecology[46-50]. GAS 
has	 been	 linked	 to	 several	 possible	 beneits	 com-
pared with traditional outcome measures, such as 
improved clarity concerning treatment objectives for 
both the healthcare provider and the patient, active 
involvement of the patient in problem-solving efforts, 
establishment of realistic patient and healthcare 
provider expectations of treatment, and increased 
motivation of patients toward improving their health 
condition [41]. The end result of GAS is to clarify 
patients’ expectations for their treatment, document 
goal achievement, and eventually increase patient 
satisfaction and improve therapeutic outcomes.

One GAS instrument for lower urinary tract symp-
toms has been well-developed, the Self Assess-
ment Goal Attainment (SAGA) questionnaire. The 
development and pilot testing of the SAGA ques-
tionnaire has been published [46]. SAGA was devel-
oped in 3 phases: (1) a preparatory phase in which 
preliminary information on goal setting and attain-
ment	was	gathered;	(2)	a	goal	elicitation	phase	that	
included qualitative interviews with 41 patients with 
OAB	 symptoms	 and/or	 other	 LUTS;	 and	 (3)	 cog-
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nitive	 debrieing	 interviews	 during	 which	 the	 draft	
questionnaire was administered to 11 patients with 
OAB and/or other LUTS. Numerous linguistically 
validated translations are available at: http://www.
pizerpatientreportedoutcomes.com	[51].

3. SCREENING TOOLS

In order to improve the detection of incontinence, 
OAB and other LUTS, several screening tools have 
been developed (Appendixed Table 6). These tools 
help patients self-describe symptoms and facilitate 
diagnosis of LUTS by the clinician. Only the B-SAQ 
has been designed to screen for general lower 
urinary tract symptoms (LUTS) rather than solely 
symptoms of one condition. The majority of patients 
with LUTS have mixed urinary symptoms, and 
therefore a questionnaire which can detect more 
than one symptom complex may be more functional 
as a screening tool in clinical practice than a highly 
speciic	questionnaire.	The	Leiscester	Impact	Scale	
(LIS),	 OAB-V8,	 OAB-SS	 and	 QUID	 are	 all	 Grade	
A, short, simple to understand and complete, and 
easy to interpret. However the LIS is interviewer, 
not patient administered. Importantly, with screen-
ers, responsiveness is not assessed, however the 
sensitivity	and	speciicity	of	each	tool	is	critical.	

4.  ASSESSING SYMPTOM BOTHER AND 
OVERALL BOTHER

Measures that can be used to assess how bothered 
patients are by urinary symptoms are included in 
Appendixed Table 7.  The Patient Perception of 
Bladder Condition [52] and the Urogenital Distress 
Inventory are the only Grade A recommend instru-
ment.There are several Grade B and C measures 
which assess bother for incontinence and LUTS.

5. ASSESSING THE IMPACT OF URGENCY

Several	 instruments	have	been	developed	specii-
cally	to	assess	urinary	urgency,	which	is	deined	by	
the International Continence Society as “the com-
plaint of a sudden compelling desire to pass urine 
which	 is	dificult	 to	defer”[53].	Urgency	 is	 the	hall-
mark symptom of OAB [54], thus assessing the ef-
fect of treatment on this symptom and its impact on 
HRQL is important. With any measure designed to 
evaluate urgency, patients must be able to distin-
guish between the normal desire to urinate (urge) 
and	 the	 dificult-to-postpone	 need	 to	 urinate	 (ur-
gency) [55, 56]. Wording thus becomes critical in 
the development of urgency assessment measures. 
Chapple	and	Wein[57]	make	a	case	for	describing	
urgency as a “compelling desire to void in which 
patients fear leakage of urine” as a means of dis-
tinguishing this abnormal sensation from the normal 
need to void. However, some patients may have a 
sensation of urgency without fear of leakage, fur-
ther	complicating	attempts	to	deine	urgency.	Impor-
tantly, with some of these scales, patients have the 
option of indicating that they experienced UUI (an 

event) rather than the strongest feeling of urgency 
(a sensation) itself. Several instruments have been 
developed to assess urinary urgency these are 
summarised in Appendixed Table 8.

 

Many women with lower urinary tract and bowel 
symptoms have pelvic organ prolapse (POP). The 
clinical assessment, standardized measurement, 
conservative and surgical treatment of POP is cov-
ered in Chapters  5A and 15. Increasingly with new 
surgical techniques for the treatment of POP stan-
dardised objective and subjective assessments are 
required. This chapter will review the standardised 
symptom assessment tools for POP. These tools do 
not allow the clinical staging or planning of prolapse 
treatment, nor do they assess the correction of pro-
lapse following conservative or surgical treatments. 
As with many of the other sections in this chapter, 
it is apparent that clinical conditions affect patients 
differently. Ultimately, the decision to seek and offer 
therapy for POP and the evaluation of its success 
will best be measured by the patient and not nec-
essarily	by	the	physician	assessed	clinical	indings.	
Whilst not as advanced as the assessment tools to 
evaluate LUTS, there has been progress in the de-
velopment	of	POP	speciic	assessment	tools	since	
the last triennial ICI report.

It	is	important	to	remember	that	where	speciic	prob-
lems of the patient with POP require assessment 
(e.g., lower urinary tract symptoms, sexual function) 
it may be preferable to use one of the question-
naires	designed	speciically	for	that	purpose.

In general questionnaires for POP tend to focus 
more on the symptoms related to the lower bowel 
and prolapse probably because of the wider avail-
ability of questionnaires to assess LUTS. The broad 
three categories of instruments for POP are: 

1.	Presence	of	symptoms	and	their	severity;

2. HRQL

3. sexual function.

As prolapse is almost always multidimensional, se-
lecting questionnaires in the modular format of the 
ICIQ (see above) may well be preferable for many 
clinical and research applications

For POP, the Committee examined the quality of the 
psychometric evidence and only where published 
data	 were	 scientiically	 sound	 was	 the	 label	 ‘with	
rigor’ allowed. The Committee noted that this is a de-
veloping area and therefore three grades of recom-
mendation were established (Table 9 ).

VI.QUESTIONNAIRES TO ASSESS 
SYMPTOMS AND HEALTH-RELATED 

QUALITY OF LIFE IMPACT OF 
PELVIC ORGAN PROLAPSE
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A range of PROs have been developed to identify 
the severity of anal (AI) or faecal incontinence (FI) 
and its impact on HRQL. By comparison with the 
last triennial review, questionnaires are now being 
incorporated into research trials on a more regular 
basis recognising the importance of capturing the 
patient’s perspective. Less is reported regarding 
clinical assessment. Due to the close overlap be-
tween	faecal	incontinence	and	other	pelvic	loor	dis-
orders (in particular urinary incontinence), some of 
those questionnaires used for other pelvic disorders 
also include items to cover faecal incontinence. 
For similar reasons, items relating to faecal incon-
tinence have often been included in questionnaires 
addressing general gastro-intestinal and colo-rectal 
function,	as	well	as	condition	speciic	instruments	in	
such	areas	as	irritable	bowel	syndrome	and	inlam-
matory bowel disease, conditions which are com-
monplace in colorectal practice as well as in other 
specialties	 dealing	 with	 pelvic	 loor	 disorders	 [66,	
67].It	is	also	important	to	remember	that	the	normal	
range of bowel function is broad, that bowel func-
tion may be highly variable within individuals with-
out	signiicant	pathology.	Consequently	instruments	
in	this	ield	are	likely	to	lack	a	degree	of	sensitivity	
or	speciicity	 for	 the	speciic	bowel	disorders	such	
as IBS, IBD evacuation disorder and constipation.

Anal/faecal incontinence and bowel evacuation are 
intrinsically	related	to	pelvic	loor	function	and	it	may	

be inappropriate to consider bowel function purely 
in terms of continence and constipation. Evacuatory 
dysfunction may result from a variety of underlying 
pathologies including outlet obstruction, slow transit 
or other mechanical, pharmacological, metabolic, 
endocrine and neurogenic abnormalities [68]. Anal 
incontinence occurs in both sexes and it is unclear 
whether there is any difference between genders in 
terms of prevalence. Studies to date suggest that in 
different age groups prevalence varies, with unique 
risk factors attributable at these stages of life [69]. 
Symptoms are considered crucial to diagnosis as 
speciic	symptoms	are	 thought	 to	relect	 the	under-
lying	 pathophysiology	 [70].	 Thus,	 urgency	 (the	 in-
ability to defer defaecation) and urgency faecal in-
continence are thought to indicate loss of voluntary 
control due to impaired external anal sphincter func-
tion, whereas passive faecalincontinence is thought 
to indicate impairment of the smooth muscle of the 
internal sphincter. 

For AI/FI, the Committee examined the scope of 
available measures and quality of the psychomet-
ric evidence. While this remains a developing area, 
the publication of the ICIQ-B questionnaire for the 
assessment of anal incontinence and associated 
impact on quality of life means that a questionnaire 
is now available that reaches the highest level of 
recommendation, including the qualitative develop-
ment phase [32, 33]. Further evaluation of existing 
measures such as the Faecal Incontinence Qual-
ity of Life index (FIQL) has also resulted in an im-
proved	grade	of	recommendation	[71].	

The grades of recommendation are as outlined in 
previous sections and below. Table 10  summarises 
the questionnaires reviewed and grades of recom-
mendation accordingly. 

Appendixed Tables 11 through 13 at the end of the 
chapter	provide	details	of	the	speciic	psychometric	
properties and development of each questionnaire. 

VIII.  QUESTIONNAIRES TO ASSESS 
SEXUAL FUNCTION/SEXUAL 

HEALTH AND URINARY SYMPTOMS

Sexual function may be regarded as a dimension 
or aspect of overall HRQL, for which a number of 
dimension-speciic	measures	have	been	developed	
and validated. There is a wide choice of available in-
struments, the selection of which will depend on the 
clinical or research setting where the instrument is 
to be employed. Established and widely used mea-
sures that have been shown to be valid, reliable and 
responsive are clearly desirable, however the feasi-
bility and appropriateness of using a particular instru-
ment in a particular setting must also be considered. 
A large number of different instruments exist in this 
ield,	which	aim	to	evaluate	speciic	aspects	of	sex-
ual function and sexual health. A number have been 
speciically	developed	or	adapted	to	examine	sexual	
function	 in	patients	with	pelvic	 loor	disorders	 such	
as incontinence. 

VII.QUESTIONNAIRES TO ASSESS 
SYMPTOMS AND HRQL IMPACT OF 

FAECAL INCONTINENCE

Grade A (recommended)

Pelvic Floor Distress Inventory (PFDI) [58]

PelvicFloor Impact Questionnaire (PFIQ) [58]

Prolapse quality of life questionnaire P-QOL [59]

The Australian Pelvic floor Questionnaire 
(APFQ) [60]

Pelvic floor symptom bother questionnaire 
(PFBQ) [61]

PelvicOrganProlapseUrinary incontinence Sexual 
questionnaire (PISQ) (PISQ-12) [62]

ICIQ vaginal symptoms questionnaire 
(ICIQ – VS) [62]

The electronic Personal Assessment Question-
naire – Pelvic Floor (ePAQ-PF) [63]

Pelvic Floor Dysfunction Questionnaire [64]

Danish Prolapse Questionnaire [65]

Grade B 

Grade C (with potential)

Table 9: Recommended questionnaires for the 
evaluation of symptoms and health-related quality 
of life impact of pelvic organ prolapse
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Clinicians who treat sexual problems often prefer to 
use unstructured rather than structured interviews or 
questionnaires in clinical practice as an unstructured 
approach allows the tailoring of questions to suit the 
couple or the individual being assessed. Unstructured 
interviews enable the clinician to support patients 
who feel vulnerable and encourage discussion. The 
experienced clinician hopes to have an appreciation 
of the information required to make the correct diag-
nosis and institute appropriate treatment. In this set-
ting,	vocabulary	can	be	modiied,	as	can	the	level	of	
assertiveness and the depth of questioning to suit the 
needs	of	 the	 individual.	This	 lexibility	 is	 not	 readily	
achievable with questionnaires which individuals may 
also	 ind	 dificult	 to	 complete	 due	 their	 impersonal	
nature or because of physical or mental impairment, 
cultural or language differences. However, some pa-
tients	ind	 the	discussion	of	 intimate	 issues	with	cli-
nicians	 very	 dificult	 and	 questionnaires	 may	 allow	
these issues to be measured in private, at ease and 
more effectively before subsequently exploring ques-
tionnaire responses in the clinical interview itself. 

Appendixed Table 14 at the chapter’s end outlines a 
number of sexual health measures with a Grade A or 
B rating based on the criteria provided above. Three 

measures are of particular note, obtaining an A+ rat-
ing, having demonstrated not only reliability and va-
lidity but also that content was derived with patient 
input and responsiveness to treatment has been 
shown:  GRISS [84], FSFI [85], and IIEF [86]. Most of 
the	 identiied	measures	are	self-reported,	easy	and	
quick to administer and many have various language 
versions available. The majority have also been pre-
viously used in incontinence populations. There are 
various others measures that would be given a rat-
ing	of	C	(e.g.,	Sexual	Behaviour	 Inventory	 [87,	88],	
McCoy Female Sexuality Questionnaire [89]), but 
given the breadth of measures available with an A or 
B rating, researchers are encouraged to use these 
for assessing sexual function/sexual quality of life. 
Speciic	choice	of	measure	will	be	dependent	on	re-
search hypothesis. For instance, if you wanted to as-
sess impact of OAB on sexual function e.g. arousal 
in women then you would want to use the FSFI rather 
than the SQOL-F [90] because the FSFI has a spe-
ciic	arousal	domain	whereas	the	SQOL-F	assesses	
sexual quality of life.

Most studies and questionnaires have been devel-
oped for use with members of the general population 
or urology/gynaecology patients with incontinence 
or	POP.	However,	some	speciic	patient	groups	may	
experience particular problems with incontinence (for 
example, children, frail elderly or those who are se-
verely disabled), which may require independent in-
vestigation and potentially the development of more 
speciic	measures	or	the	addition	of	a	new	subset	of	
items on already developed instruments. The Com-
mittee advises that researchers should use existing 
highly recommended or recommended question-
naires if possible as this aids comparison and to re-
duce the increasing proliferation of questionnaires. 
Many of the questionnaires developed below for 
particular conditions (e.g. prostate cancer) pre-dated 
the development of highly recommended question-
naires, and highly recommended questionnaires 
should be used preferentially. 

1. OLDER PEOPLE
Urinary	 incontinence	 symptoms	 play	 an	 inluential	
role on the overall HRQL in older people (>65) and 
causes	 a	 signiicant	 decrease	 in	HRQL,	 as	 severe	
as that of many chronic disease states. Since the 
elderly commonly have a number of associated co-
morbid	conditions,	it	may	be	dificult	to	measure	the	
impact of urinary incontinence with generic HRQL 
measures.	The	use	of	incontinence	speciic	tools	to	
measure patient-reported outcomes in the elderly, 
therefore,	 is	 of	 considerable	 importance.	 Validated	
incontinence-speciic	 PRO	 questionnaires,	 such	
as IIQ, I-QOL or KHQ, are used for clinical trials or 
research on urinary incontinence including elderly 
people,	but	their	validity	has	not	been	speciically	as-
sessed in this age group. Okamura assessed symp-
toms and HRQL in older people (men and women) 

Grade A+ 

ICIQ-B [32, 33]

Faecal Incontinence Quality of Life Scale [71]

Colorectal Functional Outcome Questionnaire [75]

Manchester Health Questionnaire [76]

Bowel Control Self Assessment Questionnaire [77]

Pelvic Floor Bother Questionnaire [61]

Faecal Incontinence Questionnaire [80]

Elderly Bowel Symptom Questionnaire [78]

Faecal Incontinence and Constipation 
Assessment [79]

Birmingham Bowel and Urinary Symptom Ques-
tionnaire [72, 73]

Questionnaire for assessment of Faecal Inconti-
nence and Constipation [74]

Postpartum Flatal and Faecal Incontinence Quality 
of Life Scale [81]

Surgical Outcome Tool for Faecal 
Incontinence [83]

Bowel Function Questionnaire  [82]

Grade B 

Grade C

Ungraded (require formal validation, evidence 
of progress published) 

Grade A 

Table 10: Recommended questionnaires for the 
evaluation of symptoms and quality of life impact of 
faecal incontinence

IX. QUESTIONNAIRES FOR
SPECIFIC  PATIENT GROUPS
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with lower urinary tract symptoms including inconti-
nence, using the KHQ and IPSS. They demonstrated 
that symptoms and HRQL in the elderly with LUTS 
could be assessed by IPSS and KHQ and that uri-
nary incontinence appeared to be more associated 
with a decreased HRQL in elderly women [91]. 

On the other hand, there are a variety of factors af-
fecting older people, including physical, social, men-
tal, economic or environmental conditions, which are 
different from those of the young. In frail elderly peo-
ple with dementia or physical impairment, it may be 
dificult	to	assess	the	impact	of	urinary	incontinence	
alone.	Questionnaires	speciically	developed	for	the	
elderly may be of great importance in this respect. 
However, there is little relating to the development 
or validation of particular questionnaires for older 
people with urinary incontinence. Two question-
naires dealing with older people were found and are 
described below. No questionnaires dealing with pa-
tient	outcomes	speciically	 for	 frail	older	 incontinent	
people were found.

a) The Urge Impact Scale (URIS) [Grade B]

The Urge Impact Scale (URIS) was designed and 
tested	 speciically	 for	 older	 persons	 with	 urgency	
incontinence. The URIS was developed and vali-
dated by DuBeau et al. (1999) [92] and included 32 
items, reduced to 24 items (URIS-24). The URIS-24 
was psychometrically assessed for validity and reli-
ability in community-dwelling older (>65y) men and 
women with urgency incontinence. Cronbach’s alpha 
was 0.84 for the URIS-32 and 0.94 for the URIS-24. 
In assessment of test-retest reliability, interclass co-
eficient	 (ICC)	was	0.88.	The	URIS-24	had	modest	
but	nearly	signiicant	correlation	with	the	number	of	
urgency	incontinence	episodes	(rho=-0.39,	p=0.05).	
Factor analysis revealed 3 component structures 
corresponding to physiological burden, perception 
of personal control and self-concept. There was no 
analysis for responsiveness. They showed that the 
URIS-24 is an internally consistent, highly reproduc-
ible tool for the assessment of the QOL impact of ur-
gency incontinence on older persons.

b) Caregivers

The Overactive Bladder Family Impact (OAB-FIM) 
scale was developed to assess the impact of OAB on 
family members of patients with OAB. This 19-item 
tool consists of 6 subscales [93]. Four subscales (Ir-
ritation, Activities, Travel, Concern) could be used for 
all	 family	members;	however	2	additional	subscales	
(Sleep, Sex) should only be administered to spouses/
signiicant	others.	The	OAB-FIM	was	highly	discrimi-
nating between OAB and control family members, with 
all	OAB	family	members	indicating	signiicant	impact	
(all	p<0.0001).	 Internal	consistency	 reliability	 (Cron-
bach’s	alpha	>0.71)	and	2-week	test-retest	reliability	
(intraclass	 correlation	 coeficients	 >0.73)	 were	 high	
for all subscales. Concurrent validity of the OAB-FIM 
was	demonstrated	through	statistically	signiicant	(p	<	
0.001)	Spearman	correlations	with	the	OAB-q	(coefi-

cients ranging from 0.35 to 0.58) and the PPBC (0.31 
to 0.56). No differences were noted on the OAB-FIM 
by patient incontinence status (none, urge vs. mixed). 
OAB-FIM scores also discriminated by family mem-
ber perceptions of OAB severity, particularly among 
the Irritation, Activities and Travel subscales. Correla-
tional analyses among the OAB-FIM and relationship 
quality measures suggest that greater OAB symptom 
impact on the family member was associated with in-
creased problems in the patient–family member rela-
tionship. The responsiveness of the OAB-FIM is yet 
to be assessed. This measure can be found at www.
pizerpatientreportedoutcomes.com.

2. CHILDREN

Some questionnaires have been developed spe-
ciically	 to	address	 issues	 for	 children,	 particularly	
enuresis. See Chapter 9 (Children) and section on 
ICIQ modular questionnaire.

3.  SPINAL CORD INJURED/NEUROLOGICAL 
IMPAIRMENT

Individuals who have a spinal cord injury or are 
neurologically damaged can experience particular 
dificulties	with	incontinence	and	the	use	of	various	
devices. It would be useful to investigate whether 
Grade A questionnaires, developed for people with-
out neurological damage, can be used in this group, 
or whether additional modules or instruments are 
required. This is an area where a small number of 
questionnaires are being developed with the Qual-
iveen being a notable exception (Also see section 
on the ICIQ questionnaire and below).

Qualiveen: Quality of Life Related to Urinary 
Problems in Spinal Cord Injury [Grade A]

The Qualiveen was developed to evaluate the spe-
ciic	impact	of	urinary	dysfunction	on	the	quality	of	
life of spinal cord injury patients in France [94]. The 
initial items were developed following patient inter-
views, and were then assessed for validity and reli-
ability in 281 spinal cord injury patients with urinary 
dificulties.	 The	 Qualiveen	 contains	 30	 items	 and	
has demonstrated good reliability and validity [94]. 
Further validation of the Qualiveen has occurred 
in multiple sclerosis patients [95] and it has been 
translated and validated into English [96], German 
[97],	and	Portuguese	[98].	The	Qualiveen	has	dem-
onstrated responsiveness in multiple sclerosis pa-
tients and has a suggested MID of 0.5 [99].

4. PROSTATE/BLADDER CANCER

Many PRO questionnaires are available for as-
sessment in this area: Post-radical prostatectomy 
questionnaire [100, 101], Cancer Rehabilitation 
Evaluation System - Short Form (CARES-SF) [102], 
Prostate Cancer Treatment Outcome Questionnaire 
(PCTO-Q)	 [103],PROSQOLI	 [104],	Modiied	South-
west Oncology Group (SWOG) [105], Functional As-
sessment of Cancer Therapy - (FACT-G), Bladder 
form (FACT-B) and Prostate form (FACT-P) [106], 
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Functional	Assessment	of	Cancer	Therapy	Vander-
viet	 Cystectomy	 Index	 (FACT-VCI)	 [107],	 EORTC	
metastatic prostate cancer [103], Changes in Urinary 
Function [108],  Prostate-targeted Health Related 
Quality of Life [109]. While it is beyond the scope of 
this chapter to review and recommend PROs in this 
area, the principles and guidelines discussed herein 
apply to selecting a PRO related to prostate and 
bladder cancer.

5.  LOWER URINARY TRACT SYMPTOMS/BE -
NIGN PROSTATE DISEASE

Many questionnaires have been developed to as-
sess	LUTS	and	benign	prostate	disease;	however,	
most do not contain a full evaluation of UI. Perhaps 
the most widely known urology PRO is the AUA 
Symptom Index [110], I-PSS (International Prostate 
Symptom Score) [110, 111]. The IPSS has been 
utilitised internationally to assess symptoms of 
prostate disease with documented reliability, validity 
and responsiveness. Additional PRO measures for 
BPH	are	as	follows:	Patient-completed	modiication	
of the Boyarsky[112], BPH Impact Index [113], and 
BPH Health-related QoL survey [114].

6. SUMMARY
In summary, some general points to consider in se-
lecting PRO measures for urology studies:

•		Ensure	 that	 the	 PRO	 research	 questions	 and	
study	endpoints	are	clearly	deined.	Determine	the	
PROs that are most critical to assess and which 
are most likely to be affected by a particular condi-
tion and/or its treatment. 

•		Make	good	use	of	prior	literature	searches	in	identi-
fying past research in the area(s) of interest, as well 
as in identifying the types of PRO measures other 
researchers have used in past work. This informa-
tion can provide valuable information on how partic-
ular outcome measures have performed in previous 
populations, as well as provide additional informa-
tion	to	assist	in	deining	research	questions/issues	
regarding the PRO components of any given study.

•		Consider	the	characteristics	of	the	population	in	se-
lecting measures. For example, are the study sub-
jects to be children or older adults, well educated 
vs. those with limited education, or persons with low 
literacy?  Ensure that the mode of data collection is 
appropriate for use with the study population. Fur-
thermore, do not assume that an instrument validat-
ed for use with Caucasian, middle-class individu-
als in the U.S. will be appropriate for use in other 
countries, and/or those of a lower socio-economic 
status or of different educational backgrounds. This 
chapter has indicated, where possible, the extent to 
which	speciic	PRO	measures	have	been	validated,	
and used reliably with different populations.

•		Use	 the	 questionnaires	 recommended	 in	 this	
chapter whenever possible. Do not “reinvent the 
wheel.” Developing new PROs is a time-consum-
ing and complicated process. If a new scale needs 

to be developed, ensure that the guidelines pro-
posed by the FDA and EMEA on developing PROs 
are followed and that the appropriate expertise in 
questionnaire development and psychometrics is 
available to your research team in order to guide 
the questionnaire development process.

•		Know	 the	 strengths	 and	 weaknesses	 of	 differ-
ent types of PRO measures. In general, generic 
measures are useful in providing information on 
multiple patient outcome dimensions that can be 
compared across different populations. They may 
lack sensitivity, however, in addressing concerns 
of	speciic	patient	populations	(e.g.,	OAB,	UI,	fae-
cal	 incontinence).	Condition-speciic	 instruments,	
in contrast, do address areas of function more 
speciic	to	the	condition,	and	tend	to	be	more	re-
sponsive to changes in clinic status, due to their 
increased	 speciicity	 in	 addressing	 the	 condi-
tions of their patient populations. Weaknesses of 
condition-speciic	 instruments,	 however,	 are	 that	
they are often not appropriate for use with multiple 
populations, and cannot be used to make direct 
comparisons across different patient groups. 

•		Know	how	to	score	your	selected	PRO	measures	
and	how	to	interpret	the	scores.	Speciically,	ensure	
that the scoring method of a measure provides you 
with the information you need to answer your re-
search question? 

•		Finally,	 train	 and	 certify	 your	 staff	 to	 administer	
PRO measures using either patient interview and/
or self-administration techniques, depending on the 
method to be used in the study. The administration 
process needs to be standardised and completely 
similarly across all participants.

1.The	selection	of	a	PRO	questionnaire	must	relect	
study purpose and objectives

2.  Grade A recommended questionnaires should be 
used in all clinical trials evaluating treatments   

3.  The inclusion of the ICIQ modules is preferred in 
all  studies to standardise outcome assessment

4.		Continued	 PRO	 development,	 reinement,	 and	
use should accurately and adequately report on 
the methods, samples, statistical analyses  and 
psychometric properties of questionnaires in 
scientiic	 journals	 (i.e.	 validity,	 reliability	 and	 re-
sponsiveness), so the quality of each study can 
be assessed

Researchers are encouraged to use existing ques-
tionnaires	and	reine	for	speciic	populations	when	
needed (e.g. frail elderly, children)

5. Researchers are encouraged to collaborative with 
the	 ICIQ	project	on	 the	development	and	 reine-
ment of modules and translations.

X. RECOMMENDATIONS FOR 
RESEARCH
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ICIQ-UI Short Form 
(International 
Consultation on 
Incontinence 
Questionnaire - 
Urinary Inconti-
nence Short Form 
(ICIQ-UI Short 
Form); Grade A[28]

www.proqolid.
org

4-item tool used to assess 
the symptoms and impact of 
urinary incontinence in 
clinical practice and 
research 

men and 
women, 
Urinary 

symptoms

√√√ √	(8	weeks)√√

EPIQ 
(Epidemiology of 
Prolapse and 
Incontinence 
Questionnaire); 
Grade B [117]

contact 
developer

49-item tool developed and 
validated in English and 
Spanish to assess the 
presence or absence of AI, 
OAB, SUI, and pelvic organ 
prolapse in female population

women, 
PFD

√√√ √√ √

PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsiveness 

(Treatment 
Duration)

Instrument 
Access & 

Translation(s)
Internal 

Consistency 
Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discriminant

DAN-PSS-
1(Danish Prostatic 
Symptom Score); 
Grade A [116]

www.proqolid.
org

15-item tool used to 
evaluate males with LUTS 
suggestive of uncomplicated 
BPH 

Men, 
BPH

√√√ √

Contilife® (Quality 
of Life Assessment 
Questionnaire 
Concerning 
Urinary Inconti-
nence); Grade B 
[115]

www.proqolid.
org

28-intem tool used to 
assess the impact of urinary 
incontinence on HRQL. 
Originally developed in 
French and designed for 
women with UI  (urge, stress 
and mixed UI)

Women, 
SUI 

√ √	(ICC	
= 0.96)

√√

BFLUTS (Bristol 
Female Lower 
Urinary Tract 
Symptoms 
Questionnaire). 
Currently the 
ICIQ-FLUTS 
(ICIQ-Female 
Lower Urinary 
Tract Symptoms); 
Grade A [30]

None www.iciq.net34-question tool used to 
assess female LUTS, 
particularly urinary 
incontinence, measure 
impact on quality of life and 
evaluate treatment 
outcome

Women, 
inconti-
nence

√ √ √√

Table 4:  Health-related Quality of Life measures for Lower Urinary Tract Symptoms
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Table 4:  Health-related Quality of Life measures for Lower Urinary Tract Symptoms (continued)

IIQ (Incontinence 
Impact Question-
naire); Grade A 
[119]

contact 
developer

30-item tool developed to 
describe the severity of 
incontinence in a popula-
tion. It was validated in a 
group of women aged 45 
and over attending two 
continence clinics for SUI 
primarily. Used to assess 
the impact of urinary 
incontinence on HRQL. 

Women, 
UI

√ √	(12Weeks)	√√

PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsiveness 

(Treatment 
Duration)

Instrument 
Access & 

Translation(s)
Internal 

Consistency 
Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discriminant

IIQ-7 
(Incontinence 
Impact Question-
naire - short form); 
Grade	A	[120]

contact 
developer

7-item tool used to assess 
the impact of urinary 
incontinence on HRQL

*validation 
study on 
men after 

radical 
prostatec-
tomy who 

had UI

√	
(Cronbach's 

Alpha = 
0.93)

√	
(Spear
man's 
Rho = 
0.99; 
ICC = 
0.75)

√ √√√

ICSmale (ICIQ-
MLUTS) 
(International 
Continence 
Society - Male); 
Grade A [35]

www.proqolid.
org

23-item	tool	used	to	
provide a thorough 
evaluation of the occur-
rence and bothersomeness 
of lower urinary tract 
symptoms and their impact 
on the lives of men with 
benign prostatic disease

men with 
LUTS 
and 

possible 
BPH

√ √ √√√

ICSQoL  
(International 
Continence 
Society-Benign 
Prostatic Hyper-
plasia study 
quality-of-life); 
Grade A [118]

www.proqolid.
org

8-item tool used to assess 
impact of lower urinary tract 
symptoms on the lives of 
men with LUTS

men with 
LUTS 
and 

possible 
BPH

√ √ √√
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Table 4:  Health-related Quality of Life measures for Lower Urinary Tract Symptoms (continued)

PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsiveness 

(Treatment 
Duration)

Instrument 
Access & 

Translation(s)
Internal 

Consistency 
Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discriminant

ISS (Incontinence 
Symptom Severity 
Index); Grade A 
[126]

8-item instrument used for 
the self-assessment of 
severity of female urinary 
storage and voiding 
symptoms, rather than 
symptom bother or effects 
of on quality of life

Females √	(ICC	
= 0.62 
- 0.91)

√	(Duration	not	
specified)

ISQ (Incontinence 
Stress Index:  
ISQ-P [Patient]; 
ISQ-SOPS [Staff 
Observation of 
Patient Stress]; 
ISQ-SR [Staff 
Reaction to UI]); 
Grade C [125]

40-item tool (20-items in 
short form) used to assess 
psychological stress 
associated with urinary 
incontinence

Women √√

√

I-QOL (ICIQ-Uqol) 
(Urinary 
Incontinence-
Specific Quality of 
Life Instrument); 
Grade A [122, 123]

www.proqolid.
org

www.proqolid.
org

22-item tool used to assess 
quality of life of women with 
UI

women, 
UI 

√ √√ √ √

IOQ (Incontinence 
Outcome Ques-
tionnaire); Grade 
B [121]

contact 
developer

contact 
developer

27 question tool developed 
for assessing quality of life 
after surgery for stress 
urinary incontinence 

Women 
SUI

√	
(Cronbach's 

Alpha = 
0.83)

√√√

ISI (Incontinence 
Severity Index); 
Grade C [124]

2-item severity measure 
recommended by the World 
Health Organization for 
studying the epidemiology 
of incontinence and other 
LUTS; Developed in an 
epidemiologic study of 
28,000 women in Norway. 

Women, 
SUI 

√√ contact 
developer
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Table 4:  Health-related Quality of Life measures for Lower Urinary Tract Symptoms (continued)

PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsiveness 

(Treatment 
Duration)

Instrument 
Access & 

Translation(s)
Internal 

Consistency 
Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discriminant

MUSIQ (Male 
Urinary Symptom 
Impact Question-
naire); Grade B+ 
[128, 129]

32-item tool used to capture 
mental/psychological health, 
social health, and global 
perceptions of function and 
well-being in men with 
urinary incontinence. 
Created by eliminating four 
gender specific items from 
UDI and IIQ.

Men, UI √√ √

MUDI (Male 
UrogenitalDistress 
Inventory); Grade 
B+ [128, 129]

27-item tool used to address 
the dimension of physical 
health, focusing on bother 
from multiple symptoms 
associated with UI in men. 
Created by eliminating four 
gender specific items from 
UDI and IIQ.

Men with 
LUTS 

following 
a radical 

prostatec-
tomy for 
prostate 
cancer

√√ √

LIS (The Leicester 
Impact Scale); 
Grade A [127]

contact 
developer

21-item tool used as a 
quality of life measure for 
males and females with 
urinary storage symptoms 
of urgency, frequency, 
nocturia and incontinence. 

men and 
women, 
LUTS

√	√√ √ √

KHQ (ICIQ-
LUTSqol) (King’s 
Health Question-
naire); Grade A+ 
[4, 34]

www.proqolid.
org

www.proqolid.
org

www.proqolid.
org

21-item tool used to assess 
the symptoms impact of 
LUTS including urinary 
incontinence on HRQL. 
Developed in a clinical 
perspective to evaluate 
incontinence in women.

UI, OAB, 
men and 
women

√	(all	
domains 
except 
severity 
measure 

(Cronbach's 
Alpha = 

0.60) 
demon-
strated 

excellent IC)

√	(12Weeks)	√√√√ √
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Table 4:  Health-related Quality of Life measures for Lower Urinary Tract Symptoms (continued)

PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsiveness 

(Treatment 
Duration)

Instrument 
Access & 

Translation(s)
Internal 

Consistency 
Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discriminant

PFIQ (PelvicFloor 
Impact Question-
naire); Grade A 
[58]

93-item functional status tool 
used to assess presence of 
symptoms and HRQL in 
women with POP; 3 Scales 
(Urinary-31, Colorectal-31, 
Prolapse-31)

Females 
with 

sympto-
matic 

POP, UI

√√√	(ICC	
= 0.86)

√

PFDI-20 (Pelvic 
Floor Distress 
Inventory Short 
Form); Grade A 
[58]

www.mapi-
institute.com

20-item short form of the 
PFDI (Urinary-6; 
Colorectal-8; Prolapse-6)

Females 
with 

sympto-
matic 

POP, UI

√√√	(ICC	
= 0.93)

√

PFDI (Pelvic Floor 
Distress Inven-
tory); Grade A [58]

contact 
developer

contact 
developer

46-item tool used to assess 
presence  of symptoms and 
HRQL in women with POP; 3 
Scales (Urinary-28; 
Colorectal-17 Prolapse-16)

Females 
with 

sympto-
matic 

POP, UI

√√

√	
(Cronbach'
s Alpha = 

0.98)

√	
(Cronbach'
s Alpha = 

0.88)

√	(ICC	
= 0.87)

√

OAB-q (ICIQ-
OABqol) 
(OveractiveBladde
r Questionnaire); 
Grade A [5, 38]

www.pfizerpati
entreportedout

comes.com

33-item tool used to evaluate 
both continent and inconti-
nent symptoms of OAB and 
their impact on HRQL. 
Developed from focus 
groups of men and women, 
clinician opinion, and a 
thorough literature review

Continent 
and 

inconti-
nent OAB

√		(12	
Weeks)

√√√ √	(ICC	
= 0.93 

for 
4-week 
recall 

period)

√√

OAB – q SF 
(OAB-q Short 
Form); Grade A [5]

www.pfizerpati
entreportedout

comes.com

19-item tool (shortened 
version of the OAB-q) used 
to evaluate both continent 
and incontinent symptoms 
of OAB and their impact on 
HRQL

OAB, 
men and 
women

√		(12	
Weeks)

√√√ √ √

N-Qol(Nocturia 
Quality of Life 
Questionnaire); 
Grade A+[37, 130]

www.pfizerpati
entreportedout

comes.com

13-item tool used to assess 
the impact of nocturia on 
the quality of life of patients 

men and 
women

√√√√ √ √
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Table 4:  Health-related Quality of Life measures for Lower Urinary Tract Symptoms (continued)

PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsiveness 

(Treatment 
Duration)

Instrument 
Access & 

Translation(s)
Internal 

Consistency 
Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discriminant

YIPS (York 
Incontinence 
Perceptions 
Scale); Grade B 
[135]

8-item tool used to measure 
the psychosocial aspects of 
urinary incontinence and its 
management

Women, 
UI 

√√√√ √ www.proqolid.
org

Urolife (BPHQoL9) 
(Benign Prostatic 
Hypertrophy 
Health-Related 
Quality of Life 
Questionnaire); 
Grade A [134]

9-item tool used to assess the 
impact of BPH and its 
treatment on the quality of life 
of patients

Men, 
BPH

√√√√ √

UISS (Urinary 
Incontinence 
Severity Score); 
Grade A [133]

10-item tool to assess 
symptom severity and impact 
of urinary incontinence 

Women, 
UI 

√√√√√

UIHI (Urinary 
Incontinence 
Handicap 
Inventory); Grade 
C [132]

www.proqolid.
org

www.proqolid.
org

17-item tool used to identify 
difficulties patients may be 
experiencing because of 
their incontinence

Elderly 
women, 

UI due to 
detrusor 
instability 

√√	
(Cronbach's 

Alpha = 
0.87)

√

PRAFAB 
(Protection, 
Amount, 
Frequency, 
Adjustment, Body 
image); Grade A 
[131]

contact 
developer

contact 
developer

5 item questionnaire widely 
used in the Netherlands by 
physiotherapists and 
researchers used  to 
evaluate treatment effects 
for UI in women

women 
with UI

√√ √√ √ √

PFIQ-7 (Pelvic 
Floor Impact 
Questionnaire 
Short Form); 
Grade A [58]

www.mapi-
institute.com

21-item short form of the 
PFIQ used to assess 
presence of symptoms and 
QOL in women with POP; 3 
Scales (Urinary-7, 
Colorectal-7, Prolapse-7)

Females 
with 

sympto-
matic 

POP, UI

√√√	(ICC	
= 0.77)

√
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PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsiveness 

(Treatment 
Duration)

Instrument 
Access & 

Translation(s)
Internal 

Consistency 
Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discriminant

SAGA (Self-
Assessment Goal 
Achievement 
Questionnaire); 
GAS; Grade C [46]

9-item tool on Goal Attainment 
related to lower urinary tract 
symptoms and the establish-
ment of patients’ goals concern-
ing their treatment for lower 
urinary tract symptoms (LUTS),

Not 
As-

sessed

Not 
Assessed

Men and 
Women 
aged	≥18	

years 
with OAB

√ √	(low	to	
moder-

ate)

√ www.pfizerpat
ientreportedo
utcomes.com

TBS (Treatment 
Benefit Scale); 
Grade	B	[138]

Single-item tool used to 
assess the patient-reported 
benefits of treatment of OAB

Men and 
Women 

OAB

√√ √ contact 
developer

PSQ (Patient Satisf- 
action Question-
naire); Grade	C	[136]

Single-item tool used to 
measure how satisfied a 
subject was with a program

Women, 
UI, SUI, 

MUI

√ contact 
developer

OAB-SAT-q
OAB Satisfaction 
questionnaire; 
Grade	B	[137]

10-item	tool	used	to	assess	
patients’ satisfaction with 
overactive bladder treatment 
including medication or 
non-pharmaceutical options 
such as physical therapy or 
biofeedback. The 
pre-medication module is 
designed assess the patient’s 
expectations with medication 
and impact on OAB on 
patient’s day  to day life

Men and 
women, 

OAB

√√√√ √

OAB-S 
(Overactive 
Bladder Satisfac-
tion measure); 
Grade B [44]

51-items	to	assess	following	
domains:  expectations, control 
impact on daily living, medica-
tion tolerability, satisfaction and 
5 overall assessments

men and 
women, 

OAB

√√√ √√

GPI (Global Perce- 
ption of Improve-
ment); Grade	C	[136]

Single-item tool used to 
assess patient's improvement

Women, 
UI,SUI, 

MUI

√

EPI (Estimated 
Percent Improve-
ment);	Grade	C	[136]

contact 
developer

contact 
developer

contact 
developer

contact 
developer

Single-item tool used to 
gain a patient's improve-
ment in a percent scale

Women, 
UI,SUI, 

MUI

√ √	(2-4	
Weeks) 

BSW (Benefit, 
Satisfaction with 
treatment, and 
Willingness); 
Grade B [45]

www.pfizerpati
entreportedout

comes.com

3	single-item	tool	used	to	
capture patients' perceived 
benefit, satisfaction with 
treatment, and the willingness 
to continue treatment   

men and 
women, 

OAB

√√ √

Table 5: Patient Satisfaction Measures for Lower Urinary Tract Symptoms
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Table 6: Screening Tools for Lower Urinary Track Symptoms

PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsiveness 

(Treatment 
Duration)

Instrument 
Access & 

Translation(s)
Internal 

Consistency 
Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discriminant

3IQ (Three Inconti-
nence Questions 
Questionnaire); 
Grade C [139]

None Found3-item tool used to classify 
urge and stress incontinence

Women, 
UI

N/A√

B-SAQ (Bladder 
Self-Assessment 
Questionnaire) or 
Bladder Control 
Self-Assessment 
Questionnaire 
(BCSQ); Grade A 
[140]

www.mapi-
institute.com

8-item screening tool used 
for the presence of bother-
some LUTS in Women

Women N/A√√√√ √

CLSS (Core Lower 
Urinary Tract 
Symptom Score) 
Questionnaire; 
Grade C [141]

contact 
developer

10-item tool used in the 
overall assessment of lower 
urinary tract symptoms 

√Men & 
Women

ISQ (Incontinence 
Screening Ques-
tionnaire); Grade B 
[142]

5-item tool developed to 
screen for incontinence in 
women

√Women, 
UI

N/A√ contact 
developer

MESA (Medical, 
Epidemiological, 
and Social Aspects 
of Aging Question-
naire); Grade C 
[143]

15-item screening tool used 
for urinary incontinence in 
female pelvic medicine and 
reconstructive surgery 
patients

√Women, 
UI

N/A www.ncbi.nlm.
nih.gov

OAB-SS 
(Overactive 
Bladder Symptom 
Score); Grade A 
[144]

7-item tool used to measure 
overall symptom severity 
due to the four index 
symptoms of OAB

√√ √ √ √Men and 
women, 

LUTS with 
or without 

OAB

contact 
developer
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PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsiveness 

(Treatment 
Duration)

Instrument 
Access & 

Translation(s)
Internal 

Consistency 
Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discriminant

OAB-V8 (OAB 
Awareness Tool); 
Grade A [145]

www.pfizerpati
entreportedout

comes.com

8-item screening tool for use 
in a primary care setting to 
identify patients who may 
have OAB

Men and 
women, 

OAB

N/A√√√√√

OAB - V3 (OAB 
short form) A [146]

www.pfizerpati
entreportedout

comes.com

3-Item awareness tool & 
shortened version  of the 
OAB-q/OAB-V8 

Men and 
women, 

OAB, UUI

 n/a√√√√√

PUF patient 
symptom scale 
(Pelvic Pain, 
Urgency, and 
Frequency); 
Grade C [147]

www.ncbi.nlm.
nih.gov

8-item tool used to evaluate 
of patients with suspected 
IC/PBS

Women 
and 

women, 
IC/PBS

√ √

QUID 
(Questionnaire for 
Urinary Inconti-
nence Diagnosis); 
Grade A [148]

contact 
developer

6-item tool used to diagnose 
stress and/or urge types of 
urinary incontinence

Women 
with UI 

and SUI

√√√√√ √

USP (Urinary 
Symptom Profile); 
Grade B [149]

www.mapi-
institute.com

13-item tool used to assess 
urinary symptoms in male 
and female with stress, urge, 
frequency or urinary 
obstructive symptoms for 
use in clinical practice to 
complement clinical 
measures and diagnosis

Men and 
women  

stress UI, 
urge UI, 

fre-
quency, 

low 
stream, 

combined 
symp-
toms

√√√√√ N/A

Table 6: Screening Tools for Lower Urinary Track Symptoms (continued)
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Table 7:  Symptom Bother Measures for Lower Urinary Tract Symptoms

PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsiveness 

(Treatment 
Duration)

Instrument 
Access & 

Translation(s)
Internal 

Consistency 
Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discriminant

I-PSS 
(International 
Prostate Symptom 
Score); Grade B 
[110]

www.proqolid.
org

8-item tool used to capture 
the severity of urinary 
symptoms related to benign 
prostatic hyperplasia. 
Originally developed from 
the American Urological 
Association Symptom Index.

Men √ √√√√

LUSQ (Leicester 
UrinarySymptom 
Questionnaire); 
Grade A [150]

contact 
developer

10-item tool used to 
measure the presence and 
severity of storage abnor-
mality symptoms of inconti-
nence, urgency, frequency 
and nocturia

Men and 
women

√	
(12Weeks) 

√√ √ √√

PGI-I and PGI-S 
(Patient Global 
Impression of 
Severity and of 
Improvement); 
Grade A [151, 152]

contact 
developer

Two single-item global 
indices used to measure 
symptom bother related to 
urinary incontinence

Women 
with SUI

√	
(12Weeks) 

√ √√√

PMSES (Broome 
Pelvic Muscle 
Exercise 
Self-Efficacy 
Scale); Grade C 
[153]

contact 
developer

23-item tool used to 
measure self-efficacy for the 
performance of pelvic 
muscle exercises in females 
and males

Men and 
women

√

√ √

√

POSQ (Primary 
OAB Symptom 
Questionnaire); 
Grade C [154]

contact 
developer

5-item tool used to assess 
which symptom of OAB is 
the most bothersome to 
patients

OAB, 
men and 
women

√ √

PPBC (Patient 
Perception of 
Bladder Condition); 
Grade A [52]

www.pfizerpati
entreportedout

comes.com

Single-item tool used to 
assess patients’ subjective 
impression of their current 
urinary problems. Developed 
as a global assessment of 
bladder condition 

Men and 
women

√
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PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsiveness 

(Treatment 
Duration)

Instrument 
Access & 

Translation(s)
Internal 

Consistency 
Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discriminant

PFBQ (Pelvic 
Floor Bother 
Questionnaire); 
Grade B [61]

contact 
developer

9-item global instrument 
used to assess female 
patients over the age of 18 
years with symptoms of 
urinary incontinence, urinary 
urgency, and frequency, urge 
incontinence, faecal 
incontinence, obstructed 
defecation, dyspareunia and 
pelvic organ prolapse

Women, 
Urinary 
Inconti-
nence, 

UUI, SUI  

√√ √ √√

SPI (Symptom 
Problem Index); 
Grade B [113]

www.proqolid.
org

7-item tool used to measure 
how troublesome the 
patients find their urinary 
symptoms

Male, 
BPH

√ √√

SSI and SII 
(Symptom 
Severity Index and 
Symptom Impact 
Index for stress 
incontinence in 
women); Grade B 
[155]

www.proqolid.
org

3-item tool used to measure 
stress incontinence severity 
and impact or bothersome of 
symptoms. This question-
naire was developed and 
administered to women 
undergoing stress inconti-
nence surgery

Women, 
SUI 

√ √ √

UI-4 (Urinary 
Incontinence -4 
Questionnaire); 
Grade C [156]

www.ncbi.nlm.
nih.gov

4-item tool used to assess 
how patients are  bothered 
by urinary incontinence

Women, 
UI

√

UDI 
(UrogenitalDistres
s Inventory); 
Grade A [119]

contact 
developer

19-item tool used to asses 
symptom bother related to 
urinary incontinence. UDI is 
a complement to the IIQ 

Women, 
UI, SUI

√ √√ √ √

UDI-6 
(UrogenitalDistres
s Inventory -6); 
Grade A [157]

contact 
developer

6-item tool used to assess 
LUTS, including inconti-
nence, in women.

Women √ √√ √ √ √ √

Table 7:  Symptom Bother Measures for Lower Urinary Tract Symptoms (continued)
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Table 8: Urinary Urgency Measures for Lower Urinary Tract Symptoms

PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsiveness 

(Treatment 
Duration)

Instrument 
Access & 

Translation(s)
Internal 

Consistency 
Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discriminant

IUSS (Indevus 
Urgency Severity); 
Grade A [158]

contact 
developer

Single-item tool used to 
quantify the level of urgency 
associated with each toilet 
void as measured during 
standard voiding diaries. 

OAB with 
urgency 
inconti-
nence, 

men and 
women

√ √		(12	
Weeks)

√ √ √

PPIUS (Patients' 
Perception of 
Intensity of 
Urgency Scale); 
Grade B [159]

contact 
developer

Single-item tool used to 
assess female patient 
perception of urgency 
intensity in those women 
with UUI 

Women, 
UUI

√√

SUIQ 
(Stress/Urge 
Incontinence 
Questionnaire); 
Grade B [160]

contact 
developer

2-item	tool	used	to	differenti-
ate between symptoms of 
stress and urge urinary 
incontinence 

Women, UI √ √

U-IIQ (Urge 
Incontinence 
Impact Question-
naire); Grade A 
[161]

contact 
developer

32-item	tool	used	to	assess	
the interference of urine 
leakage and bladder 
problems Developed for use 
in patients with all types of 
incontinence.

MUI, UUI √√ √ √ √	
(12Weeks)	

UPS (Urgency 
Perception Score); 
Grade	B	[162]

contact 
developer

5-item OAB tool used for 
grading the urge to void and 
assessing the reason why 
individuals usually void

Men and 
women

√√ √ √

UPS (Urgency 
Perception Scale); 
Grade B [163]

contact 
developer

Single-item tool used to 
assess the severity of 
urgency – whether or not 
urgency, the sudden and 
compelling desire to urinate 
should have a severity 
measure is debated. 

OAB, men 
and women

√ √ √ √
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Table 8: Urinary Urgency Measures for Lower Urinary Tract Symptoms (continued)

PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsiveness 

(Treatment 
Duration)

Instrument 
Access & 

Translation(s)
Internal 

Consistency 
Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discriminant

UQ (Urgency 
Questionnaire); 
Grade B [154]

contact 
developer

15-Likert Scale Item & 4-VAS 
tool used o assess the 
severity and impact of urinary 
urgency symptoms on HRQL. 
VAS scale is used to measure 
the impact of urinary urgency 
on overall HRQL, the severity, 
the intensity, and the 
discomfort of urgency. 

Women, 
OAB

√ √	(10	
Days)

√ √√ √

URIS-24 (Urge 
Impact Scale); 
Grade B [92]

contact 
developer

24-item tool used to assess of 
the impact of the most common 
form of UI in older persons

Older 
persons, UI 

√ √√ √

USIQ-QOL (Urgency 
Severity & Intensity 
Questionnaire: 
Symptom Severity); 
Grade B [164]

contact 
developer

To measure severity impact 
from urinary urgency 

Females, 
POP, UI

√√ √

USIQ-S (Urgency 
Severity & Intensity 
Questionnaire:  
Quality of Life); 
Grade B [164]

contact 
developer

To measure quality of life 
impact from urinary urgency

Females, 
POP, UI

√√	
(Cronbac
h's Alpha 
=	0.85)

√

USS (Urinary 
Sensation Scale); 
Grade B [165, 
166]

contact 
developer

5-point scale used to assess 
the impact of urgency with 
patients with OAB derivation 
from EMA’s recommended 
5-point scale

Urologists or 
urogy-

necologists, 
Survey 

respondents 
with OAB 
symptoms

√√	
(Cronbac
h's Alpha 
=	0.85)

√ √√

UU	Scale	(10-item	
Scale to Measure 
Urinary Urgency); 
Grade A [167]

contact 
developer

10-item	tool	use	to	measure	
urinary urgency

Men and 
women

√ √√

U-UDI (Urge-
Urogenital distress 
inventory); Grade 
A [161]

www.mapi-
institute.com

9-item tool used to assess 
the extent to which the 
patient is bothered by the 
symptoms of urge urinary 
incontinence or mixed 
urinary incontinence with a 
primary urge component. 

Men and 
women

√ √ √√
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Table 11: Summary of PRO Measures for Faecal incontinence and other bowel symptoms

PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsive-

ness 
(Treatment 
Duration)

Psycho-
metric 

Validation 
inOther 

Languages

Internal 
Consistency 

Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discri-
minant

Questionnaire for 
assessment of FI 
and constipation 
[74]
Grade A

Available 
Languages

47-item general question-
naire for constipation and 
anal incontinence, also 
including abdominal and 
urinary symptoms and 
medical history

Men and 
women

√ √ Contact 
www.iciq.

net

√√

√

Bowel function 
questionnaire  [83]
Ungraded

28-item bowel specific 
questionnaire including 10 anal 
incontinence-specific items

Men and 
women

Faecal Inconti-
nence Question-
naire [80]
Grade C

63-item general questionnaire 
for bowel habits including faecal 
incontinence, also urinary 
symptoms and medical history

Men and 
women

√√ √BBUSQ 
(Birmingham Bowel 
and Urinary 
Symptom Question-
naire [72, 73]
Grade A

22-item questionnaire for bowel 
and urinary symptoms including 
4 faecal incontinence-specific 
items

women √

√ √FICA (Faecal 
incontinence and 
constipation 
assessment) [79]
Grade B

98-item general questionnaire 
for constipation and faecal 
incontinence, also including 
abdominal and urinary 
symptoms and medical history

women

√ √√ √PFBQ (Pelvic floor 
bother question-
naire) [61]
Grade B

9-item symptom and bother 
questionnaire for pelvic floor 
disorders

women
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Table 12: Summary of PRO Measures for Faecal incontinence and HRQL associated speciically

Table 13: Summary of PRO Measures for Faecal incontinence in speciic patient groups

PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsive-

ness 
(Treatment 
Duration)

Psycho-
metric 

Validation 
inOther 

Languages

Internal 
Consistency 

Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discri-
minant

ICIQ-B [32, 33]
Grade A+

Available 
Languages

19-item anal incontinence 
symptoms and HRQL 
questionnaire

Men and 
women

√ √ Contact 
www.iciq.

net

√ √√ √√

FIQL (Faecal 
Incontinence 
Quality of life Index) 
[71] Grade A

29-item faecal incontinence 
HRQL questionnaire

Men and 
women

√ √√ √ √ Contact 
author

MHQ (Manchester 
Health Question-
naire) [76] Grade B

31-item anal incontinence 
HRQL questionnaire

Women √ √√

Bowel control 
self-assessment 
questionnaire  [77]
Grade B

5-item faecal incontinence 
symptom and HRQL 
questionnaire

Men and 
women

√ √√√

PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsive-

ness 
(Treatment 
Duration)

Psycho-
metric 

Validation 
inOther 

Languages

Internal 
Consistency 

Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discri-
minant

Postpartum flatal 
and faecal inconti -
nence quality of life 
scale  [81] Ungraded

Available 
Languages

68-item anal incontinence 
HRQL questionnaire 
(adaptation of FIQL for 
postpartum females)

Women √

Surgical outcome 
tool for faecal 
incontinence [83]
Ungraded

10-item anal incontinence 
symptoms and HRQL 
questionnaire for evaluation 
of incontinence surgery

Women

COREFO (Colorec-
tal functionalout-
come question-
naire) [75] Grade B

27-item anal incontinence 
symptom and HRQL 
questionnaire for evaluation 
of colorectal surgery

√ √√√Men and 
women

EBSQ (Elderly 
Bowel Symptom 
Questionnaire) [78] 
Grade B

56-item general questionnaire 
for gastrointestinal function 
including faecal incontinence, 
also including and medical 
history and HRQL

√√Men and 
women
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Table 14. Sexual Health and Quality of Life Measures 

PRO 
Name/ICIQ 
Grade

Purpose/Description of Tool
ReliabilityPopulation 

Sample
Responsiveness 

(Treatment 
Duration)

Instrument 
Access & 

Translation(s)
Internal 

Consistency 
Test-
retest 

Validity
Content (Item 
Generation)

Criterion Concurrent Discriminant

FSFI (Female 
Sexual Function 
Index); Grade B 
[85]

contact 
developer

19-item tool used to assess 
the effects of incontinence 
on multiple dimensions of 
sexual function in sexually 
active, adult women

Women, 
OAB; SUI, 

MUI

√	
(Cronbach'
s Alpha >/= 

0.82)

√	(r	=	
0.79 - 
0.86)

√

ICIQ-VS 
(International 
Consultation on 
Incontinence 
Questionnaire 
-Vaginal Symp-
toms); Grade B [31]

contact 
developer

14-item tool used to assess 
effects of vaginal symptoms 
and associated sexual matter 
on sexual quality of life for 
sexually active females

Women √	
(Cronbach'
s Alpha = 
0.81-0.88)

√	(all	items	
except 

'leakage 
during 

intercourse')

√ √

PISQ 
(PelvicOrganProlap
se/Urinary 
Incontinence 
Sexual Question-
naire); Grade B [62]

contact 
developer

31-item tool to assess sexual 
function after surgery in 
women with Pelvic Floor 
Dysfunction

Females 
with Pelvic 

Floor 
Dysfunc-

tion

√	
(Cronbach'
s Alpha = 

0.85)

√	(k	=	
0.56 - 
0.93)

√ √

SFQ 
(SexualFunction 
Questionnaire); 
Grade C [168]

www.pfizerpati
entreportedout

comes.com

Generic Instrument used to 
assess the impact of OAB on 
sexual health/function in the 
male & female population 

men& 
women 

with OAB

SQoL-F (Sexual 
Quality of 
Life–Female); 
Grade B [90]

www.pfizerpati
entreportedout

comes.com

To assess the impact of 
female sexual dysfunction on 
quality of life

√ √ √√women
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The	primary	aim	of	the	chapter	is	to	present	what	
tests	might	be	performed	to	elucidate	the	mecha-
nism	 that	causes	UI	 in	 the	 individual,	but	a	more	
predominant	aim	has	been	to	make	recommenda-
tions,	 and	 to	 give	 the	 strength	 of	 the	 recommen-
dation	(A	 to	D),	 for	what	 tests	could	or	should	be	
performed	for	certain	groups	of	patients.	Thus	we	
present	an	overview	of	the	best	scientiic	evidence	
with	regard	to	the	role	of	urodynamic	testing	in	clin-
ical	practice.	On	the	basis	of	this,	we	provide	rec-
ommendations	for	the	current	state	of	assessment	
of	 the	 patient	 with	 UI,	 and	 recommendations	 for	
future	scientiic	evaluation	of	dynamic	testing.	We	
present	the	overview	of	scientiic	evidence	in	para-
graphs,	with	conclusion(s)	(with	a	level	of	evidence	
that	 follows	 the	 Modiied	 Oxfort	 Scale)	 from	 this	
evidence	 for	 each	 paragraph.	 Following	 on	 from	
that,	 we	 present	 our	 graded	 recommendation(s)	
and	 where	 deemed	 useful	 some	 topics(s)	 for	 re-
search.	These	items	are	highlighted	in	the	text	and	
are	therefore	also	suitable	for	‘express	reading’.

The	 chapter	 considers	 urodynamics	 for	 patients	
with	signs	and	symptoms	of	urinary	 incontinence.	
The	tests	are	described	with	 the	clinical	perspec-
tive	 as	 well	 as	 with	 normal	 values	 and	 reliability	
of	 the	measured	parameters	 in	mind,	 followed	by	
reviews	 of	 the	 literature	 regarding	 clinical	 urody-
namic	 evaluation	 of	 different	 patient	 groups	 with	
UI;	 women,	 men,	 children,	 neurogenic	 lower	 uri-
nary	 tract	 dysfunction	 (NLUTD),	 and	 the	 frail	 el-
derly.	Urodynamics	 of	micturition	 problems	 is	 not	
addressed	 speciically	 and	 only	 described	 where	
deemed	relevant,	when	a	combination	with	symp-
toms	and	signs	of	UI	is	present.	Each	section	con-
cludes	with	the	committee’s	recommendations.

The	term	‘Urodynamic	studies’	(UDS)	was	deined	by	
the	 International	 Continence	Society	 (ICS)	 in	 1988	
as	 to	 ‘involve	 the	 assessment	 of	 the	 function	 and	
dysfunction	 of	 the	 urinary	 tract	 by	 any	 appropriate	
method’ [Abrams	1988;	Schafer	2002].	The	report	in	

I. INTRODUCTION

I. WHAT IS URODYNAMICS?

Urodynamic Testing

The	irst	 two	 reports	of	 the	 International	Consulta-
tion	 on	 Incontinence	 (ICI)	 contained	 chapters	 on	
‘Urodynamic	Testing’ [Homma	1999;	Homma	2002].	
Urodynamics	is	the	umbrella	term	used	to	describe	
measurements	of	 the	 function	of	 the	 lower	urinary	
tract.	 These	 measurements	 can	 be	 used	 in	 the	
management	of	urinary	incontinence	(UI).	The	third	
and	the	fourth	report	of	the	ICI	expanded	the	topic	
to	include	physiological	measurements	of	the	lower	
gastrointestinal	tract	in	relation	with	faecal	(or	anal)	
incontinence.	 Consequently,	 the	 chapters	 were	
named	‘Dynamic	Testing.’[Grifiths	2005].	

In	this	ifth	consultation,	ICI	2012,	we	have	further	up-
dated	the	evidence	for	the	technical	performance,	clin-
ical	utility	and	responsiveness	to	treatment	of	dynamic	
testing.	However	faecal	 incontinence	is	discussed	in	
a	separate	committee	 for	 this	2012	consultation.	Di-
agnosis	of	 faecal	 incontinence	and	 its	measurement	
techniques	 is	 therefore	 not	 included	 in	 this	 chapter.	
Consequently,	 the	 chapters’	 name	 is	 Urodynamic	
Testing.	We	have	used	the	chapter	on	‘Dynamic	Test-
ing’	 from	the	previous	(2009)	consultation	as	a	 tem-
plate	for	this	report;	retaining	some	of	the	original	text	
and	 tables	 where	 there	 has	 been	 no	 change	 since	
the	previous	consultation [Rosier	2010;	Rosier	2010;	
Rosier	 2010].	 Nevertheless	 the	 use	 of	 the	 previous	
chapter	 as	 a	 template,	 this	 chapter	 is	 updated	with	
more	than	200	new	references	and	±300	outdated	ref-
erences	have	been	removed.	With	the	aim	to	use	the	
‘test	 of	 time’	we	 have	 however	 usually	 not	 included	
references	of	publications	 less	than	one	year	before	
the	consultation.	Also	discussions	of	 tests	 that	have	
been	presented	as	‘new’	in	the	previous	years,	with-
out		follow-up	o	manuscripts	from	other	centres,	and	
or	without	manuscripts	 that	describe	 the	clinical	use	
in	comparative	studies,	have	been	reduced	in	length.

Treatment	of	(stress)	urinary	incontinence	(SUI)	has	
changed	 considerably	 in	 the	 last	 decade	 and	 that	
has	had	its	consequence	on	diagnostic	testing.	One	
of	the	effects	has	been	that	the	paragraphs	that	dis-
cuss	urethral	pressures	and	or	leak	point	pressures	
are	reduced	in	length.
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2002	which	revised	the	1988	standard	did	not	alter	
the	deinition	of	 ‘urodynamic	studies’	or	 ‘urodynam-
ics’	 but	 did	 include	 new	 deinitions	 of	 ‘urodynamic	
observations’ [Abrams	 2002].	 Another	 update	 that	
adds	speciic	 terms	 for	 female	pelvic	loor	dysfunc-
tion	 and	 -female-	 lower	 urinary	 tract	 dysfunction	
(LUTD)	restates	the	2002	ICS	terminology	report	in	a	
descriptive	manner	[Haylen	2010;	Haylen	2010]	and	
includes	 elements	 from	 the	 ICS	 good	 urodynamic	
practice	report	[Schafer	2002]	as	well.

The	 conventional	 experts	 view,	 endorsed	 in	 the	
previous	standardisations	and	consultations,	is	that	
urodynamics	is	a	series	of	more	or	less	agreed-up-
on	clinical	tests,	such	as	low	studies,	illing	cystom-
etry,	 pressure-low	 studies	 and	 urethral	 (closure)	
-function	measurements.	These	measurements	can	
be	 combined	with	 simultaneous	 electromyography	
(EMG)	 recording	 and/or	with	 imaging	 by	 either	X-
rays	 or	 ultrasound.	Also	 implicitly	 agreed	 upon	 is	
that	urodynamics	is	the	way	to	determine,	in	an	ob-
jective	manner,	which	dysfunction	causes	people	to	
have	 lower	urinary	 tract	 symptoms	 (LUTS)	and	or	
signs	of	UI.	

The	attempt	to	gain	understanding	of	an	individual’s	
lower	urinary	tract	(LUT)	functioning,	on	the	basis	of	
test	observations,	in	relation	to	what	is	known	about	
normal,	or	expected	abnormal,	physiology,	 is	what	
constitutes	urodynamics.

Urodynamic	 studies	 can	 answer	 questions	 such	
as:	 ‘What	 is	 the	 cause,	 or	 causes	 of	 	 increased	
voiding	 frequency	 in	 this	 patient’	 as	well	 as:	 ‘Why	
does	this	patient	have	urinary	incontinence?’	These	
questions	not	only	can	be	posed	for	 individual	pa-
tients	 but	 also	 can	 form	 part	 of	 clinical	 or	 labora-
tory	research [Toh	2006;	Nager	2009;	Gordon	2001;	
Gomes	2004].

Conventionally,	 UDS	 involves	 the	 patient	 being	
connected	 to	 equipment	 in	 the	 laboratory	 in	 order	
to	measure	physiological	parameters,	such	as	pres-
sures,	inside	the	patient.	The	data	is	monitored	while	
the	test	is	being	carried	out	and	adjustments	can	be	
made	 to	 prevent	 or	 correct	 for	 technical	 problems	
and	artefacts	as	they	arise.	Ambulatory	urodynam-
ics	may	be	employed	 in	an	attempt	 to	answer	 the	
clinical	(or	fundamental	or	scientiic)	question [Pan-
nek	 2008].	 In	 ambulatory	 urodynamics,	 pressures	
and	other	physiological	parameters	from	the	patient	
are	 fed	 into	 a	 data	 logger	 and	 the	 patient	 is	 free	
to	move	about	and	carry	out	normal	activities.	The	
advantage	is	that	such	tests	can	last	for	many	hours	
in	more	 ‘natural’	 circumstances	 for	 the	patient	 but	
the	disadvantage	is	that	prevention	of,	and	control	
for	artefacts	and	also	 integration	of	patients’	activ-
ity,	sensations	or	perceptions	is	much	more	dificult.	
Videourodynamics	 (or	 ultrasound	 combined)	 is	 a	
technique	to	combine	anatomical	morphological	in-
formation	of	 the	 lower	urinary	 tract	with	 functional	
(pressure	and	low)	measurements.

It	 is	 frequently	 quoted	 that	 that	 the	 aim	 of	 uro-
dynamic	 testing	 is	 ‘to	 reproduce	 the	 patients’	
symptom(s)’.	This	 committee	 has	 a	 view	 that	 the	
‘symptoms’	 here	 referred	 to	 are	 the	 patients’	 (or	
caregivers’)	way	of	expressing	 that	she	or	he	no-
tices	UI	and/or	any	other	sign	(or	presumed	sign)	
of	LUTD.	No	evidence	exists	about	 the	 incidence	
of	the	presentation	of	the	speciic	symptom	‘urinary	
incontinence’	 in	a	referred	population	without	that	
being	 true.	 It	 is	 the	 committees’	 opinion	 that	 this	
incidence	is	however	probably	very,	very	low.	It	is	
therefore	not	the	primary	task	to	‘solely’	conirm	UI	
as	a	symptom	but	 it	 is	 the	doctors’	 task	 to	 ‘trans-
late’	the	sign	and	or	symptoms	into	a	clinical	diag-
nosis	that	leads	to	an	effective	treatment.	

Urodynamic	testing	should	be	applied	to	objectively	
measure	 and	 document	 the	 entire	 lower	 urinary	
tract	 function	and	or	dysfunction	when	 it	can	have	
therapeutic	 consequences,	 bearing	 the	 individual	
patients’	 symptoms,	and	all	 other	 relevant	 circum-
stances,	 in	 mind.	 Urodynamic	 testing	 can	 show	
signs	such	as	(signiicant)	residual	urine	or	underac-
tive	detrusor	which	is	often	not	speciically	noticed	
by	the	patient,	even	when	neurologically	unaffected.	
Especially,	but	not	uniquely	in	patients	with	relevant	
neurological	abnormalities,	upper	urinary	tract	signs	
(dilatation)	can	exist	or	develop	without	any	 (new)	
symptom.	Furthermore	the	patient	can	present	with	
symptoms	such	as,	‘urinary	frequency’,	‘nocturia’	or	
‘recurrent	urinary	tract	infections’,	which	are	dificult	
or	impossible	to	reproduce	in	the	usual	UDS-	labo-
ratory.	The	importance	of	urodynamic	testing	is	thus	
to	 reproduce	 the	 dysfunction	 of	 the	 lower	 urinary	
tract	and	 to	determine	 the	cause	of	 the	signs	and	
or	symptoms	of	urinary	tract	functional	disease.	The	
implicit	 consequence	 of	 this	 is	 also	 that	 ideally	 at	
least	 one	 complete	 illing	 (storage)	 and	 pressure-
low	 (voiding)	 cycle,	 that	 adequately	 represents	
the	patients	problem	(e.g.	with	 regard	 to	volumes)	
including	post	voiding	features,	(residual	urine,	 	or	
after	 contraction)	 should	 be	 tested,	 analysed,	 and	
documented,	even	 if	only	storage	or	voiding	signs	
or	symptoms	have	been	expressed	by	the	patient.

The	role	of	urodynamic	studies	in	broad	clinical	per-
spective	can	be:

a)		to	 identify	 all	 factors	 that	 contribute	 to	 the	 LUT	
symptoms	(e.g.	urinary	incontinence)	and	assess	
their	relative	importance;

b)		to	 obtain	 information	 about	 all	 other	 aspects	 of	
LUT	 function	 or	 dysfunction	whether	 or	 not	 ex-
pressed	as	a	symptom	or	recognisable	as	a	sign;

c)		to	allow	a	prediction	of	the	possible	consequenc-
es	of	LUT	dysfunction	for	the	upper	urinary	tract;

II. WHAT SHOULD BE THE ROLE OF 
URODYNAMIC STUDIES IN CLINICAL 

PRACTICE?
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d)		to	allow	a	prediction	of	the	outcome,	including	un-
desirable	side	effects,	of	a	contemplated	treatment;

e)		to	 conirm	 the	 effects	 of	 intervention	 or	 under-
stand	 the	mode	of	action	of	a	particular	 type	of	
treatment	for	a	LUT	dysfunction;	especially	a	new	
and	or	experimental	(pre-routine)	one;

f)		to	understand	the	reasons	for	 failure	of	previ-
ous	treatments	for	urinary	incontinence,	or	for	
LUT	 dysfunction	 in	 general	 (after	 unsatisfac-
tory	treatment).

Conclusion (level 1)

•	Urodynamic	testing	in	clinical	practice	is	to	evalu-
ate	 a	 person’s	 lower	 urinary	 tract	 function	with	 at	
least	 one	 complete	 and	 representative	 illing-void-
ing-post	voiding	cycle	by	testing	with	relevant	pres-
sures	 and	 lowmetry.	 Urodynamic	 testing	 includes	
quality	control,	subsequent	analysis,	and	documen-
tation.	Auxiliary	 testing	 of	 urethral	 (bladder	 outlet)	
closure	function	or	simultaneous	registration	of	pel-
vic	loor	muscle	activity	and	or	simultaneous	addi-
tion	of	anatomical	or	morphological	information	with	
ultrasound,	 roentgen	 or	 other	 imaging	 can	 com-
plete,	or	augment	the	value	of,	urodynamic	testing	
for	speciic	indications.

1. UROFLOWMETRY

This	is	the	non-invasive	measurement	of	urine	low	
rate.	The	patient	voids	into	a	low	meter	in	private	
ideally	with	a	normal	to	strong	(but	not	uncomfort-
able)	desire	to	empty	their	bladder [Schafer	2002].	
Urine	low	rate	is	continuously	measured	and	dis-
played	 graphically.	 Various	 parameters	 from	 the	
trace	are	automatically	calculated	and	printed	out	
together	with	 the	 trace.	After	 control	 for	 artefacts	
in	automated	calculations,	the	maximum	low	rate,	
the	volume	voided	and	shape	of	the	curve	are	usu-
ally	 the	 principal	 determinants	 of	 whether	 or	 not	
the	 patient	 is	 emptying	 their	 bladder	 in	 a	 normal	
way.	If	an	abnormal	voiding	is	obtained,	it	is	good	
clinical	practice	to	repeat	the	assessment	to	check	
that	 the	 result	 is	 reproduced,	or	not.	Several	 fac-
tors,	such	as	patient	apprehension,	can	give	an	ab-
normal	recording	in	patients	who	have	no	voiding	
dificulty.	Asking	the	patient	about	what	she	or	he	
thinks	about	 the	voiding;	whether	 the	voiding	 (in-
cluding	the	volume)	was	an	adequate	representa-
tion	of	the	real	voiding	(compare	with	voiding	diary)	
and	 if	necessary	 further	explanation	 is	absolutely	
relevant	and	must	be	regarded	as	standard	(good	
urodynamic)	 practice.	 Repeating	 the	 assessment	
can	eradicate	 the	effect	of	such	confounding	 fac-
tors	and	will	conirm	or	refute	the	validity	of	earlier	
assessment(s).	Unambiguous	and	careful	 instruc-
tion	of	 the	patient,	privacy	and	a	short	meatus	 to	

lowmeter	distance	are	all	 inherently	relevant [Ad-
dla	2010].

2. FILLING CYTOMETRY

This	is	the	measurement	of	the	pressure	inside	the	
bladder	 to	 assess	 its	 storage	 capabilities.	 It	 is	 an	
invasive	test	which	involves	a	catheter	being	placed	
into	the	bladder,	usually	transurethrally,	and	another	
catheter	being	placed	rectally	or	vaginally	(or	some-
times	 through	 an	 abdominal	 stoma)	 to	 measure	
abdominal	 pressure.	 Subtracting	 the	 abdominal	
pressure,	indirectly	measured	via	vagina,	rectum	or	
stoma,	from	the	pressure	measured	inside	the	blad-
der	(intravesical	pressure)	gives	a	representation	of	
pressure	changes	due	to	the	action	of	the	detrusor	
smooth	muscle	or	due	to	the	(lack	of)	viscoelasticity	
of	 the	 bladder	 	 to	 volume	 change,	measured	 and	
expressed	as	bladder	compliance.

During	this	assessment,	the	bladder	is	usually	illed	
with	normal	saline	solution,	or	x-ray	contrast	solution	
in	 the	case	of	 videourodynamics,	either	 through	a	
separate	catheter	placed	transurethrally	or	through	
the	illing	channel	of	a	dual	lumen	catheter	if	such	is	
used	to	measure	intravesical	pressure.	Usually	the	
illing	rate	is	much	faster	than	physiological	bladder	
illing	so	that,	depending	on	the	urodynamic	capac-
ity	 (and	 related	 to	 information	 from	 the	voiding	di-
ary),	the	bladder	is	illed	in	about10	min.

The	 intravesical	 and	 abdominal	 pressure	 and	 the	
calculated	 (pves	 –ppad)	 detrusor	 pressure	 are	moni-
tored	as	the	bladder	is	illed	and	before	the	patient	
has	 been	 given	 ‘permission	 to	 void’.	 The	 storage	
ability	of	the	bladder	is	assessed	in	terms	of	the	vol-
umes	required	to	elicit	various	sensations	from	the	
patient,	its	capacity,	its	compliance	(passive	muscle	
adaptation	 to	 volume	 stretch	 and	detrusor	muscle	
relaxation)	as	distinct	from	the	absence	of	(phasic)	
detrusor	pressure	rises.	The	illing	(storage)	phase	
of	cystometry	 is	 the	method	of	demonstrating	uro-
dynamic	 stress	 incontinence	 (USI)	 by	 means	 of	
coughing	 or	 straining,	 on	 request	 of	 the	 clinician 
[Ward	 2008].	Good	 urodynamic	 practice	 demands	
that	abdominal	pressure,	and	intravesical	pressure,	
as	well	as	subtracted	detrusor	pressure	are	evalu-
ated	to	diagnose	urinary	bladder	storage	function.

3.  PRESSURE-FLOW STUDIES (VOIDING 
CYSTOMETRY)

This	is	a	measurement	of	the	mechanics	of	micturi-
tion.	When	the	illing	(storage)	phase	of	cystometry	
is	complete,	the	patient	is	given	‘permission	to	void’	
and	will	empty	their	bladder	on	a	low	meter	whilst	
intravesical,	abdominal	and	detrusor	pressures	are	
being	 recorded.	 The	 simultaneous	 measurement	
of	low	rate	and	pressure	enables	voiding	to	be	as-
sessed	and	pressure	low	analysis	can	help	deter-
mine	whether	slow	urine	stream	 is	due	 to	bladder	
outlet	obstruction	(BOO)	or	to	an	underactive	detru-
sor	contraction	or	to	a	combination	of	those.

III. THE TESTS OF CONVENTIONAL 
URODYNAMICS 
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4. URETHRAL PRESSURE PROFILOMETRY 

This	 is	a	 test	 to	estimate	 the	urethra	and	 the	sur-
rounding	 (muscle	 and	 other-)	 structures’	 ability	
to	maintain	 the	 bladder	 outlet	 closed	 allowing	 the	
body	system	to	contain	urine	within	the	bladder.	By	
concept,	 a	 catheter	 is	 placed	 transurethrally	 into	
the	bladder	 and	 then	withdrawn	along	 the	urethra	
(usually	by	a	mechanical	puller	at	a	constant	rate).	
The	pressure	along	the	length	of	the	urethra	is	mea-
sured	and	interpreted	relative	to	the	pressure	inside	
the	bladder	(and	or	abdomen).	The	maximum	pres-
sure	measured	in	the	urethra	is	assumed	to	give	an	
indication	of	the	urethral	closure	function.

5. ABDOMINAL LEAK POINT PRESSURE

This	 is	 another	 concept	 to	 estimate	 the	 urethra’s	
(bladder	outlet’s)	ability	 to	contain	urine	within	 the	
bladder.	 Intra	 -abdominal	 pressure	 is	 measured	
whilst	the	patient	is	asked	to	increase	their	abdomi-
nal	 pressure	 by	 valsalva	 or	 by	 coughing.	The	 ab-
dominal	pressure	required	to	produce	leakage	from	
the	bladder	gives	an	indication	of	the	closure	func-
tion	 of	 the	 urethra	 since	 higher	 closure	 pressures	
(‘better	 function’)	 require	 higher	 abdominal	 pres-
sure	increments	to	cause	leakage.

1.  AIR-CHANGED CATHETERS FOR PRES -
SURE MEASUREMENT

Single-use,	air-charged	catheters	have	been	devel-
oped	 and	 used	 for	 intravesical,	 intra-urethral	 and	
abdominal	 pressure	 measurement	 in	 urodynamics	
(T-Doc,	Wenonah,	NJ).	 Initial	 reports,	presented	at	
a	 meeting,	 from	 a	 female	 cadaver	 -study	 showed	
that	 these	 catheters	 gave	more	 reproducible	mea-
surements	 of	MUCP	 compared	 to	micro	 tip	 cathe-
ters,	water	illed	catheters	and	ibre-optic	catheters 
[McKinney	2000].	 In	a	clinical	study	 in	2004	on	45	
women,	 their	 performance	 has	 been	 shown	 to	 be	
comparable	 to	 micro	 transducers	 in	 the	 measure-
ment	 of	 maximum	 urethral	 closures	 pressure	 and	
Valsalva	 leak	point	pressure	 (VLPP) [Pollak	2004].
However,	 the	 same	 study	 showed	 a	 difference	 in	
functional	urethral	length	which	was	attributed	to	the	
different	 diameters	 of	 the	 two	 catheters.	 Following	
on	from	that,	a	randomised	comparison	of	these	air	
charged	 catheters	 with	 micro	 tip	 catheters,	 in	 an-
other	64	women,	showed	that	measured	maximum	
urethral	 closure	 pressure	 (MUCP)	 and	 functional	
urethral	 length	 were	 equally	 reliable.	 However,	
the	 air-charged	 catheter	 showed	 a	 systematically	
higher	 reading	 causing	 the	 conclusion	 that	 they	
cannot	 be	 used	 interchangeably [Zehnder	 2008].	
The	measurement	 of	VLPP	by	Pollak	 et	 al	 [Pollak	
2004]	 suggests	 that	 they	 can	be	used	 to	measure	
intravesical	 pressure [White	 2009;	 Zehnder	 2008].
To	compare	the	response	of	two	disposable	clinical	

catheter	 systems:	 water-illed	 and	 air-charged,	 to	
controlled	pressure	signals	in	a	laboratory	set-up	to	
assess	their	similarities	and	differences	in	pressure	
transduction	using	a	transient	step	test	and	a	sinu-
soidal	 frequency	sweep	test,	has	been	carried	out.	
Water-illed	catheters	were	reported	to	act	as	an	un-
der	damped	system,	and	sensitive	to	(motion)	arte-
facts,	whilst	air-charged	catheters	acted	as	an	over	
damped	 system,	 were	 less	 sensitive	 to	 artefacts	
and	slower	in	response [Cooper	2011].	Air-charged	
catheters	 have	 several	 practical	 advantages	 over	
luid-illed	pressure	lines	because	there	is	no	hydro-
static	pressure	effect	to	account	for,	so	that	there	is	
no	need	to	position	external	sensors	at	the	level	of	
the	symphysis	pubis.	There	is	also	no	need	to	lush	
the	system	through	to	exclude	air;	a	process	that	is	
essential	 in	 a	 luid-illed	 pressure-sensing	 environ-
ment.	Also,	there	are	no	luctuation	artefacts	in	pres-
sure	produced	when	the	patients	move [Kim	2010].	
However,	although	air-charged	catheters	may	make	
urodynamics	 easier	 to	 set	 up,	 the	 conduct	 and	 in-
terpretation	of	a	urodynamic	study	still	 requires	an	
experienced,	appropriately	trained	practitioner.

Conclusions (level 3)

•		Air-charged	catheters	may	provide	an	acceptable	
alternative	 to	other	 techniques	 for	measuring	 the	
pressure	closing	the	female	urethra.

•		There	have	been	no	studies	to	show	whether	air-
charged	 catheters	 provide	 a	 superior	 alternative	
to	 luid-illed	 lines	 for	measuring	 intravesical	 and	
intra-abdominal	pressure	in	urodynamics.

Recommendation (grade C)

•		Investigators	planning	to	use	air-charged	catheters	
for	 intravesical	 and	 intra-abdominal	 pressure	 in	
urodynamics	are	advised	to	check	for	themselves	
that	they	have	an	equivalent	performance	to	their	
current	system	for	measuring	pressure.

•		Investigators	planning	to	use	air-charged	catheters	
for	intravesical	and	intra-abdominal	pressure	in	uro-
dynamics	are	advised	to	check	for	themselves	how	
the	 performance	 of	 their	 system	 compares	 to	 the	
standard	reference	values	for	clinical	relevant	limits	
(of	pressures	obtained	with	the	classical	systems).

Topic for research

•		A	study	to	compare	the	performance	of	air-charged	
catheters	 with	 luid-illed	 pressure	 lines	 in	 the	
measurement	of	 intravesical	and	 intra-abdominal	
pressure	during	illing	and	voiding	cystometry,	 to	
include	‘fast’	events	such	as	coughing.

2.  OBJECTIVE ASSESSMENT OF BLADDER 
SENSATION

Bladder	sensation	during	urodynamics	is	usually	re-
corded	by	the	simple	expedient	of	asking	the	patient	
to	 inform	 the	 investigator	 when	 they	 experience	

IV. TECHNOLOGICAL INNOVATIONS 
IN URODYNAMICS
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different	 sensations.	 This	 is	 an	 ICS	 standardised,	
but	 subjective	 measurement	 which	 can	 be	 con-
founded	by	the	investigators	inadvertently	distract-
ing	the	patient	whilst	bladder	illing	is	being	carried	
out.	 Investigators	 can	 also	 bias	 the	measurement	
by	 inadvertent	prompting,	or	by	causing	 too	much	
‘concentration’	and	unrepresentative	awareness	of	
the	patient [Frenkl	2011].	Bladder	(illing)	sensation	
has	 received	 increasing	 attention	 since	 (urinary)	
urgency	 and	 ‘early’	 illing	 sensation	 are	 clinically	
important	and	some	 treatments	are	believed	 to	or	
initiated	to	inluence	LUT	sensation [Wachter	2011;	
Heeringa,R.2011].

A	 patient-activated,	 keypad	 ‘urge	 score’	 device	 to	
measure	sensations	during	bladder	illing	was	intro-
duced	[Craggs	2005]	to	enable	patient	perceptions	
of	 bladder	 illing	 and	 the	 successive	 stages	 of	 in-
creasing	bladder	sensation	 to	be	recorded	without	
prompting	 or	 intervention	 by	 the	 investigator.	 The	
device	provided	 reliable	and	 repeatable	measures	
of	different	bladder	sensations.	In	a	controlled	set-
ting	with	11	healthy	volunteers	of	both	sexes,	blad-
der	sensations	were	 recorded	during	non-invasive	
rapid	 bladder	 illing	 and	 related	 to	 bladder	 illing	
sensations	 during	 cystometry	 in	 the	 same	healthy	
volunteers:	 bladder	 sensation	 was	 reported	 to	 be	
continuously	incremental [Heeringa	2011].

Filling	sensations	during	conventional	urodynamics	
were	marked	 on	 a	 body	map	 in	 another	 prospec-
tive	 study.	Results	 from	 this	 study	 suggested	 that	
women’s	bladder	sensations	vary	in	relation	to	their	
bladder	condition	and	suggested	that	this	may	pro-
vide	clinicians	with	relevant	information	about	blad-
der	 (dys)-function	 adding	 to	 the	 usual	 history	 and	
clinical examination [Digesu	2009].

Daily	 life	 bladder	 sensation	 can	 be	 evaluated	 by	
sensation	 related	 bladder	 diary	 and	 during	 cysto-
metric	 bladder	 illing.	 185	 women	 with	 SUI,	 OAB	
or	mixed	UI	illed	out	a	3-day	bladder	diary	grading	
bladder	sensation	and	measuring	voided	volume	at	
each	micturition.	 During	 UDS	 reported	 illing	 sen-
sations	were	noted.	The	end	-cystometric	volumes	
were	signiicantly	 larger	 than	 the	diary	voided	vol-
umes	 for	 corresponding	 bladder	 sensations,	 and	
this	in	all	groups,	 leading	to	conclusion	that	symp-
toms	relate	more	to	the	diary.		[Naoemova	2009]	

Imaging	studies	with	regard	to	brain	activity	during	
bladder	illing	and	emptying	were	reviewed	[Fowler	
2001].	 Research,	 that	 started	 1996	 has	 provided	
the	in	vivo	evidence	for	the	existing	indirect	-neuro	
anatomical-	knowledge	of	the	brain	areas	involved	
in	 lower	urinary	 tract	 function	control	and	modula-
tion,	but	cannot	yet	be	regarded	as	a	replacement	
of	cystometry	

Many	 studies	 consistently	 show	 that	 the	 correla-
tion	 between	 objective	 and	 subjective	 features	 of	
detrusor	 adaptation	 to	 volume	 increment,	 bladder	
proprioception	 and	 the	 subjective	 interpretation	 of 

illing	 is	 weak [Chung	 2011;	 Meel	 2011;	 Clemens	
2011;	Tsunoyama	2011;	Coyne	2011;	Deffontaines	
2010;	Honjo	2010].	In	fact	these	observations	also	
demonstrate	that	urodynamic	testing	is	adding	new	
and	 objective	 diagnostic	 information	 to	 what	 has	
been	gathered	with	history,	voiding	diary	and	clini-
cal	 investigation.	 Both,	 UDI	 as	 well	 as	 signs	 and	
symptoms,	 are	 relevant,	 in	 combination,	 to	 select	
further	treatment.

Conclusion (level 3-4)

•		On	 the	 basis	 of	 published	 results,	 a	 signiicant	
variation	 exists	 in	 clinical	 practice	 to	 determine	
bladder	illing	sensation	landmarks	and	maximum	
cystometric	 capacity,	 despite	 the	 standardisation	
of	terms.

•		Strategies	 to	 derive	 bladder	 illing	 sensation	 pa-
rameters	in	a	more	automated	and	objective	way,	
have	been	published	and	show	plausible	and	ap-
plicable	 results,	 however	 are	 not	 yet	 suficiently	
tested	with	regard	to	reliability,	relevance,	investi-
gator	independency	or	test	retest	robustness.

Heart rate variability

The	 use	 of	 heart	 rate	 variability	 was	 studied	 dur-
ing	conventional	cystometry [Mehnert	2009].	Heart	
rate	variability	was	evaluated	to	serve	as	a	monitor	
of	the	autonomic	nervous	system	and	an	objective	
measure	 for	 bladder	 illing	 sensation.	 Heart	 rate	
variability	showed	to	relect	sympathico	-vagal	bal-
ance	and	to	correlate	with	bladder	illing	sensation	
in	11	healthy	subjects.

Conclusions (level 3-4)

•		Monocenter	 uncontrolled	 studies	 have	 provided	
evidence	for	an	association	of	heart	rate	variability	
monitoring	and	urodynamic	observations.

•		None	 of	 the	 analysis	 or	 testing	 methods	 of	 the	
autonomic	nerve	system	has,	to	date,	shown	any	
relevance	 for	 the	diagnosis	of	 lower	urinary	 tract	
function	or	dysfunction	 in	neurologically	unaffect-
ed	persons.	No	direct	evidence	exists	for	lower	uri-
nary	tract	dysfunction	as	a	sign	of	–	otherwise	sub	
clinical-	autonomic	failure.	No	evidence	exists	that	
any	analysis	of	autonomic	function	can	be	speciic	
enough	to	monitor	lower	urinary	tract	function.

3.  NON-INVASIVE PRESSURE (& FLOW) MEA -
SUREMENTS

Over	 recent	years,	groups	 in	UK	and	The	Nether-
lands	 have	 been	 developing	 non-invasive	 tech-
niques	to	measure	pressure-low	in	males.	The	UK	
group	has	developed	a	penile	cuff	device	that	was	
tested	 in	 various	 preclinical	 and	 clinical	 validation	
studies	 but	 has	 not	 been	 reported	 as	 a	 true	 re-
placement	of	pressure	low	cystometry	and	has	not	
been	reported	to	be	relevant	for	the	diagnosis	of	UI 
[Grifiths	2002;	Drinnan	2001;	Grifiths	2005;	Drin-
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nan	2003;	Clarkson	2008;	Sajeel	2007;	Harding,C.	
2007].	 The	 group	 in	 Rotterdam	 developed	 a	 con-
dom	catheter	through	which	the	patient	voids	into	a	
urine	low	meter.	During	low,	the	stream	is,	via	the	
condom	 episodically	 diverted	 to	 a	 transducer	 that	
records	the	bladder	pressure	at	that	time.	Also	this	
method	 has	 been	 carefully	 tested	 and	 compared	
with	 standard	 UDS [Pel	 2002;	 Pel	 2003;	 Huang	
2004;	van	Mastrigt	2006].

Measurement	 of	 perineal	 noise	 during	 voiding	 as	
another	 way	 of	 non-invasively	 quantifying	 male	
BOO	has	been	evaluated	but	the	work	has	not	yet	
progressed	 suficiently	 beyond	 testing	 on	 models	
to	 determine	 the	 viability	 of	 this	 technique	 in	 vivo 
[Idzenga	2005;	Idzenga	2006].	Both,	noise	analysis	
and	condom	pressure,	have	not	demonstrated	rel-
evance	for	the	diagnosis	of	(male)	UI.

A	subsequent	technique,	with	automatic	modulation	
of	 the	low	rate	by	controlling	pressure	 in	a	penile	
cuff,	 was	 recently	 introduced	 [Clarkson	 2011]	The	
prototype	 needs	 technical	 reinement	 but	 some	
feasibility	has	been	shown	 in	 the	determination	of	
detrusor	 contraction	properties	 in	 relation	with	 the	
bladder	outlet	condition.

Transabdominal	 wall	 near-infrared	 spectroscopy	
was	 used	 to	 detect	 the	 haemodynamic	 changes	
that	are	associated	with	detrusor	contractile	activ-
ity.	This	has	been	demonstrable	in	a	highly	selec-
tive	set	of	 feasibility	recordings	and	may	 lead	the	
way	for	non	invasive	detection	of	detrusor	activity 
[Farag	2011].

Conclusions (level 2)

•		Non-invasive	measurements	 of	 bladder	 pressure	
during	 voiding	 in	men	 by	 the	 penile	 cuff	 or	 con-
dom	catheter	have	been	shown	 to	correlate	with	
traditional	invasive	measurement	of	bladder	pres-
sure.	None	of	these	studies	have	however	shown	
any	applicability	in	the	diagnosis	of	urinary	incon-
tinence.

•		Near-infrared	 spectroscopy	 has	 in	 very	 selected	
recordings	 shown	 a	 relation	 with	 detrusor	 (over)
activity	and	is	reported	to	be	applicable	as	a	man-
ner	to	detect	detrusor	overactivity.

Recommendation (grade B)

•		The	 committee	 recommends	 that	 non-invasive	
measurements	 of	 bladder	 or	 detrusor	 ‘voiding-	
pressure’	are	considered	in	order	to	evaluate	void-
ing	function	in	clinical	experiments	when	the	male	
patient	is	not	required	to	undergo	an	invasive	as-
sessment	of	the	storage	function	of	the	lower	uri-
nary	tract.

•		The	 committee	 does	 not	 recommend	 condom	or	
penile	 cuff	 pressure,	 nor	 near	 infrared	 detrusor	
spectroscopy,	 for	 the	 diagnosis	 urinary	 inconti-
nence,	or	of	lower	urinary	tract	dysfunction.

4.  URETHRAL RETRO-RESISTANCE PRES -
SURE

In	 the	 measurement	 of	 urethral	 retro-resistance	
pressure	 (URP),	 a	 small	 meatal	 plug	 is	 inserted	
just	inside	the	female	urethra	and	saline	is	pumped	
into	the	urethra	until	 the	pressure	reaches	the	val-
ue	 suficient	 to	 overcome	 the	 resistance	 offered	
by	 the	 urethra	 when	 the	 luid	 lows	 into	 the	 blad-
der.	The	pressure	required	to	achieve	and	maintain	
an	 open	 bladder	 outlet	 is	 taken	 to	 be	 a	measure	
of	 urethral	 closure	 function.	 The	 basic	 principle	
behind	 the	 technique	has	 its	origins	 in	1923	when	
Bonney	made	an	attempt	to	measure	the	eficiency	
of	urethral	closure [Bonney	1923].	 In	his	irst	clini-
cal	paper,	Slack	et	al	studied	258	SUI	women	with	
the	URP	technique	 in	comparison	with	MUCP	and	
Valsalva	 leak	 point	 pressure	 (VLPP).	 They	 found	
that	URP	measurements	 correlated	well	with	 both	
standard	 assessments	 and	 found	 that	 only	 URP	
measurements	 correlated	 with	 UI	 severity [Slack 
2004].	The	URP,	 in	a	group	of	61	women,	without	
symptoms	of	UI	and	who	had	negative	standing	SUI	
-tests,	 was	 signiicantly	 higher	 than	 in	 a	 group	 of	
women	 with	 SUI	 who	 had	 been	 tested	 previously 
[Slack	 2004].	This	 study	 also	 provided	 some	 test-
retest	data	which	showed	that	URP	measurements	
were	consistent	in	individuals.	

Measurements	of	URP	on	165	women	with	various	
urodynamic	diagnoses	were	published	subsequent-
ly [Digesu	2006].	Women	with	USI	had	signiicantly	
lower	 URP	 than	 women	 with	 competent	 urethral	
sphincters.	Women	with	mixed	 urodynamic	 incon-
tinence	 had	 values	 of	 URP	 intermediate	 between	
women	with	DO	and	 those	with	USI.	 In	 the	mixed	
symptoms	group,	URP	mean	values	were	not	signif-
icantly	different	from	those	with	DO	and	competent	
sphincters,	or	those	with	USI.	The	authors	conclud-
ed	 that	whilst	 there	are	 signiicantly	different	URP	
measurements	between	women	with	DO	and	those	
with	USI,	the	URP	is	not	a	diagnostic	tool.

An	analysis	of	URP	in	48	women	with	clinically	and	
urodynamically	 proven	 SUI	 (USI)	 without	 pelvic	
organ	prolapse	 (POP)	before	and	after	anti-incon-
tinence	 surgery	 (colposuspension	 n	 =	 8,	 tension-
free	vaginal	tape	n	=	6,	tension-free	transobturator	
tape	 n	 =	 34)	 and	 another	 study	 to	 compare	 URP	
with	 ‘established	measures	of	 incontinence	 sever-
ity’	showed	that	preoperative	URP	did	not	correlate	
with	SUI	in	all	women,	had	no	predictive	value	and	
did	 not	 correlate	 with	 the	 outcome	 of	 anti-inconti-
nence	surgery [Tunn	2007;	Roderick	2009].

Conclusion (level 2/3)

•		After	 positive	 first	 reports	 of	 urethral	 retro-re-
sistance	pressure	measurements	it	was	shown	
that	 this	measurement	 does	 not	 give	 any	 bet-
ter	 information	about	 urethral	 closure	 function	
than	 the	 urethral	 pressure	 profile	 or	 valsalva	
leak	point	pressure.	
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Recommendation (grade B/C)

•		The	 committee	 recommends	 that	 urethral	 retro-
resistance	pressure	measurements	are	not	 used	
in	clinical	routine	as	an	alternative	to	(cystometry	
or)	 urethral	 pressure	 measurements	 made	 with	
conventional	 urodynamic	 equipment	 to	 diagnose	
the	type	of	(female)	urinary	incontinence.	

5.  URETHRAL PRESSURE REFLECTOMETRY

In	2005,	Klarskov	et	al	reported	on	an	in	vitro	study	
of	pressure	relectometry	for	the	simultaneous	mea-
surement	 of	 cross-sectional	 area	 and	 pressure	 in	
a	 collapsible	biological	 tube	and	subsequently	 the	
technique	of	urethral	pressure	relectometry	(UPR),	
to	 assess	 the	 female	 urethra,	 was	 presented	 in	
2007.	The	 team	postulated	 that	 these	 parameters	
had	 the	potential	 to	provide	more	physiological	 in-
formation	about	the	urethra	than	could	be	obtained	
from	conventional	urethral	studies.	

In	 the	 same	 year	 these	 investigators	 compared	
UPR	 with	 urethral	 pressure	 proilometry	 (UPP)	 in	
143	 women	 (105	 patients	 and	 38	 healthy	 volun-
teers) [Klarskov	2007].	UPR	was	measured	supine,	
both	while	relaxed	and	during	‘squeeze’,	and	while	
upright	 and	 relaxed,	 and	 compared	 with	 UPP	 us-
ing	the	perfusion	technique,	with	the	patient	supine	
and	relaxed.	All	measures	were	done	twice	to	evalu-
ate	short-term	reproducibility	and	17	patients	were	
assessed	with	both	methods	on	two	different	days	
(long-term	reproducibility).	The	authors	showed	that	
UPR	measured	the	same	pressure	as	UPP	but	the	
UPR	 was	 more	 reproducible.	 Subsequently	 UPR	
parameters	of	in	30	SUI	women	and	30	volunteers	
(23	‘continent’	and	7	‘nearly	continent’)	were	report-
ed	and	compared	with	UPP [Klarskov	2008].

Conclusion (level 3)

•		Preclinical	measurements	of	urethral	pressure	re-
lectometry	opening	pressure	and	cross	sectional	
area	(‘dynamics’)	have	provided	some	insight	into	
urethral	closure	function	and	dynamics,	but,	as	yet	
have	no	clinical	relevance	in	the	diagnosis	of	(fe-
male)	urinary	incontinence.

Recommendation (grade C)

•		The	committee	recommends	that	urethral	pressure	
relectometry	is	not	used	in	clinical	practice	for	the	
diagnosis	 of	 urinary	 incontinence	 before	 clinical	
relevance,	 non	 inferiority	 and	 or	 superiority	 over	
current	urodynamic	tests	has	been	demonstrated.	

6. ULTRASOUND IMAGING

Imaging	and	ultrasound	in	relation	to	UI	will	be	dis-
cussed	 in	 a	 separate	 chapter.	We	will	 only	 give	a	
short	summary	of	ultrasound	in	relation	with	urody-
namic	observations.

The	 measurement	 of	 detrusor	 wall	 thickness	 has	
been	used	in	a	number	of	studies	as	a	screening	test	

for	DO	or	BOO	with		a	variety	of	measurement	tech-
niques	using	transvaginal,	transabdominal	or	trans-
perineal	 ultrasound.	Different	 protocols	were	used	
and	measured	different	parts	of	the	bladder	for	ex-
ample	the	dome,	the	trigone	or	the	anterior	bladder	
wall.	This	has	resulted	in	contradictory	data.	Some	
data	showed	a	smaller	bladder	capacity	in	overac-
tive	bladder	 (OAB)	wet	or	DO,	and	an	association	
between	increased	detrusor	wall	thickness	and	DO	
on	urodynamic	testing.	Also,	observations	of	an	as-
sociation	of	ultrasound	detrusor	wall	thickness	and	
BOO	 have	 been	 reported.	 Most	 researchers	 con-
clude	 that	overlap	of	 the	 results	and	 the	 relatively	
low	 predictive	 value	 should	 be	 improved	 before	
bladder	 wall	 thickness	 is	 used	 in	 clinical	 practice 
[Lekskulchai	2008;	Kuo	2009;	Panayi	2009;	Panayi	
2010;	Oelke	2009;	Chung	2010;	Ozawa	2010;	Kuhn	
2010;	Almeida	2011;	Serati	2010].

Conclusion (level 3)

•		There	 is	 some	evidence	 that	 detrusor	wall	 thick-
ness	is	related	to	bladder	outlet	obstruction	as	well	
as	to	detrusor	overactivity.

•		There	is	no	evidence	that	ultrasound	detrusor	wall	
thickness	 analysis	 can	 discriminate	 between	 de-
trusor	 overactivity	 and	 bladder	 outlet	 obstruction	
and	 a	 relatively	 low	 predictive	 value	 to	 discrimi-
nate	from	normal	lower	urinary	tract	function.

•		There	is	a	large	overlap	between	normal	and	ab-
normal	 values	 in	 detrusor	 wall	 thickness	 and	 a	
lack	of	standardisation	in	ultrasound	detrusor	wall	
thickness	measurement.

Recommendation (grade C)

•		The	 committee	 recommends	 that	 ultrasound	 de-
trusor	wall	 thickness	 is	 not	 used	 in	 routine	 clini-
cal	practice	for	the	diagnosis	of	lower	urinary	tract	
function	related	to	urinary	incontinence.	

1.  INTER-OBSERVER, TEST-RETEST AND 
PRACTICE VARIATION

When	 different	 investigators	 judge	 urodynamic	
traces	 together	 with	 written	 clinical	 information	 in	
women,	 there	 is	agreement	between	them	regard-
ing	the	inal	clinical	diagnosis	in	about	80%	of	cas-
es.	In	other	words	there	is,	depending	on	the	diag-
nosis,	 some	 disagreement	 in	 20%	 of	 cases	when	
urodynamics	 is	 judged	 in	combination	with	clinical	

B. URODYNAMICS: NORMAL 
VALUES, RELIABILITY AND 

DIAGNOSTIC PERFORMANCE 

I. REPRODUCIBILITY OF FILLING 
CYSTOMETRY AND AMBULATORY 

URODYNAMICS
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parameters [Whiteside	 2006].	A	 few	 studies	 have	
concluded	 that	 there	 is	 good	 short	 time	 inter	 and		
intra–rater	reliability.	In	a	single	centre	series	of	621	
urodynamic	 pressure	 low	 tracings	 of	 female	 pa-
tients,	small	average	differences	between	 	param-
eters	were	observed	by	various	investigators,	which	
was	interpreted	as	good	inter	-observer	agreement 
[Digesu	 2003].	 Inter-observer	 variability	 has	 also	
been	tested	in	other	ways.	In	a	study	where	4	expe-
rienced	 practitioners,	 evaluated	 17	 paediatric	 uro-
dynamic	datasets,	they	failed	to	agree	on	aspects	of	
detrusor	function,	including	DO,	in	a	quarter	of	the	
cases [Venhola	2003].	This	result	is	reminiscent	of	a	
similar	study	of	the	interpretation	of	urodynamic	re-
cordings	of	male	voiding	function [Kortmann	2000].	

To	 determine	 the	 reproducibility	 of	 same	 session	
repeated	UDS	in	women	with	symptoms	of	UI,	152	
women	presenting	with	symptoms	of	UI	underwent	
standardised	UDS,	which	consisted	of	free	urolow-
metry	and	two	illing	cystometries	and	pressure-low	
studies.	 Overall,	 reproducibility	 of	 the	 urodynamic	
parameters	 were	 good	 to	 excellent	 (ICC	 range:	
0.72-0.93),	 except	 for	 the	 bladder	 volume	 at	 FSF	
(ICC	=	0.46)	and	 the	maximum	Watt’s	 factor	 (ICC	
=	0.68).	The	bladder	volume	at	FSF	and	the	MCC	
were	systematically	higher	in	the	second	run	(mean	
difference	(95%	CI)	=	-45	(-73;	-37)	and	-3	(-15;	10),	
respectively).	 Reproducibility	 of	 the	 diagnosis	 SUI	
and/or	DO	were	 good	 to	 excellent	 (median	 ICC	=	
0.76,	p=	0.68	and	p	=	1.00,	respectively).	Reproduc-
ibility	of	the	volume	and	amplitude	at	DO,	however,	
were	only	poor	(ICC	=	0.18	and	0.25,	respectively).	
The	authors	of	this	study	concluded	that	reproduc-
ibility	 of	 same	 session	 repeated	 –standardised-
UDS,	 in	women	with	symptoms	of	UI	was	good	to	
excellent [Broekhuis	2010].

In	a	survey	to	determine	the	variation	in	urodynamic	
practices	 in	 the	 United	 Kingdom	 100	 question-
naires	were	 sent	 to	 units	 known	 to	 be	 performing	
urodynamic	 investigations.	There	was	a	signiicant	
variation	in	practices	with	only	51%	of	units	having	
a	protocol	for	what	tests	should	be	performed,	un-
der	what	circumstances	and	how [Adekanmi	2002].	
Standardisation	 of	 urodynamic	 variables	 may	 re-
sult	 in	a	greater	consistency	of	diagnosis,	allowing	
easier	comparisons	of	 treatment	 regimes	and	out-
comes,	and	is	the	conclusion	of	studies	and	reviews	
of	this	kind [Zimmern	2006;	Ellis-Jones	2006].	Stan-
dardisation,	education	and	training	as	well	as	audit-
ing	and	evaluation	are	reported	to	be	relevant	in	this	
regard [Ellis-Jones	2006;	Singh	2010;	Moore	2011].

In	 a	 review	 to	 examine	 the	 inluence	 of	 position	
during	 (illing)	 cystometry	 with	 regard	 to	 the	 sen-
sitivity	 for	 DO,	 sixteen	 relevant	 studies	 with	 good	
consistency	were	 analysed.	All	 but	 two	 showed	 a	
clear	inluence,	with	a	higher	incidence	of	DO	in	the	
vertical	position	(sitting	or	standing)	or	onset	of	DO	
when	changing	to	a	vertical	position.	Performing	the	
UDS	in	a	supine	position	would	have	missed	a	large	

proportion	 of	DO	diagnoses,	 ranging	 from	33%	 to	
100%.	 The	 authors	 noticed	 a	 substantial	 practice	
variation	 in	 position	 during	 urodynamic	 investiga-
tion	 and	 suggested	 standardisation	 was	 needed 
[Al-Hayek	2008].

Some	suggested	 that	 these	indings	are	caused	by	
dificulties	 of	 interpretation,	 included	movement	 ar-
tefacts,	 and	 also	 criticise	 over-dependence	 on	 pa-
tients	 for	 suitable	data	 recording	without	 a	medical	
assistant.	This	presumed	lack	of	reliability	has	 lead	
to	the	study	of		the	additional	value	and	reliability	of	
ambulatory	UDS,	as	it	may	improve	diagnostic	sensi-
tivity	and	maybe	speciicity.	The	additional	diagnostic	
value	of	ambulatory	UDS	in	patients	with	LUTS	was	
compared	with	conventional	UDS [Koeveringe	2010].	
A	retrospective	study	was	done	 in	108	patients	be-
tween	2002	and	2007.	Ambulatory	UDS	was	shown	
to	be	useful	in	patients	with	OAB,	or	in	patients	with	
UI	 that	 was	 not	 demonstrated	 during	 conventional	
UDS,	but	 the	study	 is	dificult	 to	extrapolate	 to	 real	
values	of	amended	diagnostic	capability.	

2.  SHORT-TERM (WITHIN-SESSION) REPRO-
DUCIBILITY

A	number	of	authors	have	 investigated	 the	within-
session	 reproducibility	 of	 cystometric	 measure-
ments.	Because	such	measurements	are	conduct-
ed	within	a	short	period	of	time,	the	possibility	that	
the	 irst	 measurement	 inluences	 the	 second,	 for	
example	through	a	direct	effect	on	the	mechanical	
properties	of	 the	bladder	 (hysteresis	and/or	 visco-
elasticity),	has	to	be	considered.

30	healthy	women	with	a	mean	age	of	52	years,	
underwent	2	consecutive	medium	fill	rate	(50	mL/
min)	 cystometries	 in	 a	 single	 session [Brostrom	
2002].	The	volumes	at	 first	 desire	 to	 void	 (FDV)	
and	 normal	 desire	 to	 void	 (NDV)	 increased	 sig-
nificantly	 from	 the	 first	 to	 the	 second	 measure-
ment,	 by	 34	 and	 51	 mL	 respectively.	 The	 MCC	
showed	 no	 difference.	 The	 proportion	 of	 these	
healthy	 subjects	who	 showed	DO	 changed	 from	
4/30	(13%)	in	the	first	cystometry	to	1/30	(3%)	in	
the	second;	statistically	insignificant.

In	a	similar	study	 [Mortensen	2002]	of	short-term	
repeatability	 in	 31	 female	 patients	 aged	 14-74	
years,	 two	 consecutive	 cystometries	 were	 per-
formed	 with	 body	 temperature	 liquid	 at	 a	 rate	 of	
50	mL/min.	On	the	irst	cystometry,	FDV	occurred	
at	a	median	volume	of	112	mL	(range	26-503	mL).	
The	 cystometric	 capacity	 had	 a	 median	 value	 of	
150	mL,	with	a	range	from	39-633	mL.	The	volume	
at	 FDV	 increased	 by	 46	mL	 from	 the	 irst	 to	 the	
second	cystometogram,	while	the	MCC	increased	
by	35	mL.	These	changes	are	similar	to	those	seen	
in	normal	volunteers,	but,	as	the	authors	point	out,	
they	are	not	clinically	 important	because	they	are	
much	 smaller	 than	 the	 random	 variability	 within	
subjects,	as	measured	by	the	95%	conidence	lim-
its	of	±130	and	±106	mL	respectively.
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Chin-Peuckert	et	al	[Chin	2003]	examined	the	vari-
ability	between	two	consecutive	cystometries	in	32	
male	 and	 34	 female	 children	 with	 a	mean	 age	 of	
7.	Most	suffered	from	spinal	dysraphism.	A	smaller	
number	 showed	DO	on	 the	 second	study	 than	on	
the	irst	(p<	0.05),	and	similarly	the	volume	at	which	
DO	 was	 irst	 observed	 was	 larger	 on	 the	 second	
study	(p<0.05).	Interestingly,	these	results	are	simi-
lar	to	those	obtained	in	children	without	overt	neu-
ropathy	[Grifiths].

Hess	 et	 al	 [Hess	 2002]	 did	 not	 perform	 repeated	
cystometries,	but	irst	measured	 the	bladder	pres-
sure	‘as	is’	at	whatever	volume	was	in	the	bladder	
initially,	 in	 21	men	and	1	woman	with	 ‘neurogenic	
bladder’.	 They	 then	 drained	 the	 bladder	 and	 re-
illed	to	the	same	volume	and	again	measured	the	
pressure.	The	second	‘cystometric’	pressures	were	
higher	than	the	initial	‘physiological’	ones	by	approx	
6	cm	H2O	(p	=	0.01),	although	strongly	correlated.

In	another	study	where	ifty	consecutive	individuals	
with	spinal	cord	injury	had	2	trials	(trial	1	and	trial	2)	
of	UDS	done	5	minutes	apart,	differences	in	MCC,	
opening	pressure,	maximum	detrusor	pressure,	vol-
ume	(leaked)	voided,	and	post	void	residual	(PVR)	
volume	 were	 evaluated.	 The	 variation	 observed	
was	±	100-150	mL	for	the	volume	parameters	and	
±10-20	cm	H2O	for	the	mentioned	pressure	param-
eters,	 all	 in	 both	 directions	 between	 1st	 and	 2nd	
[Chou	2006].

Sixty	men	with	LUTS	and	35	with	NLUTD	after	spi-
nal	cord	injury	(SCI)	were	assessed,	with	symptom	
scores	 and	 urolowmetry	 obtained	 and	 illing	 and	
pressure-low	 cystometry	 carried	 out	 three	 times	
in	succession.	In	men	with	LUTS,	a	signiicant	de-
crease	in	the	number	and	pressure	of	detrusor	con-
tractions	in	consecutive	illing	cystometries	resulted	
in	a	reduction	of	observed	DO	from	72%	to	63%	and	
48%,	 in	 the	 three	studies.	 In	men	with	SCI,	cysto-
metric	variables	and	DO	remained	consistent	over	
sequential	studies	[Ockrim	2005].

Twenty	 asymptomatic	women	with	 a	mean	age	of	
42	years	 [30-55)	agreed	 to	undergo	a	urodynamic	
evaluation,	 repeated	 immediately	 without	 remov-
ing	the	catheters	(a	two-ill	and	void	study)	[Gupta	
2004].	Sixteen	women	of	this	cohort	returned	for	an	
identical	 assessment	 1-5	 months	 later.	 The	 short	
time	variation	was	±	5	mL/s	 for	Qmax	and	±	10	cm	
H2O	for	pdetQmax.	Voided	volume	(VV)	and	irst	sen-
sation	of	illing	(FSF)	differed	±50	mL	in	the	test	re-
test	situation.	The	authors	noted	that	the	variation	of	
parameters	in	these	healthy	women	was	larger	than	
observed	in	other	studies	with	patients.

3. INTERMEDIATE-TERM REPRODUCIBILITY

Homma	et	al	[Homma	2000]	found	that,	 in	30	pa-
tients	with	DO,	 repeat	 cystometry	carried	out	2-4	
weeks	after	initial	testing	showed	a	consistent	shift	
towards	 normal.	 Bladder	 volumes	 increased	 by	
10-13%	(p<0.01),	while	DO	disappeared	in	10%	of	

subjects	and	decreased	in	amplitude	by	an	average	
of	18%	in	the	remaining	cases.	The	random	variabil-
ity	of	cystometric	capacity	was	±	57	mL	(95%	CI).

4. LONG-TERM REPRODUCIBILITY

10	healthy	females	(mean	age	34	years),	were	 in-
vestigated	 twice	 at	 an	 interval	 of	 2	 years	 in	 both,	
supine	and	sitting	positions [Sorensen	1988].	FSF	
occurred	at	a	mean	volume	of	378	mL	supine	and	
354	mL	sitting,	with	intra-subject	variability	over	two	
years	as	quantiied	by	 the	standard	deviation	 (sd)	
of	76	and	100	mL	(sd)	respectively.	MCC	was	512	
mL	supine	and	502	mL	seated,	with	intra-subject	sd	
of	approximately	75	mL	in	both	cases.	Inter-subject	
sd’s	were	a	 little	 larger:	76-144	mL.	No	signiicant	
differences	 in	 volumes	 or	 compliance	 over	 two	
years	could	be	demonstrated.	

Post	 hoc	 analysis	 of	 urodynamic	 (pressure	 low)	
tests	of	male	treated	for	LUTS	with	enlarged	(un-
speciied)	 prostate	 and	 BOO	 (for	 a	 not	 speciied	
proportion)	 showed	 test	 retest	 reproducibility	 to	
be	 good	 on	 the	 basis	 of	 parameter	 correlations,	
but	without	kappa	or	Bland	and	Altmann	analysis 
[Kraus	2010].

A	total	of	48	children	±10	years	were	enrolled	in	a	
study	 to	 evaluate	 the	 inluence	 of	 position	 during	
UDS	in	this	patient	group,	with	60%	neurologically	
affected.	 No	 difference	 was	 noted	 for	 maximum	
cystometric	capacity,	DLPP	or	pressure	speciic	vol-
umes	at	20	and	30	cmH2O	between	the	supine	and	
sitting	 positions.	 Statistically	 signiicant	 lower	 val-
ues	were	found	for	the	volume	of	FSF	and	volume	
at	which	DO	was	 irst	 detected,	with	 lesser	 differ-
ence	for	abdominal	or	Valsalva	leak	point	pressure	
in	 the	 sitting	 position.	 Signiicant	 differences	were	
also	noted	with	position	changes	in	regard	to	detec-
tion	of	DO	and	UI	episodes,	being	more	prevalent	in	
the	sitting	position [Lorenzo	2007].

Summary

In	patients	and	in	healthy	volunteers,	if	cystometry	
is	repeated	either	during	the	same	session	or	within	
about	 4	weeks,	 the	 bladder	 volumes	 at	which	 the	
various	sensations	are	felt	and	the	bladder	capacity	
tends	to	increase	by	30-50	mL,	while	the	proportion	
of	 traces	showing	DO	tends	to	fall.	These	system-
atic	changes	are	fairly	small	in	comparison	with	the	
random	within-subject	variability,	which	has	an	av-
erage	range	of	about	50-60	mL.

Conclusions (level 2)

•		A	number	of	studies	have	reported	test	retest	vari-
ation	of	±10-15%	for	various	parameters	(volume,	
pressure	 or	 low)	 and	 observations;	 this	 can	 be	
regarded	as	 the	physiological	 variation	of	 urody-
namic	testing.

•		Various	studies	have	demonstrated	clinically	relevant	
practice	variation	and	inter-rater/observer	variation.
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Recommendations (grade B)

•		The	 committee	 recommends	 that	 investigators	
and	clinicians	take	into	account	the	inherent	physi-
ological	variability	of	urodynamic	testing.

•		The	committee	recommends	investigators	and	cli-
nicians	evaluate	 the	 ‘representativity’	of	 the	 tests	
(which	 is	 an	 evaluation	 based	 on	 the	 patient’s	
perception	 as	 to	 how	 well	 the	 tests	 have	 repro-
duced	 their	 usual	 lower	 urinary	 tract	 symptoms	
and	function,	helped	e.g.	by	the	voiding	diary.)	and	
the	committee	recommends	that	examiners	strive	
towards	maximal	representativity.

•		The	committee	recommends	sitting	position	during	
cystometry,	because	that	can	 increase	sensitivity	
of	the	diagnosis	of	illing	phase	abnormalities.

•		The	committee	recommends	persistent	attention	
to	 the	 standardisation	 of	 techniques,	 to	 educa-
tion,	and	to	practice	quality	evaluation,	and	con-
sistency	of	interpretation	of	results,	especially	to	
reduce	 intra	 and	 inter-practice	 variation	 and	 in-
ter–observer	variability.	

Topics for research

•		The	 committee	 suggests	 further	 consideration	 of	
standardisation	 of	 urodynamic	 tests,	 procedures	
and	evaluation,	especially	to	reduce	inter-practice	
variation.

•		The	 committee	 suggests	 intensive	 dissemination	
of	 up-to-date	 standards	 and	 careful	 training	 of	
urodynamic	investigators	and	suggests	evaluation	
of	 the	 effect	 of	 these	 standards	 and	 training	 on	
health	care	quality.

5.  REPRODUCIBILITY OF AMBULATORY URO -
DYNAMICS

There	is	no	published	data	on	the	reproducibility	or	
test	 retest	 differences	 of	 ambulatory	 urodynamic	
studies.	There	is	no	report	that	evaluates	the	inves-
tigator	dependency	on	the	-post	test-	analysis	of	the	
recorded	data.

1.  NORMAL VALUES: FILLING CYSTOMETRY 
AND AMBULATORY URODYNAMICS

Normal	 values	 for	 cystometric	 variables	 are	 re-
ported	by	a	number	of	authors.	A	striking	obser-
vation	is	that	there	is	great	inter-centre	variability,	
even	for	tests	in	nominally	similar	persons	or	pa-
tients.	 There	 is	 no	 evidence	 from	 these	 studies	
that	these	variations	are	strongly	associated	with	
differences	 in	 filling	 rate,	 infusate	 temperature,	
or	 patient	 position.	 In	 addition	 to	 and	 referring	
to	 the	 previous	 consultations	we	 report	 only	 the	
relatively	 recent	 studies	 on	 volumes,	 pressures,	
compliance,	capacity	and	sensations.

Wyndaele	et	al	[Wyndaele	2002]	examined	50	vol-
unteers;	The	bladder	was	illed	at	 30	mL/min	with	
body	 temperature	 saline.	 For	 males	 (n=18;	 mean	
age	22	±	3	years),	FSF	occurred	at	222	mL	±	151	
mL;	FDV	occurred	at	325	mL	±	140	mL;	and	strong	
desire	to	void	(SDV)	occurred	at	453	mL	±	94	mL,	
which	was	taken	as	maximum	capacity.	For	females	
(n=32;	mean	age	21	±	2	years)	FSF	occurred	at	176	
±	96	mL;	FDV	at	272	mL	±	106	mL;	and	SDV	at	429	
mL	±	153	mL.	DO	was	observed	 in	7/50	 (14%)	of	
these	normal	volunteers.	The	group	also	published	
a	study	with	symptom	free	‘middle-aged’	female	vol-
unteers.	Of	 their	 volunteers,	 a	 substantial	 number	
were	excluded	because	of	asymptomatic	abnormal-
ities.	The	remaining	had	an	average	capacity	during	
cystometry	of	586	mL	(sd	193	m)	with	258	mL	and	
1092	mL	as	extremes [Pauwels	2004].

Twenty-four	women	without	a	history	of	frequent	ur-
gency	and	without	DO	(mean	age	50.2	years,	range	
22-80	years),	 including	7	pre-	(29.2	years),	7	peri-	
(48.8	years),	and	10	postmenopausal	(66.0	years)	
women	were	 studied	with	 urolowmetry	 and	 video	
urodynamics	 to	determine	normative	data	 for	LUT	
function	 in	asymptomatic	continent	women	without	
DO	across	 the	age	span.	For	all	subjects,	median	
maximum	 single	VV	 in	 bladder	 diary	was	 500	mL	
and	median	MCC	was	580	mL.	SDV	was	reported	
at	287,	366,	and	425	mL	 for	pre-,	peri-,	and	post-
menopausal	 groups,	 respectively.	 The	 maximum	
low	rate	was	25,	32,	and	23	mL/sec	in	urolowmetry	
and	23,	24,	and	18	mL/sec	during	the	pressure-low	
study,	respectively.	Median	PVR	was	below	20	mL	
in	all	groups.	At	maximum	low	rate	subjects	voided	
with	detrusor	pressures	of	29,	26,	and	24	cm	H2O,	
respectively	and	MUCP	was	94,	74,	and	42	cm	H2O,	
respectively [Pisterer	2007].

Thirty	healthy	males	aged	21-32	years	volunteered	
for	 an	 ambulatory	 urodynamic	 24	 h	 investigation,	
with	a	suprapubic	catheter,	to	study	natural	ill	uro-
dynamics	during	normal	and	increased	luid	intake.	
The	 recorded	micturition	 data	were:	 frequency	 (f),	
VV,	voiding	time,	maximum	low	rate	(Qmax)	and	time	
to Qmax.	The	number	of	sensed	and	not-sensed	de-
trusor	 contractions,	 and	 their	 duration	 and	 time	 in	
relation	 to	 voiding	were	also	 recorded.	During	 the	
recording	day,	subjects	were	randomized	to	normal	
(30	mL/kg	body	weight	per	day)	or	 larger	 (60	mL/
kg	body	weight	per	day)	luid	 intake.	There	was	a	
larger	 urine	 production	 and	 an	 increased	 voiding	
frequency	 in	 the	 luid-loaded	 group	 (p<0.0001).	
The	detrusor	pressure	 (pdetQmax)	was	signiicantly	
higher	in	the	luid-loaded	group	(73	cm	H2O,	range	
57-94)	than	in	the	normal	luid	intake	group	(60	cm	
H2O,	range	45-86)	(p=0.003).	No	other	urodynamic	
data	differed	signiicantly	between	the	two	groups.	
Ambulatory	 urodynamics	 in	 normal	 young	 men	
showed	a	 large	 inter	 -individual	variation,	detrusor	
contractions	during	illing	were	frequently	recorded,	
and	 premicturition	 contractions	 were	 consistently	
found.	The	data	found	in	this	study	were	similar	to	

II. CYSTOMETRY: NORMAL VALUES
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previous	home	low	 recordings	 in	 the	 same	group 
[Schmidt	2004].

In	a	retrospective	study	of	186	selected	investiga-
tions	the	inluence	of	urine	production	during	illing	
cystometry	on	total	bladder	volume	was	observed.	
Mean	 illed	 volume	 (external	 infusion	 plus	 urine	
production)	was	346	±	152	mL,	but	mean	real	blad-
der	capacity	(VV	+	residual	urine)	was	391	±	170	
mL.	In	all	patients,	14%	extra	urine	was	produced	
due	to	urine	production	(mean	rate,	6.1	mL/min).	In	
42%	of	the	investigations,	the	real	bladder	capacity	
was	more	than	110%	of	the	infused	volume.	In	18%	
of	the	patients,	the	contribution	of	natural	bladder	
illing	was	more	 than	 25%	 of	 the	 infused	 volume 
[Heesakkers	2003].

Urodynamic	 tests	 were,	 in	 another	 study,	 con-
ducted	on	39	asymptomatic	male	volunteers	with	a	
mean	age	of	25.8	years	(range	21	to	31)	and	mean	
weight	of	75.5	kg	(range	63	to	95)	to	examine	the	
pressure-low	 relationship	and	obtain	evidence	 to	
support	the	hypothesis	that	luid	consumption	has	
a	role	in	detrusor	voiding	function.	Volunteers	were	
divided	into	2	groups	according	to	water	consump-
tion	regimen	of	30	mL/kg	daily	(17	patients,	group	
1)	and	60	mL/kg	daily	(12,	group	2).	Bladder	pres-
sure	was	monitored	via	a	suprapubic	catheter	and	
abdominal	pressure	was	measured	via	a	rectal	bal-
loon	using	an	ambulatory	system	with	an	average	
duration	of	20.5	hours.	Doubling	of	water	consump-
tion	increased	urethral	opening	pressure	from	51.2	
±	 3.2	 to	 61.5	 ±	 5.1	 cm.	 H2O	 (p<0.05),	maximum	
detrusor	pressure	from	58.9	±	4.5	to	70.0	±	6.2	cm.	
H2O	 (p<0.01)	 and	 contractility	 from	15.4	 ±	 1.4	 to	
17.7	±	1.4	W/m2.	There	were	no	signiicant	differ-
ences	due	to	water	consumption	in	maximum	low	
rate	(24.4	±	1.4	to	25.2	±	1.8	mL/s)	or	bladder	ca-
pacity	(286	±	20	to	329	±	15	mL)	but	a	signiicant	
increase	 in	 the	number	of	micturitions	 from	5.8	±	
0.5	to	9.8	±	0.5	per	day	(p<0.001)	proportional	 to	
water	consumption [Schmidt	2002;	Nager	2007].

2. COMPLIANCE

Compliance	 is	 the	 ratio	 of	 a	 change	 in	 volume	
measured	relative	to	the	corresponding	change	in	
pressure.	 Usually	 compliance	 is	 calculated	 over	
the	 change	 in	 volume	 from	 an	 empty	 bladder	 to	
that	at	MCC.	

In	17	healthy	subjects,	using	a	illing	rate	of	35	mL/
min,[Waalwijk	1992]	the	range	of	compliance	values	
was	very	wide	(range	=	11-150	mL/cm	H2O; mean 
±	 sd	 =	 46	 ±	 40	mL/cm	H2O).	 Such	 a	mean	 value	
implies	only	a	small	rise	in	pressure	on	illing	(a	few	
cm H2O),	 consistent	with	 having	 high	 compliance.	
Even	higher	values	of	compliance	were	reported	by	
Hosker	(range	=	31-800	mL/cm	H2O;	mean	±	sd	=	
124±	150	mL/cm	H2O)	 in	72	healthy	 females	 (age	
25-75	years)	and	these	reproduced	the	wide	range	
of	values	already	published [Hosker	2004].

The	 results	 were	 comparable	 in	 elderly,	 peri	 and	
post	 menopausal	 women [Pisterer	 2007].	 In	 an-
other	 selected	 group	 of	 healthy	middle	 aged,	 vol-
unteers	compliance	was	‘high’	on	average,	however	
with	 a	 large	 variation [Pauwels	 2004].	 Similarly,	
Robertson	showed	that	 in	17	healthy	male	and	fe-
male	volunteers,	the	median	detrusor	pressure	rise	
on	 conventional	 illing	 cystometry	 was	 5	 or	 6	 cm	
H2O	 at	 illing	 rates	of	 50	and	100	mL/min	 respec-
tively [Robertson	1999].	On	ambulatory	monitoring	
the	median	pressure	rise	was	0	cm	H2O	however,	a	
signiicantly	smaller	value.

Compliance	 cannot	 only	 be	quantiied	 in	 the	units	
of	mL/cmH2O	but	also	as	a	dimensionless	number	
measured	from	empty	to	MCC.	Compliance	increas-
es	 with	 age	 (because	 bladder	 capacity	 increases	
with	age).	This	dimensionless	value	of	compliance	
is	to	present	a	value	that	is	independent	of	age	(BUT	
not	into	old	age).	This	is	presented	to	be	especially	
relevant	in	children	when	intra-	and	inter-	individual	
test	 (retest)	 comparisons	 are	 made [Wahl	 2004].	
Consistently,	among	22	healthy	female	volunteers,	
conventional	cystometry	and	ambulatory	study,	per-
formed	 in	 random	order,	showed	a	 larger	detrusor	
pressure	 rise	 on	 conventional	 illing	 as	 compared	
with	ambulatory	studies	[Harlington	1996].

3.  NORMAL SENSATIONS AND BLADDER CA -
PACITY

Earlier	 consultations	 have	 indicated	 the	 striking	
variability	 from	 centre	 to	 centre:	 FSV	 for	 example	
occurs	at	about	100	mL	in	one	centre	but	at	about	
350	mL	in	another,	a	value	large	enough	to	provoke	
a	strong	desire	to	void	in	the	irst.	

The	 bladder	 capacity	 is	 somewhat	 less	 variable	
from	 centre	 to	 centre,	 its	 mean	 varying	 from	 340	
to	 570	 mL.	Apart	 from	 this	 inter-centre	 variability,	
the	 inter-subject	variability	of	all	 the	parameters	 is	
also	substantial,	with	an	sd	of	about	100	mL.	Some	
of	 this	 variation	 represents	 genuine	 differences	
between	 subjects,	 but	 it	 should	 be	 noted	 that	 the	
within-subject	variability	is	also	quite	large,	in	order	
of	magnitude	50	mL.

As	 a	 rule	 of	 thumb	 in	 healthy	 adult	 subjects,	 and	
omitting	some	of	the	more	inconsistent	values,	FSF	
occurs	at	about	170-200	mL,	FDV	or	NDV	(the	ICS	
makes	no	distinction	[Abrams	1988]	at	250	mL,	and	
strong	desire	to	void	at	about	400	mL;	MCC	is	about	
480	mL.	It	is	interesting	that	the	mean	VV	on	ambu-
latory	monitoring	falls	between	FSV	(on	cystometry)	
and	FDV/NDV.	Thus,	in	daily	life,	the	bladder	is	usu-
ally	emptied	long	before	a	strong	or	even	a	‘normal’	
desire	to	void	would	be	felt	on	cystometry,	although	
much	more	can	be	held	 if	 voiding	has	 to	be	post-
poned.	Correspondingly,	 there	 is	 a	 discrepancy	 in	
bladder	capacity	between	daily	life	and	urodynamic	
study,	also	depending	on	 the	method	of	measure-
ment	 (urolowmetry,	 voiding	 diary	 or	 cystometry)	
[Hertzberg	2003].	There	is	no	evidence	after	the	last	
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consultation	to	show	that	this	inter	investigator	vari-
ability	has	decreased.

4.  DETRUSOR (OVER-) ACTIVITY IN NORMAL 
SUBJECTS

DO	 is	 observed	 during	 conventional	 cystometry	 in	
up	 to	 17%	 of	 asymptomatic	 subjects	 with	 a	 mean	
percentage	 of	 about	 8%.	 The	 percentage	 is	 much	
higher,	up	to	69%,	with	ambulatory	studies,	although	
lower	 in	 other	 observations.	 DO	 can	 be	 observed	
during	urodynamic	testing,	in	healthy	subjects	(with-
out	 the	 symptoms	 that	 are	 usually	 associated	with	
OAB)	which	might	also	indicate	that	the	observation	
of	‘detrusor	overactivity’	should	not	always	be	inter-
preted	as	‘synonymous	with	pathology	that	demands	
treatment’.	Nevertheless	 the	 false	positive	percent-
age	remains	unknown	in	those	uncontrolled	studies.

Conclusions (level 2)

•		Various	studies	have	been	helpful	in	giving	normal	
values	and	test	retest	variation	of	urodynamic	pa-
rameters	in	healthy	volunteers.

•		There	 is	 some	 evidence	 that	 evaluation	 of	 illing	
sensation	may	be	different	between	 laboratories,	
(thus:	‘may	be	observer	dependent’),	making	data	
exchange	as	well	as	generalization	and	interpreta-
tion	of	published	data	dificult.

Recommendations (grade B)

•		The	 committee	 recommends	 that	 investigators	
and	 clinicians	 bear	 in	mind	 the	 results	 of	 urody-
namic	testing	in	healthy	persons	and	to	recognize	
‘normal’	 test-retest	variation	as	well	as	the	differ-
ences	and/or	variations	between	‘usual	lower	uri-
nary	 tract	behaviour’,	ambulatory	monitoring	and	
ofice	urodynamic	testing.

•		The	 committee	 suggests	 that	 clinicians	 should	
be	suficiently	aware	of	 the	normal	variation,	and	
normal	values	of	 lower	urinary	 tract	 function	and	
urodynamic	studies.

•		The	committee	 recommends	 further	standardisa-
tion	and	a	practical	objective	means	of	recognizing	
and	 recording	 the	parameters	 relevant	 to	 sensa-
tion	during	bladder	illing.

5. INFLUENCE OF CATHETER ON VOIDING

A	urodynamic	database	of	600	consecutive	women	
referred	 for	 the	 evaluation	 of	 voiding	 symptoms	
was	reviewed	 to	examine	 the	effect	of	a	7F	 trans-
urethral	catheter	on	lowrate.	Before	urodynamics,	
all	patients	voided	privately	using	a	standard	toilet	
and	free	low	was	recorded.	Only	100	patients	who	
voided	similar	volumes,	varying	by	 less	 than	20%,	
on	the	free	low,	and	pressure	low	studies	were	in-
cluded.	In	each	VV	category	and	urodynamic	diag-
nosis,	 pressure-low	 parameters	were	 signiicantly	
different	from	the	equivalent	free	low	parameters	in	
all	but	4	cases.	Speciically	the	maximum	low	rate	

was	signiicantly	less	and	low	time	was	signiicantly	
longer	on	pressure	 versus	 free	low	studies	 (each	
p<0.01).	An	intermittent	low	pattern	was	more	com-
mon	 on	 pressure-low,	 than	 in	 free	 low	measure-
ments	(43%	versus	9%) [Groutz	2000].

Women	between	the	ages	of	30	and	70	years,	without	
LUT	complaints	and	without	a	history	of	surgery	for	
UI,	were	recruited	to	prospectively	examine	the	effect	
of	a	6F	urethral	catheter	on	the	urinary	low	rate	 in	
healthy	women	without	LUT	symptoms.	After	a	free	
low	rate,	cystometry	and	pressure-low	studies	were	
performed	twice	using	a	6F	urethral	catheter.	With	a	
6F	urethral	catheter	in	place,	the	women	had	a	mean	
maximum	low	rate	of	16	mL/s	on	the	irst	study	and	
15	mL/s	on	the	second.	A	signiicant	difference	was	
demonstrated	between	the	free	and	intubated	maxi-
mum	low	rates	for	both	the	irst	(p	=	0.0006)	and	the	
second	(p	=	0.0001)	study.	No	signiicant	difference	
was	detected	between	 the	 two	 intubated	maximum	
low	rates	(p	=	0.262) [Baseman	2002].

The	impact	of	three	different	sized	(4.5-,	6-	and	7F)	
catheters	on	pressure-low	studies	was	studied	in	
60	women	 undergoing	 urodynamic	 evaluation	 for	
LUT	symptoms,	divided	into	two	groups	(A	and	B)	
of	30	women	each.	The	patients	underwent	non-in-
vasive	free-low	urolowmetry	with	determination	of	
PVR.	In	group	A	the	two	consecutive	pressure-low	
studies	were	performed	using	a	4.5F	catheter	once	
and	a	6F	catheter	once;	in	group	B	the	two	consec-
utive	pressure-low	studies	were	performed	using	
a	4.5F	catheter	once	and	a	7F	catheter	once.	Free-
low	 rates	were	better	with	 lesser	 residual.	There	
was	no	signiicant	difference	in	maximum	low	rate,	
average	low	rate	and	low	time	between	4.5-	and	
6F	 catheter	 pressure-low	 studies	 (A).	 However,	
there	was	 a	 statistically	 signiicant	 difference	 be-
tween	 4.5-	 and	 7F	 pressure-low	 studies	 (B)	 in	
those	urolowmetry	parameters.	Detrusor	pressure	
at	maximum	low	(p

detQmax)	and	maximum	detrusor	
pressure	(pdet max)	 in	group	A	did	not	show	statisti-
cally	 signiicant	 differences	 between	 4.5-	 and	 6F	
pressure-low	studies	whereas	in	group	B,	pdetQmax 
and	pdet max were	signiicantly	different	between	4.5-	
and	 7F	 pressure-low	 studies [Scaldazza	 2005].	
This	 more	 or	 less	 resembles	 the	 results	 in	 male	
patients,	when	a	higher	percentage	of	BOO	shows	
that	a	‘mechanical’	catheter	effect	is	probably	clini-
cally	relevant	with	catheters	of	7F	and	larger [Zhao	
2006;	Trumbeckas	2006].

Conclusion (level 3):

•		There	is	evidence	that,	in	general,	low	is	reduced	
when	 voiding	 with	 a	 urodynamic	 catheter	 in	 the	
urethra	and	that	this	reduction	is	partially	caused	
by	the	size	of	the	catheter.	

Conclusion (level 4):

•		It	 is	also	the	opinion	of	the	committee	that	single	
catheters	6-8F	incorporating	both	a	illing	channel	
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and	a	 pressure-sensing	 channel	 should	 be	 used	
for	intravesical	pressure	measurement	during	cys-
tometry	(i.e.	double	lumen	catheters	in	the	case	of	
using	luid	illed	pressure	lines).

Recommendations (grade B)

•		The	committee	recommends	that	investigators	in-
terpret	pressure-low	voiding	parameters	and	the	
subsequent	post	 void	 residual	 together	with	 the	
free	low	(not	catheterised,	representative)	void-
ing	parameters.

•		The	committee	recommends	the	‘standard’	use	of,	
as	 thin	 as	 possible,	 ‘one-catheter-systems’	 (dual	
lumen	if	luid	illed)	for	illing	and	pressure	record-
ing	during	urodynamic	testing.

1.  NORMATIVE AND COMPARATIVE DATA FOR 
MAXIMUM URETHRAL CLOSURE PRESSURE

Tables	 in	 the	previous	consultations	show	that	 the	
between-centre	 variability	 in	 the	 values	 reported,	
with	 mean	 MUCP	 is	 large	 and	 that	 the	 between-
subject	differences,	reported	 in	most	studies	show	
a	 wide	 range.	 However	 in	 spite	 of	 this	 variability,	
the	mean	MUCP	was	consistently	lower	in	patients	
with	 signs	 and	 symptoms	 of	 SUI	 than	 in	 non-SUI	
women.	There	is	nevertheless	so	much	overlap	that	
MUCP	cannot	be	 regarded	useful	 for	diagnosis	of	
SUI [Weber	2001].	

Eighty	 primiparous	 women	 with	 self-reported	 new	
SUI,	9-12	months	postpartum,	were	compared	with	
80	 primiparous	 continent	 controls	 and	 80	 nullipa-
rous	continent	controls	to	identify	impairments	spe-
ciic	to	SUI.	MUCP	(±	sd)	in	primiparous	incontinent	
women	(62.9	±	25.2	cm	H20)	was	lower	than	in	pri-
miparous	 continent	 women	 (83.9±21.0)	 who	 were	
similar	 to	 nulliparous	 women	 (90.3	 ±	 25.0).	 This	
lower	MUCP	followed	by	ultrasound	assessment	of	
bladder	neck	mobility	on	coughing	was	the	measure	
most	associated	with	de	novo	SUI	after	irst	vaginal	
birth [DeLancey	2007].

Studies	providing	normative	data	for	men	are	scant,	
but	there	are	some	data	on	the	UPP	in	normal	males,	
however	 without	 any	 relevance	 for	 UI	 (neither	 for	
BOO	or	storage	dysfunction) [Yalla;	Abrams	1977].

2.  RELIABILITY OF URETHRAL PRESSURE 
VARIABLES

In	 clinical	 practice,	 use	 of	 a	 luid-perfusion	 tech-
nique	to	measure	resting	urethral	pressure	proile	
parameters	such	as	MUCP	yields	an	sd	that	rang-
es	from	3.3	to	8.1	cm	H2O.	On	average,	the	sd	is	
approximately	5	cm	H2O	(95%	conidence	limits	±	
10	cm	H2O)	or	±	5%.	With	a	micro	 tip	 transducer	

technique	the	sd	varies	between	3.3	and	16.5	cm	
of	 water,	 which	 means	 that	 the	 95%	 conidence	
limits	may	be	as	large	as	±	33	cm	H2O.	The	coef-
icient	of	variation	when	using	the	micro	tip	trans-
ducer	 technique	 has	 been	 reported	 to	 be	 17%	
(95%	conidence	limits	±	34%).		In	one	study	using	
luid	perfusion	the	coeficient	of	variation	of	MUCP	
varied	from	3%	to	11%	(95	%	conidence	limits	6%	
-	23%) [Toguri	1980].

Another,	comparative	study	between	luid-illed	and	
micro	tip	pressure	transducers	observed	that	MUCP	
obtained	 from	 the	 luid-illed	 catheter	 was	 signii-
cantly	 higher	 than	 that	 obtained	 from	 the	microtip	
catheter.	However,	the	authors	also	concluded	that	
the	use	of	the	double-lumen	luid-illed	catheter	for	
the	measurement	of	MUCP	can	be	considered	a	re-
liable	technique	since	its	reproducibility	 is	as	good	
as	that	of	the	micro	tip	catheter [Wang	2002].

A	 signiicant	 difference	between	MUCP	values	 re-
corded	by	micro	transducer	versus	ibre	optic	cath-
eter	systems	has	also	been	observed.	Signiicantly	
lower	 mean	 MUCP’s	 were	 recorded	 by	 the	 ibre	
optic	system	than	by	the	micro	transducer	system.	
No	 signiicant	 difference	 was	 however	 observed	
between	these	two	systems	in	the	measurement	of	
VLPP [Culligan	2001].

As	 mentioned	 above,	 the	 performance	 of	 air-
charged	 catheters	 in	 measuring	 MUCP	 has	 been	
shown	to	be	comparable	to	micro	transducers	in	the	
measurement	 of	maximum	urethral	 closures	 pres-
sure	in	a	non-randomised	study [Pollak	2004].	How-
ever,	 there	 was	 a	 difference	 in	 functional	 urethral	
length	 which	 was	 attributed	 to	 the	 different	 diam-
eters	of	the	two	catheters.	

In	 2008,	 Zehnder	 et	 al	 carried	 out	 a	 randomised	
comparison	of	these	air-charged	catheters	with	mi-
cro	 tip	catheters	 in	64	women	and	 found	 that	 the	
air-charged	 catheter	 was	 as	 least	 as	 reliable	 as	
the	micro	tip	for	measuring	both	MUCP	and	func-
tional	 urethral	 length.	 However,	 they	 found	 that	
the	air-charged	catheter	gave	a	higher	reading	of	
both	parameters	compared	to	the	micro	tip	device 
[Zehnder	2008].

3. AGING

It	 is	 well	 established	 that	 in	 women	 the	 UPP	
changes	with	age.	A	 recent	study	of	255	women,	
ages	 20-77	 years,	 without	 DO,	 overt	 neuropathy	
or	pelvic	or	UI	surgery,	conirmed	 that	 the	MUCP	
is	 negatively	 associated	 with	 age	 (r	 =	 -0.5,	 p<	
0.0001) [Schick	2003].	

4.  OTHER PARAMETERS AFFECTING THE 
MEASUREMENT OF URETHRAL CLOSURE 
PRESSURE

The	2002	ICS	standardisation	reports,	relating	to	ure-
thral	 closure	pressures,	 discusses	 that	 the	 value	of	
MUCP	is	not	only	dependent	on	the	type	of	catheter	
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used	 but	 also	 its	 orientation	within	 the	 urethra,	 the	
degree	of	bladder	fullness	and	the	position	of	the	pa-
tient [Lose	2002].	There	is	no	new	evidence,	nor	evi-
dence	regarding	newer	techniques,	that	the	intrinsic	
(urethral	 pressure)	measuring	 quality	 has	 improved	
to	a	clinically	relevant	level	with	regard	to	sensitivity,	
speciicity	and	reliability.

Conclusions (level 2)

•		Various	 studies	 have	 shown	 considerable	 test-
retest	 variation	of	 all	 urethral	 pressure	measure-
ments	or	parameters.

•		Various	studies	have	shown	that	normal	and	path-
ological	 values	 of	 urethral	 pressure	 parameters	
are	largely	overlapping.

•		Various	 studies	 have	 shown	 that	 urethral	
pressure(s)	(parameters)	are	affected	by	age.

•		Studies	 have	 shown	 that	 urethral	 pressures	 de-
pend	 on	 patient	 position,	 volume	 of	 luid	 in	 the	
bladder	and	position	of	the	patient.

•		Studies	 have	 shown	 that	 urethral	 pressures	 de-
pend	on	the	pressure	recording	catheter	used	and	
its	orientation	within	the	urethra.

Recommendations (grade B)

•		The	 committee	 recommends	 that	 investigators	
and	 clinicians	 recognize	 the	 poor	 sensitivity	 and	
speciicity	of	urethral	pressure	measurements	and	
their	‘normal’	test	retest	variation.

•		The	committee	does	not	recommend	urethral	pres-
sure	measurement	as	the	only	urodynamic	test	in	
patients	with	urinary	incontinence	either	to	conirm	
or	to	refute	stress	urinary	incontinence.

•		The	committee	recommends	that	the	clinical	rel-
evance	 of	 urethral	 pressure	 measurements,	 if	
performed,	 is	 judged	 in	 relation	 to	 other	 urody-
namic	tests	(such	as	cystometry)	and	to	the	clini-
cal	examination.

1. INTRODUCTION

The	detrusor	 	pressure	or	 the	 intravesical	pressure	
(pdet	 or	pves)	 at	which	 involuntary	expulsion	of	urine	
from	the	urethral	meatus	is	observed	is	the	LPP.	The	
rise	in	bladder	pressure	causing	leakage	may	origi-
nate	 either	 from	 the	 detrusor	 (caused	 for	 example	
by	 the	 illing	 of	 a	 low-compliance	 bladder)	 or	 from	
an	 increase	 in	 the	abdominal	pressure.	Thus	 there	
are	 two	 different	 leak	 point	 pressures	 –	 the	 DLPP	
(DDLPP)	 and	 the	 abdominal	 LPP.	 The	 abdominal	
pressure	 increase	during	the	 latter	 is	produced	vol-
untarily	by	coughing	(CLPP)	or	by	Valsalva	(VLPP).	

LPP	 is	not	 consistently	deined	 throughout	 the	 re-

ports	in	literature	and	we	have	not	found	any	stan-
dardisation	(report)	of	the	technique.	Any	compari-
son	of	indings	between	studies	is	hindered	by	this.	

The	 elements	 of	 CLPP	 or	 VLPP	 which	 could	 be	
standardised	include:	1)	the	basic	deinition	of	LPP	
(baseline	value	of	pressure;	route	of	measurement	
–	 urethral,	 vaginal	 or	 rectal),	 2)	 whether	 Valsalva	
or	cough	 is	used	 to	produce	 leakage,	3)	 the	 tech-
nique	to	conirm	urine	loss,	4)	 location	of	catheter,	
and	shift	in	location	on	cough	or	strain,	5)	calibre	of	
catheter	(if	transurethral)	6)	type	of	pressure	sensor	
7)	the	volume	in	bladder,	8)	the	rate	of	prior	bladder	
illing	and	9)	patient	position [Weber	2001].

The	same	elements	are	 relevant	 for	DLPP	except	
pressure	measurement	has	to	be	from	the	bladder	
but	could	be	through	a	suprapubic	catheter.

2.  RELIABILITY OF LEAK POINT PRESSURE 
MEASUREMENTS

a) Diagnosis

In	a	study	that	recruited	168	patients	it	was	seen	that	
women	who	demonstrate	urodynamic	SUI	at	lower	
bladder	volumes	do	not	report	greater	bother	from	
the	UI	than	women	who	leak	at	higher	volumes.	The	
authors	concluded	that	leakage	severity	‘quantiied’	
by	this	urodynamic	method,	is	not	an	adequate	re-
lection	of	UI	related	quality	of	life	(Qol)	and	or	sub-
jective	UI	severity [Lowenstein	2007].	Another	study	
conirms	these	observations [Albo	2007].

A	total	of	200	women	with	SUI	were	clinically	evalu-
ated	and	underwent	urodynamic	study	to	determine	
the	correlation	between	VLPP	and	the	UPP.	A	pro-
gressive	correlation	of	VLPP	with	MUCP	was	found	
when	 UPP	 was	 performed	 at	 50	 mL	 (r	 =	 0.305,	
p<0.0001),	at	250	mL	(r	=	0.483,	p<0.0001)	and	at	
maximum	bladder	illing	(r	=	0.561,	p<0.0001).	The	
authors	concluded	that	there	is	a	signiicant	corre-
lation	 between	 MUCP	 and	 VLPP [Almeida	 2005].
Another	prospective	study	in	109	patients	assessed	
the	relationship	between	CLPP	and	VLPP	with	SUI	
(n=61;	56%),	DO	(n=21;	19%)	or	a	combination	of	
these	 (n=27	 25%).	 More	 women	 with	 SUI	 leaked	
during	 CLPP	 than	 during	 the	 VLPP;	 fewer	 wom-
en	with	DO	 leaked	during	CLPP	and	more	 during	
the	 VLPP [Sinha	 2006].	 LPP’s	 are	 reported	 to	 be	
dependent	 on	 patient	 position;	 being	 lower	 in	 the	
standing	 position	 as	 compared	 to	 supine	 position 
[Nguyen	2002].	Another	study	with	the	goal	of	deter-
mining	the	effect	of	position	on	UPP	seems	to	have	
been	troubled	by	‘poor	test	retest	reproducibility’	in	
the	standing	position [Dorlinger	2002].

Two	studies	have	been	performed,	one	with	369	pa-
tients,	including	some	without	UI,	and	another	study	
with	65	female	patients	with	UI	stratiied	into	groups	
with	various	levels	of	LPP,	various	grades	of	urethral	
(hyper-)mobility,	and	various	grades	of	UI	severity.	
Both	studies	were	unable	to	ind	strong	‘urodynam-
ic’	 discriminators	 for	 the	 type	or	 the	severity	of	UI	

IV. LEAK POINT PRESSURE
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and	concluded	that	all	values	overlapped.	Patients	
with	SUI	can	be	characterised	by	LPP	and	change	
in	the	urethral	angle	and	or	mobility,	although	these	
variables	 have	 never	 resulted	 in	 deine	 discrete	
classes	[Fleischmann	2003;	Schick	2004].

The	 results	 of	 these	 newer	 studies	 	 conirm	 the	
earlier	conclusion	in	an	expert	review:	‘It	is	not	ap-
parent	 that	 either	 LPP	measurement	 or	 UPP	 can	
accurately	 predict	 which	 patients	 will	 achieve	 the	
best	 outcome	of	 surgical	 treatment	 for	SUI.	Other	
parameters	 assessed	 during	 urodynamic	 evalua-
tion	might	provide	prognostic	information	regarding	
the	 risk	of	voiding	dysfunction	postoperatively	and	
the	possibility	of	persistent	urgency-related	leakage	
following	 surgery,	 though	 not	 directly	 predict	 cure’	
[Lemack	2004].

b) Treatment

Can	 any	 value	 of	 LPP	 (Valsalva	 or	 cough)	 and/or	
UPP	help	 in	 the	selection	of	 treatment	 for	patients	
with	 SUI?	 This	 question	 has	 been	 addressed	 by	
various	investigators.	

In	 a	 retrospective	 cohort	 analysis	 of	 3-month	 out-
comes	in	145	subjects	(TOT	=	85;	tension-free	vagi-
nal	 tape	 (TVT)	=	60)	 it	was	observed	 that	 relative	
risk	of	postoperative	urodynamic	SUI,	3	months	af-
ter	 surgery,	 in	 patients	with	 a	 preoperative	MUCP	
of	≤	42	cmH2O,	was	5.89	(1.02	to	33.90,	95%	coni-
dence	interval)	when	TOT	was	compared	with	TVT	
tape	[Lemack	2004].

The	 value	 of	 urethral	 hypermobility,	 MUCP	 in	 the	
diagnosis	of	SUI	was	evaluated	in	369	women	with	
clinical	symptoms	suggestive	of	SUI	without	symp-
toms	of	detrusor	overactivity.	The	cohort	was	divid-
ed	into	2	groups	according	to	continence	or	incon-
tinence	 status.	 Continent	 and	 incontinent	 patients	
differed	 with	 regards	 to	 MUCP	 and	 hypermobility	
(each	p<0.0001).	Incontinent	patients	had	a	greater	
probability	of	a	higher	grade	of	each	factor.	MUCP	
was	 signiicantly	 lower	 in	 the	 incontinent	 group	
(p<0.001)	[Schick	2004].

A	 prospective	 study	 assessed	 the	 difference	 in	
measured	 urethral	 function	 before	 and	 after	 TVT	
procedure.	 Twenty-three	 (65.7%)	 of	 35	 consecu-
tive	women	had	a	preoperative	diagnosis	of	intrinsic	
sphincter	deiciency	(ISD)	as	deined	by	MUCP	<	20	
cm H2O	and/or	VLPP	<60	cm	H2O.	Subjective	 (Im-
pact	of	Incontinence	score	and	Urodynamic	Distress	
Inventory)	 and	 objective	 success	 rates	 were	 91%	
and	83%,	respectively.	The	mean	change	in	MUCP	
was	 -1.3	 cm	H2O	 (95%	CI	 -5.9,	 3.3),	 whereas	 the	
pressure	 transmission	 ratio	 increased	 15.7%	 (95%	
CI	 5.0%,	 26.3%).	 The	 mean	 decrease	 in	 straining	
urethral	angle	was	16.3	degrees	(95%	CI	-23.9	de-
grees,	 -8.7	 degrees).	 Cured	 subjects,	 demonstrat-
ing	hypermobility	preoperatively,	continued	to	do	so	
postoperatively.	The	effectiveness	of	the	TVT	did	not	
appear	to	depend	on	a	clinically	signiicant	change	in	
the	straining	urethral	angle.	[Mutone	2001]

A	total	of	221	women	29	to	80	years	old	(mean	age	
55.2)	were	included	in	a	later	study	to	evaluate	the	
outcome	 of	 the	 TVT	 procedure	 for	 SUI	 with	 low	
VLPP.	Mean	follow-up	was	10.5	months	(range	6	to	
52).	Patients	were	divided	into	61	with	low	(<60	cm	
H2O)	and	160	with	higher	(>60	cm	H2O)	VLPP.	The	
overall	cure	rate	was	signiicantly	lower	in	patients	
with	low	versus	higher	VLPP	(82.0%	versus	93.1%,	
p	 =	 0.013).	 In	women	with	 low	VLPP,	multivariate	
analysis	 indicated	that	urgency	symptoms	and	low	
MUCP	were	independent	factors	for	treatment	fail-
ure	 (OR	15.12,	95%	CI	1.90	 to	120.61,	p	=	0.010	
and	OR	0.92,	95%	CI	0.86	 to	0.99,	p	=	0.018,	 re-
spectively).	[Paick	2004]

174	 consecutive	 patients	 who	 underwent	 a	 distal	
polypropylene	sling	procedure	 for	 the	 treatment	of	
SUI	were	 prospectively	 evaluated	 and	 reported	 in	
a	 slightly	 earlier	 study.	 The	 group	was	 divided	 by	
VLPP		into	group	1:	60	patients	who	did	not	leak	on	
urodynamics,	group	2:	27	patients	with	VLPP	>	80	
cm H2O,	group	3:	71	patients	with	VLPP	30	to	80	cm	
H2O	and	group	4:	16	patients	with	VLPP	<	30	cm	
H2O.	Mean	follow-up	was	14.7	months	(range	12	to	
30)	and	mean	patient	age	was	62	years	(range	32	to	
88).	The	groups	were	well	matched	before	surgery	
with	respect	to	age,	number	of	previous	surgeries,	
and	 severity	 of	 SUI	 symptoms	 and	UUI.	The	 per-
centage	 of	 patients	 who	 were	 cured	 or	 improved	
was	similar	among	groups.	After	surgery	there	was	
no	statistical	difference	among	patient	mean	self-re-
ported	symptoms	of	or	bother	from	SUI	or	UUI.	The	
distal	 urethral	polypropylene	sling	provides	similar	
symptom	improvement	in	all	patients	regardless	of	
preoperative	VLPP.	LPP	is	helpful	 in	the	diagnosis	
of	SUI	but	appears	to	be	of	minimal	beneit	in	pre-
dicting	the	outcome	of	the	distal	urethral	polypropyl-
ene	sling	procedure.	[Rodriguez	2004]

A	 later	study	 reported	 that	neither	MUCP	nor	LPP	
were	good	predictors	of	post-operative	SUI	but,	be-
cause	 this	was	 not	 the	 primary	 outcome	measure	
of	 this	study,	 there	may	not	be	adequate	power	 to	
make	this	a	deinitive	conclusion.	[Paick	2007]

UDS	which	included	CLPP	and	pressure	low	stud-
ies	that	were	performed	twice	at	two	visits	2	weeks	
apart	were	 reported	 in	 a	 subsequent	 study	 to	 de-
termine	reproducibility	in	various	diagnosis	groups.	
Thirty-one	 women	 completed	 both	 visits,	 of	 those	
14	had	SUI	 in	both	sets	of	UDS,	11	had	mixed	UI	
result	at	UDS	on	both	visits,	six	had	SUI	on	one	visit	
and	mixed	UI	result	in	the	other.	The	UDS	variables	
of	MCC	and	cough	LPP	have	the	most	repeatability.	
Analysis	in	women	with	SUI	alone	compared	to	USI	
together	with	DO	showed	 that	 the	 repeatability	 for	
pressure	low		parameters	and	CLPP	was	better	in	
women	without	DO,	of	which	the	CLPP	was	signii-
cantly	different	(p	=	0.036).	[Rahmanou	2008]

c) Within-patient variability

Sixty	consecutive	women	with	‘genuine’	SUI	under-
went	 duplicate	VLPP	determinations	by	use	of	 8F	
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and	3F	vesical	and	8F	vaginal	catheters.	Subjects	
also	underwent	a	standard	resting	UPP,	CLPP	de-
terminations,	 and	 pressure-low	 micturition	 stud-
ies.	 Leakage	 was	 demonstrated	 on	 both	 Valsalva	
maneuvers	 in	 approximately	 80%	of	 subjects	with	
both	catheters	and	a	high	correlation	between	 the	
test-retest	 VLPP	 within	 both	 catheters.	 The	 inter-
catheter	correlation	between	 the	8F	and	3F	VLPP	
was	 signiicant	 but	 much	 weaker	 than	 the	 intra-
catheter	correlations;	8F	VLPP’s	were	signiicantly	
higher	 than	 3F	 VLPP,	 although	 there	 were	 indi-
vidual	 exceptions	 to	 this	observation.	The	authors	
concluded	 in	 1995	 that	 VLPP	 technique	 must	 be	
precisely	 described,	 standardized,	 and	 validated	
before	 a	 technique	 can	 be	 advocated	 for	 clinical	
use.	A	later	study	to	determine	the	quantitative	and	
qualitative	 effects	 of	 patient	 position	 on	 coughing	
and	VLPP	 in	women	with	USI	was	 done	 in	 2002.	
Thirty-seven	patients	with	genuine	SUI	and	4	with	
mixed	 incontinence	 underwent	 standardized	UDS.	
LPP	were	performed	using	8	Fr	microtip	catheters	
placed	 in	 the	bladder	and	vagina	at	a	bladder	vol-
ume	of	250	ml	 in	 the	supine,	semi	recumbent	and	
standing	positions.	UPP	was	performed	in	the	semi	
recumbent	position	at	similar	bladder	volume.	The	
mean	(+/-	standard	deviation)	VLPP	in	the	supine,	
semi	 recumbent	 and	 standing	 positions	 were	 82	
+/-	23,	73	+/-	24	and	63	+/-	22	cmH2O,	respectively	
(p<0.001).	The	mean	(+/-	standard	deviation)	CLPP	
also	 decreased	 as	 the	 patients	 were	moved	 from	
the	 supine	 (98	+/-	 29	 cmH2O)	 to	 the	 semi	 recum-
bent	(88	+/-	24	cmH2O)	and	standing	positions	(77	
+/-	24	cmH2O)	(p<0.001).	The	correlation	between	
LPP	and	MUCP	was	statistically	signiicant	and	was	
dependent	upon	patient	position	and	 the	provoca-
tive	maneuver	used.	[Nguyen	2002]

The	 committee	 has	 found	 no	 reports	 on	 inter-ob-
server	variability.

Conclusions (level 2/3)

•		Different	 deinitions	and	 techniques	 to	determine	
(urine)	leak	point	pressure	exist.	

•		Various	studies	have	demonstrated	a	weak	asso-
ciation	 between	 abdominal	 leak	 point	 pressures	
and	the	patient	experience	of,	or	measured	sever-
ity	of	bother,	or	amount	of	incontinence.	It	can	be	
born	 in	mind,	 in	 this	 regard,	 that	 one	millilitre	 of	
luid	is	already	20	drops	and	a	10cm	diameter	wet	
spot	on	a	cotton	cloth.

•		Studies	have	shown	that	the	‘isolated’	parameters	
from	 abdominal	 leak	 point	 pressure	 measure-
ments	 are	 not	 very	 helpful	 as	 predictors	 of	 suc-
cess	from	surgery	with	either	tension	free	vaginal	
tape	or	transobturator	tape	in	patients	with	stress	
urinary	incontinence.

•		Studies	have	shown	that	different	techniques	and	
patient	positions	inluence	the	results	of	leak	point	
pressures	determination.

Recommendations (grade B/C) 

•		The	 committee	 does	 not	 recommend	 abdominal	
leak	point	pressure	measurement	as	a	single	uro-
dynamic	test	in	patients	with	urinary	incontinence	
either	 to	reject	 the	diagnosis	of	stress	urinary	 in-
continence,	or	to	select	treatment.

•		The	committee	recommends	that	the	result	of	ab-
dominal	leak	point	pressure	measurements,	when	
performed	 on	 patients	 with	 urinary	 incontinence,	
should	be	 judged	 in	 relation	 to	other	urodynamic	
tests	such	as	cystometry	and	to	the	clinical	exami-
nation.

•		The	committee	considers	detrusor	leak	point	pres-
sure	 in	 patients	 with	 neurogenic	 lower	 urinary	
tract	 dysfunction	 a	 relevant	 parameter.	 This	 is	
discussed	in	section	III	(neurogenic	lower	urinary	
tract	dysfunction)	and	in	section	IV	(patient	evalu-
ation:	children).

1.  SENSITIVITY AND SPECIFICITY OF FILLING 
CYSTROMETRY IN OVERACTIVE BLADDER 
SYNDROME

Earlier	 consultations	 [Homma	 2002;	 Rosier	 2010;	
Rosier	2010;	Rosier	2010]	have	summarized	scien-
tiic	evidence	for	positive	sensitivity,	speciicity	and	
predictive	value	of	 symptoms	 for	urodynamic	SUI.	
Speciicity,	sensitivity	and	predictive	value	of	symp-
toms	were	 found	 to	 be	 less	 for	 DOI	 and	 also	 the	
association	of	‘mixed	symptoms’	of	UI	with	UDS	re-
sults	was	very	low.	We	have	found	some	additional	
studies	and	summarize	the	newest	results.

a) Detrusor overactivity incontinence

The	association	of	the	results	from	UDS	and	symp-
toms	 assessment	 was	 summarized	 to	 be	 around	
70%	in	the	previous	consultations;	three	more	or	less	
relevant	studies	are	reported	here	predominantly	re-
porting	 on	 patients	 with	 mixed	 symptoms	 of	 UI.	 It	
was	noted	in	one	study	that	some	women	with	mixed	
symptoms	 of	 SUI	 and	 OAB	 reported	 worsening	 of	
their	UI	in	a	prospective	trial,	of	duloxetine,	used	to	
improve	 urethral	 storage	 function.	 In	 this	 study,	 an	
assessment	was	made,	as	to	whether	pre-treatment	
pressure	 low	 studies	 predicted	which	 women	with	
USI,	 in	 combination	 with	 DO(I)	 experienced	 in-
creased	leakage	after	 treatment	with	duloxetine.	All	
women	 included	 had	 mixed	 symptoms	 of	 UI	 with	
moderate	or	severe	symptoms	(bother)	of	SUI.	Pres-
sure	low	studies	of	women	who	recorded	a	worsen-
ing	of	their	UI	were	compared	to	those	women	who	
recorded	no	change	or	an	 improvement	of	 their	UI.	
The	maximum	or	average	low	rate,	the	bladder	ca-
pacity,	 the	detrusor	pressure	at	maximum	low	and	
volume	voided	showed	no	difference	when	 the	 two 

V. DIAGNOSTIC PERFORMANCE OF 
FILLING CYSTOMETRY AND AMBU -

LATORY MONITORING



447

groups	 were	 compared.	 The	 pre-treatment	 voiding	
time	was	however	 longer	 in	women	who	got	worse	
following	treatment	with	duloxetine.	[Vella	2010]

The	authors	of	another	monocenter	study	 in	retro-
spection	concluded	that	(semi-recumbent)	UDS	di-
agnoses	 of	 DO,	 and	 USI	 with	 DO	 are	 associated	
with	signiicantly	worse	UI	related	bother	and	health	
related	quality	of	life	when	compared	to	those	with	
USI	without	OAB	(or	DO).	[Haessler	2009]

The	purpose	of	another	study	was	 to	assess	clini-
cally	 relevant	 relationships	 between	 urinary	 diary	
and	quality	of	life	as	well	as	to	evaluate	the	repro-
ducibility	 of	 validated	 questionnaires	 and	 urinary	
diaries	 in	women	with	SUI	 as	well	 as	OAB	symp-
toms	 of	 UI;	 a	 combination	 that	 is	 frequently,	 but	
imprecisely	deined,	named	mixed	UI.	Forty-seven	
women	with	mixed	symptoms	of	UI	completed	7-day	
diaries,	 the	Urinary	Distress	 Inventory	 (UDI-6),	 In-
continence	 Impact	 Questionnaire,	 and	 the	 Medi-
cal,	 Epidemiological,	 and	 Social	Aspects	 of	Aging	
-questionnaire	2	weeks	apart.	The	number	of	UU(I)	
episodes	 predicted	 UI	 severity	 on	 UDI-6	 (R	 (2)	 =	
.38,	p<	.03).	Except	for	the	number	of	SUI	episodes,	
diary	 variables	 and	 questionnaire	 responses	were	
reproducible	(range	from	Spearman’s	rho	=	.7	to	rho	
=	.96,	p<	.001).	The	6	questions	of	the	UDI-6	were	
concluded	to	adequately	represent	UI	severity.	

b) Detrusor overactivity alone

The	 sensitivity,	 speciicity	 and	 predictive	 value	 of	
symptoms	for	 the	diagnosis	of	DO,	was	given	in	a	
review	of	papers	quoted	in	the	third	ICI	[Colli	2003]	
All	authors	of	 the	various	manuscripts	and	 the	 re-
viewers	have	concluded,	more	or	less	strongly	that	
the	correlation	between	symptoms	and	DO	is	mod-
est;	underlining	the	necessity	of	urodynamic	testing	
to	obtain	an	objective	diagnosis.	Van	Brummen	et	
al	[Brummen	2004]	examined	the	sensitivity	of	DO,	
observed	during	 conventional	UDS,	 for	UUI.	They	
examined	95	women,	with	OAB,	symptomatic	SUI,	
and/or	POP.	Symptoms	were	assessed	by	a	blad-
der	 diary	 and	 conventional	 illing	 cystometry	 was	
performed	(sitting,	ill	rate	60	mL/min).	Urinary	fre-
quency,	urgency	and	UUI	had	similar	associations	
with	 the	 cystometric	 observation	 of	 DO.	 Among	
patients	with	only	one	of	these	symptoms,	DO	was	
however	not	observed	in	77-81%.	In	another	study	
171	women	were	 recruited.	The	 aim	 of	 this	 study	
was	to	develop	a	scoring	system	to	discriminate	be-
tween	 the	symptoms	of	SUI	and	OAB.	Physicians	
completed	a	specially	developed	questionnaire	 for	
all	women	complaining	of	LUTS.	Women	 then	un-
derwent	UDS.	A	scoring	system	based	on	the	likeli-
hood	of	each	symptom	for	DO	was	developed	using	
odds	ratios	and	95%	conidence	intervals	(CI).	This	
scoring	system	was	subsequently	used	to	discrimi-
nate	 those	women	with	OAB	 from	 those	with	SUI.	
This	 scoring	 system	 had	 a	 sensitivity	 of	 79%,	 a	
speciicity	of	78%	and	a	positive	predictive	value	of	
73%	to	identify	DO.	Investigators	suggested	that	the	

scoring	system	could	be	applicable	in	primary	care	
to	 help	 discriminate	 between	 SUI	 (USI)	 and	OAB	
(DO).	[Vella	2008]

In	a	similar	study,	the	accuracy	of	a	UI	questionnaire	
in	the	diagnosis	of	various	types	of	UI	was	classiied	
according	to	the	results	of	multichannel	UDS.	Using	
a	UI	questionnaire	consisting	of	12	urinary	symptoms	
questions,	129	women	with	symptoms	of	UI	were	in-
terviewed.	Of	the	12	questions,	only	three	questions	
(two	SUI	 symptoms	 and	 one	OAB	 symptom)	were	
signiicantly	 associated	with	 the	 diagnoses	 of	 (uro-
dynamic)	USI	or	DO.	The	sensitivity	and	speciicity	
of	the	questions	was	relatively	low	leading	to	the	au-
thor’s	conclusion	that	symptoms	of	UI	were	not	suf-
icient	to	predict	types	of	UI,	and	the	suggestion	that	
UDS		is	essential	in	the	diagnosis	and	management	
of	female	UI.	[Roongruangsilp	2005]

In	a	study	to	determine	the	prevalence	and	associa-
tions	 of	 ‘sensory	 urgency’	 in	 comparison	 with	 DO	
592	women,	attending	for	an	initial	urogynaecologi-
cal	 /urodynamic	assessment,	 took	part.	The	group	
was	separated	into	those	having	‘sensory	urgency’;	
OAB	symptoms,	without	urodynamic	DO,	or	 those	
wíth	DO.	The	only	 difference	 in	 the	 clinical	 proile	
between	 the	 groups	 was	 increased	 prevalence	 of	
the	 symptom	 of	 UUI.	 The	 authors	 concluded	 that	
sensory	urgency	and	DO	appear	 to	be	part	of	 the	
same	 clinical	 spectrum	 of	 bladder	 dysfunction.	
[Haylen	2007]

To	determine	and	compare	the	urodynamic	charac-
teristics	in	patients	with	OAB	and	patients	with	com-
bined	symptoms	of	OAB	plus	SUI	(OAB+SUI),	120	
patients	 (60	 each	 in	 OAB	 and	 OAB+SUI	 groups)	
underwent	 detailed	 history,	 physical	 examina-
tion,	 complete	UDS	and	20-minute	pad	 test.	FDV,	
SDV,	 urgency,	 and	 the	 percentage	 of	 urodynamic	
SUI	were	greater	in	the	OAB+SUI	group;	and	func-
tional	 urethral	 length,	 maximal	 urethral	 pressure	
and	 MUCP	 were	 signiicantly	 lower	 in	 the	 OAB-
SUI	group,	 than	those	 in	 the	OAB	group	(p<0.03).	
[Lin,L.Y.	2004]

c)  Overactive bladder syndrome and detrusor 
overactivity

Many	 studies	 have	 been	 done	 to	 compare,	 more	
or	less	systematically	retrieved,	symptoms	with	the	
results	of	UDS.	Apart	 from	the	 fact	 that	symptoms	
assessment	 varies	 between	 studies,	 (and	 UDS-
techniques	 vary),	 the	 committee	has	 stated	 in	 the	
introduction	that	it	is	highly	unlikely	that	one	subjec-
tive	symptom	(or	a	few	symptoms)	can	be	identical	
to	the	result	of	the	UDS,	which	gives	a	broader	view	
on	 the	 individual’s	 LUT	 function.	Nevertheless	we	
report	the	recent	studies	in	this	regard.

Digesu	et	al	 [Digesu	2003]	studied	whether	UDS		 is	
useful	 in	 the	 management	 (Table1) 	 of	 women	 with	
symptoms	 of	 an	 overactive	 bladder	 (OAB).	Women	
with	LUTS	and	or	UI	were	fully	evaluated,	with	history, 
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urinary	symptoms	questionnaire,	frequency-volume	
chart,	vaginal	examination,	and	UDS.	Women	with	
symptoms	consistent	with	OAB	(urinary	frequency,	
urgency,	and/or	urge	 incontinence)	were	selected.	
Women	with	neurological	disorders	were	excluded.	
A	 total	 of	 4,500	 women	 22-73	 years	 of	 age	 were	
studied.	 Only	 843	 women	 (18.7%)	 could	 be	 clas-
siied	 as	 having	 an	 OAB.	 Of	 these,	 457	 women	
(54.2%)	had	DO,	whereas	386	women	(45.8%)	had	
no	 DO.	 Sixty-eight	 (8.1%)	 of	 the	 women	 studied	
had	PVR	greater	than	100	mL.	Of	the	4,500	wom-
en	 studied,	 1,641	 (36.5%)	 had	DO	 on	UDS.	Only	
27.5%	 of	 these	 women	 (457	 of	 1,641)	 had	 OAB	
symptoms.	False	positive	and	false	negative	symp-
toms	of	‘OAB’	were	frequently	noted	and	therefore	
the	study	concluded	that	OAB	symptomatic	diagno-
sis	did	not	correlate	with	DO	and	that	UDS	remains	
mandatory	for	an	exact	diagnosis.

Table 1. Overactive bladder symptoms and detru -
sor overactivity, from [Digesu 2003]

Sekido	et	al	[Sekido	2006]	retrospectively	reviewed	
the	UDS	of	50	adult	patients	(selected	from	a	series	
of	 137,	 referred	with	 UI)	 with	 urinary	 urgency	 (12	
males	and	38	females)	and	looked	into	the	correla-
tion	between	bladder	storage	function	(FSF,	MCC,	
compliance	and	DO)	versus	OAB.	75%	of	male	pa-
tients	with	OAB	symptoms	had	DO	in	supine	posi-
tion	and	only	36.8%	female	patients.

Hyman	 et	 al	 [Hyman	 2001]	 examined	 160	 men,	
mean	 age	 61	 +	 15	 years,	 without	 neuropathy	 but	
with	symptoms	‘suggestive	of	DO’	.	They	observed	
DO	in	68;	a	sensitivity	of	43%	for	OAB	symptoms.	
When	there	was	UUI,	then	DO	was	seen	more	often	
than	with	symptoms	of	frequency,	urgency,	nocturia	
alone,	suggesting	a	higher	sensitivity	for	UUI.	

In	 a	 retrospective	 study	 with	 1,626	 women	 with	
mixed	(or	‘combined’)	symptoms	of	UI	were	divided	
into	stress	predominant	mixed	urinary	incontinence	
(MUI);	urge	predominant	MUI;	or	equal	severity	of	
stress	and	urge	MUI	on	 the	basis	of	 the	symptom	
scored	most	severe	on	the	King’s	Health	Question-
naire.	[Digesu	2008]	The	frequency	of	different	UDS	
diagnoses	for	the	all	women	with	MUI	and	in	each	
of	the	above	groups	was	calculated.	Overall	3.338	
women	were	studied.	Of	 these	49%	 (1.626/3.338)	
reported	MUI	symptoms	and	were	included.	In	this	
group	 29%	 (464/1.626)	 had	 stress	 predominant	
MUI,	 15%	 (248/1,626)	 had	urge	predominant	MUI	
and	56%	(912/1.626)	had	equal	severity	of	urge	and	
stress	MUI.	On	UDI	42%	(665/1,626)	had	pure	USI,	

25%	 (414/1.626)	 had	 pure	 DO,	 18%	 (299/1.626)	
had	 both	 DO	 and	 USI	 and	 15%	 (248/1.626)	 had	
UDS	without	 abnormal	 illing	 phase.	 In	 those	with	
stress	 predominant	 MUI,	 82%	 had	 USI;	 in	 those	
with	urge	predominant	MUI,	64%	had	DO.	The	UDS	
diagnoses	 were	 different	 for	 the	 different	 balance	
of	symptoms	(Chi2;	p<	0.05).	In	women	with	equal	
severity	 of	UUI	 and	SUI,	 46%	had	DO	while	 54%	
had	 UDS.	 The	 relative	 severity	 of	MUI	 symptoms	
from	 the	 Questionnaire	 signiicantly	 distinguished	
between	different	UDS	diagnoses	in	this	evaluation	
that	concluded	 that	women	with	urge	predominant	
MUI	 are	more	 likely	 to	 have	 DO	while	 those	 with	
stress	predominant	MUI	are	more	likely	to	have	USI.

In	 another	 study,	 1457	 adult	 males	 and	 females	
were	retrospectively	selected,	based	on	OAB	syn-
drome	symptoms,	to	determine	how	well	the	symp-
toms	of	OAB	syndrome	correlated	with	urodynamic	
DO	 using	 ICS	 deinitions.	 A	 better	 correlation	 in	
results	 between	 OAB	 symptoms	 and	 the	 urody-
namic	diagnosis	of	DO	was	observed	 in	men	than	
in	 women.	 Of	men	 69%	 and	 44%	 of	 women	 with	
urgency	(OAB	dry)	had	DO,	while	90%	of	men	and	
58%	of	women	with	urgency	and	UUI	(or	OAB	wet)	
had	DO.	SUI	seems	to	have	accounted	for	the	de-
creased	rates	in	women	since	87%	of	women	with	
UUI	 also	 had	 the	 symptom	 of	 SUI.	 The	 ICS	 dei-
nition	 does	 not	 specify	 what	 constitutes	 abnormal	
voiding	 frequency.	Analysis	of	 results	showed	 that	
increasing	voiding	frequency	did	not	have	any	effect	
on	increasing	the	accuracy	of	diagnosis	of	DO	ex-
cept	in	women	with	10	or	more	daytime	micturition	
episodes.	The	authors	 concluded	 that	 the	bladder	
is	a	better	and	more	reliable	witness	in	men	than	in	
women.	[Hashim	2006]

The	association	between	urinary	symptoms	and	the	
UDS	diagnoses	of	DO	and	USI	was	 calculated	 to	
describe	 the	 relationship	 between	 symptoms	 re-
ported	in	a	self-completed	postal	questionnaire,	and	
urinary	disorders	based	on	UDS.	The	study	popu-
lation	was	selected	from	women	aged	40	years	or	
over	 living	 in	 the	 community,	who	 responded	 to	 a	
postal	 questionnaire.	 Four	 hundred	 eighty-eight	
women	 completed	 UDS;	 29.1%	 (142/488)	 were	
found	to	have	DO	(with	and	without	leakage),	33.6%	
(164/488)	USI,	20.7%	(101/488)	mixed	diagnosis	of	
incontinence,	 and	 16.6%	 (81/488)	 no	 abnormality	
on	 illing	 cystometry.	 SUI	 and	 UUI	 were	 included	
in	 the	risk	model	 for	USI.	SUI	reported	monthly	or	
more,	was	 associated	with	more	 frequent	 diagno-
sis	of	USI,	and	UUI	reported	weekly	or	more,	with	
less	 frequent	 diagnosis	 of	USI	 (sensitivity:	 76.9%;	
speciicity:	56.3%;	positive	predictive	value:	67.8%).	
Strong	 or	 overwhelming	 urgency,	 UI	 monthly	 or	
more,	and	nocturia	once	a	night	or	more,	were	all	
signiicantly	associated	with	an	increased	diagnosis	
of	DO.	Reporting	of	SUI	monthly	or	more	reduced	
the	risk	of	DO	(sensitivity	63.1%;	speciicity	65.1%;	
positive	 predictive	 value	 63.1%).	 The	 conclusion	
was	 that	 a	postal	 urinary	 symptoms	questionnaire	

Detrusor 
overactivity

 No detrusor 
overactivity

 Totals 

OAB symptoms 457 386 843 

No OAB symptoms 1184 2473 3657 

Totals 1641 2859 4500 
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was	associated	with	UDS	diagnosis	with	moderate	
accuracy	and	applicable.	[Matharu	2005]

One	 hundred	 and	 fourteen	 women	 attending	 a	
tertiary	 urogynaecology	 clinic	 were	 included	 in	
a	 randomised	 crossover	 study	 to	 either	 an	 initial	
interview-assisted	 questionnaire	 in	 the	 clinic,	 with	
a	 follow	 up	 postal	 questionnaire,	 or	 an	 initial	 pre-
outpatient	 questionnaire	 followed	 by	 an	 interview-
assisted	 questionnaire	 at	 the	 clinic	 visit.	Question	
responses	were	compared	with	urodynamic	diagno-
ses.	With	the	interview	method,	only	severity	of	UI	
was	 signiicantly	 associated	 with	 DO	 (p	 =	 0.012).	
With	self-completion,	severity	of	nocturia	(p<	0.05),	
urgency	(p	=	0.003),	UUI	(p	=	0.003),	leakage	with-
out	warning	(p	=	0.035)	and	 incomplete	voiding	(p	
=	0.01)	were	 signiicantly	 associated	with	DO.	On	
interview,	the	symptom	of	SUI	(p	=	0.002)	and	use	
of	 pads	 (p	 =	 0.011)	 were	 signiicantly	 associated	
with	a	diagnosis	of	USI.	Severity	of	SUI	(p<	0.001),	
frequency	 of	 leakage	 (p	 =	 0.004),	 use	 of	 protec-
tion	(p<	0.018),	nocturnal	incontinence	(p	=	0.002)	
and	quantity	 of	 leakage	 (p<	0.05)	 on	 self-comple-
tion	were	strongly	associated	with	diagnosed	USI.	
There	was	 no	 association	 between	 the	 symptoms	
of	urgency	or	UUI,	and	USI.	Concluded	in	this	study	
was	that	no	symptom	had	a	high	enough	speciicity	
and	sensitivity	 to	replace	UDS	in	 this	postal	ques-
tionnaire	 responses	 and	 had	 a	 better	 relationship	
with	DO,	for	USI	and	for	DO,	than	interview-assisted	
questionnaire	responses.	[Khan	2004]

The	pattern	of	illing	sensations	was	evaluated	dur-
ing	standard	UDS	bladder	illing	in	75	patients	who	
complained	of	UU(I)	 and	 showed	DO,	 to	 evaluate	
whether	a	compelling	desire	to	void	is	always	per-
ceived	suddenly,	or	whether	 it	 can	 result	 from	 the	
gradual	 build-up	 of	 bladder-illing	 sensations.	 A	
compelling	desire	 to	void	occurred	suddenly,	with-
out	a	preceding	sensation	in	13%	of	the	patients,	at	
lower	 intravesical	volumes,	whereas	66%	reported	
at	least	two	normal	preceding	illing	sensations	be-
fore	 a	 compelling	 desire	 to	 void.	The	 bladder	 vol-
ume	at	which	the	FSF	was	reported	was	not	differ-
ent	regardless	of	whether	it	was	described	as	a	FSF	
,	a	FDV	or	a	compelling	desire	 to	void	 (p	=	0.42).	
The	 warning	 volumes	 were	 not	 different	 between	
patients	with	one	or	no	illing	sensation	 landmarks	
(p	 =	 0.7),	 but	 they	were	 signiicantly	 smaller	 than	
in	 patients	 with	 two	 or	 three	 illing	 sensations	 (P	
=	0.85).	Compelling	desire	 to	void	can	occur	sud-
denly	if	normal	illing	sensation	is	disturbed,	but	also	
gradually	if	the	usual	illing	sensations	are	reported.	
In	cases	of	disturbed	illing	sensation,	the	volume	at	
compelling	desire	 to	void	and	 the	warning	volume	
are	signiicantly	lower.	[Wachter	2008]	

To	evaluate	the	reliability	of	spontaneously	reported	
bladder	sensations	during	real	and	faked	cystome-
try	in	patients	with	non-neurogenic	LUTD.	In	anoth-
er	study	by	the	same	researchers,	ifty-nine	patients	
with	non-neurogenic	LUTD	were	submitted	to	a	real	

and	a	faked	(no	water	infused)	illing	cystometry	and	
were	 asked	 to	 describe	 all	 bladder-related	 sensa-
tions	during	the	 investigations.	During	the	genuine	
cystometry,	 the	 expected	 pattern	 of	 illing	 sensa-
tions	was	 reported	by	88%.	During	 the	 faked	cys-
tometry,	not	one	of	the	patients	reported	the	normal	
pattern	of	illing	sensations.	However,	a	minority	of	
patients	 reported	some	sensation	of	bladder	illing	
without	 actual	 bladder	 illing	 from	 the	UDS	 equip-
ment.	The	investigators	concluded	that	patients	with	
a	non-neurogenic	LUTD	can	reliably	report	bladder	
illing	sensations	during	UDS.	[Wachter	2008]

Five	 hundred	 and	 ninety-two	 women	 attending	 for	
an	initial	urogynaecological/urodynamic	assessment	
were	 enrolled	 in	 a	 prospective	 study.	 Many	 signs	
symptoms	 and	 observations	were	 reported	 but	 the	
reported	prevalence	of	sensory	urgency	(deined	as	
increased	 perceived	 bladder	 sensation	 during	 ill-
ing,	a	 low	FDV	and	low	MCC	in	the	absence	of	re-
corded	urinary	tract	 infection	or	DO)	was	13%.	The	
only	differences	in	the	clinical	and	UDS	proiles	of	it	
and	DO	were	 reported	 as	 a	 signiicantly	 increased	
prevalence	of	the	symptom	of	UUI	and	(by	deinition)	
the	detrusor	contractions	during	illing	cystometry	in	
women	with	DO.	The	 authors	 concluded	 that	 ‘sen-
sory	urgency’	and	DO	appeared	to	be	part	one	spec-
trum	of	LUT	dysfunction.	[Haylen	2007]	

Fifty-eight	 patients	with	USI,	 29	with	DO,	and	22	
with	 both	 USI	 and	DO	were	 analysed	 in	 another	
monocenter	cohort	study.	From	3-day	hand-written	
and	 computer-analysed	 bladder	 diaries,	 average	
and	maximum	VV	were	calculated,	and	also	void-
ing	 frequency	and	24	hr	urine	production,	as	well	
as	number,	 severity	and	 type	 (whether	accompa-
nied	by	activity	or	urge)	of	UI	 -episodes,	 to	com-
pare	frequency-volume	and	UI	episode	patterns	in	
patients	with	USI	 and	DO.	Compared	 to	 the	USI	
patients,	 the	 DO	 patients	 tended	 to	 have	 higher	
voiding	frequency,	lower	VV,	more	urgency-related	
than	 activity-related	 leaks,	 smaller	 volume	 and	
equally	frequent	leaks	and	higher	severity	-scores	
for	 UI	 symptoms.	 The	 age-	 and	 volume-adjust-
ed	 percentiles	 better	 separated	 the	 USI	 and	 DO	
groups’	frequency	and	volume	measurements	than	
did	the	raw	measurements.	Almost	60%	of	the	USI	
patients	had	 low	VV	measurements,	high	voiding	
frequency,	and	40%	had	 leaks	with	urgency	sen-
sations.	A	 subgroup	 of	 29	USI	 patients	with	 ‘low’	
(average	volume	<30th	 reference	population	per-
centile)	VV	measurements	had	high	incidences	of	
urgency	and	UUI.	Reference	population	percentiles	
better	separate	the	frequency	/volume	patterns	of	
USI	and	DO	than	do	the	raw	measurements.	The	
investigators	 observed	 a	 substantial	 subgroup	 of	
patients	with	USI	that	had	an	OAB-like	clinical	pic-
ture,	again	suggesting	 that	 symptom	assessment	
is	 important	but	not	diagnostic	with	 regard	 to	 the	
underlying	LUTD.	[Parsons	2007]

The	 UDS	 of	 women	 with	 DOI	 and	 USI,	 before	
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undergoing	tension-free	vaginal	tape	(TVT)	surgery	
were	retrospectively	reviewed	to	determine	if	specif-
ic	pre-operative	urodynamic	parameters	could	pre-
dict	DO	 following	TVT	 in	patients	with	urodynamic	
mixed	 incontinence.	 Patients	 underwent	 clinical	
evaluation	pre-operatively	and	those	with	persistent	
SUI	after	 conservative	 treatments	underwent	TVT.	
Patients	were	 re-assessed	after	at	 least	6	months	
post-operatively.	 Fifty-one	 women	 were	 reviewed.	
Forty-six	 of	 the	 51	 attended	 follow-up	 and	 35/51	
agreed	to	conventional	urodynamic	studies.	Seven-
teen	of	the	35	reported	OAB	symptoms,	and	18/35	
were	asymptomatic.	Nineteen	of	the	35	women	had	
DO	and	16/35	had	normal	UDS.	The	median	pre-
operative	 opening	 detrusor	 pressure	 was	 higher	
in	women	with	overactive	bladder	symptoms	post-
operatively.	The	median	pre-operative	opening	de-
trusor	pressure	in	women	with	DO	post-operatively	
was	 33.0	 cmH2O	 and	 the	 median	 pre-operative	
opening	 detrusor	 pressure	 in	 those	 with	 normal	
UDS	 post-operatively	 was	 16	 cmH2O	 (15.0-23.0	
cmH2O	p<	0.05	Mann-Whitney	U-test).	The	 inves-
tigators	 have	 concluded,	 in	 retrospect,	 that	 open-
ing	detrusor	pressure	before	treatment	is	related	to	
post-operative	DO	after	TVT,	in	their	series,	but	that	
higher	numbers	of	patients	are	required	to	demon-
strate	the	real	predictive	value	of	opening	detrusor	
pressure.	[Panayi	2009]

Conclusions (level 2)

•			Many	 studies	 have	 shown	 the	 weak	 correlation	
between	symptoms	and	the	result	of	urodynamic	
investigation,	especially	 illing	cystometry,	 in	pa-
tients	with	urinary	incontinence.

•		The	committee	concludes	that	 the	sensitivity	and	
the	speciicity	of	 the	symptoms,	when	systemati-
cally	assessed	and	voiding	diary	is	included,	is	at	
best	and	in	the	‘most	typical	patients’,	around	60-
70%,	in	comparison	with	the	result	of	the	objective	
results	of	urodynamic	testing.

•		The	correlation	of	the	symptom	‘stress	urinary	in-
continence’	 (expressed,	 or	 questioned)	 with	 the	
result	 of	 urodynamic	 investigation	 is	 somewhat	
better	 than	 the	correlation	of	urgency	or	urgency	
urinary	 incontinence	 (expressed,	 or	 questioned)	
with	urodynamic	investigation.

•		The	 committee	 concludes	 that	 especially	 when	
frequent	voiding,	urgency	and/or	urgency	inconti-
nence	is	part	of	the	symptom	complex	of	patients	
with	 incontinence,	 urodynamic	 investigation	 is	 of	
value	to	obtain	an	objective	diagnosis,	prior	to	in-
vasive	therapy.

•		Taking	 into	 account	 the	 variation	 between	 various	
institutes	and	the	test-retest	variation,	the	committee	
considers	it	relevant	that	investigators	and	clinicians	
judge	also	how	adequate	the	results	of	the	performed	
tests	represent	the	individual	patients’	symptoms.

Recommendations (grade B) 

•		The	 committee	 recommends	 urodynamic	 test-
ing	 in	patients	with	 incontinence	when	an	objec-
tive	diagnosis	is	warranted.	This	is	commonly	the	
case	when	symptoms	do	not	exclusively	direct	to	
stress	 incontinence,	 or	when	 (for	 all	 types	 of	 in-
continence)	conservative	measures	have	not	been	
successful,	 or	 when	 relevant	 co	morbidity	 exists	
or	relevant	previous	surgery	has	been	performed.

•		The	committee	 recommends	 interpretation	of	 the	
results	of	the	complete	urodynamic	testing	in	rela-
tion	with	the	symptoms,	signs,	and	the	clinical	(or	
other)	examinations	and	with	 the	voiding	diary	 in	
all	patients.

d)  Distinguishing or deining characteristics of 
detrusor overactivity

Several	 groups	 have	 attempted	 to	 ind	 character-
istics	of	DO	 that	may	distinguish	DO	 incontinence	
with	different	aetiologies,	or	DO	incontinence	of	dif-
ferent	severity.

One	group	[Flisser	2003;	Romanzi	2001]	examined	
132	patients	with	OAB	symptoms	(with	and	without	
neurological	disease)	by	videourodynamics.	Based	
on	the	characteristics	of	their	illing	phase,	patients	
were	divided	into	4	categories:	type	1-	no	evidence	
of	DO	on	videourodynamics;	type	2	–	DO	present,	
and	patient	aware	and	able	to	abort	them;	type	3	–	
DO(I)	present,	patient	aware	and	able	to	contract	the	
sphincter	 (judged	 from	 the	 videourodynamics)	 but	
not	to	abort	contractions;	and	type	4	–	DO(I)	pres-
ent	and	patient	unaware	but	unable	to	contract	the	
sphincter	or	abort	contractions.	There	was	no	sig-
niicant	 relationship	between	 the	category	and	se-
verity	of	symptoms	as	judged	by	voiding	frequency,	
functional	bladder	capacity,	or	pad	test.	The	authors	
concluded	 that	 the	characteristics	of	 the	DO	were	
not	distinct	enough	 to	aid	 in	differential	diagnosis,	
but	that	the	ability	to	abort	DO	and	stop	incontinent	
low	might	have	prognostic	 implications,	especially	
for	the	response	to	behaviour	modiication,	biofeed-
back	training,	and	pelvic	loor	exercises.

Cucchi	 et	 al	 [Cucchi	 2007]	 looked	 into	 detrusor	
contraction	 strength,	 detrusor	 contraction	 velocity	
and	 contraction	 sustainability.	 In	 this	 retrospective	
review,	 the	authors	separated	male	patients	 (with-
out	 relevant	 neurological	 abnormalities)	 into	 three	
groups;	Group	1	had	 	DO,	with	urgency	and	UUI.	
Group	 2	 was	 similar	 to	 group	 1	 but	 did	 not	 have	
urgency	before	DO	and	Group	3	consists	of	‘normal’	
men.	They	found	that	detrusor	contraction	velocity	
was	increased	(or	higher)	in	the	group	with	urgency	
versus	no	urgency	or	normal,	implying	that	this	may	
be	an	underlying	mechanism	for	urgency.	

Defreitas	 and	 co-workers	 [Defreitas	 2003]	 exam-
ined	 three	 groups	 of	 patients:	 group	 1,	 men	 with	
LUTS	and	no	known	neurological	condition	for	DO	
(n	=	22);	group	2,	men	with	Parkinson’s	disease	and	
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LUTS	 (n	 =	 39);	 and	 group	 3,	women	with	Parkin-
son’s	disease	and	LUTS	(n	=	18).	Patients	with	Par-
kinson’s	 disease	 had	 a	 signiicantly	 lower	median	
volume	at	irst	detrusor	contraction	than	those	with	
non-neurogenic	 DO.	 The	 percentage	 of	 group-1	
patients	with	UUI	was	signiicantly	 lower	 than	 that	
found	in	the	other	two	groups	(9%	versus	54%	and	
56%,	 p<0.001	 and	 0.002,	 respectively).	No	 statis-
tically	 signiicant	 correlation	 between	 the	 duration	
or	severity	of	Parkinson’s	disease	and	urodynamic	
parameters	 was	 found.	 The	 distinction	 between	
Parkinson’s	disease	proper	and	multiple	system	at-
rophy,	which	appears	to	be	important	with	regard	to	
bladder	dysfunction,[Fowler	2001]was	not	made	in	
this	study.

In	 the	 study	 cited	 above,[Hyman	 2001]	 160	 older	
men	without	 neuropathy,	 but	with	 symptoms	 ‘sug-
gestive	of	DO’,	were	examined.	DO	was	seen	more	
often	when	there	was	UUI,	 than	with	symptoms	of	
frequency,	 urgency	 and	 nocturia	 alone.	 The	 blad-
der	 volume	 at	which	DO	was	 observed	 tended	 to	
be	lower	in	those	with	UUI,	frequency	and	urgency	
than	in	those	without	UUI	(p	=	0.07).	The	prevalence	
of	DO	was	similar	in	men	with	and	without	BOO.

Ockrim	at	al	[Ockrim	2005]	compared	the	variability	
of	DO	 in	men	with	 LUTS	 to	 that	 in	men	with	 SCI	
by	sequentially	repeating	urodynamic	studies	three	
times.	They	observed	a	signiicant	decrease	in	the	
number	and	amplitude	of	DO	contractions	in	the	60	
patients	with	non-neurogenic	LUTS,	whilst	in	the	35	
SCI	 patients,	 the	 urodynamic	 variables	 remained	
the	same	over	the	subsequent	studies.	

The	 urodynamic	 characteristics	 of	 DO	 in	 women	
with	 multiple	 sclerosis	 (MS)	 (n	 =	 54)	 were	 com-
pared	with	 the	detrusor	pressure	 ‘pattern’	 found	 in	
women	with	LUTS	and	idiopathic	DO	(n	=	42)	in	a	
retrospective	 study.	Among	 other	 parameters,	 the	
amplitude	of	 the	 irst	 contraction,	maximum	detru-
sor	 contraction,	 and	 threshold	 volume	 for	 the	 irst	
contraction	 were	 evaluated.	 The	 amplitude	 of	 the	
irst	 contraction	was	statistically	greater	 in	 the	pa-
tients	with	MS	and	DO	compared	with	patients	with	
IDO	(28.3	versus	20.5	cm	H2O,	p	=	0.003),	as	was	
the	 maximum	 detrusor	 contraction	 (46.4	 versus	
30.8	cm	H2O,	p	=	0.002).	The	threshold	volume	for	
DO	 was	 greater	 among	 patients	 with	 neurogenic	
DO	(186.8	versus	150.5	mL,	p	=	0.037),	which	was	
likely	to	be	secondary	to	the	elevated	PVR	volume	
noted	among	patients	with	MS	(p	=	0.049).	The	au-
thors	 concluded	 that	 additional	 investigation	 is	 re-
quired	 to	determine	whether	 these	differences	are	
due	to	neurogenic	inluences	directly	on	the	detru-
sor	muscle	through	aberrant	innervation	or	by	other	
mechanisms.	[Lemack	2006]

Miller	 et	 al	 [Miller	 2002]	 suggested	 that	 functional	
bladder	capacity	was	smaller	in	those	with	more	se-
vere	incontinence	as	judged	from	the	voiding	diary	
in	a	study	to	evaluate	quantiication	of	DO.

Conclusions (level 2)

•		Studies	have	not	been	able	 to	show	relevant	dif-
ferences	in	patterns	or	characteristics	of	detrusor	
overactivity	 whether	 the	 cause	 of	 overactivity	 is	
neurogenic	or	idiopathic.

•		Various	studies	have	not	been	unable	 to	 reliably	
quantify	 the	severity	of	detrusor	overactivity,	 in	a	
clinically	or	scientiically	applicable	way.

Recommendation (grade C)

•		The	committee	recommends	that	neither	the	cause	
(neurogenic	or	idiopathic)	nor	the	severity	of	detru-
sor	overactivity	is	diagnosed	on	the	basis	of	param-
eters	from	urodynamic	investigation	(cystometry).

Topics for research

•		The	committee	recommends	further	evaluation	and	
development	of	objective	parameters	for	assessing	
the	treatment	outcome	of	detrusor	overactivity.

e) Provocative manoeuvres 

Some	studies	have	shown	that	50%	of	DO	occurs	
during	 supine	 cystometry	without	 provocation	 and	
that	 the	 remaining	 50%	 is	 revealed	 by	 posture	
change,	 standing	 cystometry,	 on	 provocation	 by	
cough,	 or	 on	 catheter	 removal.	 [Turner	 Warwick	
1979;	Arnold	1974]

Awad	 and	 McGinis	 [Awad	 1983]	 observed	 DO	 in	
30%	of	female	patients	in	the	supine	position	versus	
61%	 in	 the	 standing	position.	A	 systematic	 review	
of	 the	 literature	by	Al-Hayek	et	al	 [Al-Hayek	2008]	
concluded	that	supine	cystometry	failed	to	detect	a	
signiicant	percentage	of	patients	with	DO.

Webster	et	al	[Webster	1984]	concluded	that	in	52%	
of	women	with	DO,	provocation	by	fast	illing	in	the	
standing	position,	with	exercises	such	as	coughing,	
was	required	to	reveal	it.	Investigative	technique,	in	
particular	 the	 inlation	of	a	balloon	 in	 the	proximal	
urethra	[Colstrup	1982]	or	the	instructions	given	to	
the	patient	[Blaivas	2001],	is	also	said	to		affect	the	
frequency	of	the	observation	of	DO.

Choe	 et	 al	 [Choe	 1999]	 systematically	 examined	
which	manoeuvres	were	most	provocative	of	DO.	In	
134	women	with	symptomatic	UUI	they	performed	gas	
(CO2)	cystometry.	Six	provocative	manoeuvres	were	
performed	consecutively	to	evoke	DO,	including	lying	
supine,	rising	to	a	seated	position,	walking	toward	the	
bathroom,	hand	washing,	coughing	and	sitting	on	the	
toilet	with	 instructions	not	 to	void.	By	illing	 to	maxi-
mum	capacity	and	performing	 these	manoeuvres	 in	
2	different	orders,	they	were	able	to	demonstrate	DO	
in	76/134	subjects	(67%).	Sitting	on	a	toilet	with	a	full	
bladder	and	with	 the	 instruction	not	 to	void	was	 the	
most	provocative	manoeuvre,	responsible	for	reveal-
ing	DO	in	52	of	 the	76	(68%).	Hand	washing	was	a	
distant	second,	revealing	overactivity	in	15	of	the	76	
(20%).	Other	manoeuvres	revealed	very	little	DO.
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An	 extreme	 provocative	 manoeuvre	 is	 the	 bladder	
cooling	 (ice	 water)	 test	 advocated	 by	 Geirsson	 et	
al.	[Geirsson	1993];	The	empty	bladder	is	illed	with	
water	at	a	temperature	of	less	than	10oC.	This	stimu-
lates	C-ibres	 that	normally	carry	afferents	 from	 re-
ceptors	sensitive	to	temperature	and	pain.	In	infants,	
stimulation	of	these	receptors	can	initiate	a	detrusor	
contraction,	but	this	response	is	normally	lost	at	ages	
over	 5	 years.	 The	 bladder	 cooling	 test	 stimulated	
detrusor	 contraction	 (neurogenic	DO)	 in	91-97%	of	
patients	 with	 traumatic	 upper	motor	 neuron	 lesion,	
but	 in	 only	 47%	of	 those	with	 presumed	 idiopathic	
DO.	Detrusor	 contraction	was	 not	 observed	 in	 any	
patient	 with	 a	 lower	 motor	 neuron	 lesion	 or	 ‘pure’	
(urodynamic)	SUI.	Thus	the	conclusion	was	that	the	
bladder	cooling	test	is	highly	sensitive	for	neurogenic	
DO,	and	highly	speciic	for	DO	in	general.

The	bladder	cooling	relex,	elicited	by	the	ice	water	
test	 (IWT)	 was	 performed	 in	 patients	 with	 painful	
bladder	syndrome	(PBS,	n	=	17),	idiopathic	DO	(IDO,	
n	=	22),	neurogenic	DO,	n	=	4)	and	SUI	(as	controls,	
n	=	21).	The	IWT	was	performed	by	intravesical	instil-
lation	of	cold	saline	(0	-	4	degrees	C).	A	positive	IWT	
was	 observed	 in	 IDO	 (27.3%)	 and	 neurogenic	 DO	
(100%)	patients,	but	was	negative	in	all	PBS	and	all	
control	 patients.	Thirteen	 (76.5%)	PBS	patients	 re-
ported	pain	during	the	IWT,	with	signiicantly	higher	
pain	scores	during	ice	water	instillation	compared	to	
the	baseline	 (p	=	0.0002),	 or	 equivalent	 amount	of	
bladder	illing	(100	mL)	with	saline	at	room	tempera-
ture	(p	=	0.015).	[Mukerji	2006]

A	total	of	114	patients	over50	years,	with	an	Interna-
tional	Prostate	Symptom	Score	(IPSS)	>8	and	QoL	
>2,	were	evaluated	by	UDS	and	IWT	to	investigate	
whether	DO	and/or	 the	 response	 to	 the	 IWT	were	
related	 to	 night	 time	 urinary	 frequency.	 The	 DO-
positive	 IWT	 responders	had	a	signiicantly	higher	
BOO-index	 than	 did	 the	 DO-positive	 IWT	 non-re-
sponders	 and	 the	 DO-negative	 IWT	 non-respond-
ers.	 The	 DO-positive	 IWT	 responders	 had	 signii-
cantly	more	frequent	nocturia	and	smaller	night	time	
maximal	 and	 lesser	 VV	 than	 did	 the	 DO-negative	
IWT	 non-responders	without	 any	 difference	 in	 the	
nocturnal	 VV.	 The	 patients	 with	 nocturia,	 two	 or	
more	times,	had	a	signiicantly	larger	nocturnal	VV	
and	smaller	night	time	minimal	VV	than	the	patients	
with	 nocturia	 less	 than	 two	 times.	 The	 incidence	
of	 DO-positive	 IWT	 responders	 was	 signiicantly	
greater	 among	 the	 patients	 with	 nocturia	 three	 or	
more	times	than	that	among	those	with	nocturia	less	
than	 three	 times.	The	authors	concluded	 that	high	
grade	BOO	 leads	 to	development	of	C-ibre	 relex	
activity.	[Hirayama	2005]

Conclusions (level 2)

•		A	systematic	review	concludes	that	more	detrusor	
overactivity	is	seen	when	the	patient	is	in	the	sit-
ting	position	during	cystometry,	when	compared	to	
the	supine	position.	

•		There	 is	 some	 evidence	 that	 moving	 to	 a	 toilet,	
and	also	hand	washing,	is	strongly	provocative	of	
detrusor	overactivity.

•		Evidence	suggests	that	 ice	water	cystometry	can	
be	applied	to	elicit	detrusor	overactivity	in	patients	
with	NLUTD	and	that	a	detrusor	contraction	during	
illing	with	ice	water	can	be	interpreted	as	a	sign	of	
pathologic	 (existing	only	 in	patients	with	 relevant	
neurology)	 C-ibre	 relex	 activity.	 It	 has	 however	
also	been	shown	in	this	regard	that	false-negative	
tests	do	occur.

Recommendations (grade B) 

•		The	 committee	 recommends	 that	 the	 results	 of	
provocative	cystometry	are	interpreted	in	the	light	
of	 the	 patients’	 symptoms	 and	 to	 bear	 in	 mind	
whether	the	results	obtained	are	representative.

•		The	 committee	 recommends	 the	 performance	 of	
urodynamic	 investigation	 in	 the	 sitting	 position	
whenever	possible,	because	of	the	better	sensitiv-
ity	for	illing	phase	abnormalities,	but	also	because	
of	 the	 better	 possibility	 of	 representative	 voiding	
and	better	patient	comfort.

•		The	 committee	 recommends	 that	 the	 position	 of	
the	patient	during	illing	cystometry	is	always	tak-
en	into	account	because	it	can	inluence	the	dem-
onstration	of	detrusor	overactivity.	Repeating	 the	
cystometry	 in	 a	 different	 position	 can	 be	 helpful	
when	it	is	deemed	clinically	necessary.

2.  AMBULATORY URODYNAMICS: SENSITIV -
ITY AND SPECIFICITY

Ambulatory	 urodynamics	 is	 performed	 in	 an	 effort	
to	capture	more	realistic	or	more	physiological	ob-
servations,	especially	of	UI	episodes.	Thus,	similar	
to	 provocative	manoeuvres,	 it	 is	 an	 attempt	 to	 in-
crease	sensitivity	by	providing	a	longer	time	for	DO	
to	manifest	 itself.	Strict	 protocols	 for	 the	 test	 (e.g.	
duration)	and	standards	for	systematic	analysis	are	
lacking.	The	authors	of	a	review	article	[Cassidenti	
1999]	concluded	that	ambulatory	monitoring	detects	
UI	better	than	conventional	cystometry.

Radley	 et	 al.	 [Radley	 2001]	 found	 that	 ambulatory	
monitoring	revealed	DO	in	70/106	women	with	symp-
toms	suggestive	of	DO	(twice	as	many	as	conven-
tional	cystometry	with	provocation	by	hand	washing),	
and	that	it	detected	DOI	in	40	of	the	70.	The	obser-
vation	of	DOI	was	correlated	with	symptom	severity,	
but	it	was	not	clear	how	many	women	complaining	of	
UUI	showed	DOI.	Therefore	the	sensitivity	observed	
in	this	study	has	remained	unknown.	The	speciicity	
of	this	method	is	at	present	not	evaluated,	and	it	 is	
not	very	 likely	that	 therapy	can	be	improved	on	the	
basis	of	(additional)	ambulatory	testing.

Conclusions (level 3)

•		Studies	 have	 shown	 that	 ambulatory	 monitoring	
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is	more	sensitive	to	detrusor	overactivity	however	
the	 predictive	 value	 towards	 the	 selection	 (and	
outcome)	of	optimal	treatment	is	still	unknown.

Recommendation (grade A)

•		The	committee	does	not	 recommend	ambulatory	
monitoring	in	the	routine	diagnosis	of	patients	with	
urinary	incontinence.

3.  THE ADJUNCT USE OF IMAGING AND 
ELECTROMYOGRAPHY

Videourodynamics	 is	 an	 investigation	 where	 cys-
tometry	 is	carried	out	simultaneously	with	 imaging	
(usually	x-rays)	of	the	lower	urinary	tract.	This	can	
be	useful	in	the	management	of	some	patients;	par-
ticularly	 children	 and	 patients	 with	 NLUTD	 and	 is	
briely	discussed	in	the	relevant	chapters.	There	is	a	
fuller	discussion	of	videourodynamics	in	the	chapter	
on	Imaging,	Neurophysiology	and	other	tests.

Another	 adjunct	 to	 cystometry	 is	 the	 simultane-
ous	measurement	of	striated	muscle	activity	using	
EMG.	Most	frequently	this	is	used	in	the	investiga-
tion	of	patients	with	NLUTD	and	often	surface	elec-
trodes	are	placed	on	 the	perineum	 to	detect	 (all	 -	
unspeciic)	striated	muscle	activity	from	pelvic	loor	
muscles.	Amongst	other	uses,	failure	of	the	urethra/
pelvic	loor	to	relax	and	pelvic	loor	voiding	dysfunc-
tions	 can	 theoretically	 be	 detected	 during	 voiding	
using	this	technique.	Unfortunately,	it	is	technically	
dificult	 to	ensure	a	good	quality	EMG	signal	 from	
the	precise	and	relevant	muscle(s)	during	this	pro-
cedure	 and	 there	 have	 been	no	 publications	 in	 at	
least	the	last	20	years	investigating	the	beneits	of	
combining	EMG	with	cystometry.

1. PREDICTION OF TREATMENT RESPONSE

a) Filling cystometry

The	authors	of	a	review	of	papers	from	1980-2000	
[Colli	2003]	concluded	that	it	is	not	possible	to	cor-
relate	 the	 results	 of	 urodynamic	 tests	with	 the	 ef-
fects	 of	 non-invasive	 therapy.	 Consistent	 with	 the	
table,	Malone-Lee	et	al	[Malone	2003]	reported	on	
356	female	patients	with	OAB	symptoms.	On	urody-
namics,	266	showed	DO.	There	was	no	signiicant	
difference	(between	those	with	and	without	DO)	 in	
treatment	 outcome	 after	 6-8	 weeks	 of	 oxybutynin	
and	bladder	retraining.	

On	the	other	hand,	previous	reviews	have	conclud-
ed	 that	women	with	UI	 and	DO	 respond	 less	well	
to	surgery	for	SUI	than	those	without	DO.	[Homma]	
Friis	et	al	[Friis	1982]	conducted	a	blinded	prospec-
tive	study	to	evaluate	the	usefulness	of	urodynamic	
examination	 compared	 to	 clinical	 diagnosis.	 The	

study	 showed	 that	 when	 urodynamic	 examination	
was	 added	 to	 the	 preoperative	 planning	 of	 treat-
ment	for	female	UI	a	more	beneicial	cure	rate	was	
found	if	the	patient	was	treated	in	accordance	with	
the	urodynamic	indings.	However,	the	patient	ma-
terial	is	small	and	the	power	of	the	study	is	weak.	

A	retrospective	study	has	shown	that	a	careful	mini-
mal	 evaluation	 may	 be	 adequate	 to	 identify	 ISD,	
predict	 postoperative	 voiding	dificulties	and	maxi-
mize	 surgical	 outcomes.	 [Thompson	 2000]	 A	 Co-
chrane	 review	 concluded	 that	 current	 evidence	 is	
insuficient	 to	demonstrate	a	clear	 improvement	 in	
clinical	 outcomes	as	a	 result	 of	 performing	urody-
namic	studies.	[Glazener	2002]

In	men,	fewer	studies	have	been	done.	Golomb	et	
al	 [Golomb	1999]	examined	whether	preoperative	
urodynamic	 examination	 allows	 us	 to	 predict	 the	
risk	of	UI	after	radical	prostatectomy.	A	small	group	
of	20	patients	underwent	radical	retropubic	prosta-
tectomy	for	prostate	cancer.	Urodynamics	showed	
DO	in	12/20	pre-operatively.	5	of	these	12	suffered	
from	UUI	post-operatively.	The	positive	predictive	
value	of	preoperative	DO	for	post-operative	UI	was	
thus	only	42%.

In	a	 literature	overview	of	the	diagnostic	and	thera-
peutic	value	of	urodynamic	investigations	in	patients	
undergoing	POP	surgery,	the	reviewers	found	a	large	
heterogeneity	 of	 results.	 ‘Occult’	SUI	 showed	 large	
variation	between	studies	and	de	novo	DO	after	TVT	
as	adjunct	 to	POP	surgery	was	observed	 in	 incon-
sistent	and	unpredictable	percentages.	It	was	impos-
sible	to	estimate	the	predictive	value	of	urodynamic	
testing	on	 the	basis	 of	 this	 review	and	prospective	
studies	were	demanded.	[Roovers	2007]	A	later	clini-
cal	study	conirmed	this	view.	[Roovers	2007]

A	 study	 presented	 a	 decision-analytic	 model	 that	
evaluated	 the	 cost-effectiveness	 of	 basic	 ofice	
evaluation	before	surgery	in	women	with	POP	and	
SUI	symptoms	and	contrasted	it	with	that	of	urody-
namic	 testing.	Costs	were	obtained	 from	 the	Fed-
eral	Register;	effectiveness	of	treatment	for	UI	was	
based	 on	 the	 published	 literature.	 The	 strategies	
of	 basic	 ofice	 evaluation	 and	 urodynamic	 testing	
had	the	same	cure	rate	of	UI	(96%)	after	initial	and	
secondary	 treatment.	Under	baseline	assumptions	
incremental	cost-effectiveness	(cost	for	single	extra	
cure	of	UI)	of	urodynamic	testing	was	$328,601.	Ac-
cording	to	sensitivity	analyses,	basic	ofice	evalua-
tion	was	more	cost-effective	than	urodynamic	test-
ing	when	 the	 prevalence	of	 pure	DO	was	<8%	or	
when	 the	 cost	 of	 urodynamic	 testing	 was	 >$103.	
The	analysis	concluded	that	urodynamic	testing	be-
fore	surgery	in	women	with	POP	and	SUI	symptoms	
is	not	cost-effective	relative	 to	basic	ofice	evalua-
tion.	[Weber	2000]

b) Ambulatory monitoring

Brown	and	Hilton	 [Brown	1999]	used	conventional	

VI. THERAPEUTIC PERFORMANCE 
OF FILLING CYTOMETRY AND AM -

BULATORY MONITORING
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and	ambulatory	urodynamic	monitoring	to	study	the	
incidence	of	DO	before	and	after	colposuspension.	
They	showed	that	preoperative	ambulatory	monitor-
ing	was	unable	signiicantly	to	predict	which	patients	
would	suffer	from	urgency	postoperatively,	or	even	
which	women	would	demonstrate	DO	post-surgery.	
Another	paper	addressed	speciically	 the	effect	on	
clinical	 management	 of	 doing	 ambulatory	 urody-
namics.	[Gorton	2000]	In	this	retrospective	chart	re-
view	of	71	women,	there	were	technical	dificulties	
in	 30/71	 ambulatory	 studies	 although	 only	 2	were	
not	 interpretable.	 32/71	 women	 showed	 DO	 and	
nearly	all	were	treated	with	medication.	Among	the	
remainder	 without	 DO	 fewer	 received	medication.	
However,	 fewer	 than	 half	 of	 those	 who	 received	
medication	 improved.	 The	 authors	 concluded	 that	
ambulatory	urodynamics	was	not	very	helpful	in	de-
ciding	on	management.

Conclusions (level 2/3)

•		Various	studies	have	shown	that	the	result	of	uro-
dynamic	 investigation	 does	 not	 perfectly	 predict	
the	outcome	of	 relevant	 treatment	 in	all	patients;	
either	 in	patients	with	urodynamic	detrusor	over-
activity	 or	 in	 patients	 with	 urodynamic	 stress	 in-
continence	and	also	not	in	patients	with	a	‘double’	
urodynamic	diagnosis.

•		A	retrospective	study	with	subsequent	health	eco-
nomic	modelling	 has	 shown	 that	 in	 patients	with	
‘pure	symptoms	of	stress	incontinence’	urodynam-
ic	testing	might	not	be	cost	effective.

Recommendations (grade B/C) 

•		The	committee	recommends	that	the	result	of	uro-
dynamic	investigation	is	applied	to	‘optimize’	treat-
ment	strategy	without	attributing	perfect	speciicity	
to	the	result	of	treatment,	in	an	individual	patient.

•		The	 committee	 recommends	 that	 the	 cost	 effec-
tivity	of	 urodynamic	 testing	 is	 taken	 into	account	
when	discussing	 the	necessity	of	urodynamic	 in-
vestigation	with	the	patient.

Topics for research

•		The	 committee	 suggests	 that	 large	 multicentre	
(‘national’)	prospective	studies	might	be	of	help	to	
better	 understand	 the	 cost-effectiveness	 of	 high	
quality	 urodynamic	 testing	 in	 health	 care	 quality	
for	patients	with	incontinence.

1. INTRODUCTION

The	clinical	evaluation	of	an	 incontinent	woman	 is	
based	 on	 the	 combination	 of	 the	 medical	 history,	

physical	 examination	 and,	 when	 appropriate,	 se-
lected	urodynamic	tests.	

The	 patient’s	 symptom	SUI	 is	 clearly	 deined	 and	
the	sign	often	can	be	objectively	demonstrated	as	
‘the	observation	of	urine	 leakage	 from	 the	urethra	
synchronous	 with	 exertion/effort,	 or	 sneezing	 or	
coughing’.	Traditionally,	cystometry	with	cough	tests	
at	representative	volumes	has	been	the	core	test	for	
the	urodynamic	diagnosis	of	USI.	Dynamic	urethral	
closure	 pressure	 proilometry,	 leak	 point	 pressure	
testing	 and	 ambulatory	 urodynamics	 have	 been	
used	to	sub	classify	patients	with	USI.

In	the	previous	report	two	expert	reviews	were	cited	
which	summarize	the	likelihood	of	correctly	predict-
ing	the	result	of	the	UDS	from	symptoms	and	signs.	
[Harvey,M.A.	 2001;	 Homma,Y.	 2002]	 There	 have	
been	further	studies	[Agur,W.	2009;	Digesu,	2003],	
reporting	 that	 conirmation	 of	 USI	 in	 the	 group	 of	
patients	with	the	sole	symptom	of	SUI	is	observed	
in	±70-80%	of	the	patients.	However,	patients	with	
that	‘sole	symptom’	were	only	a	relatively	small	pro-
portion	of	all	reported	and	analysed	cohorts.	There	
have	 been	 2	 other	 studies	 highlighting	 the	 unpre-
dictability	and	large	variation	of	urodynamic	diagno-
sis	on	the	basis	of	symptoms	in	women	[Mc	Nanley,	
et	al;	Hameed,	et	al]	An	earlier	study	[van	Waalwijk	
van	 Doorn,E.S.	 1992]	 showed	 that,	 in	 a	 group	 of	
154	females	with	both	complaints	and	urodynamic	
demonstration	of	incontinence,	the	clinical	observa-
tion	of	pure	USI	had	a	sensitivity	and	speciicity	of	
90%	and	65%	respectively	for	the	isolated	symptom	
of	SUI	which	would	be	challenged	by	these	2	further	
(retrospective)	 studies,	 both	 of	which	 use	 a	much	
larger	data	bases,	one	of	over	6000	patients.	

The	objective	information	about	LUT	function	adds	
to	the	diagnosis	that	is	made	on	the	basis	of	signs	
and	 symptoms.	 This	 addition	 can	 be	 of	 value	 for	
the	professional	when	selecting	a	 treatment	 to	of-
fer	to	the	patient.	However,	it	should	be	noted	that	
besides	their	diagnostic	potential,	UDS	can	contrib-
ute	 qualitative	 and	 quantitative	 information	 about	
the	 underlying	 or	 coexisting	 pathophysiology	 that	
is	 valuable	 for	 the	 patient	 as	 well.	 One	 study	 did	
use	a	patient	preference	model	 to	assess	 the	util-
ity	of	UDS	 in	assessment.	This	study	did	highlight	
that	 whilst	 on	 QoL	 evaluation,	 UDS,	 by	 itself,	 did	
not	 lead	 to	 a	 better	 outcome,	 patient	 compliance	
with	treatment	was	better	in	the	group	having	UDS.	
Secondly	far	more	women	opted	for	UDS	than	was	
predicted.	[Majumdar,A.	2010]

Malone	Lee	however,	demonstrated	 that	 the	pres-
ence	or	absence	of	DO	in	patients	with	symptoms	
OAB	 did	 not	 relate	 to	 outcome	 of	 anticholiner-
gic	 treatment	 in	 a	 prospective	 randomised	 trial.	
[Malone-Lee,J.G.	 2009]	 Likewise	 2	 studies	 have	
shown	 that	 symptoms	 reported	 during	 UDS	 vary	
between	 groups,	 and	 comparison	 of	 the	 results	
between	 groups	 may	 be	 dificult.	 [van	 Mastrigt,R.	
2004;	van	Mastrigt,R.	2006]

C. CLINICAL APPLICATIONS OF 
URODYNAMIC STUDIES 

I. PATIENT EVALUATION: WOMEN
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The	 committee	 discusses	 in	 the	 following	 para-
graphs	 the	 clinical	 application	 of	 UDS	 in	 patients	
with	 signs	 or	 symptoms	 of	UI.	 Firstly	women	with	
SUI,	followed	by	women	with	OAB	with	UUI.

2. STRESS URINARY INCONTINENCE

a)  Urethral pressures and severity of stress uri -
nary incontinence 

There	is	no	consensus	on	how	to	measure	the	se-
verity	of	SUI	clinically	or	urodynamically.	Severity	
can	 be	 expressed	 on	 the	 basis	 of	 simple	 clinical	
measures	such	as	questionnaires,	or	on	a	bladder	
diary	or	on	pad	weighing	tests.	A	review	concludes	
that	 static	 UPP	 parameters	 such	 as	 MUCP	 or	
cough	proile	parameters	such	as	pressure	trans-
mission	 ratio	 cannot	 be	 used	 to	 characterize	 the	
severity	 of	 incontinence	 and	 suggested	 that	 ab-
dominal	LPP	measurement	might	be	a	useful	tool	
to	 quantify	 urethral	 dysfunction	 associated	 with	
SUI.	[Weber,A.M.	2001]	

However,	other	studies	have	found	no	correlation	be-
tween	leak	point	pressures	and	the	severity	of	UI	as	
measured	by	bladder	diaries	and	QoL	instruments.	
[Albo,M.	 2007;	Chen,C.C.	 2008;	Theofrastous,J.P.	
1995;	Nager,C.W.	2001]	 Leak	point	 pressures	are	
also	limited	as	a	diagnostic	tool	by	the	lack	of	stan-
dardisation	of	the	technique.	[Rodrigues,P.	2006]	

A	total	of	221	women,	29	to	80	years	old	(mean	age	
55.2),	 were	 included	 in	 a	 prospective	 TVT	 treat-
ment	 study,	 performed	 mostly	 using	 local	 anaes-
thesia	with	 a	mean	 follow-up	 of	 10.5	months.	Pa-
tients	were	divided	into	61	with	low	(less	than	60	cm	
H2O)	 and	160	with	 higher	 (60	 cm	H2O	 or	 greater)	
VLPP.	The	overall	(subjective	and	stress	test)	cure	
rate	 was	 10%	 lower	 in	 patients	 with	 low	 versus	
the	patients	with	higher	VLPP	and,	 in	women	with	
low	 VLPP,	 but	 multivariate	 analysis	 indicated	 that	
symptoms	of	OAB,	 independent	 	 from	 low	MUCP,	
were	 independent	 factors	 for	 treatment	 failure	The	
authors	concluded	that	women	with	urgency	symp-
toms	and	or	with	 low	MUCP	should	be	considered	
to	be	at	higher	risk	for	failure	after	the	TVT	proce-
dure.	[Paick,J.S.	2004]	In	another	report	the	role	of	
preoperative	VLPP	in	predicting	the	outcome	of	the	
suburethral	sling	procedure	for	the	treatment	of	SUI	
was	prospectively	evaluated	in	174	consecutive	pa-
tients	with	diverse	grades	of	VLPP.		The	TVT	provid-
ed	similar	symptom	improvement	in	all	the	patients	
regardless	 of	 preoperative	 VLPP	 [Rodriguez,L.V.	
2004]	which	was	conirmed	in	a	more	recent	study.	
[Costantini,E.	2008]

An	expert	review	of	the	use	of	LPP	testing	and	ure-
thral	 pressure	 proilometry	 prior	 to	 surgical	 treat-
ment	 for	 SUI,	 concluded	 that	 there	 remains	 no	
consistency	as	to	whether	this	testing	enhances	sur-
gical	outcome	of	SUI	treatments	by	improving	case	
selection	or	altering	the	surgical	approach	based	on	
study	 indings.	 The	 reviewer	 found	 little	 evidence	

to	suggest	that	patients	with	more	severe	forms	of	
USI	 on	 urodynamic	 testing	 fare	more	 poorly	 after	
the	most	commonly	offered	surgical	treatment	than	
those	with	 less	severe	 forms.	 [Lemack,G.E.	2004]	
Subsequent	studies	and	reviews	have	tried,	without	
positive	results,	to	identify	ways	in	which	UDS	may	
predict	 voiding	 dificulties	 after	 suburethral	 tapes.	
[Mostafa,	et	al.;	Murray,S.	2010].	However,	the	lack	
of	 (multicenter	 standardised)	 prospective	 evalua-
tions	has	been	implicated	in	the	lack	of	progress	on	
this	topic.	There	is	also	a	lack	of	knowledge	with	re-
gard	to	subclasses	of	SUI	and	(types	of)	pelvic	loor	
muscle	exercises.	[Herderschee,R.	2011]

Most	retrospective	monocenter	studies	show	high-
er	 failure	 rates	 after	 surgery	 in	 women	 with	 low	
MUCP	(≤	20	cm	H2O)	at	MCC.	 [Weber,A.M.	2001;	
Miller,J.J.	2006;	Guerette,N.L.	2008]	However,	oth-
er	investigators	have	shown	that	a	low	MUCP	is	not	
an	eficient	predictor	of	surgical	failure.	[Homma,Y.	
2002;	 Weber,A.M.	 2001]	 In	 a	 recent	 prospective,	
randomised	trial	of	women	undergoing	either	Burch	
retropubic	suspension	or	bladder	neck	slings,	LPP’s	
were	not	found	to	be	predictive	of	surgical	outcome	
for	SUI.	[Nager,C.W.	2008]	

The	 value	 of	 urethral	 hypermobility,	 MUCP	 and	
urethral	 incompetence	 was	 analysed	 in	 a	 study	
with	369	women	with	symptoms	suggestive	of	SUI,	
without	symptoms	of	DO.	Continent	and	incontinent	
patients	differed	with	 regards	 to	urethral	 incompe-
tence	and	hypermobility.	Incontinent	patients	had	a	
greater	 probability	 of	 a	 higher	 grade	 of	 each	 fac-
tor.	Even	after	adjusting	for	the	older	age	of	inconti-
nent	patients	by	ANCOVA,	MUCP	was	signiicantly	
lower	 in	the	incontinent	group.	The	best	univariate	
optimized	cut-off	point	for	discriminating	continence	
from	 incontinence	 was	 obtained	 with	 urethral	 in-
competence	greater	than	grade	I.	[Schick,E.	2004]

In	 an	 attempt	 to	 deine	 the	 urodynamic	 contrain-
dications	 to	 Burch	 colposuspension,	 79	 patient’s,	
eligible	for	continuous	postoperative	follow-up	were	
enrolled	in	a	prospective	study.	On	post-hoc	analy-
sis,	a	VLPP	level	<60	cm	H2O	was	not	found	to	rep-
resent	an	absolute	contraindication	to	Burch	colpo-
suspension,	 provided	 that	 other	 parameters,	 such	
as	MUCP	and	functional	urethral	length,	are	within	
acceptable	ranges.	[Bai,S.W.	2005]

From	a	 total	of	168	women,	 the	31%	 that	demon-
strated	 SUI	 at	 lower	 bladder	 volumes	 (100	 mL)	
did	not	report	greater	bother	from	UI	than	the	35%	
women	who	leak	at	higher	volumes	(>400	mL).	The	
Urogenital	Distress	 Inventory,	 Incontinence	 Impact	
Questionnaire,	and	also	the	MUCP	and	VLPP	were	
similar	 in	the	groups.	Among	the	116	patients	who	
had	a	sling	procedure,	USI	persistence	did	not	differ	
according	to	the	volume	at	which	USI	occurred	pre-
operatively	 (p=0.72).	 The	 authors	 concluded	 that	
‘bladder	volume	when	leaking’	during	a	urodynamic	
study	 is	 not	 an	 adequate	 relection	 of	 UI	 related	
QoL.	[Lowenstein,L.	2007]
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A review	was	done	to	highlight	controversies,	con-
cerning	 the	use	of	 	UDI	prior	 to	surgical	 treatment	
for	 SUI.	 The	 review	 focused	 on	 LPP	 testing	 and	
UPP.	On	the	basis	of	the	literature	available	at	that	
time	 it	was	concluded	 that	 there	 remains	no	clear	
consensus	as	 to	whether	UPP	or	V(A)LPP	 testing	
enhances	 surgical	 outcome	 of	 SUI	 treatments	 by	
improving	case	selection	or	altering	the	surgical	ap-
proach	 based	 on	 study	 indings.	 Furthermore	 the	
author	 concluded	 that	 there	was	 little	 evidence	 to	
suggest	 that	 patients	with	more	 severe	 symptoms	
of	SUI	by	UPP	or	V(A)LPP	testing	fare	more	poorly	
after	the	most	commonly	offered	surgical	treatment	
than	those	with	less	severe	forms.	The	third	obser-
vation	done	 in	 this	 review	was	 that	 there	 are	 cer-
tain	sub-populations	of	women	who	appear	to	be	at	
higher	risk	of	‘persistent	urgency’	and	or	of	voiding	
dysfunction	following	incontinence	surgery,	and	that	
UDI	may	aid	 in	 identifying	 this	group.	Overall	was	
concluded	 that	 it	 is	 not	 apparent	 that	 either	ALPP	
measurement	or	UPP	can	accurately	predict	which	
patients	will	 achieve	 the	 best	 outcome	 of	 surgical	
treatment	for	SUI.	The	author	suggested	that	other	
parameters	 assessed	 during	 UDI	 might	 provide	
prognostic	information	regarding	the	risk	of	voiding	
dysfunction	 postoperatively	 and	 the	 possibility	 of	
persistent	 urge-related	 leakage	 following	 surgery,	
though	not	directly	predict	cure.	[Lemack,G.E.	2004]

Conclusions (level 2/3) 

•		Various	studies	have	shown	a	weak	association	
of	 incontinence	 severity	 with	 urethral	 function	
tests	(leak	point	pressures	and	urethral	closure	
pressures).

•		Cohort	 studies	 have	 shown	 that	 incontinence	
volume	 and	 intravesical	 volume	 at	 leakages	 are	
poorly	associated	with	symptoms	severity	and	or	
with	patients’	quality	of	life.

•		Studies	 have	 shown	 that	 urethral	 function	 tests	
(leak	 point	 pressures	 and	 urethral	 closure	 pres-
sures)	are	of	very	little	value	in	predicting	the	out-
come	of	treatment	with	suburethral	tapes.

•		No	studies	have	shown	the	relevance	of	urethral	
function	 tests	 (leak	 point	 pressures	 and	 urethral	
closure	 pressures)	 in	 predicting	 the	 outcome	 of	
non	surgical	or	other	treatments	for	stress	urinary	
incontinence.

Recommendations (grade B/C)

•		The	committee	recommends	that	urethral	function	
measurements	 of	 leak	 point	 pressures	 and	 ure-
thral	 closure	 pressures	are	 not	 used	as	a	 single	
factor	to	grade	the	severity	of	incontinence.

•		The	 committee	 does	 not	 recommend	 the	 use	 of	
contemporary	urethral	function	tests	to	prediction	
the	 outcome	of	 any	 surgical	 treatment	 for	 stress	
urinary	incontinence.

Topics for research

•		The	 committee	 suggests	 further	 studies	with	 the	
aim	of	better	understanding	urethral	closure	func-
tion	 and	 dysfunction,	 in	 relation	 to	 the	 diverse	
treatments	(especially	conservative)	of	stress	uri-
nary	incontinence.

b) Aspects of urodynamic studies relevant to 
therapy for stress urinary incontinence

In	 a	 systematic	 meta	 analysis	 (only)	 129	 (out	
of	 6009)	 studies	 were	 relevant	 for	 inclusion	 us-
ing	 the	Quality	Assessment	 of	 Diagnostic	 Studies	
(QUADAS)	 tool	 to	 identify	 and	 synthesize	 studies	
of	 diagnostic	 processes	 of	UI	 and	 to	 construct	 an	
economic	model	to	examine	the	cost-effectiveness	
of	simple,	commonly	used	primary	care	 tests.	The	
diary	appears	to	be	the	most	cost-effective	in	the	di-
agnosis	of	USI	of	the	three	primary	care	tests	(diary,	
pad	 test	 and	 validated	 scales)	 used	 in	 addition	 to	
clinical	history	and	clinical	stress	test.	However,	the	
meta-analysis	also	conceded	 that	 if	a	patient	 is	 to	
undergo	an	 invasive	urodynamic	procedure,	multi-
channel	urodynamics	is	likely	to	give	the	most	accu-
rate	result	in	a	secondary	care	setting.	[Martin,J.L.	
2006]	Two	attempts	 to	 use	 artiicial	 intelligence	 in	
UDS	 interpretation	 have	 been	 reported	 [Serati,M.	
2011;	Witjes,W	l998],	one	reported	neural	network-
ing	and	the	second	an	automated	analysis	process	
of	urolow:	neither	was	felt	 to	be	robust	enough	to	
improve	diagnostic	accuracy.

In	2006	 in	 the	UK,	 the	National	 Institute	of	Health	
and	 Clinical	 Excellence	 (NICE)	 issued	 guidelines,	
on	 the	basis	of	expert	opinion	collated	by	a	modi-
ied	Delphi	process,	 that	urodynamics	was	recom-
mended	before	surgery	for	UI	only	if	there	is	a	clini-
cal	suspicion	of	DO	or,	 if	 there	has	been	previous	
surgery	for	SUI,	or	is	anterior	compartment	POP	or,	
if	 there	 are	 symptoms	 suggestive	 of	 voiding	 dys-
function	 [National	 Institute	 for	 Health	 and	 Clinical	
Excellence]	and	urodynamics	was	not	routinely	rec-
ommended	for	women	before	surgery	for	a	‘clearly	
deined	clinical	diagnosis	of	SUI’.	The	evidence	base	
for	 this	recommendation	has	been	disputed	and	is	
controversial	 and	 challenged	 and	 is	 now	 subject	
to	 several	 studies	 [Nager,C.W.	 2008;	 Nager,C.W.	
2001]	and	the	reports	of	these	are	awaited.	A	study	
in	 2008	 by	Agur	 et	 al	 casts	 doubt	 on	 the	wisdom	
of	the	UK-NICE	recommendation.	[Agur,W.	2009]	In	
their	tertiary	centre,	patients	are	referred	with	lower	
urinary	 tract	 symptoms.	A	 database	 of	 systematic	
analysis	 before	 UDS	 was	 used	 retrospectively	 to	
identify	women	aged	18-80	years	who	had	UDS	for	
UI	over	a	17-year	period	(1	January	1990	to	31	De-
cember	2006).	The	reliability	of	the	patients’	history	
in	 predicting	 ‘pure’	USI	 in	 patients	with	 ‘pure’	 SUI	
on	the	basis	of	the	NICE	criteria,	was	investigated.	
Only	324/6276	(5.2%)	women	had	pure	SUI;	more-
over,	a	quarter	of	those	with	pure	SUI	symptoms	ul-
timately	had	urodynamic	diagnoses	other	than	USI,	
that	could	affect	the	outcome	of	continence	surgery.	
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They	concluded	that	only	a	small	group	of	women	
fulil	the	NICE	criteria	of	pure	SUI	and	it	seems	in-
evitable	that	even	with	these	strict	criteria,	a	woman	
could	go	forward	to	a	surgical	procedure	with	poten-
tially	important	urodynamic	indings	unaddressed.

Conclusion (level 1)

•		It	is	concluded	in	a	model	study,	based	on	a	select-
ed	retrospective	cohort,	that	urodynamic	testing	is	
not	cost	effective	in	the	primary	health	care	setting	
for	women	with	 predominant	 stress	 incontinence	
symptoms.	

•		It	shown	that	in	the	referred	population,	urodynam-
ic	investigation	is	the	most	accurate	way	to	obtain	
an	objective	diagnosis	in	an	individual	patient	with	
urinary	incontinence	symptoms.

Conclusion (level 3)

•		It	has	been	shown	 in	 retrospective	and	prospec-
tive	cohort	studies	 that	symptoms	of	 ‘pure	stress	
urinary	incontinence’	do	not	exclude	other	abnor-
malities	of	lower	urinary	tract	function.	

Recommendation (grade A)

•		The	 committee	 recommends	 that	 the	 cost	 effec-
tiveness	 of	 urodynamic	 testing	 is	 kept	 in	 mind	
when	 discussing	 ‘cost	 and	 gain’	 of	 the	 various	
methods	of	diagnosis	 for	urinary	 incontinence,	 in	
relation	to	the	method	of	treatment.

Recommendation (grade B)

•		The	 committee	 recommends	 urodynamic	 studies	
are	carried	out	in	all	women	prior	to	surgical	inter-
vention	for	stress	urinary	incontinence.

Topic for research

•		The	 committee	 suggests	 that	 multicentre	 stud-
ies	 should	 address	 the	 question	 as	 to	 whether	
women	 with	 symptoms	 of	 	 ‘pure’	 stress	 urinary	
incontinence	are	more	at	 risk	of	 failure	 from	sur-
gical	 treatment	of	 their	 incontinence	without	 pre-
operative	 urodynamics,	 or	 have	 more	 adverse	
events	 following	 surgery	 without	 pre-operative	
urodynamics	than	women	who	have	pre-operative	
urodynamic	studies.	

•		The	committee	suggests	that	the	balance	of	(over-)
diagnosis	(when	urodynamic	testing	is	used)	ver-
sus	 (over–)treatment	 (with	 surgical	 interventions	
and	risk	of	harm)	carefully	analysed	in	a	prospec-
tive	series	of	consecutive	 (otherwise	unselected)	
referred	women	with	incontinence.

c) Prediction of failure of surgery

Based	 on	 review	 of	 the	 available	 evidence	 it	 has	
been	concluded	that	urethral	pressure	proilometry	
is	 not	 standardised,	 reproducible,	 or	 able	 to	 con-
tribute	 to	 the	 differential	 diagnosis	 in	 women	with	
SUI	symptoms.	[Weber,A.M.	2001]	This	review	was 

done	 on	 studies	 of	 treatments	 done	 before	 subu-
rethral	tapes	were	widely	used,	but	has	been	con-
irmed	in	the	era	of	tapes.	[Lemack,G.E.	2004]

Urethral	 retro-resistance	 pressure	 has	 also	 been	
studied	as	a	potential	predictor	of	surgical	success.	
However,	it	has	failed	to	show	any	predictive	value	
for	surgical	success	with	colposuspension,	retropu-
bic	 suburethral	 slings	 and	 transobturator	 subure-
thral	 slings.	 [Tunn,R.	2007]	This	was	underscored	
in	a	later	manuscript.	[Roderick,T.	2009]

Ward	and	colleagues	carefully	examined	the	impact	
of	urodynamic	testing	on	decision-making	and	treat-
ment	recommendations	in	incontinent	women.	They	
found	 that	 the	 probability	 that	 urodynamics	 would	
alter	recommendations	for	medical	treatments	was	
27%	and	46%	for	surgical	treatment.	[Ward.	2002].	
Johan	[Johan,	et	al.]	 looked	for	similar	effects	with	
POP	in	72	randomly	selected	cases.	A	total	of	60%	
of	 the	 patients	 underwent	 preoperative	 UDS	 and	
53%	of	the	43	women	undergoing	UDS	had	an	ab-
normal	result	with	POP	reduction;	19%	of	these	had	
pure	SUI,	 and	 30%	had	DO,	 either	 in	 isolation	 or	
in	combination	with	SUI.	The	surgical	management	
was	 altered	 in	 7%,	 who	 had	 an	 additional	 conti-
nence	 procedure	 performed	 as	 a	 consequence	 of	
the	UDS.	UDS	 changed	management	 in	 33%	 pa-
tients	and	in	7%	of	patients,	the	surgical	procedure	
was	changed.

Conclusion (level 2)

•		Leak	point	pressures	are	reported	not	to	correlate	
with	 failure	 (or	 success)	 rates	 of	 colposuspen-
sions,	 transobturator	 and	 retropubic	 suburethral,	
bone-anchored	suburethral	slings.

Conclusion (level 3)

•		There	is	conlicting	evidence	that	low	urethral	clo-
sure	 pressures	 are	 associated	 with	 poorer	 suc-
cess	rates	of	sub-urethral	slings.	

•		It	 is	 the	 opinion	 of	 the	 committee	 that	most	 evi-
dence	suggests	now	that	urethral	pressures	(pro-
ile	or	leakpoint)	are	not	relevant	to	predict	the	out-
come	of	 treatment	 in	women	with	uncomplicated	
stress	incontinence.

Recommendation (grade B/C)

•		The	 committee	 recommends	 that	 measure-
ments	of	urethral	function	(leak	point	pressures	
and	urethral	closure	pressures)	are	not	used	to	
predict	 the	 likelihood	 of	 success	 after	 surgical	
treatment	for	women	with	uncomplicated	prima-
ry	stress	incontinence.

d) Voiding dificulties after surgery

Surgery	 for	 SUI	 may	 lead	 to	 voiding	 dificulties.	
[Botros,S.M.	 2007;	 Jarvis,G.J.	 1994;	 Wang,A.C.	
2003]	 One	major	 problem	 is	 that	 many	 published	
studies	 do	 not	 use	 an	 unambiguous	 (urodynamic)	
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deinition	of	voiding	dificulties,	BOO	or	underactive	
detrusor	 in	women.	Despite	 the	2002	 ICS	nomen-
clature	this	remains	an	area	of	contention	because	
of	the	lack	of	speciic	numeric	deinitions	or	precise	
research	on	female	pressure	low	analysis.	Various	
studies	have	presented	a	variety	of	parameters	and	
cut-off	 values	 to	 deine	 BOO	 [Bhatia,N.N.	 1984;	
Iglesia,C.B.	 1998;	 Lose,G.	 1987;	 Gravina,G.L.	
2007]	or	detrusor	contraction	or	contractility.	[Cool-
seat,	et	al.;	Tan,T.L.	2003]

Furthermore,	 the	 ability	 of	 urodynamic	 analysis	 of	
voiding	to	predict	dificulties	after	suburethral	tapes	
is	low.	Shukla	and	colleagues	found	no	urodynamic	
factors	that	were	predictive	of	postoperative	voiding	
dificulty	 following	 tension-free	vaginal	 tape	proce-
dures	 in	 a	multivariate	 regression	 analysis	 of	 411	
patients.	 [Shukla,A.	 2007]	 This	 was	 conirmed	 in	
another	 large	 study.	 However	 patients	 considered	
‘at	 risk’	 (with	 ‘abnormal	 UDS’)	 were	 not	 enrolled	
for	 treatment	 in	 this	 study.	 [Lemack,G.E.	 2008]
However	 some	 investigators	 showed	 a	 signiicant	
relationship	between	low	 rate	 values	and	 the	 risk	
of	voiding	dysfunction	and/or	the	need	for	clean	in-
termittent	 (self-)catheterisation	 (CIC).	 [Dawson,T.	
2007;	Wheeler,T.L.,2nd	2008;	Duckett,J.R.	2008]

Conclusion (level 3)

•		Female	 voiding	 dysfunction	 is	 deined	 in	 many	
ways	 throughout	 the	many	publications	and	con-
sistency	in	urodynamic	analysis	is	lacking.

•		Current	test	methods	have	not	been	unable	to	reli-
ably	predict	which	patients	will	develop	voiding	difi-
culties	after	surgery	for	stress	urinary	incontinence.	
In	particular,	normal	urodynamic	studies	do	not	pre-
dict	voiding	dificulties	after	sub-urethral	sling.

•		However,	low	rates,	if	abnormal,	may	be	useful	in	
predicting	post-operative	voiding	dysfunction	and	
retention	 following	 retropubic	 and	 transobturator	
suburethral	slings.

Recommendation (grade C)

•		The	committee	recommends	 that	patients	are	 in-
formed	that	it	is	dificult	to	predict	who	will	develop	
voiding	 dificulty	 following	 surgery	 for	 stress	 uri-
nary	incontinence.

•		The	 committee	 recommends	 that	 patients	 with	
poor	 low	 rates	before	 (intended)	 surgery	are	 in-
formed	that	they	have	a	higher	likelihood	of	having	
voiding	problems	following	suburethral	sling	place-
ment	for	(urodynamic)	stress	urinary	incontinence.

e) Postoperative urgency

The	 preoperative	 symptoms	 of	 UUI	 and	 urgency,	
and	 the	 UDS	 observation	 of	 DO,	 have	 each	 con-
sistently	 been	 shown	 to	 be	 associated	 with	 poor-
er	 surgical	 outcome	 in	 patients	 with	 mixed	 UI.	
[Kulseng-Hanssen,S.	2008]	Several	studies	where	
the	amplitude	of	DO	was	graded	have	shown	 that	

the	 risk	 of	 persistent	 urgency	 was	 more	 closely	
associated	 with	 high-pressure	 DO	 (pdet	 ≥	 25	 cm	
H2O)	 than	 low-pressure	DO.	 [Lose,	G.1988;	 Pow-
Sang,J.M.	1986;	Lockhart,	J.L.1984]	Consequently	
it	was	suggested	at	 that	 time	 that	cystometry	may	
allow	 a	 more	 precise	 selection	 of	 patients	 who	
respond	 to	 surgery	 despite	 DO	 with	 or	 without	
urgency	 symptoms.	 The	 success	 rate	 after	 anti-
incontinence	surgery	 in	patients	with	 low-pressure	
contractions	are	 reported	 to	be	similar	 to	 the	suc-
cess	rate	in	those	without	DO	in	a	number	of	stud-
ies,	[Lose,	G.	224;	Pow-Sang,J.M.	1986;	Lockhart,	
J.L.	 1984;	 Schrepferman,C.G.	 2000]	 but	 the	 suc-
cess	rate	in	women	with	high-pressure	DO	is	how-
ever	 reproted	 to	be	 less	 than	50%.	 [561	Lose,	G.	
1988;	 Pow-Sang,J.M.	 1986;	 Lockhart,	 J.L.1984;	
Schrepferman,C.G.	2000]	On	the	other	hand	are	re-
ports	 that	preoperative	urgency	symptoms	 resolve	
in	 a	 proportion	 of	 patients.	 [Nilsson,C.G.	 2001;	
McGuire,E.J.	 1980;	 Ward,K.	 2002]	 Hypothetically,	
and	suggested	by	some,	surgical	correction	of	 the	
bladder	 outlet	 prevents	 ingress	 of	 urine	 into	 the	
proximal	urethra	which	if	it	occurs,	has	been	said	to	
induce	urgency	or	DO	in	some	patients.	[Jung,S.Y.	
1999;	Karlson,S.1953;	McGuire,E.J.	1976]

De	novo	UUI	has	however	also	been	reported	to	oc-
cur	in	10-20%	of	patients	after	surgery.	[Jarvis,G.J.	
1994;	Holmgren,C.	2007]

There	is	scant	information	on	clinical	or	urodynam-
ic	 risk	 factors;	 possibly	 the	 type	 of	 surgery	 plays	
a	 role.	A	 recent	 retrospective	 trial	 suggested	 that	
the	 incidence	of	 de	novo	UUI	 is	 higher	 in	bladder	
neck	 slings	 than	 in	 retropubic	 suburethral	 slings	
which	were	also	associated	with	more	de	novo	UUI	
than	 transobturator	 suburethral	 slings.	 [Alperin,M.	
2008;	 Botros,S.M.	 2007]	 Another	 study	 showed	
that	women	with	 preoperative	mixed	 symptoms	of	
incontinence	and	DO,	as	well	as	women	that	used	
anticholinergics,	 had	 signiicantly	 worse	 outcome	
at	6	weeks.	[Kenton,K.	2009]	This	observation	was	
conirmed	in	a	large	longer	term	prospective	follow-
up	study.	[Lee,J.K.	2011]

Conclusions (level 2)

•		Prospective	studies	have	indicated	that	overactive	
bladder	 syndrome,	 mixed	 symptoms	 of	 inconti-
nence	 and	 or	 detrusor	 overactivity	 during	 urody-
namics	at	presentation	have	a	negative	effect	on	
the	 outcome	 of	 (all	 available)	 surgical	 interven-
tions	for	stress	incontinence.

•		Current	test	methods	have	been	unable	to	reliably	
predict	which	patients	will	develop	de-novo	urinary	
urgency	(overactive	bladder	syndrome)	after	sur-
gery	for	stress	urinary	incontinence.	

•		Post	 hoc	 evidence	 suggests	 that	 procedures	 for	
the	treatment	of	stress	urinary	incontinence	which	
are	more	‘obstructing’	produce	a	higher	chance	of	
de	novo	urinary	urgency	(OAB-syndrome).
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Recommendation (grade B)

•		The	 committee	 recommends	 that	 patients	 with	
stress	 urinary	 incontinence	 are	 informed	 that	
the	chance	of	developing	urinary	urgency	(over-
active	 bladder	 -syndrome)	 following	 surgery	 is	
unpredictable.

•		The	 committee	 recommends	 that	 	 patients	 	 are	
counselled	before	surgical	intervention	with	regard	
to	 the	 possibility	 of	 a	 lesser	 success	 rate	 when	
OAB	symptoms	and	or	(urodynamic)	signs	of	de-
trusor	overactivity	(or	reduced	compliance	and	or	
capacity)	exist.

Topics for research

•		The	committee	suggests	further	work	to	evaluate	
predictors	of	voiding	dificulties	or	urinary	urgency	
after	 contemporary	 (moderately	 invasive)	 treat-
ments	 of	 stress	 urinary	 incontinence	 (e.g.	 trans-
obturator	or	trans-vaginal	tapes).

•		The	 committee	 suggest	 that	 the	 hypothesis	 that	
suburethral	 tapes	 cure	 urgency,	 overactive	 blad-
der	syndrome	and	or	detrusor	overactivity	be	chal-
lenged,	in	a	properly	designed	prospective	study.	

f) The role of urodynamic studies in predicting 
occult stress urinary incontinence in women 
due to be treated for pelvic organ prolapse 

Because	11	to	22%	of	continent	women	undergoing	
vaginal	repair	for	a	large	cystocoele	develop	SUI	fol-
lowing	 surgical	 repair	 [Beck,R.P.	 1991;	 Borstad,E.	
1989],	it	would	be	helpful	to	devise	methods	to	evalu-
ate	 patients	 who	 are	 at	 risk	 for	 this	 complication.	
[Ghoniem,G.M.	1994]	Women	with	severe	POP	may	
develop	 urinary	 incontinence	 symptoms	 when	 the	
POP	is	reduced;	this	is	frequently	named	‘occult’	SUI.	
Voiding	 dificulty	 and	 BOO	may	 coexist	 with	 occult	
SUI;	all	may	be	associated	with	POP,	and	all	may	be	
altered	if	the	POP	is	reduced	during	UDS.	The	overall	
incidence	of	occult	SUI	was	25%	when	UDS	was	per-
formed	with	and	without	pessary	support	of	the	blad-
der	base	during	‘stress	manoeuvres’.	[Versi,E.	1998].	
A	 special	 technique	 for	 reducing	POP	during	multi-
channel	 urodynamics,	 revealed	a	56%	 incidence	of	
low-pressure	urethra	and	an	overall	incidence	of	oc-
cult	SUI	of	83%	in	women	with	massive	POP	but	with-
out	clinical	UI.	[Veronikis,D.K.	1997]	More	recently	in	
2008,	the	CARE	trial	 in	the	United	States	examined	
322	 stress-continent	 women	 with	 stages	 II-IV	 POP	
who	underwent	standardised	urodynamics.	Five	POP	
reduction	methods	were	tested:	two	at	each	site	and	
both	were	performed	in	each	subject.	Clinicians	were	
masked	 to	 urodynamic	 results.	 At	 sacrocolpopexy,	
participants	were	randomised	to	Burch	colposuspen-
sion	or	no	Burch	colposuspension	(control).	Preoper-
atively,	only	12	of	313	(3.7%)	subjects	demonstrated	
USI	 without	 POP	 reduction.	 Women	 who	 demon-
strated	preoperative	USI	during	POP	reduction	were	
more	 likely	 to	 report	 postoperative	 SUI,	 regardless	
of	 concomitant	 colposuspension.	 [Visco,A.G.	 2008]

Conventional	 urodynamic	 testing,	 including	 pessary	
testing,	has	been	applied	to	initiate	a	plausible	man-
agement	 strategy	 for	 patients	with	POP.	 [Smith,P.P.	
2005;	 Ballert,K.N.	 2009]	 Many	 studies	 emphasize	
the	importance	of	urodynamic	assessment	with	POP	
reduction	 to	 assess	potential	 occult	SUI	 and	possi-
bly	 DO.	 [Romanzi,L.J.	 1999;	 Ghoniem,G.M.	 1994;	
Versi,E.	 1998;	 Weber,A.M.	 2000;	 Marinkovic,S.P.	
2004]	 However,	 although	 occult	 SUI	 is	 revealed	 in	
a	high	proportion	of	cases	with	severe	POP,	studies	
that	 assess	 reproducibility	 are	 lacking,	 inconclusive	
and	 or	 conlicting.	 [Bump,R.C.	 1996;	 Colombo,M.	
1997;	 Gordon,D.	 1999;	 Heesakkers,J.P.	 2005]	 An-
other	study	[Gravina	2007]concluded,	on	the	basis	of	
a	mathematical	model,	that	included	DO,	that	urody-
namic	testing	before	a	POP	operation	was	not	cost-
effective	if	performed	in	all	patients.

Conclusions (Evidence level 1)

•		Various	 studies	 have	 shown	 that	 symptoms	 of	
stress	urinary	 incontinence	can	appear	after	sur-
gery	for	pelvic	organ	prolapse.

•		There	are	a	variety	of	methods	 to	uncover	 ‘occult	
stress	 urinary	 incontinence’	 in	 women	with	 pelvic	
organ		prolapse.	In	prospective	studies.	it	is	demon-
strated	that	all	have	different	sensitivities	and	speci-
icities.	Standardisation	of	these	tests	is	necessary.

Recommendation (grade B)

•		The	committee	recommends	that	patients	with	pel-
vic	organ	prolapse	are	informed	about	the	relative-
ly	 unpredictable	 chance	 of	 developing	 stress	 in-
continence	after	surgery	for	pelvic	organ	prolapse.	

3. URGENCY URINARY CONTINENCE

a)  Pathophysiology and severity of urgency uri -
nary incontinence

Urgency	 urinary	 incontinence	 (UUI)	 is	 the	 symp-
tom,	 complaint,	 or	 sign	 of	 involuntary	 urine	 loss	
of	 urine	 associated	 with	 urgency.	 DO	 is	 the	 oc-
currence	 of	 involuntary	 detrusor	 contractions	 oc-
curring	during	illing	cystometry.	Precise	individual	
relationships	 between	 symptom	 severity	 and	 the	
various	 variables	 observed	 during	 urodynamic	
testing	 have	 not	 been	 established.	 Individual	
symptom	 severity	 is	 dependent	 on	 other	 factors	
besides	 lower	 urinary	 tract	 function,	 furthermore,	
urodynamic	 testing	 measures	 lower	 urinary	 tract	
function,	 in	 isolation	 from	 those	 factors.	 Studies	
have	 shown	 that	 symptoms	 and	 treatment	 result	
relate	to	Qol.	[Kubota,Y.	2011;	Payne,C.K.	2007]

As	already	indicated	above,	treatment	and	treatment	
response	seem	 to	depend	 relatively	 little	on	urody-
namic	measures,	and	also	patients	with	OAB	symp-
toms	but	without	DO	 improve	on	antimuscarinergic	
treatment.	[Malone-Lee,J.G.	2009]

Although	urodynamic	classiication	of	UI	 type	 is	 re-
lated	 to	 adverse	 effects	 on	 QoL,	 no	 studies	 have	
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been	successful	in	relating	the	quantiied	urodynam-
ic	 abnormalities,	 when	 DO	 exists,	 to	 the	 symptom	
severity.	[Duggan,P.	2011],	although	high	scores	on	
the	urgency	severity	scale	predict	the	inding	of	DO.	
[Chung,S.D.	2011]	Urodynamic	capacity,	 volume	at	
irst	contraction,	and	or	amplitude	of	the	irst,	or	high-
est	contraction,	are	used	as	endpoints	 in	 treatment	
studies,	and	are,	in	those	studies,	observed	to	be	al-
tered	in	the	direction	of	symptom	improvement.	(We	
refer	to	the	treatment	section	for	these	observations.)	
A	precise	association	between	symptoms,	symptom	
change	and	urodynamic	indings	can	however	not	be	
deduced	from	this.

b) Prediction of treatment response

The	positive	predictive	value	of	OAB	(urgency	usu-
ally	 accompanied	 by	 frequency	 and	 nocturia	 with	
or	without	UUI)	 for	urodynamically	determined	DO	
is	 reported	 to	be	around	50%.	 [Digesu,G.A.	2003]	
On	 the	 other	 hand	 DO	 is	 reported	 in	 10-69%	 of	
asymptomatic	 female	 volunteers,	 depending	 on	
the	 deinition	 and	 type	 of	 cystometry.	 [van	 Waal-
wijk	 van	 Doorn,E.S.	 1992;	 Heslington,K.	 1996;	
Robertson,A.S.	1999;	Homma,Y.	2002;	Morgan,	K;	
Turner-Warwick,	et	al	1979]

There	 are	 studies	 that	 show	 that,	 in	 patients	 with	
OAB,	 treatment	 response	 is	 not	 per	 se	 depen-
dant	on	 the	observation	of	DO,	however	 this	does	
not	 make	 clear	 whether	 the	 urodynamics	 simply	
‘missed’	the	DO.	It	does	also	not	exclude	the	neces-
sity	 of	 urodynamics	 in	 the	 patients	 that	 has	 failed	
medical	treatment	which	are	the	most	common	pa-
tients	 in	 referral	clinics.	 [Saleem,A.	2010;	Malone-
Lee,J.G.	2009]	Studies	on	voiding	dificulties	or	de	
novo	SUI	or	mixed	incontinence	(as	a	consequence	
of	increased	capacity	because	of	treatment	for	UUI)	
have	not	been	published.

Conclusions (level 2/3)

•		Studies	have	not	been	able	to	show	a	strong	associ-
ation	between	overactive	bladder	symptoms	and	de-
trusor	overactivity	during	urodynamic	investigation.

•		Various	studies	have	directly	or	indirectly	conclud-
ed	 that	 the	 individual	prediction	of	 the	 	 response	
to	treatment	for	overactive	bladder	symptoms,		on	
the	basis	of	 the	characterization	or	quantiication	
of	detrusor	overactivity	during	urodynamic	investi-
gation,	is	impossible.

Recommendation (grade B/C)

•		The	 committee	 recommends	 that	 investigators	
and	clinicians	discuss	with	patients,	with	detrusor	
overactivity,	 that	 neither	 the	quantity	 nor	 speciic	
characteristics	of	detrusor	overactivity	predicts	the	
response	to	any	of	the	therapeutic	approaches.

Topics for research

•		The	 committee	 suggests	 further	 studies	 to	 ind 

predictors	 of	 response	 on	 treatment	 for	 patients	
with	overactive	bladder	syndrome.

•		The	committee	suggests	further	studies	to	ind	uro-
dynamic	 predictors	 of	 response	 for	 patients	 with	
overactive	bladder	without	detrusor	overactivity.

4.  RECOMMENDATIONS FOR URODYNAMIC 
STUDIES IN WOMEN WITH URINARY IN-
CONTINENCE 

Recommendations for clinical practice:

1)		The	 committee	 recommends	 non-invasive	 uro-
dynamics	(voiding	and	 incontinence	diary,	PVR,	
and	 possibly	 urolowmetry)	 for	 all	 patients	 with	
urinary	incontinence.

2)		The	committee	suggests	 that	 treatment,	without	
invasive	urodynamic	testing,	is	offered		in	situa-
tions	where	the	type	of	UI	is	clear,	 if	 the	patient	
accepts	the	uncertainty	margins	of	the	diagnosis	
and	 there	 are	 no	 complicating	 factors.	 Further-
more	the	planned	treatment	should	be	not	 inva-
sive	 and	 be	 simply	 reversible.	 The	 committee	
provides	the	following	examples:

•		Uncomplicated	symptoms	of	stress	urinary	incon-
tinence	with	normal	bladder	diary,	normal	lowm-
etry	and	without	relevant	post-void	residual	urine.	
(Symptomatic	 pure	 stress	 urinary	 incontinence	
with	no	symptoms	or	signs	of	voiding	dificulties),	
for	treatment	with	pelvic	loor	muscle	training.

•		Uncomplicated	 symptoms	 of	 urgency	 urinary	 in-
continence,	 with	 a	 bladder	 diary	 in	 accordance	
with	 these	symptoms,	with	normal	lowmetry	and	
without	 relevant	 post-void	 residual	 urine.	 (Symp-
tomatic	 pure	 urge	 urinary	 incontinence	 with	 no	
symptoms	or	signs	of	voiding	dificulties),	for	treat-
ment	by	bladder	training	with	or	without	combined	
pharmacotherapy.

3)		The	 committee	 recommends	 that,	 whenever	
surgical	intervention	is	planned,	whenever	there	
is	 doubt	 about	 the	 pathophysiology,	 or	 about	
whether	 the	 UI	 is	 uncomplicated	 or	 not,	 that	
invasive	 urodynamics	 should	 be	 performed	 in	
order	 to	provide	the	knowledge	on	which	ratio-
nal	 treatment	 decisions	 and	 prognosis	 can	 be	
based.	 The	 committee	 also	 recommends	 uro-
dynamics	 for	patients	 that	have	had	 failed	irst	
therapies.	The	 investigation	 should	 be	 tailored	
to	 the	 individual	 patient;	 typically	 this	 means	
that	 it	will	 be	 a	 comprehensive	 examination	 of	
multiple	aspects	of	storage	and	voiding	function,	
and	not	just	of	the	incontinence	itself.

Recommendations for research:

1)	The	committee	recommends	research	programs:

•		to	more	clearly	establish	the	technical	and	physi-
ological	basis	of	the	urodynamic	observations	that	
are	made	in	women	with	urinary	incontinence
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•		to	 design	 and	 conduct	 randomised	 studies	 that	
may	provide	objective	documentation	of	the	utility	
of	soundly	based	tests	

•		to	conduct	studies	that	may	provide	objective	evi-
dence	of	 the	utility	of	performing	urodynamics	 in	
near-normal	subjects	and	in	deined	patient	groups

o		note	that	the	more	complex	and	morbid	the	patho-
physiological	situation,	the	greater	the	differences	
between	patients,	and	thus	the	more	important	it	
is	to	do	urodynamics	in	order	to	obtain	knowledge	
of	what	is	to	be	treated

•		to	 develop	 new	 tests,	 for	 example	 tests	 of	 ure-
thral	properties,	which	have	a	sound	technical	and	
physiological	basis	and	 lead	 to	clinically	 relevant	
sub-classes	of	urinary	incontinence

2)		The	committee	recommends	that	no	new	therapy	
for	 urinary	 incontinence	 should	 be	 introduced	
without	 extensive	 urodynamic	 testing	 of	 all	 ac-
cessible	 aspects	 of	 its	 effect	 on	 lower	 urinary	
tract	function	and	dysfunction.

1. INTRODUCTION

The	incidence	of	UI	in	men	is	generally	regarded	as	
much	lower	than	in	women.	The	incidence	of	LUTS,	
in	 general,	 including	OAB	and	 symptoms	 sugges-
tive	of	BOO	in	men	however	increase	with	age,	as	
in	women.	[Kondo,	et	al.2002],	although	the	QoL	of	
women	 is	more	 likely	 to	 be	affected	by	OAB	 than	
men.	Both	men	and	women	with	bothersome	OAB	
were	signiicantly	more	likely	to	seek	treatment,	and	
to	 report	 the	 lowest	 levels	 of	 health	 related	 Qol.	
[Coyne,K.S.	2011]

In	 this	 section,	 the	 characteristic	 pathologies	 that	
lead	to	UI	in	men,	rather	than	women,	are	discussed	
from	 the	 point	 of	 view	 of	 urodynamic	 testing.	 Al-
though	UI	associated	with,	BOO	(including	BPO)	or	
to	prostatic	surgery	is	most	frequently	encountered,	
other	pathological	conditions	such	as	nocturnal	en-
uresis	and	post-micturition	dribbling	are	also	 clini-
cally	relevant	(but	not	speciic	for)	in	men.	[Kondo,	
et	al.2002;	Coyne,K.S.	2011]	This	section	 is	orga-
nized	according	to	the	suspected	origin	or	cause	of	
UI	 or	 related	 LUTS,	 relecting	 the	 diverse	 aetiolo-
gies	responsible	for	incontinence	in	men.

2.  URODYNAMIC TESTING OF DETRUSOR 
OVERACTIVITY AND OVERACTIVE BLAD -
DER IN MEN

It	has	been	estimated	that	29.8	million	adults	aged	
>=40	years	 in	 the	United	States	have	bothersome	
OAB	 symptoms.	 The	 prevalence	 of	 OAB	 symp-
toms	 at	 least	 ‘sometimes’	was	 27.2%	 in	men	 and	
the	 prevalence	 of	 moderate/severe	 UI	 was	 4.5%.	
[Coyne,K.S.	 2011]	 The	 prevalence	 increased	 with	

age	 from	0.7%	 in	20	 to	34	years	old,	 to	16.0%	 in	
men	 75	 years	 old	 or	 older.	 [Markland,A.D.	 2010]	
Storage	 LUTS	 was	 more	 prevalent	 than	 voiding	
or	 post-micturition	 LUTS	 in	 men	 (44.6%,	 28.5%,	
15.9%,	 respectively).	 The	 most	 prevalent	 LUTS	
was	 nocturia	 (36.6%).	 [Lee,Y.S.	 2011]	 Signiicant	
negative	 correlation	exists,	 between	pre-treatment	
mean	ICIQ-SF	score	and	irst	sensation,	and	posi-
tive	correlation	between	pre-treatment	mean	ICIQ-
SF	 score	 and	 maximum	 detrusor	 pressure,	 were	
noted	in	a	group	of	(male	and	female)	patients	tak-
ing	 pharmacotherapy	 for	 OAB.	 [Seckiner,I.	 2007;	
Irwin,D.E.	 2009]	 LUTS,	 OAB,	 UI,	 and	 LUTS/BOO	
are	highly	prevalent	conditions,	in	men.	[Irwin,D.E.	
2009;	Irwin,D.E.	2011]	Treatment	options	for	UI	are	
rapidly	expanding.	Initial	managements	of	LUTS	in-
cluding	UI,	include	basic	diagnostic	tests	to	exclude	
an	 underlying	 disease	 or	 conditions	 such	 as	 UTI.	
In	the	EAU	guideline	the	advised	initial	treatment	is	
conservative	(lifestyle	interventions,	physiotherapy,	
physical	 therapy,	pharmacotherapy)	and	of	empiri-
cal	nature.	[Thuroff,J.W.	2011]

In	a	systematic	review	on	several	longitudinal	stud-
ies	 it	 was	 shown	 that	 OAB	 and	 UI	 symptom	 se-
verity	 progresses	 dynamically	 over	 time,	 and	may	
persist	over	long	time	periods	for	many	individuals.	
[Irwin,D.E.	2010]	The	overall	 incidence	of	DO	was	
76.1%	in	male	OAB	patients,	63%	of	men	with	ur-
gency	(OAB	dry)	had	DO,	while	93%	of	men	with	ur-
gency	and	urgency	urinary	incontinence	(OAB	wet)	
had	DO.	A	better	correlation	in	results	between	OAB	
symptoms	and	 the	urodynamic	diagnosis	of	DO	 in	
men,	than	in	women,	was	reported,	more	so	in	OAB	
wet	than	in	OAB	dry.	[Al-Ghazo,M.A.	2011].	A	high	
urgency	severity	score	(USS)	recorded	in	conjunc-
tion	with	a	voiding	diary,	and	OAB	wet,	were	strongly	
associated	with	urodynamic	DO.	[Chung,S.D.	2011]

Detrusor	contraction	velocity	 is	observed	 to	be	re-
lated	 to	 urgency,	 and	urgency	may	have	a	 role	 in	
enhancing	 and	 sustaining	 detrusor	 contractions	 in	
patients	with	DO.	 [Cucchi,A.	2007]	First	 sensation	
ratio	and	bladder	urgency	velocity	were	statistically	
signiicantly	correlated	with	the	Urgency	Perception	
Score.	Urodynamic	 variables	 correlated	with	blad-
der	sensation	questionnaire	scores	and	may	be	an	
objective	 method	 to	 assess	 sensory	 dysfunction.	
[Rapp,D.E.	 2009]	 However	 among	 the	 84	 ‘BPH-
DO’	patients,	52	reported	the	symptom	of	urgency	
while	32	did	not.	Hypothetically,	BPO	patients	with	
DO	may	neglect	the	symptom	of	urgency	due	to	ab-
normal	bladder	sensation,	or	negate	 the	symptom	
by	subconscious	sphincter	contraction	to	abort	the	
overactivity.	[Tong,Y.C.	2007]

Reduced	bladder	sensation	is	deined	as	a	bladder	
volume	at	irst	sensation	>300	mL.	Increased	blad-
der	sensation	 is	deined	as	bladder	volume	at	 the	
irst	sensation	<100	mL.	Chronic	post	void	residual	
and	 neuropathies	 are	 the	most	 common	 cause	 of	
reduced	 (late)	 bladder	 sensation.	 In	 contrast,	my-

II. PATIENT EVALUATION: MEN



462

elopathies	are	 the	most	commonly	reported	cause	
of	increased	(early)	bladder	sensation	and	reduced	
capacity	without	DO.	[Tsunoyama,K.	2011]

Idiopathic	detrusor	underactivity	 (DUA)	 is	 reported	
to	 result	 from	 two-stage	 development.	 [Cucchi,A.	
2007]	Patients	with	idiopathic	DUA	could	be	divided	
into	group	1:	 low	maximum	possible	detrusor	con-
traction	 velocity,	 low	 isovolumic	 detrusor	 pressure	
and	 bladder	 emptying	 eficiency	 <67%;	 group	 2:	
low	maximum	possible	detrusor	contraction	veloc-
ity,	 low	 isovolumic	 detrusor	 pressure	 and	 bladder	
emptying	eficiency	>67%;	and	group	3:	 low	maxi-
mum	possible	detrusor	contraction	velocity,	normal	
isovolumic	detrusor	pressure	and	bladder	emptying	
eficiency	>67%.	[Cucchi,A.	2009]

During	 illing	 cystometry,	 rectal	 contractions	 (RC)	
are	 frequently	 detected,	 the	 clinical	 signiicance	
of	 which	 has	 not	 been	 investigated,	 	 however	 re-
duced	 bladder	 compliance	 and	 bladder	 trabecula-
tions	were	more	common	in	patients	with	RC.	The	
occurrence	 of	 RC	 correlated	 with	 the	 incidence	
of	 cerebrovascular	 accidents	 in	 males	 in	 a	 large	
monocenter	 retrospective	 cohort.	 [Cho,S.Y.	 2010]	
Ambulatory	urodynamics	are	complex	but	sensitive	
for	the	detection	of	DO,	are	prone	to	artefacts	and	
time	 consuming.	Therefore,	 the	method	 is	 consid-
ered	of	best	value	when	all	other	diagnostic	means	
have	failed.	[Pannek,J.	2008]

Conclusions: 

•		Epidemiologic	 studies	 show	 that	 lower	 urinary	
tract	symptoms	in	men	>50	years	of	age	are	high-
ly	 prevalent	 and	 that	 storage	 lower	 urinary	 tract	
symptoms	are	relatively	more	reported	than	void-
ing	or	postmicturition	symptoms.

•		Case	series	 indicate,	 in	male	patients,	 that	over-
active	bladder	wet	is	associated	with	urodynamic	
DO.	 Overactive	 bladder	 dry	 symptoms	might	 in-
volve	 other	 lower	 urinary	 tract	 dysfunction	 or	 be	
the	result	of	obstructed	and	or	ineffective	voiding.

•		Guidelines	 suggest	 that	 the	 initial	 treatment	
for	male	 lower	 urinary	 tract	 symptoms	 can	 be	
based	 on	 the	 predominant	 symptoms,	 without	
urodynamic	testing.	

•		Guidelines	 recommend,	 on	 the	 basis	 of	 expert	
opinion,	urodynamic	testing	when	the	initial	man-
agement	fails	to	resolve	the	storage	lower	urinary	
tract	symptoms.

3.  LOWER URINARY TRACT SYMPTOMS RE -
LATED TO MALE LOWER URINARY TRACT 
DYSFUNCTION:  DETRUSOR OVERACTIVI-
TY AND BLADDER OUTLET OBSTRUCTION 

Lower	 urinary	 tract	 dysfunction	 is	 as	 prevalent	 in	
elderly	 men	 as	 in	 women	 however	 urinary	 incon-
tinence	 is	 less	prevalent	 in	elderly	male,	 (without	a	
history	of	relevant	surgery)	However	if	UI	is	present	
in	men,	urodynamics	can	be	helpful.	Coexistence	of	

UI	in	men	with	BOO	and	DO	increases	with	age	and	
with	 the	degree	of	BOO.	 [Oelke,M.	2008;	Vesely,S.	
2003]	The	prevalence	of	UI	ranges	from	11%	to	34%	
among	 community-dwelling	 men	 aged	 ≥65	 years.	
BPO-related	 incontinence	 may	 be	 related	 to	 pro-
gression	of	BPH,	 through	BPE,	or	as	a	post	 surgi-
cal	 complication.	 [Han,E.	 2007]	 Signiicantly	 more	
cases	 (14%)	 reported	 reduced	 sexual	 activity	 and	
decreased	enjoyment	 of	 sexual	 activity	 because	of	
LUTS	in	a	large	case	control	series	of	elderly	men,	
and	signiicantly	fewer	cases	were	satisied	with	their	
sex	lives	compared	with	controls.	[Irwin,D.E.	2008]

Among	1418	men	investigated	urodynamically	(me-
dian	age:	63	yr)	864	(60.9%),	had	DO.	In	univariate	
analysis,	men	with	DO	were	signiicantly	older,	had	
larger	prostates,	and	higher	grades	of	BOO,	higher	
storage	IPSS	sub	scores,	a	lower	VV	at	free	urolow-
metry,	and	a	lower	bladder	capacity	at	cystometry.	In	
patients	with	 ‘clinical	 BPH’,	 DO	was	 independently	
associated	with	age	and	BOO.	[Oelke,M.	2008]

LUTS	in	elderly	men	does	not	equate	to	BOO	due	
to	 BPE,	 and,	 in	 particular,	 young	 men	 presenting	
with	LUTS	have	a	different	prevalence	of	underlying	
aetiologies.	 Urodynamic	 studies	 are	 useful	 in	 the	
evaluation	of	 this	group	of	patients	Abnormal	UDS	
were	noted	 in	36	 (72%),	 including	DO	 in	9	 (18%),	
underactive	detrusor	/	acontractility	in	5	(10%)	and	
BOO	 in	 21	 (42%).	 Fourteen	 (28%)	 had	 primary	
bladder	neck	dysfunction	and	ive	(10%)	had	BPO	
in	a	retrospective	monocenter	report	of	50	men	<	50	
years.	[Toh,K.L.	2006]

LUTS	can	result	from	a	complex	interplay	of	patho-
physiological	features	that	can	include	bladder	dys-
function	and	BPO	or	poor	relaxation	of	the	urethral	
sphincter.	About	 one	 third	 of	men	with	 LUTS	who	
were	older	than	55	years	of	age	had	BPO.	Patients	
younger	 than	 55	 years	 old	 with	 LUTS	were	more	
likely	to	have	poor	relaxation	of	the	urethral	sphinc-
ter.	 [Kuo,H.C.	2007]	 In	a	group	of	men	with	LUTS	
and	 small	 prostates	 (mean	 prostate	 volume	 was	
29.2	+/-	7.2	mL	and	mean	 IPSS	was	13.5	+/-	4.6)	
BOO	 was	 diagnosed	 in	 42	 (50.0%)	 patients,	 and	
underactive	detrusor	 	 in	41	 (48.8%)	and	DO	 in	28	
(33.3%)	were	the	other	diagnoses.	The	results	em-
phasize	the	value	of	urodynamics	in	this	population,	
especially	when	invasive	treatments	are	being	con-
sidered.	[Gomes,C.M.	2008]

Non-invasive	 investigations	 such	 as	 urolowmetry	
and	measurement	of	PVR	are	easy	to	perform,	but,	
even	in	simple	situations,	can	only	give	clues	to	the	
underlying	 pathology.	 Low	 Q

max	 on	 urolowmetry	
cannot	distinguish	BOO	from	the	poor	detrusor	con-
traction.	[Chancellor,M.B.	1991]	furthermore	there	is	
also	a	signiicant	variation	in	Qmax	in	repeated	tests.	
[Feneley,M.R.	1996]	A	recent	study	showed	that	the	
time	to	low,	while	performing	urolowmetry,	associ-
ates	with	the	reported	symptom	of	urinary	hesitancy	
on	IPSS.	[Park,K.K.	2011]	Relatively	strong	relation-
ships	 were	 found	 between	 average	 low	 rate	 and	
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low	time	with	scores	of	intermittency,	weak	stream	
and	 IPSS	scores	 in	elderly	men	with	LUTS	and	a	
reduced	low	rate.	[Itoh,H.	2006]

Seki	 at	 al	 reported	 that	 DO,	 at	 initial	 evaluation,	
negatively	affected	outcome	in	a	retrospective	study	
of	384	patients	who	had	undergone	TURP	for	symp-
tomatic	benign	prostatic	enlargement.	[Seki,N.	2006]	
In	another	study	with	patients	with	prostate	carcino-
ma	and	symptoms,	it	was	demonstrated	that	95%	of	
men	who	proceeded	 to	TURP	on	 the	basis	of	 uro-
dynamic	 diagnosis,	 had	 improved	 low	 rates	 at	 12	
months	after	palliative	TURP.	 [Gnanapragasam,V.J.	
2011]	Monoski	at	al	found,	in	40	men	who	underwent	
photoselective	 laser	 vaporisation	 prostatectomy	 for	
‘BPH’	and	retention,	that	the	presence	of	DO	in	pa-
tients	 on	 pre-surgery	 Urodynamics,	 is	 associated	
with	 signiicantly	more	 storage	 symptoms,	 and	 are	
twice	 as	 likely	 to	 require	 anticholinergic	 treatment	
than	the	patient	without	DO.	[Monoski,M.A.	2006]

After	 HoLEP,	 29	 patients	 (16.2%)	 had	 de	 novo	
UI,	most	of	which	 resolved	within	1-6	months;	 low	
MUCP	 at	 baseline	 urodynamics	 was	 found	 to	 be	
the	 independent	 urodynamic	 predictor	 of	 de	 novo	
UI	 after	 surgery,	 amongst	 others	 in	 a	multivariate	
analysis.	 [Cho,M.C.	 2011]	 UDS	 was	 used	 to	 as-
sess	 the	 functional	 outcome	 following	 KTP	 -laser	
prostatectomy.	All	 selected	 patients	 in	 this	 uncon-
trolled	monocenter	series	(n=45)	showed	signiicant	
improvement	 in	 the	 IPSS	 in	 urodynamic	 pressure	
and	 low.	 Detrusor	 contractility	 was	 not	 affected.	
[Hamann,M.F.	2008]

In	 an	 experts	 group	 discussion,	 it	 was	 concluded	
that	UDS	is	indicated	for	the	evaluation	of	effective-
ness	 of	 new	 treatment	modalities	 for	 elderly	male	
patients.	As	 in	 the	 existing	 guidelines,	 this	 expert	
group	 supports,	 on	 the	 basis	 of	 their	 expert	 opin-
ion	that	UDS	are	not	necessary	before	pelvic	loor	
muscle	training	or	medical	treatment	of	LUTS/BPO	
or	OAB.	[Bosch,J.L.	2011]

Silodosin	 is	 evaluated	 to	 improve	 DO	 and	 BOO	
grade	 in	 patients	 with	 BPH	 and	 urodynamic	 test-
ing	 showed	objective	 improvement	 of	 voiding	 in	 a	
proportion	of	patients	in	a	small	monocenter	study.	
[Yamanishi,T.	2010]	In	elderly	male	with	OAB	symp-
toms	anticholinergics	do	not	seem	 to	 inluence	ef-
fectivity	of	(urodynamic)	voiding.	[Ronchi,P.	2009]

The	 role	 of	 urodynamics	 and	 the	 inding	 of	DO,	 in	
predicting	 continence	 outcome,	 after	 radical	 pros-
tatectomy,	 still	 remains	 controversial.	Aboseif	 et	 al	
compared	92	men	with	and	without	DO	on	pre-op-
erative	 urodynamics	 before	 radical	 prostatectomy.	
They	found,	after	one	year,	a	signiicantly	higher	inci-
dence	of	UI	(39%	v/s	3%)	in	patients	with	pre-opera-
tive	DO	compared	to	those	without	pre-operative	DO.	
[Aboseif,S.R.	1994]	On	the	other	hand,	Kleinhans	et	
al	concluded	(44	patients)	that	preoperative	DO	did	
not	correlate	with	post	surgical	UI	eight	months	after	
radical	prostatectomy.	[Kleinhans	1999]

Conclusions:

•		Various	 studies	 indicate	 that	 male	 lower	 urinary	
tract	symptoms	including	incontinence	may	be	due	
to	detrusor	dysfunction	and	or	bladder	outlet	ob-
struction.

•		Monocenter	cohort	observations	demonstrate	that	
detrusor	 overactivity	 and	 urethral	 sphincter	 dys-
function	should	also	be	considered	in	young	men	
with	 lower	urinary	 tract	 symptoms	or	men	with	a	
small	prostate.	

•		Mono	and	multicenter	cohorts	show	that	although	
urodynamic	 studies	 do	 not	 unequivocally	 predict	
outcomes	 of	 pharmacological	 or	 surgical	 treat-
ment,	treatment	results	are	however	shown	to	be	
better	predicted	 in	patients	who	have	had	objec-
tive	urodynamic	tests.

Recommendations (grade C)

•		Evidence	 that	 urodynamics	 improves	outcome	 is	
limited,	 but	 nevertheless	 the	 committee	 recom-
mends	 that	 all	 elderly	 male	 patients	 with	 incon-
tinence	 should	 receive	 a	 complete	 urodynamic	
evaluation	in	order	to	understand	the	problem

•		The	 committee	 recommends	 that	 clinical	 param-
eters	are	investigated	which	correlate	with	urody-
namic	 results	 such	 as	 BOO	 or	 DO,	 	 in	 order	 to	
achieve	 better	 treatment	 outcome	 for	 LUTS	 in	
men,	without	invasive	urodynamics.

4. POST-PROSTATECTOMY INCONTINENCE

a) General

After	 prostatectomy,	 a	 noticeable	 number	 of	 pa-
tients	 suffer	 from	UI.	 The	 reported	 incidence	 fol-
lowing	 surgery	 varies	 widely	 and	 is	 believed	 to	
be	 related	 to	 patient	 age,	 pre-surgery	 lower	 uri-
nary	 tract	 function,	 benign	 or	malignant	 prostatic	
disease	 and	 the	 type	 of	 surgery	 and	 furthermore	
depends	 on	 the	 deinition	 of	 incontinence	 that	 is	
applied.	Approximately	10-14%	of	patients,	suffer	
incontinence	2-5	years	after	radical	prostatectomy.	
[Penson,D.F.	2005]	A	prospective	survey	study	on	
1201	patients	and	625	partners,	of	outcome	after	
treatment	for	prostate	cancer,	showed	that	UI	was	
at	 its	 worst	 2	months	 after	 surgery	 and	 then	 im-
proved	in	most	patients.	Factors	that	were	associ-
ated	with	worse	UI	were,	 	 older	 age,	 black	 race,	
and	a	high	PSA	score	at	diagnosis.	Patients	in	the	
brachytherapy	 group	 reported	 signiicant	 deterio-
ration	 in	 ‘urinary	 irritation’,	 symptoms	 suggestive	
of	BOO	and	UI,	compared	with	baseline.	UI	after	
brachytherapy	was	reported	by	4	to	6%	of	patients	
at	1	to	2	years	after	treatment.	[Sanda,M.G.	2008]	
Comparative	 studies	 indicate	 that	 UI	 is	 the	most	
incident	 adverse	 effect	 of	 radical	 prostatectomy.	
[Wilt,T.J.	 2008]	Understanding	of	 prostato-vesical	
anatomy	and	the	pelvic	loor,	and	meticulous	surgi-
cal	technique,	are	of	importance	in	preventing	UI.
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Using	accumulated	data	from	573	patients,	reported	
in	8	articles	from	1978	to	1997,	which	collated	uro-
dynamic	evidence	for	UI	following	surgery	for	‘BPH’	
or	prostatic	cancer,	it	was	suggested	that	the	most	
common	 aetiology	 was	 isolated	 sphincter	 weak-
ness,	followed	by	sphincter	weakness	plus	DO,	and	
also	DOI	and	or	 reduced	compliance	alone.	Thus,	
a	 blanket	 assumption	 that	 there	 is	 a	 single	 cause	
of	 the	UI	would	be	wrong	 in	 two-thirds	of	men	af-
ter	 radical	 prostatectomy.	 Furthermore	 also	 ob-
structed	voiding	is	reported	in	these	series.	[Kondo,	
et	 al	 2002;	Porena,M.	2007;	Ficazzola,M.A.	1998;	
Huckabay,C.	2005]

UI	was	more	prevalent	in	men	who	were	obese	and	
physically	 inactive	 (59%	 UI)	 after	 prostatectomy.	
The	 best	 outcomes	 were	 in	 men	 without	 obesity	
and	physically	active	 (16%	UI).	Pre-prostatectomy	
physical	activity	and	weight	(BMI)	may	be	important	
factors	in	UI	after	radical	prostatectomy	and	the	re-
turn	of	continence.	[Wolin,K.Y.	2010]

Preoperative	 DO	 was	 not	 associated	 with	 worse	
post	 radical	 prostatectomy	 UI	 outcomes,	 or	 in-
creased	 incidence	of	UI.	Monocenter	observations	
suggest	that	even	if	DO	is	present	in	men	with	USI	
after	radical	prostatectomy	they	may	be	considered	
for	a	male	sling	procedure.	[Ballert,K.N.	2010]

Conclusions:

•		Many	case	series	show	 that	sphincter	weakness	
is	the	most	common	aetiology	of	male	urinary	in-
continence	 after	 prostatectomy.	 However	 case	
series	and	reviews	show	that	other	 lower	urinary	
tract	dysfunction	besides	sphincter	incompetence	
plays	 an	 incident	 role	 in	 post	 prostatectomy	 uri-
nary	incontinence.

•		Case	 cohorts	 indicate	 that	 detrusor	 overactivity	
before	 radical	 prostatectomy	 is	 not	 an	 important	
indicator	for	the	postoperative	incidence	of	urinary	
incontinence,	or	for	the	outcome	from	surgical	in-
terventions	to	treat	the	urinary	incontinence.

b)  Transurethral resection of the prostate and 
Open Prostatectomy for benign disease. 

Approximately	1%	of	patients	who	have	undergone	
TURP	suffer	from	post-prostatectomy	incontinence.	
[Mebust,	et	al	1989]	Das	and	his	co-investigators	
[Das,A.	2001]	showed	that	the	role	of	urodynamic	
investigation	 in	 preventing	 post-operative	 inconti-
nence	before	laser	resection	of	the	prostate	may	be	
marginal.	Another	large	monocenter	study	showed	
that	 the	 incidence	of	post	 laser-prostatectomy	 in-
continence	is	less	than	1%.	[Krambeck,A.E.	2010]	
A	systematic	review	and	health	technology	assess-
ment	did	not	show	differences	 in	 the	 incidence	of	
incontinence	 following	 various	more	or	 less	 inva-
sive	 (non	medical)	 interventions	 for	 ‘symptomatic	
BPH’.	[Lourenco,T.	2008]

Kuo	[Kuo,H.C.	2002]	urodynamically	evaluated	185	

men	aged	from	55	to	91	with	a	mean	of	75	years	who	
had	had	variable	LUTS	after	TURP	which	had	been	
refractory	to	conventional	treatments.	He	found	that	
UI	was	present	 in	74	patients	 (40%)	and	 that	BOO	
and	DO	with	 impaired	contractility	 (DHIC)	were	 the	
most	common	indings	associated	with	post-prosta-
tectomy	 incontinence,	 followed	 by	 DO.	 Post-trans-
urethral-	 prostatectomy	 incontinence	 is	usually	due	
to	sphincter	damage	as	a	complication	of	prostatec-
tomy,	but	may	result	from	other	causes,	such	as	DO.	
Urodynamics	showed	no	signiicant	change	in	illing	
or	voiding	parameters	when	suburethral	‘male’-slings	
were	implanted.	[Wadie,B.S.	2010]	

After	HoLEP,	29	patients	(16.2%)	had	de	novo	UI,	
most	of	which	 resolved	within	1-6	months;	11	had	
SUI,	 12	had	UUI,	 and	 the	 remaining	6	had	mixed	
UI.	A	lower		MUCP,	on	baseline	urodynamics,	was	
found	to	be	the	independent	predictor	of	de	novo	UI	
after	surgery.	[Cho,M.C.	2011]

Conclusions:

•		Case	 series	 have	 concluded	 that	 urinary	 incon-
tinence	 after	 prostatectomy	may	 be	 attributed	 to	
bladder	 storage	dysfunction	and	 can	exist	 in	 as-
sociation	 with	 (neo-bladder	 neck)	 bladder	 outlet	
obstruction	although	 the	most	prevalent	cause	 is	
a	lesion	of	sphincteric	function.

•		Retrospective	 studies	 have	 shown	 that	 urody-
namic	 tests	 cannot	 predict	which	 patient	will	 de-
velop	SUI	or	detrusor	overactivity	(with	or	without	
urgency	incontinence)	after	surgical	treatment	for	
benign	prostatic	obstruction.

•		Studies	 have	 shown	 that	 urodynamic	 tests	 can	
identify	 the	aetiology(ies)	 of	 urinary	 incontinence	
(or	other	lower	urinary	tract	dysfunction)	after	sur-
gical	 treatment	 for	 benign	 prostatic	 obstruction,	
however	 the	 predictive	 value	 for	 the	 outcome	 of	
subsequent	treatment	is	unknown.

Recommendation (grade C)

•		The	 committee	 recommends	 urodynamic	 testing	
when	 elderly	male	 patients	 have	 urinary	 inconti-
nence	after	surgical	treatment	for	benign	prostatic	
obstruction	if	further	surgical	or	invasive	treatment	
is	planned.

c) Radical Prostatectomy and Radiotherapy 

Is (invasive) urodynamic investigation of incon -
tinence after radical prostatectomy necessary?

Sphincter	 weakness,	 neo	 bladderneck	 outlet	 ob-
struction,	DO	and	mixed	incontinence	are	contribut-
ing	 to	 post-prostatectomy	 incontinence.	 [Kuo,H.C.	
2002;	McCallum,T.J.	 2001]	These	parameters	 can	
be	 only	 identiied	 by	 urodynamics,	 which	 is	 con-
sidered	 by	most	 [Sakamoto,K.	 2001;	Gomha,M.A.	
2002;	Yurkanin,J.P.	2001],	but	not	all	[Hindley,R.G.	
2001],	to	be	one	of	the	main	tools	for	investigating	
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UI	 after	 radical	 prostatectomy.	 In	 brachytherapy	
for	 prostate	 cancer,	 urodynamics	may	 have	 some	
value	for	predicting	which	men	might	develop	acute	
urinary	 retention	 or	 might	 require	 CIC	 after	 treat-
ment	when	the	prostatic	oedema	has	caused	tem-
porary	retention.	[Henderson,A.	2002]	Castille	et	al	
prospectively	assessed	229	men	who	were	sched-
uled	 to	 undergo	 radical	 retropubic	 prostatectomy	
with	 preoperative	 urodynamics	 in	 an	 attempt	 to	
help	physiotherapists	predict	postoperative	inconti-
nence.	[Castille,Y.	2003]	They	observed	that	all	men	
diagnosed	as	having	DO	or	neo	bladderneck	outlet	
obstruction	were	 incontinent	 6	weeks	 after	 opera-
tion	but	had	improved	4	months	later.	DO	and	neo	
bladderneck	outlet	obstruction	were	considered	risk	
factors	for	postoperative	incontinence.

Groutz	 et	 al	 [Groutz,A.	 2000]	 found	 that	USI	was	
the	 most	 common	 urodynamic	 abnormality	 after	
radical	prostatectomy	(73	patients,	88%),	 followed	
by	DO	 in	6,	 neo	bladderneck	outlet	 obstruction	 in	
1	 impaired	 detrusor	 contractility	 in	 1,	 and	 normal	
indings	in	2.	Of	73	men	diagnosed	as	having	USI,	
27	suffered	from	pure	urodynamic	USI,	and	the	re-
maining	46	had	concomitant	bladder	disorders	such	
as	 impaired	 detrusor	 contractility	 (22	 men),	 neo	
bladderneck	outlet	obstruction	(14	men)	or	DO	(10	
men).	Huckabay	et	al	evaluated	60	men	and	found	
that	 twenty-four	 (40%)	men	had	DO	with	 8	 (13%)	
also	 having	 DOI.	 Only	 one	 patient	 had	 impaired	
bladder	compliance.	All	men	had	USI,	but	21	(35%)	
men	demonstrated	it	only	after	removal	of	the	(7F)	
urethral	catheter.	For	men	leaking	with	and	without	
the	urethral	catheter,	the	respective	abdominal	LPP	
was	signiicantly	different,	86.3	and	67	cmH2O,	re-
spectively.	The	men	who	leaked	only	in	the	absence	
of	the	urethral	catheter	had	signiicantly	higher	ab-
dominal	 LPP	 measurements.	 [Huckabay,C.	 2005]	
Although	 SUI	 was	 one	 of	 the	 predominant	 symp-
toms	of	 incontinence	 following	radical	prostatecto-
my,	half	of	patients	had	USI	together	with	UUI	or	de-
creased	 bladder	 compliance.	 Co-existing	 detrusor	
dysfunction	had	to	be	 taken	 into	consideration,	as	
well	as	ISD,	in	order	to	properly	treat	persistent	post	
-prostatectomy	incontinence.	[McCallum,T.J.	2001;	
130	Lai,H.H.	2009]	Male	SUI	 is	mainly	caused	by	
sphincter	lesions	after	retropubic	radical	prostatec-
tomy	 (RRP).	After	RRP,	 two-thirds	were	 continent	
after	6	months,	whereas	one-third	still	suffered	from	
incontinence.	MUCP	and	FPL	in	the	SUI	was	signii-
cantly	lower	in	comparison	with	the	continent	group,	
accompanied	by	a	characteristic	UPP	coniguration.	
Postoperative	urodynamics	after	6	months	may	be	
predictive	for	persistent	incontinence	at	the	bladder,	
sphincter,	and	both.	[Bentzon,D.N.	2009]	Based	on	
a	 study	 of	 29	men	with	 incontinence	 after	 radical	
prostatectomy,	 it	 was	 concluded	 that	 	 abdominal	
LPP	 is	 relatively	 poorly	 associated	 with	 inconti-
nence	 severity	 and,	 therefore,	 has	 limited	 clinical	
value	 in	 the	 urodynamic	 evaluation	 of	 post-pros-
tatectomy	 incontinence.	 [Twiss,C.	 2005]	 Another	
study	also	investigated	if		abdominal	LPP	correlates	

with	objective	incontinence	severity	in	patients	suf-
fering	from	post-prostatectomy	SUI.	There	was	only	
a	 weak	 inverse	 correlation	 between	 	 abdominal	
LPP	and	24-hr	pad	weight	which	was	not	statistical-
ly	signiicant.	Age	and	time	from	prostatectomy	did	
not	signiicantly	correlate	with	abdominal	LPP.	The	
abdominal	 LPP	 was	 considered	 a	 relatively	 poor	
predictor	 of	 incontinence	 severity	 and,	 therefore,	
has	 limited	clinical	value	 in	 the	urodynamic	evalu-
ation	of	post-prostatectomy	incontinence.	[Twiss,C.	
2005]	Several	robot-assisted	radical	prostatectomy	
(RARP)	 series	 have	 reviewed	 the	 impact	 of	 the	
initial	 learning	 curve	 on	 perioperative	 outcomes.	
Outcomes	between	groups	(cases	1-300,	301-500,	
and	501-700)	were	compared.	Continence	rates	im-
proved	from	75%	to	93%	for	cases	501-700	(p<or=	
0.05).	Furthermore,	signiicant	improvement	in	con-
tinence	 rates	 between	 consecutive	 case	 groups	
was	 observed	 at	 all	 postoperative	 time	 points.	
[Frank,S.J.	2007]

Is (invasive) urodynamic investigation of incon -
tinence after radiotherapy necessary? 

There	 are	 few	manuscripts	 reporting	 the	 effects	 of	
radiotherapy	in	those	with	prostatic	cancer,	and	even	
fewer	discussing	the	place	of	urodynamics.	[Choo,R.	
2002;	Do,V.	 2002]	Henderson	 et	 al.	 [Henderson,A.	
2002]	 assessed	 100	 patients	 with	 prostate	 cancer	
patients	 for	brachytherapy	with	a	minimum	dose	of	
145	Gy.	Prior	 to	the	treatment	an	unselected	group	
of	57	of	the	100	patients	had	been	evaluated	urody-
namically.	Patients	with	 larger	prostatic	 volumes	 (>	
35	mL)	and	or	with	(UDS	conirmed)	BOO	were	more	
prone	to	problems	after	brachytherapy.	The	authors	
concluded	that	urodynamics	might	have	a	role	in	the	
selection	of	treatment	for	men	with	prostate	cancer.	
Beekman	et	al	found	in	204	patients	that	high	PVR	(>	
100	mL)	is	associated	with	slower	resolution	of	void-
ing	symptoms,	prolonged	(more	than	3	days)	catheter	
dependency,	and	increased	post-brachytherapy	sur-
gical	intervention	for	BOO.	[Beekman,M.	2005]	Also	
Wehle	et	al	suggested	that	the	combination	of	urinary	
low	rate,	prostate	volume,	postvoid	residual	urinary	
volume,	combined	with	the	American	Urological	As-
sociation	symptom	score	helped	to	 identify	patients	
with	underlying	voiding	dysfunction.	Urinary	low	rate	
was	 a	 statistically	 signiicant	 predictor	 of	 genitouri-
nary	tract	morbidity	after	brachytherapy	for	localised	
prostate	adenocarcinoma.	[Wehle,M.J.	2004]

Men	 after	 brachytherapy	 were,	 in	 a	 monocenter	
retrospective	cohort,	 reported	 to	have	a	relatively	
high	incidence	of	DO,	prostatic	and	urethral	stric-
tures	 and	 prostatic	 urethral	 stones.	 [Blaivas,J.G.	
2006]	A	survey	amongst	625	(responding)	patients	
that	assed	the	Qol	following	radical	prostatectomy,	
high	 dose	 external	 beam	 radiation	 therapy	 and	
brachytherapy	 iodine	 implantation	 as	monothera-
pies	 for	 localized	 prostate	 cancer	 showed	 that	 a	
better	 rate	 of	 urinary	 continence	was	maintained	
in	those	who	underwent	radiation	based	therapies.	
Better	 bowel	 function,	 lesser	 sexual	 function	 and	
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less	 urinary	 irritation	 was	 reported	 in	 those	 who	
underwent	surgery.	[Frank,S.J.	2007]

Conclusions: 

•		Case	series	and	reviews	show	that	the	main	cause	
of	 urinary	 incontinence	 after	 RRP	 is	 sphincter	
weakness	 and	 that	 detrusor	 overactivity	 contrib-
utes	in	only	a	small	proportion	of	those	patients.

•		Case	 cohorts	 show	 that	 higher	maximal	 urethral	
closure	 pressures	 or	 abdominal	 leak	 point	 pres-
sures,	 indicating	greater	 urethral	 sphincter	 resis-
tance	is	not	of	utmost	clinical	relevance

•		UI	after	RRP	will	 improve	with	time.	A	study	con-
cluded	that	postoperative	urethral	pressure	proile	
after	6	months	may	be	predictive	for	persistent	in-
continence.

d) Artiicial urinary sphincter and male sling

Gomha	and	Boone	 [Gomha,M.A.	2002]	 treated	86	
patients	who	were	 incontinent	 following	prostatec-
tomy	with	implantation	of	an	artiicial	urinary	sphinc-
ter	(AUS)and	assessed	whether	or	not	prior	radia-
tion	affected	surgical	outcomes	in	those	who	had	or	
had	 not	 had	 radiotherapy.	Urodynamic	 study	 prior	
to	artiicial	sphincter	implantation	revealed	that	DO	
was	much	more	 prevalent	 in	 group	 with	 radiation	
(26%)	than	in	group	without	radiation	(5%).	In	spite	
of	 this,	 post-operative	 urgency	 with	 or	 without	 ur-
gency	incontinence	was	found	in	similar	proportions	
of	 the	2	groups,	and	similar	proportions	wore	0	 to	
1	 pad	 a	 day	 to	 protect	 against	 their	 incontinence.	
They	concluded	that	 the	pre-operative	urodynamic	
inding	of	DO	did	not	predict	outcome	in	this	group.	
Similarly,	 Thiel	 and	 co-workers	 retrospectively	 re-
viewed	86	patients	and	concluded	that	patients	with	
post	radical	prostatectomy	USI,	plus	DO,	low	com-
pliance,	or	decreased	MCC	and	FSF	have	identical	
outcomes	after	AUS	implantation	to	those	just	with	
USI.	[Thiel,D.D.	2007]

The	 presence	 of	 adverse	 preoperative	 UDS	 fea-
tures	as:	poor	bladder	compliance	<10	mL/cm,	the	
presence	of	DO,	early	sensation	of	bladder	illing	at	
<75	mL,	an	early	FDV	at	<125	mL,	 reduced	MCC	
of	<200	mL,	low	abdominal	LPP	of	<30	cm	H(2)O,	
low	peak	low	of	<10	mL/s,	low	detrusor	pressure	at	
peak	low	of	<10	cm,	or	a	bladder	contractility	index	
of	 <100,	 did	 not	 negatively	 affect	 either	 the	 post-
AUS	daily	pad	use	or	the	continence	rate	after	AUS	
implantation	 in	 patients	 with	 post	 (radical)	 prosta-
tectomy	UI.	[Lai,H.H.	2009]

Recent	 publications	 on	 the	 male	 suburethral	 sling	
show	good	 continence	 cure	 rates	 in	 post	 prostate-
comy	cohorts.	A	monocenter	retrospective	study	re-
ported	that,	when	post-hoc	criteria	are	applied,	cure	
rates	were	lower	in	men	that	used	more	pads	before	
sling	implant.	[Bochove-Overgaauw,D.M.	2011]	Also,	
Ullrich	&	Comiter	evaluated	22	patients	urodynami-
cally,	at	a	mean	of	25	months	after	a	male	sling	pro-

cedure,	 and	 found	 that	 patients	 with	 postoperative	
retrograde	leak	point	pressure	<	50	cm	H2O and DO 
were	seen	to	be	associated	with	failure.	[Ullrich,N.F.	
2004]	The	trans	obturator	-tape	(TOT)	for	treatment	
of	 post-radical	 prostatectomy	UI,	was	 shown	 to	 be	
effective	 and	well	 accepted	 by	 patients.	The	mean	
MUCP	 improved,	 which	 associated	 with	 cure,	 and	
a	majority	of	patients	in	a	small	(n=20)	uncontrolled	
single	centre	cohort	was	satisied.	[Rehder,P.	2007]	
At	12-month	follow-up	of	this	treatment,	with	a	larger	
group	 of	 patients	 (n=118),	 73.7%	of	 the	men	were	
cured	and	using	signiicantly	less	pads,	16.9%	were	
improved,	and	9.3%	were	still	incontinent.	The	detru-
sor	voiding	pressure,	postvoid	residual	urine	volume	
and	maximal	low	rates	remained	unchanged,	while	
the	VLPP	improved	signiicantly).	[Rehder,P.	2010]

A	concern	of	any	procedure	in	treating	men	with	UI	
after	radical	prostatectomy	is	whether	the	treatment	
induces	obstruction	and	causes	 retention.	A	study	
to	evaluate	this	with	regard	to	the	‘male	sling’	ques-
tioned	whether	this	treatment	eliminates	UI	without	
affecting	 the	 voiding	 .The	 VLPP	 improved	 signii-
cantly	and	the	detrusor	voiding	pressure,	PVR	vol-
ume,	and	maximal	and	average	low	rates	remained	
relatively	unchanged.	At	3	and	6	months	postopera-
tively,	 the	 Incontinence	Quality	 of	 Life	 scores	 had	
improved	 signiicantly	 compared	 with	 the	 preop-
erative	scores	with	a	 reduction	 in	pad-use	(from	5	
to	 1)	 and	 urine	 loss	 (780g	 before	 and	 70g	 after).	
[Davies,T.O.	2009]

These	studies	conirm	the	earlier	observations,	that	
the	ixed	urethral	resistance	of	the	perineal	male	sling	
for	the	treatment	of	(post	RRP)	SUI	in	male	patients,	
did	not	 cause	BOO	or	 cause	de	novo	voiding	dys-
function.	Average	maximum	low	rate	did	not	change	
signiicantly	nor	was	there	a	signiicant	change	in	de-
trusor	 pressure	at	maximum	low	 rate,	 but	 the	pad	
use,	LPP	and	UI	scores	were	signiicantly	improved	
after	sling	surgery.	[Ullrich,N.F.	2004]

Conclusions: 

•		Studies	have	not	 consistently	 concluded	 that	uro-
dynamic	variables	provide	predictive	value	for	treat-
ment	in	male	post	prostatectomy	incontinence.

•		There	 is	 weak	 evidence	 to	 support	 urodynamic	
evaluation	(for	patients	with	a	 large	prostate)	be-
fore	radiotherapy	for	cancer	of	the	prostate.

•		Studies	 have	 shown	 that	 urodynamic	 tests	 are	
needed	 to	 identify	 the	 aetiology	 of	 urinary	 tract	
dysfunction	 after	 surgical	 or	 radiotherapy	 treat-
ment	of	prostatic	carcinoma.	However	the	predic-
tive	value	of	urodynamics	for	the	effect	of	subse-
quent	treatment	is	unknown.

•		Leak	 point	 pressures	 and	 urethral	 pressures,	
measured	 in	 their	 various	ways,	 are	 consistently	
reported	 to	 be	 improved	 after	 anti	 -incontinence	
treatment	using	different	surgical	techniques,	and 
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their	 improvement	 is	 associated	with	 cure	 or	 re-
duction	of	incontinence	volume	and	or	pads	use.

•		Most	single	centre	reports	conclude	that	urodynamic	
variables,	used	to	evaluate	voiding,	do	not	show	clin-
ically	signiicant	change	after	suburethral	sling	pro-
cedures	or	artiicial	urinary	sphincter	implantation.

Recommendations (grade B)

•		The	committee	recognised	that	urodynamic	testing	
for	incontinence	after	radical	prostatectomy	is	not	
particularly	 important	 for	 the	diagnosis	of	sphinc-
ter	dysfunction	(stress	urinary	incontinence)	in	pa-
tients	with	post	prostatectomy	incontinence.	How-
ever,	the	committee	recommends	that	urodynamic	
testing	is	considered		in	patients	where	other	dys-
functions	 of	 the	 lower	 urinary	 tract	 (obstructed	
voiding,	signiicantly	reduced	bladder	compliance	
and	or	detrusor	overactivity)	 cannot	be	excluded	
on	the	basis	of	signs	and	symptoms.

Topics for research

•		The	committee	suggests	 research	 to	ind	predic-
tors	for	lower	urinary	tract	dysfunction	after	treat-
ment	 for	benign	prostatic	obstruction	or	 for	pros-
tatic	carcinoma.

•		The	 committee	 suggests	 research	 to	 improve	 the	
prediction	of	success	(whether	or	not	on	the	basis	
of	urodynamic	testing)	of	treatment	for	lower	urinary	
tract	problems	that	may	follow	treatment	of	benign	
prostatic	obstruction	or	prostatic	carcinoma.

5.  NEUROLOGICAL LESIONS RELATED TO 
MALE INCONTINENCE

Several	 ailments	 or	 pathological	 conditions	 have	
been	reported	to	be	closely	associated	with	incon-
tinence,	 e.g.,	 neurological	 diseases,	 prior	 radio-
therapy,	 neurogenic	DO,	 diminished	 bladder	 com-
pliance,	nocturnal	enuresis,	post-micturition	dribble	
and	 terminal	 dribbling.	 [Kondo,	 et	 al.]	A	 history	 of	
prostatectomy		as	well	as	 the	existence	of	BPE	 in	
combination	with	one	of	the	here	before	mentioned	
conditions	may	be	a	diagnostic	challenge.	Nocturia	
has	a	variety	of	potential	causes	and	was	shown	to	
have	high	impact	on	bother	score,	strong	associa-
tions	with	 poor	 health	 and	 other	 LUTS.	 Nocturnal	
polyuria	 (NP)	 is	 a	 predominant	 cause	 of	 nocturia.	
Principal	causes	for	nocturia	were	global	polyuria	in	
17%,	NP	in	33%	and	small	functional	capacity	<250	
mL	 in	 16.2%;	 21.2%	 had	mixed	 forms	 of	 NP	 and	
reduced	bladder	capacity	and	12.6%	suffered	from	
other	causes.	[Klingler,H.C.	2009]

a) Nocturnal enuresis

Nocturnal	 enuresis	 in	adult	males	 is	 rather	 rare.	
Sakamoto	 and	 Blaivas	 reported,	 in	 a	 tertiary	
care practice,	important		interesting	observations	
based	on	data	of	over	3000	patients	referred	 for	
the	evaluation	of	LUTS.	[Sakamoto,K.	2001]	They	
found	 that	 8	 of	 3277	 patients	 (0.02%)	 had	 adult	

onset	nocturnal	enuresis	without	daytime	enure-
sis.	 All	 these	 patients	 were	 male,	 with	 a	 mean	
age	of	63	years	(48	to	80	years)	and	all	suffered	
from	BOO	with	mean	maximum	urinary	 flow	rate	
8.5	mL/s,	mean	IPSS	12.6,	and	mean	PVR	urine	
350	 mL	 (50	 to	 489	 mL).	 The	 authors	 identified	
hydronephrosis	 in	 5	 of	 the	 8	 patients,	 a	 bladder	
diverticulum	 in	 3/8,	 vesico-ureteric	 reflux	 in	 4/8	
and	 low	 bladder	 compliance	 in	 4/8.	 Five	 of	 the	
8	 underwent	 TURP	 resulting	 in	 improved	 symp-
toms.	Thus	BOO	is	one	of	the	distinct	pathologies	
that	can	provoke	nocturnal	enuresis	with	variable	
LUTS,	 but	 it	 is	 not	 the	 only	 pathological	 factor.	
For	 example,	 Hunsballe	 [Hunsballe,J.M.	 2000]	
found	more	delta	activity	in	electroencephalogra-
phy	 among	adult	 primary	 enuretics	 compared	 to	
normal	controls.	Therefore,	invasive	urodynamics	
may	be	justified	in	such	patients,	because	it	is	the	
only	way	of	reliably	identifying	BOO.

Nocturnal	 enuresis	 plagues	 nearly	 28%	 of	 pa-
tients	 with	 a	 neobladder.	 Indeed,	 25	 of	 30	 pa-
tients	 (83%)	who	 underwent	 the	Stanford	 pouch	
ileal	bladder	had	nocturnal	enuresis	1	year	 later.	
[Uygur,M.C.	 2000]	 Patients	 older	 than	 65	 years	
are	 at	 greater	 risk	 because	 of	 the	 physiological	
increase	 in	 LUTD	 nocturnal	 diuresis	 associated	
with	 aging.	 An	 orthotopic	 neobladder	 produces	
variable	 LUTD	 including	 both	 failure	 to	 empty	
the	 bladder	 and	 failure	 to	 store	 urine.	 The	 uro-
dynamic	behaviour	depends	on	 the	 type,	 length,	
and	 configuration	 of	 the	 bowel	 segment	 used.	
[Steers,W.D.	2000]	There	may	be	overdistension,	
elevated	PVR,	lack	of	sensation,	reduced	MUCP,	
or	 more	 frequent	 and	 higher-pressure	 DO.	 [El	
Bahnasawy,M.S.	 2000]	 The	 intestinal	 overactiv-
ity	 in	 a	 neobladder	 resembles	 bowel	 peristalsis.	
[Sakakibara,R.	2007]

El-Bahnasawy	et	al	studied	urodynamically	50	en-
uretic	men	at	least	1	year	after	a	radical	cystopros-
tatectomy	and	ileal	neobladder	and	compared	them	
to	 17	 men	 with	 only	 occasional	 enuresis	 and	 50	
men	without	enuresis	after	similar	surgery.	Both	en-
uretic	groups	had	signiicantly	higher	residual	urine	
volumes,	 higher	 pressures	 at	mid-capacity	 and	 at	
maximum	enterocystometric	capacity,	higher	ampli-
tude	of	contractions	and	lower	compliance	than	con-
tinent	men.	Men	with	occasional	enuresis	also	had	
a	signiicantly	higher	frequency	and	duration	of	DO	
contractions	and	lower	maximum	urinary	low	rates	
than	continent	men.	[el-Bahnasawy,M.S.	2005]

Urodynamic	 investigation	 is	 important	 to	 establish	
the	 diagnosis	 and	 select	 treatment,	 although	 one	
group	suggested	 that	nocturnal	enuresis	or	noctu-
ria	could	be	simply	alleviated	by	waking	up	at	least	
twice	per	night	to	void.	[Uygur,M.C.	2000]

Conclusions 

•		Epidemiology	shows	that	non-	urologic	causes	for	
nocturia	are	prevalent	and	nocturnal	polyuria	can	
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be	diagnosed	with	a	24	h	frequency-volume	chart.

•		Urodynamic	 studies	 in	 elderly	 men	 indicate	 how-
ever	that	detrusor	overactivity	and/or	bladder	outlet	
obstruction	with	ineffective	voiding	may	play	a	role	
in	a	proportion	of	patients	with	nocturnal	enuresis.

•		New	onset,	night	time	incontinence,	in	an	elderly	
male,	 warrants	 urgent	 urodynamic	 pressure-
flow	analysis.

b) Stroke

Stroke	 is	 a	 common	 and	 well-known	 cause	 of	
enuresis	 and	 LUTD	 in	 the	 older	 population.	 The	
predominant	symptoms	are	urinary	 frequency,	ur-
gency	and	UUI	(including	night-time	incontinence)	
while	 DO	 is	 the	 most	 common	 inding	 on	 urody-
namics.	 [Marinkovic,S.P.	 2001]	 In	 patients	 after	
a	 stroke,	 incontinence	 (or	 LUTD	 in	 general)	 is	 a	
serious	 threat	 for	Qol.	 [Edwards,D.F.	 2006]	Post-
stroke	 UI	 is	 a	 predictor	 of	 greater	 mortality	 at	 1	
week,	6	months	and	12	months	after	stroke.	How-
ever,	patients	who	regain	normal	bladder	control	in	
the	irst	week	have	a	comparable	prognosis	as	the	
patients	who	do	not	have	micturition	disturbances	
following	stroke.	[Rotar,M.	2011]

Because	DO	 in	male	 stroke	 patients	with	 LUTD	 is	
prevalent,	conservative	or	pharmacologic	 treatment	
is	often	instituted	without	prior	urodynamic	investiga-
tion.	An	expert	summary	of	the	literature	suggested	
that	 the	 size	 and	 the	 site	 of	 the	 stroke	 does	 have	
an	inluence	on	urological	indings.	[Badlani,G.et	al]	
Experts	 agree	 that	 simple	 tests	 such	 as	 urolowm-
etry	and,	especially,	PVR	urine	assessment	(by	ultra-
sound)	are	however	useful,	since	elevated	 residual	
urine	is	to	be	expected	in	a	signiicant	proportion	of	
these	patients,	and	its	evaluation	can	improve	care-
giving	 and	 Qol.	 [Chan,H.	 1997;	 Teng,C.H.	 2005]	
Cystometry	has	limited	value:	the	prevalence	of	DO	
in	older	people	is	quite	high	even	in	the	absence	of	
stroke	 (perhaps	 10%	 in	 women	 and	 25	 to	 35%	 in	
men).	 Therefore	 the	 observation	 of	 DO	 alone	may	
not	 be	 helpful	 although	 the	 inding	 of	 other	 LUTD,	
such	as	obstructed	voiding,	is.

The	 prevalence	 for	 isolated	UI,	 on	 admission,	was	
12.4%,	for	isolated	faecal	incontinence	7.6%	and	for	
double	 incontinence	 33%.	At	 discharge,	 the	 preva-
lence	had	decreased,	to	8.1%	for	isolated	UI,	4.9	%	
for	isolated	faecal	incontinence	and	15.1%	for	double	
incontinence.	Double	incontinence	was	more	preva-
lent	than	isolated	incontinence	in	patients	after	stroke	
during	post-acute	rehabilitation.	[Kovindha,A.	2009]

Evaluation	of	 the	stroke	 type	may	be	helpful	 in	 the	
determination	of	the	type	of	urinary	dysfunction	and	
in	deciding	the	appropriate	bladder	management:	the	
ischemic	 group	was	 reported	 to	 have	DO	 (70.7%),	
underactive	 detrusor	 	 (29.3%),	 and	 hemorrhagic	
group	has	DO	in	34.6%,	and	underactive	detrusor	in	
65.4%.	(P	=	0.003).	[Han,E.	2007]

In	 patients	 with	 stroke	 and	 voiding	 dysfunctions,	
UDI	 can	 be	 performed	 to	 identify	 the	 presence	 of	
BOO	or	dysfunctional	 voiding.	Voiding	dysfunction	
is	 also	a	 signiicant	 problem	 in	patients	with	head	
injury.	NDO	 is	seen	 in	patients	with	 injuries	above	
the	 pontine	micturition	 centre.	 The	 voiding	 abnor-
mality	has	good	prognosis	and	resolves	spontane-
ously.	 [Singhania,P.	 2010]	Among	 the	 36	 patients	
with	 stroke	 and	DO,	 25	 patients	 (62.5%)	 had	DO	
without	 sphincter	 dyssynergy	 and	 11	 (27.5%)	 had	
DO	with	sphincter	dyssynergy.	UDS	is	a	useful	tool	
to	assess	and	manage	the	bladder	following	stroke	
with	 UI.	 No	 signiicant	 correlation	 was	 found	 be-
tween	UDS	indings	and	site	of	(stroke)	lesion	in	a	
retrospective	 single	 institute	 study	with	18	women	
and	22	men.	[Gupta,A.	2009]	In	a	urodynamic	study	
of	bladder	dysfunction	in	idiopathic	normal	pressure	
hydrocephalus	 (iNPH),	 LUTS	 were	 seen	 in	 93%	
of	 the	 patients,	with	 storage	 symptoms	 (93%)	 be-
ing	more	 common	 than	 voiding	 symptoms	 (71%);	
and	urinary	urgency	(overactive	bladder)	(64%)	fre-
quency	(64%)	being	more	common	than	UI	(57%).	
Although	the	majority	of	patients	had	normal	blad-
der	 volume	 at	 the	 irst	 sensation	 (mean	 134	mL),	
bladder	capacity	was	small	(mean	200	mL)	and	DO	
was	seen	in	95%	of	patients.	[Sakakibara,R.	2001]

Conclusion:

•		Detrusor	overactivity	and	or	underactive	detrusor	
can	be	present	in	patients	with	stroke	or	other	neu-
rological	lesion.

•		In	 ambulatory	 male	 patients,	 after	 stroke,	 with	
voiding	 dysfunctions,	 careful	 urodynamic	 study	
can	be	offered	to	identify	the	presence	of	detrusor	
overactivity,	or	static	(BPO)	or	dynamic	(dyssyner-
gic)	bladder	outlet	obstruction.

c) Parkinson’s disease

Parkinsonian	diseases	are	known	to	signiicantly	in-
luence	bladder	function	(see	section	D.V.6).	LUTS	
may	be	the	irst	sign,	especially	nocturia	in	male	pa-
tients.	Large	capacity	bladder	(when	discovered	dur-
ing	urodynamic	testing	for	LUTS)	may	also	be	a	sign	
of	Parkinsonism.	 [Purohit,R.S.	 2008;	Williams,D.R.	
2009;	 Blackett,H.	 2009;	 Cheon,S.M.	 2008]	 DOI	
is	 common	 in	 male	 patients	 with	 Parkinsonism	
[Defreitas,G.A.	2003],	 	but	urodynamic	indings	dif-
fer	in	different	diseases	of	this	group.	[Sakakibara,R.	
2001]	Defreitas	et	al	carried	out	a	retrospective	re-
view	of	the	urodynamic	results	in	men	with	DO	due	
to	 BOO	 (22	 patients)	 and	 compared	 them	 to	men	
(39	patients)	and	women	(18	patients)	with	Parkin-
son’s	 disease.	 Patients	 with	 Parkinson’s	 disease	
had	a	signiicantly	lower	median	volume	at	irst	de-
trusor	 contraction	 than	 those	 with	 non-neurogenic	
DO.	 The	 percentage	 of	 urgency	 incontinence	 was	
signiicantly	 lower	 in	 patients	 without	 Parkinson’s	
disease	than	 in	men	and	women	with	 it	 (9.1%	ver-
sus	 53.8%	 and	 55.6%).	 No	 statistically	 signiicant	
correlation	 between	 the	 duration	 or	 the	 severity	
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of	 Parkinson’s	 disease	 and	 UDS	 parameters	 was	
found.	[Defreitas,G.A.	2003]	The	most	prevailing	uri-
nary	symptom	in	Idiopathic	Parkinson’s	Disease	was	
nocturia	 (77.5%)	 followed	by	urgency	 (36.7%)	and	
frequency	(32.6%).	Urodynamic	tests	revealed	neu-
rogenic	DO	in	33	patients	(67.3%),	underactive	de-
trusor	in	6	patients	(12.2%),	and	10	(20.4%)	patients	
with	 normal	 detrusor	 function.	However,	 no	 signii-
cant	 correlations	 between	 any	 of	 the	 urodynamic	
parameters	 and	 disease	 severity	 was	 found.	 The	
urinary	(storage)	symptoms	manifested	urodynami-
cally	 as	 neurogenic	DO	 are	more	 common	 in	 IPD	
patients	than	voiding	symptoms.	[Ragab,M.M.	2011]

Urinary	 dysfunction,	 manifested	 primarily	 as	 stor-
age	disorders	with	subclinical	voiding	disorders	and	
normal	anal-sphincter	electromyography,	occurs	 in	
early	and	untreated	PD	patients.	Urodynamic	stud-
ies	showed	abnormal	indings	in	the	storage	phase	
in	84%,	with	DO	and	 increased	bladder	sensation	
without	 DO	 in	 58.0%	 and	 12.0%	 of	 patients,	 re-
spectively.	In	the	voiding	phase,	underactive	detru-
sor,	 impaired	 urethral	 relaxation	 such	 as	 detrusor	
sphincter	 dyssynergia,	 and	 BOO	 were	 present	 in	
50.0%,	8.0%	and	16%	of	patients,	 respectively.	 In	
patients	 with	 both	 storage	 and	 voiding	 phase	 ab-
normalities,	DO	plus	underactive	detrusor	was	 the	
most	common	inding.	[Uchiyama,T.	2011]

One	study	 investigated	 the	LUTS	and	urodynamic	
and	cystometric	indings	in	PD,	dementia	with	Lewy	
bodies	(DLB),	and	Alzheimer	disease	(AD).	Urgency	
and	urgency	 incontinence	suggest	DO,	which	was	
more	prevalent	in	dementia	with	Lewy	bodies	than	
in	 PD	 and	Alzheimer	 disease,	whereas	mean	VV,	
free	low,	MCC,	and	detrusor	pressure	were	similar	
in	the	groups;	DO	was	seen	in	92%	of	the	patients	
with	DLB,	46%	of	the	patients	with	PD,	and	40%	of	
the	patients	with	AD.	[Ransmayr,G.N.	2008]

Conclusions: 

•		Detrusor	overactivity	and	detrusor	underactivity,	
with	 or	 without	 urethral	 sphincter	 dyssynergia,	
are	 commonly	 found	 in	male	 patients	 with	 Par-
kinson’s	disease.

•		Bladder	outlet	obstruction	is	not	related	to	Parkin-
son’s	disease.	For	male	patients	with	Parkinson’s	
disease	and	voiding	dysfunction,	urodynamic	test-
ing	 is	 recommended	 to	 select	 appropriate	 treat-
ment	strategy.

d) Diabetes Mellitus (DM)

Men	with	DM	and	LUTS	can	present	with	varied	uro-
dynamic	indings,	apart	from	the	classic	sensory	or	
motor	cystopathy.	Urodynamic	studies	showed	de-
layed	irst	sensation	(>250	mL),	increased	capacity	
(>600	mL)	underactive	detrusor,	DO,	high	postvoid	
residual	 urine	 volume	 (more	 than	 one	 third	 of	 ca-
pacity),	and	BOO	(Abrams-Grifiths	number	>40)	in	
23.1%,	25.0%,	78.8%,	38.5%,	65.4%,	and	28.8%	of	
the	men,	respectively.	[Bansal,R.	2011]	Kebapci	re-

evaluated	the	urodynamic	indings	of	LUTD	in	type	
2	diabetic	patients	describing	patient	characteristics	
and	 concomitant	 chronic	 complications:	 LUTDD	
was	present	 in	74.07%	of	men.	The	group	deined	
‘diabetic	cystopathy’	as	diminished	sensation	of	ill-
ing	and	signiicant	postvoid	residual	and	observed	
that	in	50%	of	their	patients,	also	BOO,	(25%)	and	
DO	 (in	25%)	were	observed.	 ‘Diabetic	 cystopathy’	
(in	 this	 speciic	 deinition	 was	 the	 most	 frequent	
inding.	Ageing,	duration	of	 diabetes,	worse	meta-
bolic	control,	PVR	>100	mL,	cardiac,	oesophageal	
and	 gastric	 parasympathetic	 autonomic	 neuropa-
thies,	 retinopathy,	 and	 microalbuminuria	 provided	
a	means	 to	 predict	 LUTD,	 and	 select	 patients	 for	
urodynamics.	[Kebapci,N.	2007]	

It	was	observed	in	a	monocenter	retrospective	case	
control	 study	 that	 patients	 with	 DM	 who	 undergo	
radical	 cystoprostatectomy	 take	 longer	 to	 regain	
daytime	and,	even	more	so,	night	 time	continence	
than	non	diabetic	patients.	[Kessler,T.M.	2008]

There	is	a	relatively	low	prevalence	of	BOO	in	dia-
betic	patients	with	prostate	enlargement	and	LUTS.	
Of	the	50	patients	in	the	study,	23	(46%)	had	BOO.	
There	was	 no	 correlation	 between	 the	 IPSS,	 uro-
lowmetry,	 post-voiding	 residual	 urine	 or	 prostate	
volume	and	the	presence	of	BOO	(p	>	0.05).	Non-
invasive	 tests	 did	 not	 allow	 the	 identiication	 of	
LUTD	 and	 only	 urodynamic	 evaluation	 is	 able	 to	
determine	symptom	aetiology.	[Dib,P.T.	2008]

Conclusions: 

•		Clinical	cohort	studies	show	that	men	with	diabe-
tes	and	lower	urinary	tract	symptoms	can	present	
with	a	variety	of	urodynamic	indings,	including	de-
trusor	overactivity,	underactive	detrusor	and	blad-
der	outlet	obstruction.

•		Uncontrolled	 cohort	 studies	 indicate	 that	 non-in-
vasive	 tests	are	 less	sensitive	 to	 relevant	abnor-
malities	in	comparison	with	urodynamic	evaluation	
and	investigators	have	concluded	that	urodynamic	
investigation	is	necessary	when	lower	urinary	tract	
symptoms	arise	in	patients	with	diabetes	mellitus.

e)  Recommendations for urodynamic investiga -
tion for men suffering from nocturnal enure -
sis, stroke, Parkinson’s disease or DM

Conclusions (level of evidence 2/3) 

•		Nocturnal	enuresis	in	adult	males	is	rare	but	prob-
lematic,	 and	 it	 is	 associated	 with	many	 possible	
aetiologies.	

•		Nocturia,	nocturnal	enuresis	or	lower	urinary	tract	
symptoms	 may	 be	 the	 irst,	 or	 an	 early	 sign,	 of	
Parkinsonism	in	elderly	male	patients.

•		Lower	 urinary	 tract	 dysfunction	 in	 patients	 with	
Parkinsonism	can	be	the	result	of	detrusor	overac-
tivity,	(benign	prostatic)	bladder	outlet	obstruction, 
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dyssynergic	voiding	or	post	void	residual	urine	or	
any	combination	thereof.

Recommendations (grade B/C)

•		The	 committee	 recommends	 that	 urodynamic	
evaluation	 should	 be	 conducted	 in	 all	 cases	 of	
nocturnal	enuresis	in	adult	males	

•		The	 committee	 recommends	 that	 urodynamic	
evaluation	 should	 be	 performed	 in	 patients	 with	
Parkinsonism.	 There	 should	 be	 lowmetry	 and	
postvoid	residual	assessment	in	all	cases	and	in-
vasive	testing	when	abnormalities	are	observed	in	
lowmetry	and	postvoid	residual	assessment.

•		The	committee	suggests	that	investigators	should	
be	alert	for	large	capacity	bladder	and/or	underac-
tive	detrusor	 (or	 large	residual	without	signiicant	
bladder	outlet	obstruction)	as	an	early	sign	of	Par-
kinson’s	disease.

1. INTRODUCTION

Neurogenic	LUTD	is	not	precisely	defined.	The	In-
ternational	Continence	Society	has	defined	‘neu-
rogenic	detrusor	overactivity’	(NDO):	‘when	there	
is	 a	 relevant	 neurological	 condition’.	 [Abrams,P.	
2002]	The	specificity	and	sensitivity	of	signs	and	
symptoms	to	confirm	a	relevant	neurological	con-
dition	 are	 unknown,	 which	 is	 more	 or	 less	 ac-
knowledged	in	the	ICS	standard	above.	However,	
for	some	of	the	urodynamic	outcomes,	also	men-
tioned	in	this	standard,	a	confirmation	of	‘clinically	
normal	 neurology’	 is	 required.	 In	 a	 recent	 EAU	
guideline	 the	 term	 ‘neurogenic	LUTD’	 is	 referred	
to	 as	 ‘secondary	 to	 confirmed	 pathology	 of	 the	
nervous	supply’	and	a	precise	description	of	 the	
advised	neurourological	examination	is	provided.	
[Stohrer,M.	 2009]	 Neurogenic	 incontinence	 may	
be	described	by	terms	such	as,	 ‘Reflex’	or	 ‘over-
flow	incontinence’.	These	terms	are	not	currently	
recommended	 by	 the	 International	 Continence	
Society	 nor	 used	 in	 the	 EAU	 guideline	 but	 they	
will	also	be	discussed	below,	together	with	other	
relevant	topics	for	this	group	of	patients	which	are	
not	covered	elsewhere	in	this	chapter.

2. WHAT IS USUALLY EVALUATED?

Because	not	all	patients	with	neurogenic	conditions	
develop	LUTS	or	have	abnormal	urodynamic	ind-
ings,	 a	 speciic	 understanding	 of	 the	 dysfunction	
in	 each	 individual	 is	 a	 prerequisite	 for	 the	 correct	
choice	of	 therapy.	The	aim	of	 the	diagnostic	 tests	
is	 to	describe	 the	 (dys)function	of	 the	bladder,	 the	
urethra	and	the	pelvic	loor,	 their	coordination	dur-
ing	illing	and	voiding,	and	their	 inluence	on	other	
conditions	 (e.g.	 autonomic	 dysrelexia)	 or	 organ	
systems	(e.g.	renal	function).

Except	in	a	few	diseases	where	empirical,	conserva-
tive	 therapy	can	safely	be	 instituted,	or	where	LUT	
dysfunction	 is	 predictable	 (e.g.	 post-stroke),	 urody-
namic	investigation	is	usually	deemed	to	be	required	
on	the	basis	of	clinical	practice	guidelines	and	expert	
reviews.	Urodynamics	is	advised	to	provide	the	un-
derstanding	of	 the	situation	on	which	 rational	 treat-
ment	must	be	based.	Even	when	empirical	 therapy	
is	 instituted	 without	 urodynamics,	 experts’	 opinion	
usually	agrees	on	the	basis	of	good	clinical	practice	
which	is	that	the	patient	must	be	carefully	monitored	
to	 determine	 whether	 and	 when	 urodynamics	 is	
needed.	[Stohrer,M.	2009;	McGuire,E.J.	2010]

A	large	proportion	of	patients	with	neurological	con-
ditions	show	anatomical	abnormalities	 that	 involve	
the	LUT,	especially	those	born	with	abnormal	neu-
rology	 (MMC-see	 in	 children	 section	 of	 this	 chap-
ter),	 and	 do	 have	 congenital	 relevant	 ‘end	 organ	
(LUT)-sequelae’	that	can	be	demonstrated	by	imag-
ing.	Videourodynamics	is	the	test	of	choice	usually	
advised	on	 the	basis	of	expert	opinion	when	 rele-
vant	anatomical	information	is	needed	and	relevant	
to	establish	treatment.	[Stohrer,M.	2009]

3. SPECIAL TESTS

In	patients	with	spinal	cord	 injury	 (as	a	 result	of	a	
trauma	in	later	life)	the	detrusor	and	its	innervation	
can	be	assumed	 to	have	developed	normally	 (un-
less	there	was	a	positive	history	of	urologic	or	other	
relevant	abnormalities),	before	the	injury.	[Yoo,P.B.	
2011;	 Kennelly,	M.J.	 2010].	Also,	 it	 has	 e.g.	 been	
shown	that	urethral	sphincter	relaxation	in	persons	
with	 dyssynergic	 activity	 can	 be	 improved	 or	 nor-
malized.	[Huang,Y.H.	2008]

Ice	water	(bladder	cooling)	test	is	sometimes	used	
in	an	attempt	 to	 identify	neurogenic	DO	 (see	sec-
tion	 C.V.1.e:	 provocative	manoeuvres)	 or	 to	 dem-
onstrate	 the	 integrity	 of	 the	 detrusor	muscle	 func-
tion	and	or	its	innervation.	The	clinical	relevance	of	
the	 ice	water	 test	 is	however	undetermined	and	 in	
patients	 with	 high	 level	 spinal	 cord	 injury	 the	 test	
can	cause	autonomic	dysrelexia.	[Chancellor,M.B.	
1998;	Huwyler,M.	2007]

One	channel	cystometry	 is	 reported	 to	be	 feasible	
and	reliable	because	patients	with	complete	spinal	
cord	injury	usually	do	not	generate	much	(abdomi-
nal	or	other)	muscle	activity	below	the	 lesion	 level	
and	intravesical	pressure	adequately	represents	de-
trusor	(relaxation	or)	activity.	[Wyndaele,J.J.	2009]

4.  NEUROGENIC DETRUSOR OVERACTIVITY 
INCONTINENCE

DO	 in	 association	 with	 neurological	 disease,	 may	
lead	 to	UI.	Observed	during	urodynamics,	 this	 type	
of	incontinence	is	termed	neurogenic	DOI.	The	cor-
responding	clinical	sign	or	symptom	is	however	vari-
able:	if	the	DO	is	accompanied	by	sensation	(desire	
to	void)	it	might	be	termed	UUI;	frequently	however		
any	sensation	is	absent,	and	so	the	term	urgency	in-

III. NEUROGENIC LOWER URINARY 
TRACT DYSFUNCTION 
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continence	is	an	incorrect	description	of	the	situation.	
For	this	reason	the	term	‘relex	incontinence’	was	in-
troduced	[Abrams	1988],	implying	uncontrolled	emp-
tying	of	the	bladder	without	sensation.	This	term	is	no	
longer	recommended.	[Abrams	2002]	

When	a	selection	of	symptomatic	patients	with	NDO	
was	analysed	retrospectively,	 it	was	observed	that	
patients	with	 incomplete	 lesions	had	similar	ampli-
tudes	of	detrusor	contraction	and	that	also	leakpoint	
pressures	did	not	differ	from	patients	with	complete	
lesions.	The	authors	 consider	 it	 therefore	 relevant	
to	perform	UDS	 in	patients	with	 incontinence	who	
have	incomplete	SCI.	[Moslavac,S.	2008]

5. DETRUSOR-SPHINCTER DYSSYNERGIA

Neurogenic	DO	is	often	accompanied	by	detrusor-
sphincter	dyssynergia:	a	neurogenically	determined	
failure	of	pontine	coordination	of	detrusor	and	blad-
der	outlet.	In	DSD	the	failure	of	the	urethral	sphinc-
ter	 and	or	 the	pelvic	 loor	 to	 relax	 completely	and	
sustained,	 when	 the	 detrusor	 contracts,	 causes	 a	
dynamic	 type	of	BOO	which	may	not	only	prevent	
complete	 bladder	 emptying,	 but	 can	 also	 lead	 to	
chronic	and	or	intermittent	high	detrusor	pressures,	
during	 bladder	 illing	 and	 or	 attempted	 voiding	 or	
incontinence.	 If	 high	 intra	 -detrusor	 pressures	 are	
present	 for	 prolonged	 periods	 in	 daily	 life,	 renal	
function	 is	endangered	 (see	 the	 following	subsec-
tion	on	‘overlow	incontinence’).

6.  LEAKAGE ASSOCIATED WITH CHRONI -
CRESIDUAL/  RETENTION OF URINE 
(‘OVERFLOW INCONTINENCE’)

‘Overlow	 incontinence’	 is	another	 term	 that	 is	no	
longer	recommended.	[Abrams	1988]	It	meant	con-
tinuous	or	intermittent	(-stress	‘like’)	leakage	from	
a	constantly	overdistended	bladder.	[Abrams	1988]	
However	 neither	what	 constitutes	 ‘overdistended’	
nor	 the	 cause	 of	 the	 leakage	 are	 deined	 by	 the	
term	‘overlow	incontinence’.	The	presenting	symp-
tom	 is	usually	characterised	by	small	amounts	of	
incontinence,	 exacerbated	 by	 increased	 abdomi-
nal	pressure,	together	with	an	inability	to	empty	the	
bladder	by	voiding.	Whilst	incontinence	appears	as	
a	problem	of	 lower	urinary	 tract	 storage	 function,	
‘overlow	 incontinence’	originates	 from	a	dysfunc-
tion	of	voiding.	Overlow	incontinence	can	exist	in	
combination	with	BPE	and	BOO	but	also	exists	in	
conditions	with	 relevant	 neurologic	 pathology.	 In-
continence	due	to	neurogenic	underactive	detrusor	
(or	acontractility)	or	DSD,	with	 incomplete	empty-
ing,	and	neurogenic	incomplete	voiding	with	incon-
tinence,	are	clinical	(urodynamic)	descriptions	and	
have	not	been	oficially	deined.

During	 urodynamics	 a	 frequent	 observation	 is	 of	 a	
bladder	with	low	compliance	and	little	or	no	detrusor	
activity;	as	the	bladder	is	illed,	the	detrusor	pressure	
rises	because	of	the	poor	compliance,	until	it	reaches	
a	value	suficient	to	overcome	urethral	resistance	and	

open	the	urethral	sphincter;	dribbling	leakage	then	en-
sues.	Clinically,	the	most	important	variable	is	usually	
reported	 to	 be	 the	 detrusor	 pressure	 at	which	 leak-
age	occurs,	the	detrusor	leak	point	pressure	(DLPP).	
If	 this	 pressure	 is	 elevated,	 and	 if	 similar	 pressures	
are	attained	during	continual	leakage	in	daily	life,	then	
renal	function	is	endangered	because	the	constantly	
high	detrusor	pressure	hinders	outlow	of	urine	 from	
the	ureters	into	the	bladder.	Conventionally,	DLPP’s	of	
40	cm	H2O	or	more	are	believed	to	be	unacceptable.	
There	is	evidence	(mostly	from	paediatric	studies	with	
children	with	meningomyelocele)	 that	 upper	urinary-
tract	 deterioration	 is	 more	 probable	 when	 DLPP	 is	
elevated	 above	 that	 40cmH2O.	 [McGuire,E.J.	 1996;	
Tanaka,H.	 1999;	 Kurzrock,E.A.	 1998]	 However,	 the	
evidence	for	a	cut-off	at	40	cm	H2O	seems	less	clear	
and	 an	 expert	 opinion	 appears	 to	 introduce	 ‘as	 low	
as	reasonably	achievable’	and	a	‘safe’	detrusor	pres-
sure	of	below	20	cmH2O,	over	the	entire	‘daily’	volume	
range,	when	CIC	is	part	of	the	treatment,	is	advised.	
[McGuire,E.J.	2010]

7.  REPRODUCIBILITY AND RELIABILITY OF 
TESTS

Since	many	patients	with	NLUTD	have	severe	sub-
pontine	 neuropathy,	 the	 inluence	 of	 the	 emotional	
(limbic)	nervous	system	on	lower-tract	function	is	re-
duced	or	eliminated;	thus,	urodynamic	observations	
may	 be	 less	 inluenced	 by	 the	 test	 circumstances	
than	those	made	in	individuals	with	an	intact	nervous	
system.	 Nevertheless,	 the	 test	 conditions	 (e.g.	 the	
rate	 of	 illing	 the	 bladder)	 do	 inluence	 the	 results,	
and	should	be	chosen	carefully.	[Homma	et	al	2002]	
Some	 advocate	 ambulatory	 monitoring	 to	 reduce	
the	variability	of	illing	cystometry.	 [Pannek,J.	2009]	
However,	tests	of	longer	duration	with	natural	illing,	
did	not	relevantly	assist	 in	the	diagnosis	and	selec-
tion	of	treatment	in	patients	with	SCI	in	a	monocenter	
prospective	comparison.	[Martens,F.M.	2010]

8.  DOES URODYNAMIC TESTING HELP TO 
SELECT (OPTIMAL) TREATMENT?

The	aims	of	therapy	for	NLUTD	are	to	achieve	the	
most	 physiological	 illing	 and	 voiding	 conditions	
possible,	 as	 well	 as	 a	 management	 situation	 ac-
ceptable	to	the	patient	in	daily	life.	Long	periods	of	
elevated	detrusor	pressure	during	bladder	illing	or	
(abnormally	 prolonged)	 voiding	 put	 the	 upper	 uri-
nary	 tract	 at	 risk.	 [McGuire,E.J.	 1996;	 Tanaka,H.	
1999;	Kurzrock,E.A.	1998].	The	primary	aim	of	ther-
apy	in	patients	with	such	problems	is	conversion	to	
a	low	pressure	bladder	during	illing,	[Stohrer,	1994;	
Rivas,	D.A.	1995;	McGuire,E.J.	2010]	achieve	con-
tinence,	and	to	manage	incomplete	emptying	due	to	
(medically	 induced)	underactive	detrusor	or	 detru-
sor	acontractility,	with	CIC.	[Stohrer,M.	2009]

Adequate	 management	 depends	 on	 whether	 the	
detrusor	 is	overactive	or	has	 reduced	compliance,	
and	 only	 urodynamic	 testing	 can	 answer	 those	
questions	unequivocally.	Timely	and	adequate	diag-
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nosis	 is	of	 paramount	 importance	 for	 the	patient’s	
Quol,	as	well	as	 for	safety.	 [Bomalaski,M.D.	1995;	
Cardenas,D.D.	 1995]	 There	 is	 expert	 agreement	
that	urodynamic	investigation	is	essential	to	monitor	
the	effects	of	any	treatment	and	in	the	follow	up	of	
any	sequelae	of	 the	disease	and	 its	management.	
Urodynamics	 is	 certainly	 needed	 to	 document	 the	
effects	 of	 new	 treatments	 or	 management	 strate-
gies	 for	patients	with	NLUTD.	But	changes	 in	uro-
dynamics	do	not	always	relate	to	clinically	relevant	
improvements	in	these	patients.	[Huwyler,M.	2007;	
Pannek,J.	2009;	Kabay,S.C.	2008]	A	 retrospective	
study	shows	with	80	SCI	patients	and	a	minimum	
follow-up	of	5	years,	 that	 it	 is	possible	 to	manage	
continence	 and	 preserve	 (100%	 of)	 upper	 tracts	
with	 ultrasound	monitoring	 of	 the	 kidneys	 and	 re-
peated	UDS.	[Nosseir,M.	2007]	Another	retrospec-
tive	 observation	 indicates,	 in	 a	 series	 of	 200	 chil-
dren	with	various	types	of	NLUTD,	that	the	intensity	
(frequency)	of	urodynamic	follow	up	can	be	adapted	
according	to	the	estimation	of	the	risk	for	upper	tact	
deterioration	 on	 the	 basis	 of	 urodynamic	 parame-
ters	achieved	at	a	baseline.	[Wang,Q.W.	2006]

Conclusions (level 3)

•		There	is	expert	agreement	on	the	basis	of	a	large	
number	of	case	series	that	urodynamic	testing	 is	
of	 great	 relevance	 to	 establish	 the	management	
and	to	achieve	the	best	long	term	clinical	outcome	
in	patients	with	neurogenic	lower	urinary	tract	dys-
function.

•		On	 the	 basis	 of	 expert	 opinion,	 videourodynam-
ics	 is	 necessary	 when	 anatomical	 information	 is	
deemed	clinically	relevant.

•		Case	 series	 indicate	 that	 it	 is	 possible	 to	 moni-
tor	patients	without	anatomic	abnormalities	of	the	
lower	 urinary	 tract	 (especially	 adult	 age	 spinal	
cord	injury)	with	cystometry	and	ultrasound	of	the	
upper	tract.

•		No	 speciic	 reports	 about	 the	 optimal	 frequency	
and	 techniques	of	 follow	–up	urodynamics	 in	pa-
tients	with	neurogenic	lower	urinary	tract	dysfunc-
tion	exist

•		No	 conclusive	 evidence	 exists	 about	 the	 predic-
tive	value	towards	(the	outcome	of)	treatment	with	
regard	to	ice	water	testing,		or	of	ambulatory	moni-
toring	 of	 patients	 with	 neurogenic	 lower	 urinary	
tract	dysfunction.

•		Some	 evidence	 from	 centres	 of	 excellence	 indi-
cates	that	‘simple,	one	channel,	cystometry’	is	fea-
sible	and	 reliable	 in	 the	monitoring	 (follow-up)	of	
a	selected	group	of	patients	with	complete	spinal	
cord	injury.

Recommendations (grade B/C)

•		The	 committee	 recommends	 that	 patients	 with	
signs	 and	 symptoms	 of	 dysfunction	 of	 the	 lower	

urinary	tract	and	relevant	neurological	abnormali-
ties	should	receive	urodynamic	evaluation	(includ-
ing	illing	and	voiding	cystometry),	 if	 	 initial	 treat-
ment	 will	 be	 affected	 as	 a	 consequence	 of	 the	
urodynamic	diagnosis,	or	if	‘simple’	irst	line	diag-
nosis	and	management	have	been	unsuccessful.

•			The	 committee	 recommends	 that	 at	 least	 at	 a	
baseline,	 to	 establish	 the	 state	 and	 function	 of	
the	 lower	 tract	 in	 patients	with	 neurogenic	 lower	
urinary	tract	dysfunction,	videourodynamic	evalu-
ation	is	indicated	if	relevant	anatomical	abnormali-
ties	are	to	be	expected.

•		The	committee	recommends	that	the	frequency	of	
testing	and	the	techniques	applied	in	the	follow	–
up	of	patients	with	neurogenic	lower	urinary	tract	
dysfunction	 be	 critically	 analysed	 and	 optimised,	
and	to	develop	guideline	recommendations	on	the	
basis	of	those	analyses.

•		The	committee	recommends	that	urodynamic	test-
ing	in	patients	with	neurogenic	lower	urinary	tract	
dysfunction	 is	 done	 with	 special	 attention	 to	 the	
speciic	needs	of	 the	patients.	 It	 is	highly	prefer-
able	that	all	professionals	involved	are	speciically	
trained	for	that	purpose.

Recommendations for research:

•		Comprehensive	urodynamic	testing	should	remain	
an	integral	part	of	the	evaluation	of	new	therapies	
and	management	strategies	for	neurogenic	lower	
urinary	 tract	 dysfunction	 whether	 conservative,	
medical	or	surgical.	The	irst	goal	of	this	should	be	
to	monitor	the	safety	of	the	(developed)	approach	
for	the	patient	and	the	secondary	goals	of	this	uro-
dynamic	 testing	should	be	 the	eficacy	outcomes	
(preferably	on	predeined	urodynamic	criteria).

•		Speciic	 urodynamic	 diagnosis	 categories	 and	
diagnostic	 techniques	 need	 to	 be	 developed	 to	
quantify	detrusor	sphincter	dyssynergia	and	neu-
rogenic	underactive	detrusor.

1. INTRODUCTION

The	 indications	 for	 urodynamic	 evaluation	 in	 chil-
dren	 are	 usually	 neurological,	 anatomical	 and	 or	
functional	 abnormalities,	 with	 the	 types	 of	 studies	
to	be	performed	being	based	on	the	presumed	un-
derlying	pathological	conditions	 rather	 than	on	 the	
presenting	symptoms.

Many	 of	 the	 conditions	 for	 which	 urodynamics	 is	
employed	in	children	involve	anatomical	and	or	neu-
rological	abnormalities,	 in	which	LUT	dysfunction	 is	
variable,	and	may	be	multifaceted	and	unpredictable	
on	 the	 basis	 of	 clinical	 signs	 and	 symptoms.	UI	 in	
children	is	relatively	more	frequently	seen	(compared	

IV. PATIENT EVALUATION:
CHILDREN
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to	 adults),	 and	 in	 combination	with	 other	 lower	 uri-
nary	 tract	 (or	 lower	 bowel	 or	 pelvic	 loor)	 dysfunc-
tions.	 On	 the	 other	 hand,	 urinary	 continence	 (and	
lower	urinary	 tract	 function)	are	 the	 result	of	a	nor-
mal	maturation	process	that	can	be	delayed	in	some,	
and	‘cure’	(or	‘resolve’)	without	requiring	medical	in-
tervention.	Urodynamic	 testing	 is	 used	 to	 establish	
as	 clearly	 as	 possible	 the	 baseline	 situation	where	
needed,	 so	 that	 changes	 as	 a	 result	 of	 treatment	
and/or	growth	can	be	assessed,	and	some	guidance	
is	obtained	in	the	choice	of	treatment.	The	result	of	
urodynamic	testing	will,	however,	not	necessarily	be	
the	only	deciding	factor	in	this	regard.	Perhaps	more	
clearly	 than	 in	 any	 other	 patient	 group,	 the	 aim	 of	
urodynamic	 studies	 in	 children	 is	 to	 provide	 objec-
tive	knowledge	about	LUT	function	and	dysfunction	
as	well	as	to	provide	understanding	to	the	care-giver	
and	 to	 the	 patient	 (and	 her	 or	 his	 parents).	 More	
extensively	 than	 in	other	ages,	non-invasive	urody-
namic	techniques	are	initially	explored,	not	only	be-
cause	they	are	easier	accepted	and	better	applicable	
for	 children,	 but	 also	 to	 have	 comparable	 param-
eters	during	 follow-up,	and	 to	exactly	 identify	 those	
children	and	clinical	conditions	that	will	beneit	from	
further	 invasive	 exams.	 Essential	 are	 a	meticulous	
and	 complete	 history,	 physical	 examination	 includ-
ing	clinical	neurological	 testing	and	assessment	by	
voiding	diaries.	Furthermore,	initial	ultrasonographic	
measures	of	bladder	volume	and	wall	thickness	have	
been	reported	more	and	more	as	a	useful	tool	in	se-
lecting	 who	 will	 need	 invasive	 testing.	 [Bower,W.F.	
2010;	Drzewiecki,B.A.	2011]

2. NEUROGENIC BLADDER DYSFUNCTION

a) Myelodysplasia

For	 the	 last	 20	 years,	 initial	 urodynamic	 studies,	
very	early	in	the	neonatal	period,	have	been	recom-
mended	 for	 children	 with	 myelodysplasia,	 the	 ba-
sis	being	that	 they	help	 identify	children	at	risk	 for	
subsequent	 urinary	 tract	 deterioration	or	 a	 chang-
ing	 neurological	 picture.	 [Sidi,A.A.	 1986]	 DO	 on	
cystometry,	 underactive	 detrusor	 during	 voiding,	
detrusor-sphincter	dyssynergia	(usually	established	
on	the	basis	of	surface	EMG),	DLPP,	and	PVR	are	
the	 key	 elements	 of	 a	 detailed	 urodynamic	 study	
that	 need	 to	 be	 considered.	 [McGuire,E.J.	 1981;	
Bauer,S.B.	1984]

In	an	exhaustive	review	of	the	eficacy	and	reliability	
of	 urodynamic	 studies	 in	 newborns	with	myelodys-
plasia	[McLellan	2003],	of	24	studies	analysed,	13	fo-
cused	on	EMG	activity	of	the	striated	urethral	sphinc-
ter	or	pelvic	loor,	7	on	bladder	compliance	and	2	on	
cystometric	technique.	Twenty-one	studies	had	level	
of	evidence	4,	2	had	 level	3	and	one	 level	1	study	
was	 found.	Nine	of	 the	24	 studies	were	performed	
at	 international	 sites	 and	 the	 remainder	 within	 the	
United	 States.	 The	 urodynamic	 patterns	 of	 normal	
detrusor	function	(66%),	acontractile	detrusor	(33%),	
DO	(57%),	and	detrusor	compliance,	as	well	as	de-
trusor-sphincter	dyssynergia	(21%),	DSD	(37%)	and	

sphincter	denervation	 (60%)	were	similar,	with	 little	
variability	across	comparable	studies.	

Van	Meel	et	al	have	shown	that	repeating	the	IWT	
will	 increase	 its	positivity.	Combining	 the	 IWT	and	
electrical	 perception	 threshold	 (EPT)	will	 reinforce	
the	 results	 of	 both	 tests	 and	 can	 indicate	 more	
clearly	the	possibility	of	an	unsuspected	neurologi-
cal	 cause	 of	 the	 dysfunction	 in	 children	 with	 idio-
pathic	DO.	In	those	with	negative	IWT’s,	the	EPT’s	
were	signiicantly	different	between	the	neurological	
and	 not	 neurological	 patients,	 independent	 of	 the	
number	of	IWT’s	done.	[Meel	2007]

Bladder	 capacity	 was	 studied	 in	 a	 group	 of	 506	
myelodysplastic	 children	 [Palmer	1997]	 and	 found	
to	conform	to	the	formula:	capacity	 in	mL	=	24.5	x	
(age	 in	 years)	+	62.	This	 formula	 for	 the	 increase	
in	 bladder	 size	 with	 age	 is	 20%	 less	 steep	 than	
published	age-related	bladder	capacities	 in	neuro-
logically	 unaffected	 children	 (e.g.	 30	 x	 age	 +	 30).	
[Starield	1967;	Koff	1983]	However,	those	children	
who	did	not	have	DO	had	a	bladder	capacity	similar	
to	 normals.	 Because	 neurological	 impairment	 af-
fects	 detrusor	 compliance,	 cystometric	 illing	 rate	
also	inluenced	the	measured	capacity	and	compli-
ance	as	noted	 in	3	studies	 that	addressed	 this	 is-
sue.	[Palmer	1997;	Kaefer	1997;	Landau	1994]	The	
lower	the	illing	rate	the	greater	the	compliance	and	
the	larger	the	capacity.

Bladder	 augmentation	 alone	without	 simultaneous	
anti-relux	repair	is	usually	considered	suficient	for	
the	 resolution	of	pre-existing	vesico-ureteral	 relux	
in	 children	 with	 NLUTD.	 Cystometry	 can	 be	 used	
to	evaluate	the	effect	of	this	treatment.	A	retrospec-
tive	 study	by	 Juhasz	et	 al	 in	 2008	suggested	 that	
diverse	 GI	 segments	 used	 for	 augmentation	 had	
identical	effects	on	the	urodynamic	results	and	the	
resolution	of	vesico-ureteric	relux.	[Juhas	2008]

Several	 studies	 that	evaluated	 the	urodynamic	 re-
sult	of	bladder	augmentation	have	been	published.	
Signiicant	 increase	 in	 bladder	 capacity	 and	 com-
pliance	were	achieved	and	maintained	 in	 the	 long	
term.	 [Lima	 2008]	 A	 recent	 small	 mono-centre	
study,	 showed	 that	 preoperative	 urodynamics	 has	
some	predictive	value	on	the	outcome	of	augmen-
tation	 towards	 the	relief	of	vesico-ureteric	 relux	 in	
those	children.	[Soygur	2010]	Follow	up	of	affected	
children	after	early	childhood	 is	 relevant,	and	uro-
dynamic	testing	forms	the	basis	for	(surgical)	man-
agement.	[Almodhen	2007]	A	20	years	follow-up	of	
52	children	demonstrates	also	that	the	early	urody-
namic	diagnosis	has	been	an	adequate	basis	for	the	
management	of	children	with	meningomyelocele	in	
a	single	centre	of	excellence.	[Thoru	2011]

Rendeli	 et	 al	 retrospectively	 assessed	 the	 useful-
ness	of	urodynamic	testing	to	determine	the	optimal	
timing	 of	 neurosurgery	 and	 to	 evaluate	 the	 evolu-
tion	of	bladder	 function	 in	children	with	 lipomenin-
gocele.	All	 patients	 underwent	 urodynamic	 testing	
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preoperatively	and	during	extended	follow	up	(mean	
6.5	 years,	 range	 3	 to	 12).	At	 the	 latest	 follow	 up,	
65%	of	patients	in	the	youngest	group	had	improved	
urodynamic	parameters	compared	to	33%	of	 those	
12	 to	 36	months	 old	 and	 28%	 of	 those	 older	 than	
36	months.	Urodynamic	evaluation	and	the	presence	
of	neurological	impairment	were	considered	to	have	
had	crucial	roles	in	determining	the	optimal	timing	of	
surgery	 in	patients	with	 lipomeningocele,	and	 in	di-
agnosing	the	onset	of	tethered	cord.	[Rendeli	2007]	
A	recent	retrospective	mono-centre	study	conirmed	
that	urodynamic	testing	is	relevant	towards	the	out-
come	of	neurosurgical	interventions.	[Maher	2009]

Six	studies	evaluated	the	relationship	between	level	
of	 the	neurological	 lesion	 (on	clinical	examination)	
and	LUT	function,	but	none	could	predict	a	speciic	
urodynamic	pattern	based	on	the	level	of	the	lesion.	
Sacral	 level	 lesions	can	be	associated	with	an	up-
per	motor	neuron	urinary	tract	‘urodynamic	pattern’	
just	as	readily	as	the	expected	lower	motor	neuron	
indings.	 [Dator	 1992]	 Similar	 indings	 have	 been	
noted	for	children	with	thoracic	or	high	lumbar	level	
lesions	where	the	incidence	of	sacral	relex	sparing	
is	54%.	[Pontari	1995]

Approximately	 90%	of	 children	 born	with	meningo-
myelocele	will	have	a	normal	upper	urinary	 tract	at	
birth.	 Over	 time,	 many	 children	 who	 have	 not	 re-
ceived	proactive	urological	care	develop	upper	and/
or	LUT	deterioration.	The	deterioration	is	an	acquired	
phenomenon	secondary	to	the	development	or	pro-
gression	of	various	LUT	hostility	factors	such	as	DO,	
reduced	bladder	compliance,	detrusor-sphincter	dys-
synergia	 and/or	 high	 LPP.	 [Sidi	 1986;	 Bauer	 1984;	
Wang	2006]	Despite	the	fact	that	only	one	study	was	
at	level	1,	all	urodynamic	studies	corroborated	their	
reliability	by	reporting	that	the	prediction	of	upper	uri-
nary	 tract	 deterioration	on	 the	basis	of	 urodynamic	
testing	is	possible	with	90%	accuracy.

In	 2006,	 Wang	 et	 al	 calculated	 a	 urodynamic	 risk	
score	 including	 a	 DLPP	 of	 >40	 cmH2O,	 a	 bladder	
compliance	of	<9	mL/cmH2O	and	evidence	of	acon-
tractile	 detrusor.	They	 postulated	 that	 the	 selective	
use	 of	 urodynamic	 variables	might	 be	 valuable	 for	
predicting	the	risk	of	upper	urinary	tract	dilatation	in	
children	with	neurogenic	bladder-sphincter	(or	LUT)	
dysfunction.	 They	 found	 that	 decreased	 bladder	
compliance,	increased	DLPP	and	acontractile	detru-
sor	are	 the	main	urodynamic	 risk	 factors,	and	 they	
reciprocally	 increase	 the	occurrence	and	grades	of	
upper	 urinary	 tract	 dilatation.	 The	 grades	 of	 renal	
dilatation	 are	 compatible	 with	 increases	 in	 relative	
unsafe	cystometric	capacity	and	the	calculated	uro-
dynamic	 risk	 score.	 [Wang	 2006]	 Severe	 bladder	
trabeculation	 in	 incontinent	 children	with	NLUTD	 is	
reported	to	be	associated	with	BOO.	[Khoury	2008]

Monocenter	studies	suggest	that	prevention	of	high	
bladder	illing	pressure	(before	upper	tract	dilatation	
is	observed)	is	necessary	and	feasible	even	before	
any	urodynamic	diagnosis.	[Dik	2006;	Hopps	2003;	

Obara	 2003;	 Jong	 2008]	 However	 not	 all	 authors	
consider	 that	 prophylactic	 (high	 pressure	 preven-
tion)	treatment	is	beneicial,	but	all	recommend	pe-
riodic	cystometry	when	new	onset	hydronephrosis,	
vesico-ureteric	 relux	 or	 UI	 develops,	 the	 latter	 in	
children	on	a	continence	program	already	(i.e.	CIC	
and/or	 drug	 therapy).	 [Bauer	1985;	Geranio	1988]	
When	new	onset	UI,	not	related	to	urinary	infection,	
nor	 easily	 treated	 by	 increasing	 current	 treatment	
regimens	occurs,	one	study	has	shown	that	repeti-
tion	 of	 cystometry,	 urethral	 pressure	 proilometry,	
and	 EMG	 measurements,	 is	 helpful	 in	 manage-
ment.	[Teichman	1994]

When	incontinence	develops	in	spite	of	strict	adher-
ence	to	bladder	and	bowel	continence	programs,	or	
when	changes	occur	in	leg	function	or	sensation,	or	
when	the	child	experiences	back	pain	or	increasing	
scoliosis,	a	change	in	neurological	impairment	might	
be	 expected.	 4	 studies,	 noted	 that	 a	 considerable	
number	of	myelodysplastic	children	(40%	to	61%)	re-
gardless	of	their	neurological	level	have	progressive	
neurological	deicits	as	they	grow	up	and	reach	pu-
berty.	[Dator	1992;	Spindel	1987;	Lais	1993;	Tarcan	
2001]	Two	of	 these	studies	noted	changes	particu-
larly	early	in	infancy,	while	a	third	study	noted	chang-
es	 throughout	childhood.	Most	clinicians	agree	 that	
myelodysplasia	is	a	dynamic	disease	process	which	
changes	as	 the	child	grows	and	 that	warrants	con-
stant	 vigilance	of	 both	 the	neurological	 picture	and	
lower	urinary	tract	function.	

In	 2006,	 Schulte-Baukloh	 et	 al	 evaluated	 prospec-
tively	 the	 eficacy	 and	 tolerability	 of	 propiverine	 for	
treating	neurogenic	DO	in	children	and	showed	that	
urodynamic	 testing	 has	 been	 relevant	 to	 evaluate	
the	treatment.	[Schulte	2006]	This	was	recently	con-
irmed	in	a	longer	follow	up	with	urodynamic	evalua-
tion	as	an	outcome.	[Schulte	2011]

Renal	 transplantation	 in	patients	with	myelodyspla-
sia	is	a	challenging	issue.	Persistent	LUT	dysfunction	
carries	increased	risks	for	the	grafted	kidney.	Recent	
publications	 suggested	 that	 renal	 transplantation	 is	
a	 safe	 and	 effective	 treatment	 modality	 in	 patient	
with	myelodysplasia	when	objective	analysis	of	LUT	
function	 is	 done	 and	 the	 results	 are	 taken	 into	 ac-
count	properly.	Some	series	show	cohorts	where	vid-
eourodynamic	 tests	were	performed	on	all	 patients	
preoperatively	 as	well	 as	 postoperatively.	Augmen-
tation	cystoplasty	has	been	reported	to	be	required	
in	a	proportion	of	children	to	achieve	a	low-pressure	
reservoir	 with	 adequate	 capacity	 [Ali-El-Dein	 2004;	
Bilg	2008;	Luke	2003]	to	optimize	the	LUT	for	trans-
plantation.

b) Occult spinal dysraphism 

Several	series	characterising	the	preoperative	uro-
dynamic	 evaluation	 of	 children	 with	 occult	 spinal	
dysraphisms	 have	 documented	 abnormalities	 in	
striated	 urethral	 sphincter	 function	 (denervation	
and/or	detrusor-sphincter	dyssynergia)	in	20	-	35%	
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of	babies	under	2	years	of	age	with	normal	neuro-
logical	 examinations;	 thus	 emphasising	 the	 need	
for	urodynamic	 testing	 in	 these	children.	 [Keating	
1988;	Yip	1985;	Satar	1997;	Torre	2002;	Hsie	2006;	
Kumar	2008]	Six	reports	in	older	children	revealed	
a	 greater	 correlation	 (70	–	 90%)	between	an	ab-
normal	neurological	examination	and	the	likelihood	
of	inding	an	abnormality	on	urodynamics.	[Keating	
1988;	Hsie	2006;	Kumar	2008;	Satar	1995;	Kondo	
1986]	 A	 few	 studies	 demonstrated	 that	 between	
10%	and	20%	of	patients	experience	a	loss	in	func-
tion	 immediately	 postoperatively	 (most	 of	 whom	
had	abnormal	LUT	function	preoperatively),	and	a	
variable	number,	usually	 inversely	 related	 to	age,	
have	improved	sacral	cord	function	on	postopera-
tive	 assessment	 3	 or	more	months	 after	 surgery.	
[Keating	 1988;	 Satar	 1997;	 Satar	 1995;	 Kondo	
1986;	Fone	1997]	Two	studies,	both	retrospective,	
revealed	an	eficacious	response	 in	EMG	activity,	
with	stabilisation	or	improvement	in	up	to	60%,	on	
postoperative	 urodynamic	 assessment	 when	 the	
dysraphic	 state	 was	 corrected	 before	 2	 years	 of	
age.	 [Keating	 1988;	 Satar	 1995]	 When	 children	
were	irst	operated	on	after	2	years	of	age,	2	uro-
dynamic	 reports	 documented	 an	 additional	 25	 to	
35%	with	progressive	changes	 in	urethral	sphinc-
ter	 function	 with	 axial	 growth,	 very	 few	 of	 whom	
had	a	detectable	change	on	physical	examination.	
[Yip	1985;	Satar	1995]

In	a	small	prospective	study	in	2008,	it	was	observed	
that	 children	with	meningomyelocele,	 as	 compared	
to	closed	dysraphism,	tended	to	have	more	bladder	
dysfunction	 as	 exempliied	 on	 clinical	 history	 and	
urodynamic	 assessment.	 The	 authors	 concluded	
that	 a	 urodynamic	 study	 before	 neurosurgical	 in-
tervention	helped	 to	 identify	 the	severity	of	bladder	
dysfunction	in	clinically	overt	cases	and	also	identi-
ied	LUTD	in	clinically	silent	cases.	Evaluation	after	
operation	tended	to	show	better	outcome	in	children	
with	 closed	 dysraphism.	 The	 study	 also	 identiies	
deterioration	 in	some	patients	with	seeming	clinical	
improvement.	[Kumar	2008]

In	2007,	Abrahamson	et	al	studied	the	urodynamic	
indings	 in	 a	 consecutively	 treated	 population	 of	
children	with	meningomyelocele	after	untethering	of	
the	spinal	cord.	Severe	bladder	dysfunction,	moder-
ate	dysfunction	and	mild	dysfunction	were	deined	
preoperatively.	 After	 untethering,	 35%	 of	 the	 pa-
tients	 experienced	 improved	 bladder	 function	 and	
5%	deteriorated.	All	of	the	patients	who	deteriorated	
before	untethering	improved	afterward,	and	90%	of	
those	 who	 were	 stable	 preoperatively	 continued	
to	 be	 stable	 postoperatively.	 [Abrahamsson	 2007;	
Snodgrass	2010]

Conclusions (level 2/3)

•		Retrospective	and	prospective	studies	have	shown	
that	the	urodynamic	diagnosis	of	(neurogenic)	de-
trusor	 overactivity	 and/or	 reduced	 detrusor	 com-
pliance	 in	patients	with	myelodysplasia	or	 (occult)	

spinal	dysraphism	is	not	predictable	on	the	basis	of	
clinical	signs	or	symptoms.

•		Many	retrospective	and	prospective	studies	have	
shown	that	regularly	repeated	urodynamic	testing	
in	 patients	 (children)	 with	 meningomyelocele	 or	
(occult)	spinal	dysraphism	reveals	clinical	relevant	
results	with	regard	to	management	and	surgical	or	
medical	treatment.

•			On	 the	basis	of	expert	opinion,	videourodynamic	
testing	 is	 preferable	 above	 urodynamic	 testing	
without	video,	however	the	exact	advantage	(e.g.	
in	repeated	investigation)	is	not	substantiated.

•		Various	 studies	 have	 shown	 that	 lower	 urinary	
tract	 function	 in	 children	 with	 myelodysplasia	 or	
(occult)	spinal	dysraphism	may	change	over	time	
(and	physical	growth)	

•		No	studies	have	been	published	that	are	a	help	to	
determine	the	optimum	of	timing	and	frequency	of	
urodynamic	follow-up.

Recommendations (grade B/C)

•		Comprehensive	urodynamic	 testing	 is	 advised	 in	
all	patients	with	myelodysplasia	or	(occult)	spinal	
dysraphism	throughout	the	entire	life	on	a	regular	
basis	from	earliest	childhood.

•		On	 indication,	 unscheduled	urodynamic	 testing	
should	be	considered	when	relevant	(lower	body	
half	and	or	urinary	tract)	clinical	(or	neurologic)	
signs	 or	 symptoms	 arise	 or	 when	 significant	
(surgical	 or	 medical)	 treatment	 changes	 have	
been	instigated.

Recommendations (grade C)

•		The	 advantages	 and	 disadvantages	 of	 the	 addi-
tion	of	video	(x-ray)	to	urodynamic	testing	should	
be	considered	 in	children	with	myelodysplasia	or	
(occult)	spinal	dysraphism	on	an	individual	basis.

•		Timing	and	technique	of	urodynamic	testing	in	pa-
tients	with	myelodysplasia	or	 (occult)	 spinal	dys-
raphism	must	be	selected	on	an	individual	basis.

•		To	help	identify	children	at	risk	for	subsequent	uri-
nary	tract	deterioration	or	a	changing	neurological	
picture,	initial	urodynamic	studies,	very	early	in	the	
neonatal	 period,	 are	 recommended	 for	 children	
with	myelodysplasia	or	(occult)	spinal	dysraphism.

•		The	committee	recommends	on	the	basis	of	expert	
opinion	 that	anorectal	 function	or	dysfunction	 is	si-
multaneously	evaluated	with	urinary	tract	function	in	
children	with	myelodysplasia	or	(occult)	spinal	dysra-
phism	(see	also	the	chapter	on	faecal	incontinence).	

c) Sacral agenesis

Sacral	 agenesis,	 absence	of	 the	 lowermost	 verte-
bral	bony	segments,	is	a	lesion	that	can	be	missed	
in	 infancy	because	of	 its	sometimes	subtle	clinical	
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manifestations,	with	generally	no	 loss	of	 lower	ex-
tremity	 motor	 and	 sensory	 function,	 and	 the	 non-
progressive	nature	of	its	pathophysiology.	[Guzman	
1983;	 Borrelli	 1985]	 Urinary	 and/or	 faecal	 inconti-
nence	usually	manifests	at	an	older	age	when	the	
child	 fails	 to	 toilet	 train	on	 time.	A	careful	physical	
examination	 noting	 lattened	 buttocks	 and	 a	 short	
gluteal	crease	is	pathognomonic	for	the	diagnosis.	
In	8	reports	that	provided	enough	data,	urodynamic	
studies	had	been	90%	accurate	 in	delineating	 the	
neurological	 deicit,	 which	 cannot	 be	 predicted	 by	
the	 level	 of	 absent	 vertebrae.	 [Jabokson	 1985;	
Gotoh	1991;	Saito	1991;	Boemers	1996;	Boemers	
1994;	 Boemers	 1994;	 Wilmshurst	 1999;	 Mosiello	
2003;	Taskinen	2002]	These	studies	reveal	that	be-
tween	30	and	40%	of	these	patients	have	an	upper	
motor	neuron	type	lesion	with	DO	and	an	intact	but	
dyssynergic	sphincter,	while	25	to	50%	have	signs	
of	 a	 lower	 motor	 neuron	 deicit	 with	 acontractile	
detrusor	 and	 denervation	 in	 the	 sphincter,	 and	 15	
to	20%	have	normal	LUT	function.	[Guzman	1983;	
Jabokson	 1985]	 Tethered	 cord	 occurs	 in	 children	
without	 sacral	 anomalies	 as	well	 as	 in	 those	with	
low	anorectal	malformation	(ARM).

Mosiello	et	al	[Mosiello	2003]	recommend	evaluation	
of	 all	 patients	 that	 have	 sacral	 agenesis	with	MRI,	
and	 this	 necessity	 has	 been	 conirmed	 by	 others,	
who	 found	 the	 extension	 of	 the	 sacral	 defect	 as	 a	
prognostic	 factor	 for	 retethering.	 [Kim	 2010]	When	
MRI	 shows	 sacral	 or	 spinal	 cord	 anomalies,	 UDS	
should	 be	 considered,	 preceded	 by	 neurological	
exam	 and	 considering	 neurophysiological	 testing	
(evoked	 potential	 testing)	 The	 authors	 of	 this	 and	
subsequent	studies	recommend	a	non-invasive	eval-
uation	for	all	other	children,	and	urodynamics	when	
NLUTD	is	suspected.	[Borg	2009]	It	is	presumed	that	
the	neurological	deicit	associated	with	this	entity	 is	
ixed	because	no	study	showed	any	progression	of	
the	neurological	disorder	with	increasing	age.

Conclusions (level 3)

•		Case	series	have	shown	that	urodynamic	evalua-
tion	of	lower	urinary	tract	function	in	children	with	
(partial)	sacral	agenesis	reveals	a	substantial	inci-
dence	of	clinically	hidden	dysfunction.

•		It	is	shown	that	approximately	one	third	of	children	
with	anorectal	anomalies	have	spinal	dysraphism	
and/or	tethered	spinal	cord	associated	with	urody-
namically	demonstrable	neurogenic	 lower	urinary	
tract	dysfunction	.

Recommendations (grade C)

•		Clinicians	 should	 consider	 urodynamic	 testing	 in	
children	with	sacral	agenesis	and	also	after	(sur-
gery	for)	sacrococcygeal	teratoma

•		Clinicians	must	consider	that	in	children	with	lower	
urinary	tract	dysfunction,	otherwise	clinically	silent	
sacral	agenesis	can	exist.

d) Spinal cord injury

The	scarcity	and	variability	of	spinal	cord	injuries	in	
children	makes	it	dificult	to	propose	any	one	treat-
ment	program	unless	the	speciic	type	of	LUT	func-
tion	 is	 known	 on	 the	 basis	 of	 urodynamic	 testing.	
[Chou	 2006;	 Generao	 2004;	 Silveri	 2006]	 Even	 if	
the	 individual	 regains	 the	ability	 to	void	spontane-
ously	and	empty	his/her	bladder,	it	is	imperative	to	
know	 the	 detrusor	 illing	 and	 emptying	 (detrusor)
pressures.	Even	if	the	child	is	continent	on	CIC,	it	is	
important	to	measure	detrusor	compliance	in	order	
to	 determine	 the	 potential	 risk	 for	 vesico-ureteric	
relux	 and	 hydroureteronephrosis.	 [Pannek	 1997]	
Four	studies	extol	the	need	for	urodynamic	studies	
once	spinal	 shock	 from	 the	 initial	 injury	wears	off,	
to	determine	the	presence	of	low	illing	and	voiding	
pressures	and	the	ability	for	complete	emptying,	for	
the	 reasons	cited	above.	 [Decter	1993;	Kim	1998;	
Fanciullacci	 1988;	 Iwatsubo	 1985]	All	 studies	 are	
monocenter,	 retrospective	 and	 use	 historical	 con-
trols	for	comparison.	

In	 the	 presence	 of	 elevated	 urodynamic	 illing	 and	
voiding	pressures,	a	30%	incidence	of	upper	urinary	
tract	deterioration	can	be	expected.	[Kurzrock	1998]	
Effective	voiding	with	pressures	below	40	cm	H2O in 
the	 absence	 of	 detrusor-sphincter	 dyssynergia	 en-
sures	a	stable	upper	urinary	tract.	[Fanciullacci	1988]	
Urodynamic	 monitoring	 has	 been	 demonstrated	 to	
be	relevant	in	the	follow	up	and	prevention	of	upper	
tract	 deterioration	 in	 a	 retrospective	 cohort	 study.	
[Generao	2004]	In	another	study	on	17	children	aged	
6	months-18	years	with	cervical	(4),	thoracic	(8)	and	
lumbar	(5)	SCI,	all	but	one	showed	DO	on	irst	evalu-
ation,	which	was	changed	to	an	acontractile	and	or	
compliant	 detrusor	 pattern	 by	medical	 treatment;	 7	
had	 increased	 bladder	 capacity	 and	 8	 decreased	
DLPP	at	follow-up;	only	2/17	developed	minor	UUT	
impairment.	 [Silveri	 2006]	 A	 cauda	 equina	 injury	
usually	 leads	 to	a	 lower	motor	neuron	 type	of	dei-
cit	of	the	striated	sphincter	that	may	not	require	any	
treatment	 to	 prevent	 upper	 tract	 damage	 because	
the	 bladder	 empties	 readily	 at	 low	 pressure,	 but	 it	
probably	necessitates	medical	and/or	surgical	 ther-
apy	to	achieve	continence.	Urodynamic	studies	are	
invaluable	 to	 eficaciously	manage	 any	 spinal	 cord	
lesion	related	LUT	dysfunction,	 in	order	to	maintain	
a	healthy	upper	urinary	tract	and	long-term	survival	
with	minimal	morbidity.	[Kim	1998;	Watanabe	1996]

Urodynamic	 studies,	 undertaken	 no	 earlier	 than	 6	
weeks	after	injury,	allow	for	the	manifestation	of	the	
extent	of	the	neurologic	injury.	[Iwatsubo	1985]	Peri-
odic	urodynamic	reassessment	is	appropriate	up	to	
2	years	after	injury,	due	to	the	potential	for	changes	
during	 that	 time.	 Further	 urodynamic	 follow	 up	 is	
‘standard’	as	in	adult	patients.	[Nosseir	2007]

Conclusion (level 2/3)

•		Retrospective	 studies	 have	 shown	 that	 urody-
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namic	testing	of	all	children	with	spinal	cord	in-
jury	is	relevant.

•			Retrospective	studies	have	shown	that	urodynam-
ic	testing	of	children	with	spinal	cord	injury	results	
in	diagnoses	and	 treatment	similar	 to	adults	with	
spinal	cord	injury.

Recommendations (grade C)

•		The	committee	recommends	that	urodynamic	test-
ing	 in	 children	with	 spinal	 cord	 injury	 is	 planned	
on	an	individual	basis,	but	no	earlier	than	6	weeks	
after	injury.

e) Cerebral palsy

Only	 a	 few	 published	 studies	 describe	 the	 urody-
namic	indings	in	children	with	cerebral	palsy.	[Dec-
ter	1987;	Mayo	1992;	Reid	1993;	Yokoyama	1989]	
The	vast	majority	of	the	children	with	cerebral	palsy	
tend	 to	 gain	 normal	 lower	 urinary	 tract	 function,	
but	often	at	an	age	 that	 is	 later	 than	expected	 for	
normal	individuals.	[Decter	1987]	Any	incontinence	
is	 usually	 secondary	 to	 urinary	 urgency	 from	DO.	
[Reid	1993]	A	meta-analysis	of	urodynamic	studies	
performed	 in	 children	with	 either	 persistent	 incon-
tinence	 despite	 frequent	 toileting,	 or	 urinary	 tract	
infection,	 revealed	either	normal	 function	(15%)	or	
DO	 (73%;	85	of	117	patients);[Decter	1987;	Mayo	
1992;	 Reid	 1993]	 detrusor	 sphincter	 dyssynergia	
is	very	 rarely	observed	 	during	voiding	 (5%;	12	of	
249	patients).	 [Dator	1992;	Mayo	1992;	Yokoyama	
1989]	 In	 some	 recent	 studies,	 detrusor-sphincter	
dyssynergia	was	present	in	higher	prevalence	then	
earlier	 reports	 (11%	 /	 5%).	 [Karaman	2005;	Bross	
2007]	 Normal	 function	 was	 less	 prevalent	 (only	
15%)	in	the	more	recent	case	series.	[Bross	2007;	
Silva	2009]

Therefore,	 it	 has	 been	 suggested	 on	 the	 basis	 of	
expert	opinion	that	cystometry	and	sphincter	EMG	
are	to	be	considered,	but	only	when	frequent	toilet-
ing	or	anticholinergic	therapy	fails	to	control	incon-
tinent	episodes,	the	child	develops	urinary	infection	
from	 ineffective	 voiding,	 or	 when	 ultrasonography	
reveals	hydronephrosis.

However,	 videourodynamic	 assessment	 can	 be	
considered	 in	 all	 patients	 with	 infantile	 cerebral	
palsy.	The	decision	should	not	be	based	on	clinical	
symptoms	because	at	least	half	of	the	children	with	
spastic	cerebral	palsy	have	clinically	silent	bladder	
dysfunction.	100%	of	children	had	clinical	improve-
ment	 postoperatively	 (selective	 dorsal	 rhizotomy),	
71%	who	were	 incontinent	 preoperatively	 became	
continent	and	none	had	deterioration	on	urodynam-
ics.	[Bross	2007;	Houle	1998;	Farmer	2007]	There	
is	a	spectrum	of	clinical	and	urodynamic	LUT	func-
tion	in	children	with	cerebral	palsy:	77%	void	spon-
taneously	but	do	have	UI.	Incontinent	children	have	
a	lower	age-related	bladder	capacity,	as	shown	both	
in	slow	ill	water	cystometry	study	[Richardson	2009]	
and	 in	 a	 noninvasive	 evaluation	 (lowmetry	 plus	

PVR),	showing	a	signiicant	difference	between	ob-
served	and	expected	bladder	capacity.	[Ersoz	2009]

Conclusion (level 3)

•		Some	 studies	 (with	 historical/	 literature	 -control	
groups)	have	shown	that	clinically	unexpected	low-
er	 urinary	 tract	 dysfunction	 –	 predominantly	 dys-
functional	voiding	and	lower	bladder	capacity	-	can	
occur	in	children	with	cerebral	palsy.

Recommendations (grade C)

•		Clinicians	 should	 carefully	 evaluate	 voiding	 in	
children	with	cerebral	palsy	and	should	consid-
er	complete	urodynamic	testing	when	dysfunc-
tion	is	suspected

•		Urodynamic	 testing	 is	 to	 be	 considered	 in	 all	 pa-
tients	with	spastic	cerebral	palsy.	Undiagnosed	and	
untreated	 patient’s	 bladder	 dysfunction	 remains	
pathological	 and	 potentially	 dangerous,	 and	 may	
damage	the	upper	urinary	tract.	

f) Tumours

LUTD	exists	after	sacrococcygeal	teratoma	resection	
and	 recently	again	 it	was,	on	 the	basis	of	a	mono-
center	 cohort,	 proposed	 that	 urodynamic	 testing	 is	
necessary	for	those	children.	[Mosiello	2003;	Ozkan	
2006;	Berger	2011]

A	recent	study	showed	that	children	with	central	ner-
vous	 tumours	 can	 have	 urodynamic	 abnormalities,	
whether	 the	 tumour	 is	 in	 the	spinal	cord	or	not.	On	
the	basis	of	this,	a	monocenter	and	selected	cohort	
study	concluded	that	a	child	with	a	CNS	tumour	re-
gardless	 of	 location	 needed	 urological	 and	 urody-
namic	testing.	[Nguyen	2010]

Conclusion (level 3)

•		It	was	shown	in	monocenter	cohorts	that	urodynam-
ic	testing	is	relevant	after	resection	of	a	sacrococ-
cygeal	teratoma.

•		A	 study	 showed	 that	 all	 children	with	 central	 ner-
vous	system	tumours	can	have	lower	urinary	tract	
dysfunction	regardless	of	the	location	of	the	tumour.

3.  ANORECTAL MALFORMATION OR IMPER -
FORATE ANUS

Imperforate	 anus	 is	 classiied	 as	 high,	 intermedi-
ate	or	 low	depending	on	whether	or	not	 the	rectum	
ends	above,	at,	or	below	the	 levator	ani	muscle.	 In	
the	past,	imperforate	anus	repair	for	high	lesions	fre-
quently	resulted	in	urinary	(stress-)	incontinence	due	
to	a	pudendal	nerve	 injury	 that	often	occurs	 from	a	
perineal	approach	to	bringing	the	rectum	down	to	the	
anal	verge.	[Pena	1986]	With	the	advent	of	the	pos-
terior	 sagittal	 anoplasty	 this	 complication	has	been	
eliminated	 as	 a	 cause	 for	 subsequent	 UI,	 although	
bladder	neck	 incompetence	may	be	a	consequence	
of	extensive	mobilisation	of	 the	sigmoid	colon	which	
helps	transfer	the	rectum	to	its	inal	location.	However,	
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reports	 of	 spinal	MRI’s	 reveal	 a	 35%	 incidence	of	
distal	spinal	cord	abnormalities	 in	children	with	an	
imperforate	 anus.	 [Barnes	 1986;	Greenield	 1991;	
Kakizaki	1994]

Wetting	 after	 deinitive	 repair	 is	 reported	 to	 be	 the	
possible	 result	 of	 stress	 incontinence	 through	 inef-
fective	emptying	(‘overlow	incontinence’)	and	under-
active	or	acontractile	detrusor	rather	 than	sphincter	
injury.	In	2005,	Shimada	et	al	reported	on	the	recon-
struction	of	cloacal	anomalies	in	a	consecutive	series	
of	11	girls.	The	main	clinical	characteristic	of	bladder	
dysfunction	was	a	failure	to	empty.	[Shimada	2005]	
They	could	not	deine	the	precise	aetiology,	but	iatro-
genic	injury	from	extensive	dissection	can	lead	to	the	
higher	risks	of	peripheral	nerve	damage.

In	 2004,	Warne	 et	 al	 prospectively	 studied	 the	 ef-
fect	 of	 surgical	 reconstruction	 by	 posterior	 sagittal	
approach	and	 total	 urogenital	mobilisation	 in	 either	
causing	 or	 worsening	 bladder	 dysfunction	 in	 new	
patients	with	cloacal	anomalies.	A	comparable	group	
of	 patients	with	ARM	were	 studied	 as	 comparative	
controls	 to	 assess	 the	 effect	 of	 posterior	 sagittal	
approach	 without	 urogenital	 surgery.	 Natural	 illing	
urodynamics	via	a	suprapubic	catheter	showed	that	
bladder	dysfunction	was	present	in	9	of	10	patients	
with	cloacal	anomalies	and	in	12	of	20	patients	with	
ARM.	After	 surgery	 there	was	 signiicant	 deteriora-
tion	 (frequently	 a	 change	 to	 underactive	 detrusor)	
in	bladder	 function	 in	half	of	 the	cloacal	group	and	
in	1	of	20	patients	with	ARM.	Patients	with	 cloacal	
malformation	have	a	high	incidence	of	innate	LUTD	
and	surgical	 reconstruction	can	cause	 further	dete-
rioration	particularly	 in	 the	group	 that	needs	exten-
sive	 intrapelvic	 mobilization.	 Urodynamic	 assess-
ment	is	required	to	evaluate	LUTD	in	these	patients.	
[Warne	2004]	In	2006,	a	prospective	study	reported	
on	children	with	ARM,	prior	 to	and	 following	deini-
tive	procedure,	using	urodynamic	evaluation.	Among	
these	19	children,	13	underwent	re-evaluation	after	
deinitive	surgery	for	ARM.	Only	9	of	the	19	patients	
had	 normal	 urodynamics	 pre-operatively	 and	 post-
operatively,	and	 the	LUT	function	of	3	patients	was	
found	to	be	worsened	postoperatively.	[Kumar	2006]

Mosiello	et	al	recommends	evaluation	of	all	patients	
with	ARM	 using	MRI.	When	MRI	 shows	 sacral	 or	
spinal	cord	anomalies,	urodynamics	should	be	per-
formed.	 They	 recommend	 a	 non-invasive	 evalu-
ation	 for	 all	 other	 children	and	urodynamics	when	
NLUTD	is	suspected.	[Mosiello	2003]

NLUTD	occurs	 in	50%	of	 those	with	ARM.	 [Kumar	
2006;	Boemers	1996]	The	prevalence	of	spinal	dys-
raphism	and/or	tethered	cord	in	patients	with	ARM	
is	32-34%,	independently	from	the	severity	of	ARM	
and	a	variable	proportion	(40-60%)	of	those	patients	
who	have	 tethered	 cord	 needed	untethering.	 [Kim	
2010;	Suppiej	2009]

The	 reliability	 and	 reproducibility	 of	 these	 indings	
among	the	various	studies	analysed	confers	an	im-

portant	role	for	videourodynamic	studies	as	an	inte-
gral	part	of	the	evaluation	and	management	of	these	
children:	 it	has	diagnostic	accuracy;	 it	provides	ar-
guments	 to	 consider	 treatment	 of	 any	 intraspinal	
(neural)	abnormality	to	improve	the	child’s	chances	
of	achieving	urinary	and	faecal	continence.	Urody-
namic	 testing	 is	also	considered	useful	as	a	basis	
for	future	comparison,	if	LUTD	should	subsequently	
become	a	problem	in	children	not	undergoing	early	
spinal	cord	exploration.	

The	VATER	or	VACTERL	association	is	a	group	of	di-
verse	abnormalities	that	include	Vertebral	bony,	Anal	
atresia,	Cardiac,	Tracheo-Esophageal	 istula,	Renal	
and	 Limb	 anomalies.	 [Cardenas	 1995]	 Imperforate	
anus	may	occur	as	an	isolated	lesion	or	in	conjunction	
with	 this	 association.	 Spinal	 cord	 pathology	 occurs	
in	 38%	of	 cases	 producing	 a	 picture	 of	 upper	 and/
or	lower	motor	neuron	deicits	to	the	LUT.	[Boemers	
1996;	Greenield	1991;	Emir	1998;	Capitanucci	1996;	
De	Gennaro,	M.	1994]	By	combining	the	incidences	
in	3	studies	it	was	found	that	the	presence	of	an	ab-
normal	 sacrum	 increases	 the	 likelihood	of	 LUTD	 to	
as	high	as	76%	(38	of	50	children).	[Boemers	1996;	
Emir	1998;	Capitanucci	1996]	When	the	rectum	ends	
above	the	levator	ani	muscle	there	is	a	much	greater	
chance	of	LUTD	than	when	it	ends	below	the	pelvic	
loor	 [Mosiello	 2003;	 Emir	 1998]	 and	 the	 older	 the	
child	 is	 at	 the	 time	 of	 urodynamic	 assessment	 the	
more	likely	he/she	is	to	have	abnormal	LUT	function.	
[De	Gennaro,M.	1994;	Capitanucci,M.L.	1996]

Conclusions (level 3)

•		Various	studies	have	shown	that	a	signiicant	pro-
portion	of	children	with	an	anorectal	malformation	
has	primary	or	secondary	dysfunction	of	the	lower	
urinary	tract,	lower	urinary	tract	innervation	abnor-
malities	or	pelvic	loor	dysfunction.	

Recommendations (grade C)

•		Clinicians	 should	 consider	 urodynamic	 testing	 in	
children	with	imperforate	anus	when	clinical	signs	
of	lower	urinary	tract	dysfunction	exist.	

•		Clinicians	 should	 consider	 urodynamic	 testing	 in	
children	where,	on	the	basis	of	an	MRI,	or	on	the	
basis	 of	 clinical	 examination,	 relevant	 neurologi-
cal	abnormalities	exist,	before	and	or	after	recon-
structive	surgery	independent	of	(the	existence	of)	
lower	urinary	tract	symptoms.

4. ANATOMIC ABNORMALITIES

The	use	of	urodynamics	 for	evaluating	anatomic	 le-
sions	that	affect	the	lower	and,	consequently,	the	up-
per	urinary	tract	in	children	is	still	somewhat	controver-
sial.	Essentially,	the	evidence	consists	of	uncontrolled	
case	series	and	expert	opinions	although	many	clini-
cians	now	feel	its	usefulness	is	beyond	question.

a) Posterior urethral valves

Nowhere	 is	 the	 above	 controversy	 more	 obvious	
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than	 in	boys	with	posterior	urethral	valves.	 [Bauer	
1979;	Mitchell	 1982;	Glassberg	 2001]	Prior	 to	 the	
ready	availability	of	urodynamics,	persistent	upper	
urinary	 tract	 dilation	 was	 managed	 with	 bladder	
neck	resection	and/or	striated	urethral	sphincter	re-
section.	 By	 demonstrating	 the	 presence	 of	 DO	 or	
secondary	 underactive	 detrusor,	 urodynamic	 stud-
ies	 have	 helped	 explain	 the	 indings	 of	 hydroure-
teronephrosis	 that	 many	 of	 the	 children	 exhibited	
over	 time	 despite	 adequate	 valve	 ablation.	 These	
studies	changed	 the	 focus	 from	 increased	bladder	
outlet	resistance	to	altered	bladder	function	as	the	
aetiology	of	the	longer	term	sequelae.	

There	are	only	a	 few	urodynamic	 reports	prior	 to	
valve	ablation.	In	one,	DO	was	seen	in	60%,	poor	
compliance	 in	 10%	 and	 normal	 function	 in	 30%.	
[Kim	1997]	 In	 the	other,	all	46	patients	had	 ‘blad-
der	 hypercontracility’	 (obsolete	 term,	 used	 in	 the	
manuscript)	and	comparable	high	maximum	void-
ing	 detrusor	 pressures.	 At	 the	 end	 of	 follow	 -up	
(mean	4.5	years)	 in	 this	second	study,	no	patient	
in	group	1	(22	patients	who	underwent	simultane-
ous	valve	ablation	and	bladder	neck	incision	at	the	
6	o’clock	position)	had	 ‘bladder	hypercontractility’	
or	 DO,	 and	 the	mean	maximum	 voiding	 detrusor	
pressure	was	 53	 ±	 15	 cm	H2O.	 In	 comparison,	 9	
patients	 in	 group	 2	 (24	 patients	 who	 underwent	
simple	valve	ablation)	had	 ‘bladder	hypercontrac-
tility’,	 6	 had	DO	and	 the	mean	maximum	 voiding	
detrusor	pressure	was	87	±	45	cm	H2O	 (p<0.01).	
[Kajbafzadeh	2007]	Another	study	compared	uro-
dynamic	patterns	before	and	after	valve	ablation,	
and	within	 15	 days	 following	 ablation	 and	 at	 one	
year	 of	 life.	 At	 presentation,	 median	 cystometric	
bladder	capacity	was	22	mL	(5	to	125)	and	maxi-
mum	voiding	pressure	was	112	cm	H2O	(40	to	331.	
No	 signiicant	 differences	were	 found	 before	 and	
after	ablation.	Voiding	pressures	had	signiicantly	
decreased	 (p=0.01)	 and	bladder	 capacity	 had	 in-
creased	 (p<0.001)	 at	 1-year	 follow-up.	 [Taskinen	
2009]	Comparing	the	patterns	found	in	other	series	
of	infants,	voiding	pressures	in	infants	with	poste-
rior	urethral	valves	are	as	high	but	not	higher.	

In	a	series	of	urodynamic	studies	after	valve	ablation,	
the	type	of	bladder	function	observed,	correlates	with	
the	 time	elapsed	 from	surgery;	DO	 is	 the	predomi-
nant	 pattern	 initially	 [Bauer	 1979]	 but	 changes	 are	
noted	in	both	DO	and	compliance	over	time.	[Holm-
dahl	1995;	Holmdahl	1996;	De	Gennaro,M.	1996;	De	
Gennaro,M.	2000;	Donohoe	2004]	In	2005,	a	series	
of	30	patients	showed	DO	with	single	or	multiple	de-
trusor	contractions	 in	60	%,	and	small	capacity,	 re-
duced	bladder	compliance	in	40%.	[Puri	2005]

Myogenic	 failure,	 in	conjunction	with	 increasing	ca-
pacity	and	poor	emptying,	are	primarily	a	later	phe-
nomenon,	 and	 are	 most	 likely	 to	 be	 secondary	 to	
increased	urine	production	and	decreased	frequen-
cy	of	 voiding	with	advancing	age.	 [Holmdahl	 1996]	
Despite	 early	 valve	 ablation,	 a	 large	 proportion	 of	

boys	treated	for	PUV	have	gradual	detrusor	‘decom-
pensation’	and/or	secondary	bladder	neck	outlet	ob-
struction	 leading	 to	obstructive	voiding	and	inally	
underactive	detrusor	or	acontractility.	[Androulaka-
kis	 2005]	 Vesico-ureteric	 relux	 was	 initially,	 in	 a	
small	 and	 selected	 series,	most	 commonly	 noted	
in	boys	with	DO,	whereas	hydronephrosis	is	most	
frequently	 seen	 with	 a	 poorly	 compliant	 bladder,	
[Peters	 1990;	 Ghanem	 2004]	 while	 in	 a	 recent	
study	 patient	 with	 and	 without	 relux	 had	 similar	
voiding	 pressures.	 The	 persistence	 of	 upper	 uri-
nary	tract	changes	is	related	to	the	bladder’s	unre-
sponsiveness	 to	medical	 therapy	 for	 the	DO	and/
or	 for	 detrusor	 underactivity	 (usually	 clean	 inter-
mittent	(self-)	catheterisation).	However,	 it	 is	pos-
sible	that	this	condition	is	secondary	to	suficiently	
infrequent	 voiding	 in	 the	 face	 of	 increased	 urine	
production.	BOO	from	a	secondary	hypertrophied	
bladder	neck	 can	also	occur,	 requiring	 further	 in-
tervention.	 [Kajbafzadeh	 2007]	 Several	 studies	
have	shown	 the	predictability	of	 the	development	
of	renal	failure	based	on	speciic	detrusor	patterns	
seen	 on	 urodynamic	 evaluation;	 persistent	 poor	
compliance,	high	detrusor	pressures,	BOO	and	or	
chronic	 failure	of	 the	detrusor	 to	adequately	con-
tract	 during	 voiding	 with	 increased	 PVR	 are	 the	
most	 likely	 causes	 of	 deterioration.	 [Bauer	 1979;	
Mitchell	 1982;	 Holmdahl	 1995;	 Holmdahl	 1996;	
Peters	1990;	Lopez	2002;	Ansari	2010]	Most	prob-
ably,	 the	 extended	 use	 of	 antenatal	 diagnosis	
could	 select	a	 ‘new	generation’	of	 valve	patients,	
who	undergo	proper	early	ablation	of	the	obstruct-
ing	 valves	 allowing	 normal	 cycling,	 which	 helps	
‘bladder	healing’.	Youssinf,	 comparing	a	group	of	
16	children	who	underwent	valve	ablation	as	new-
borns	and	a	group	of	16	boys	observed	after	age	
1	 year,	 showed	 that	 post-void	 residual	 urine	 and	
vesicoureteral	relux	improved	in	a	higher	percent-
age	in	those	early	treated.	[Youssif	2009]

b)  Bladder exstrophy and persistent Cloacal 
anomalies

Once	 the	 exstrophied	 bladder	 is	 closed	 it	may	 be	
dificult	to	manage	persistent	UI,	upper	urinary	tract	
dilation	or	vesico-ureteric	relux.	Whether	to	further	
improve	 continence	 function	 and	 whether	 to	 per-
form	augmentation	cystoplasty	for	a	small	capacity,	
poorly	compliant	bladder	are	challenging	questions.	
In	addition,	as	more	children	undergo	complete	pri-
mary	repair	of	the	exstrophic	bladder	in	the	neona-
tal	 period,	 the	most	accurate	assessment	of	 blad-
der	function	is	by	urodynamics.	Only	a	few	studies	
report	the	change	in	LUT	function	following	bladder	
neck	reconstruction	in	patients	with	persistent	incon-
tinence;	20%	show	DO	preoperatively	versus	37%	
postoperatively,	 and	 compliance	worsens	 in	 up	 to	
50%	after	surgery.	[Hollowell	1993;	Diamond	1999;	
Burki	2006;	Caione	2005]	No	studies	are	extant	that	
have	correlated	incontinence	with	bladder	capacity,	
compliance,	 DO	 and/or	 LPP.	 [Gargollo,P.C.	 2008;	
Kajbafzadeh	2008;	Camanni	2009]
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c) Ectopic ureterocele

Urodynamic	studies	 in	babies	with	an	ectopic	ure-
terocele	 have	 shown	 that	 LUT	 function	 may	 be	
altered	 in	as	many	as	half	 the	affected	patients;	2	
reports	 revealed	 that	 between	 55	 and	 70%	had	 a	
larger	 than	 normal	 capacity	 bladder	 for	 age	 with	
high	 compliance,	 and	 poor	 bladder	 emptying	 due	
to	underactive	detrusor.	[Abrahamsson	1998;	Sher-
man	 2003]	 In	 another	multicentre	 analysis	 of	 616	
children	with	a	variety	of	ureterocele	 types,	 inves-
tigators	found	only	a	6%	incidence	of	bladder	dys-
function	(all	in	children	with	an	ectopic	ureterocele)	
consisting	of	primarily	DO;	 less	 than	1%	had	poor	
bladder	emptying	whereas	the	remainder	had	nor-
mal	bladder	storage	function	and	complete	empty-
ing.	[Holmes	2002]	In	a	recent	study	in	2007,	void-
ing	dysfunction	was	suspected	 in	23%	of	patients.	
[Shimada	2007]	UI	and/or	infection	following	surgi-
cal	incision	or	excision	of	a	ureterocele	is	likely	to	be	
secondary	to	the	obstructive	effects	of	the	uretero-
cele	directly	on	the	bladder	outlet	and	not	to	any	sur-
gical	 complication.	 [Holmes	 2002;	Sherman	 2003;	
Abrahamsson	 1998]	 Patients	 undergoing	 bilateral	
ectopic	ureterocele	repair	are	at	 increased	risk	 for	
postoperative	voiding	dysfunction.	Whether	this	risk	
is	present	preoperatively	or	is	a	result	of	a	trigonal	
lesion	 is	 unclear.	 Recently,	 there	 is	 an	 increasing	
agreement	 in	 favour	 of	 conservative	management	
of	paediatric	duplex	system	ureteroceles,	by	mean	
of	 simple	 endoscopic	 puncture	 followed	 by	 close	
surveillance:	relux	can	resolve	spontaneously	in	a	
signiicant	number	of	patients,	and	bladder	function	
should	be	conserved.	[Matsui,F.	2009;	Jesus	2011]

d) Vesicoureteral relux 

It	had	been	shown	that	vesico-ureteric	reflux	may	
be	 a	 secondary	 phenomenon	 resulting	 from	DO	
and	 not	 a	 primary	 anatomic	 abnormality	 at	 the	
ureterovesical	 junction	 in	 a	 significant	 propor-
tion	of	children.	 [Koff	1979;	Griffiths	1987;	Sillen	
1996;	 Greenfield	 2000;	 Capitanucci	 2000;	 Po-
desta	 2004]	 There	 is	 growing	 evidence	 that	 DO	
may	lead	to	vesico-ureteric	reflux	in	a	marginally	
competent	 ureterovesical	 junction	 mechanism.	
[Khoury	2008;	Chandra	1996;	Chandra	2000]	This	
DO	may	 be	 a	 natural	 phenomenon	 in	 the	 infant	
bladder,	especially	 in	boys,	due	 to	 the	presence	
of	higher	voiding	pressures	[Podesta	2004;	Web-
ster	1984;	Sillen	1992;	Sillen	1996;	Yeung	1997;	
Bachelard	1999]	and/or	a	 learned	dysfunction	 in	
older	children	who	try	to	withhold	voiding	through-
out	 the	day.	 [Greenfield	2000]	Several	 investiga-
tors	have	shown	that	DO	tends	to	resolve	with	in-
creasing	age	[Chandra	1996;	Sillen	1996;	Nielsen	
1989;	Sjostrom	2009],	also	showing,	in	a	longitu-
dinal	study,	that	changes	occur	between	the	first	
and	 second	 year	 of	 life	 in	 children	 with	 dilating	
reflux,	going	from	an	immature	pattern,	with	high	
pressure	 levels,	 to	 a	 high	 capacity	 bladder	 with	
incomplete	voiding.	[Sjostrom	2009]

The	bladder	pressure	at	the	onset	of	vesico-ureteric	
relux,	as	determined	by	nuclear	cystometrography,	
is	a	signiicant	 independent	predictor	of	vesico-ure-
teric	 relux	 resolution	 in	 children.	 The	 pressure	 at	
the	 onset	 of	 vesico-ureteric	 relux	 was	 also	 highly	
predictive	 of	 spontaneous	 resolution	 (p	 =	 0.0005).	
Vesico-ureteric	relux	occurring	at	greater	pressures	
was	more	 likely	 to	 resolve	spontaneously,	 indepen-
dent	 of	 the	 vesico-ureteric	 relux	 grade	 or	 bladder	
volume	at	the	onset	of	vesico-ureteric	relux.	[Aren-
donk	2007]	The	degree	of	 renal	scarring	 (p=0.018)	
and	the	degree	of	relux	(p=0.038)	were	found	asso-
ciated	with	the	detrusor	pressure	with	highest	detru-
sor	pressure	in	the	group	with	‘urge	syndrome’.	[Acar	
2009]	In	addition	to	grade	of	relux,	bladder	volume	
relative	to	predicted	bladder	capacity,	at	the	onset	of	
vesico-ureteric	 relux,	appears	 to	provide	additional	
prognostic	 information	 regarding	 the	 likelihood	 of	
spontaneous	 resolution	 of	 primary	 vesico-ureteric	
relux.	 [McMillan,Z.M.	2006]	Large	bladder	capacity	
and	high	compliance	correlated	with	‘passive’	relux,	
while	 relux	 during	 micturition	 correlated	 with	 low	
bladder	 capacity:	 the	 irst	 pattern	 showed	 a	 lower	
resolution	 rate	within	 the	 third	year	of	 life,	 in	a	 lon-
gitudinal	study	by	videocystometry.	[Wahll,L.	2009]

Despite	 this	 inding,	 there	 is	 ample	 evidence	 in	 4	
studies	to	show	that	treating	the	DO	and/or	voiding	
dysfunction	 with	 anticholinergic	 agents	 leads	 to	 a	
faster	rate	of	resolution	of	vesico-ureteric	relux	(63	-	
92%	within	1	year)	[Homsy	1985;	Scholtmeijer	1994;	
Batista	1997]	than	it	might	when	the	child	is	treated	
only	 with	 antibiotics	 to	 prevent	 recurrent	 infection	
(resolution	rate	25	-	54%).	[Seruca	1989;	Ural	2008]

In	 this	 setting,	 history-taking	 about	 voiding	 habits	
[Gool	1992],	and	urodynamics	with	cystometry	and	
urolowmetry	 to	conirm	 the	abnormal	bladder	and	
possibly	 sphincter	 function,	 become	 paramount,	
rather	 than	 	 just	 treating	 the	 child	 with	 antibiotics	
and	 getting	 yearly	 voiding	 or	 nuclear	 cystograms.	
Urodynamic	 studies	 have	 conirmed	 the	 presence	
of	DO	and/or	high	voiding	pressures	in	at	least	half	
the	babies	studied	with	high	grades	of	vesico-ure-
teric	 relux,	 whereas	 only	 38%	 had	 totally	 normal	
function.	 [Webster	 1984;	 Bachelard	 1999;	 Yeung	
1998;	Bachelard	1998;	Sillen	1999;	Ural	2008]	Up-
per	urinary	tract	damage	is	more	apt	to	occur	in	chil-
dren	with	abnormal	bladder	function	as	reported	in	
4	retrospective	reviews.	[Nielsen	1989;	Scholtmeijer	
1994;	Sillen	1999;	Leonardo	2007]

In	2006,	videourodynamic	studies	were	performed	in	
40	patients.	 LUTD	was	present	 in	76%	of	 the	 chil-
dren,	 with	 DO	 in	 73%	 of	 the	 children	 with	 vesico-
ureteric	relux,	in	63%	of	the	children	with	UI,	in	77%	
of	 the	 children	with	 episodic	 urinary	 tract	 infection,	
and	in	all	of	the	children	with	diurnal	enuresis.	Com-
pared	to	children	without	LUTD,	the	voiding	pressure	
was	signiicantly	higher	in	children	with	dysfunctional	
voiding	(with	vesico-ureteric	relux,	61	±	30	vs.	25	±	
16	cm	H2O,	p	=	0.004;	without	VUR,	53	±	24	vs.	25	±	
16	cm	H2O,	p	=	0.010).	[Kuo	2006]	In	the	5	patients	
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who	 had	 post-treatment	 urodynamic	 studies,	 bio-
feedback	pelvic	loor	muscle	 training	and	treatment	
with	 antimuscarinics	 effectively	 decreased	 detrusor	
pressure,	increased	bladder	capacity	and	maximum	
low	rate,	and	reduced	the	grade	of	VUR.	In	children	
with	 recurrent	 or	 persistent	 urinary	 tract	 infection,	
meticulous	assessment	of	signs	and	symptoms	is	re-
ported	to	have	a	±	70-80%	association	with	the	result	
of	invasive	UDS.	[Ramamurthy	2010]

Special	attention	should	be	given	to	secondary	causes	
of	vesicoureteral	relux	such	as	primary	bladderneck	
dysfunction	(reported	to	be	an	underdiagnosed	entity	
in	 those	 children),	 since	 conventional	 treatment	will	
most	likely	fail	if	these	conditions	are	not	addressed	
which	was	shown	to	be	relevant	in	a	randomized	trial.	
[Kajbafzadeh	2010;	Glassberg	2010]	

Many	clinicians	 treating	patients	with	vesico-ureteric	
relux,	 advocate	 urodynamics	 to	 assess	 the	 LUT	 in	
children	with	high	grade	vesico-ureteric	relux,	espe-
cially	for	those	patients	that	have	incontinence,	renal	
damage,	or	who	are	about	to	undergo	surgery	for	vesi-
co-ureteric	 relux.	 [Scholtmeijer	 1994;	 Moran	 2004;	
Musquera	2004;	Fotter	2005;	Kajbafzadeh	2010]	Pre-
cise	urodynamic	(pressure	low)	criteria	for	outlet	con-
ditions	in	children	are	however	still	undeined.

e) Urethral stricture

Urethral	 stricture	 disease	 in	 boys	 is	 rare,	 usually	
arising	 from	a	previously	unsuspected	straddle	 in-
jury.	Urolowmetry	can	accurately	predict	the	pres-
ence	of	a	urethral	stricture	in	88%	of	affected	males.	
[Martin	 1995]	The	 signiicantly	 decreased	quotient	
of Q

max	at	greater	and	at	smaller	VV’s	was	suggest-
ed	 to	 be	 useful	 to	 demonstrate	 a	mild	 BOO.	 [Sz-
abó	1996]	An	occult	 urethral	 obstruction	 develops	
in	 some	 asymptomatic	 children	 after	 hypospadias	
repair	 and	 urolowmetry	 can	 be	 helpful	 [Orkisze-
wski	2004;	Kaya	2007],	as	showed	by	signiicantly	
different	pre-	and	post-meatotomy	indings	of	Qmax 
(p=0.001),	 voiding	 times	 (p=0.03)	 and	 curve	mor-
phology.	[VanderBrink	2008]

Periodic	 urinary	 low	 rates,	 analysing	 the	maximum	
low	rate	in	relation	to	volume	voided,	may	alert	the	cli-
nician	to	early	signs	of	renarrowing	but	eficacy	of	pe-
riodic	low	rates	has	not	been	corroborated.	[Bukurov	
1992]	Urolowmetry	should	be	integral	in	the	manage-
ment	 of	 urethral	 stricture	 and	 complete	 urodynamic	
investigation	is	repeatedly	required	after	treating	trau-
matic	rupture	of	the	posterior	urethra.	[Otgun	2006]

Conclusions (level 3)

•		Many	 case	 series	 have	 demonstrated	 frequent 
urodynamic	abnormalities,	predominantly	detrusor	
overactivity	 and	 reduced	 bladder	 compliance	 or	
large	capacity	bladder	with	impaired	illing	sensa-
tion,	in	children	with	posterior	urethral	valves,	ure-
thral	stricture,	ectopic	ureterocele,	vesico-ureteric	
relux	or	bladder	exstrophy.	

•		Proper	urodynamic	assessment	has	shown	to	be	
of	help	to	determine	when	further	medical	or	surgi-
cal	management	is	indicated	in	children	with	these	
abnormalities.

•		The	use	of	urodynamic	studies	has	aided	in	an	ob-
jective	measurement	of	success	or	failure	of	treat-
ments	for	these	abnormalities.

Recommendations (grade C)

•	 Clinicians	 should	 consider	 complete	 urodynamic	
testing	 of	 the	 illing	 and	 voiding	 function,	 at	 least	
once,	in	children	with	posterior	urethral	valves,	ure-
thral	 stricture,	 ectopic	 ureterocele,	 vesico-ureteric	
relux	or	bladder	extrophy.

•		Clinicians	should	consider	regular	urolowmetry	and	
postvoid	residual	urine	assessment	in	the	follow-up	
and	further	management	of	children	with	posterior	
urethral	 valves,	 urethral	 stricture	 ectopic	 uretero-
cele,	vesico-ureteric	relux	or	bladder	exstrophy.

5.  FUNCTIONAL DISORDERS OF THE LOWER 
URINARY TRACT

When	assessing	 functional	disorders	 involving	 the	
LUT	 in	 children,	 one	 must	 take	 into	 account	 the	
dynamics	of	the	maturing	nervous	system,	learned	
habits	of	elimination	for	bladder	and	bowel	function	
and	social	inluences	that	might	modulate	the	child’s	
behaviour	 in	 a	 negative	 or	 in	 a	 positive	 manner.	
[Yeats	1976;	MacKeith	1973]	

a) Diurnal incontinence

Urodynamics	 has	 a	 limited	 place	 in	 diurnal	 (day	
and	night)	 incontinence.	This	condition	 is	not	con-
sidered	worrisome	before	age	5	or	6.	When	older,	
most	 children	 without	 an	 (until	 then	 unsuspected)	
anatomic	or	neurological	lesion	should	be	dry.	[Bell-
man	 1966;	Neveus	 2006]	UI	 in	 children	 can	 have	
many	causes	and	history	and	clinical	 investigation	
are	very	important	in	this	regard.	UI	can	also	coin-
cide	with	dysfunctional	voiding	and	or	bowel	elimi-
nation	problems.	[O’Regan	1985;	Koff	1998]	Treat-
ing	these	elimination	dysfunctions	with	behavioural	
modiication,	biofeedback	 training,	drug	 therapy	or	
CIC	[Pohl	2002]	and/or	antibiotics	to	prevent	further	
urinary	 infection	 is	 necessary	 before	 considering	
urodynamics.	[McKenna	1999]	Urolowmetry	with	a	
PVR	urine	determination	and	cystometry	are	how-
ever	 indicated;	 especially	 if	 the	 incontinence	 per-
sists	despite	medical	 therapy.	A	monocenter	study	
reports	that	children	with	chronic	constipation	as	the	
predominant	symptom	can	also	have	unrecognized	
LUT	problems.	[Kasirga	2006]

In	one	study	of	girls	with	recurrent	 infection	without	
vesico-ureteric	relux	two	distinct	patterns	of	dysfunc-
tion	emerged	in	80%	of	those	studied,	either	DO	with	
a	normal	urinary	low	pattern	and	complete	empty-
ing,	or	a	normal	detrusor	with	an	intermittent	low	pat-
tern	and	incomplete	emptying.	[Borer	1999]	In	boys	
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with	persistent	day	and	night	time	incontinence,	UDS	
is	warranted	 to	determine	 the	presence	of	different	
forms	of	LUTD	that	may	be	contributing	to	the	symp-
toms.	[Ramakrishnan	2008;	Yeung	2004]

Faecal	incontinence	in	the	absence	of	any	anatomi-
cal	or	neurological	deicit	often	affects	LUT	function	
and	 contributes	 to	 UI	 in	 a	 number	 of	 ways.	 Con-
stipation	and	faecal	impaction	have	been	shown	to	
cause	DO	and	a	reduced	functional	bladder	capac-
ity.	 [Kasirga	 2006]	 Understanding	 and	 eliminating	
this	possible	aetiology	can	normalise	LUT	function.	
There	 is	 no	 need	 for	 urodynamic	 testing,	 before	
starting	 treatment	 for	 faecal	 impaction,	 in	 these	
cases.	[O’Regan	1985]

Persistent	 daytime	 and	 night-time	 incontinence	 in	
the	absence	of	urinary	infection	and	a	normal	blad-
der	and	bowel	emptying	regimen	warrants	cystom-
etry,	pressure-low	studies	and	a	urinary	low	rate.	
A	meta-analysis,	over	20	years,	of	460	children	with	
daytime	 incontinence	 evaluated	 with	 urodynamic	
studies	 reveals	DO	 in	57%	 (261	of	460),	dysfunc-
tional	 voiding	 (failure	 to	 relax	 the	 sphincter	mech-
anism)	 in	 22%	 (34	 of	 152)	 and	normal	 indings	 in	
only	14%	(64	of	460).	[Webster	1984;	Hanna	1981;	
Borzyskowski	1987;	Rodriguez	1989]	Many	of	those	
studies	use	terms	that	are	outdated	now	and	those	
should	be	 replaced	 (‘transformed’	where	possible)	
with	the	new.	[Neveus	2006]	In	recent	studies,	dys-
functional	voiding	was	present	in	76%	of	40	children	
with	 DO.	 [Kuo	 2006;	 Zajaczkowska	 2004]	 These	
indings	are	not	gender-speciic	but	are	age-depen-
dent,	 with	most	 children	 outgrowing	 the	 abnormal	
indings	by	puberty.	 [Borzyskowski	1987]	 It	 is	pre-
sumed	 that	 normal	 children,	 without	 day	 or	 night-
time	wetting,	do	not	have	a	pronounced	degree	of	
DO	or	dyssynergia	but	the	evidence	for	this	is	lack-
ing	due	to	the	paucity	of	studies	in	normal	children.	

Urodynamic	testing	has	clearly	improved	our	under-
standing	of	the	aetiology	of	diurnal	incontinence	but	
no	study	has	shown	that	urodynamic	characterisa-
tion	of	any	abnormality	has	improved	the	eficiency	
of	treatment	for	these	children.

b) Enuresis (nocturnal)

Night-time	wetting	 (enuresis)	 is	 a	 condition	 that	 is	
common	 in	 children	 aged	 5	 years	 but	 which	 im-
proves	with	 time,	 so	 that	 less	 than	15%	of	puber-
tal	 boys	 and	 5%	 of	 pubertal	 girls	 continue	 to	 be	
affected.	 [Fergusson	1986]	Multiple	causes	for	 the	
persistent	wetting,	 ranging	 from	genetic	 factors,	 to	
maturational	 delays,	 to	 sleep	 disturbances,	 to	 so-
cial	causes,	to	attention	deicit	disorders,	to	bladder	
and	urethral	dysfunction,	 to	excess	luid	 intake,	 to	
abnormal	vasopressin	secretion	and/or	to	constipa-
tion,	 have	 been	 implicated.	 [O’Regan	 1985;	 Hoe-
beke	1995;	Hjalmas	1997;	Chandra	1998;	Neveus	
2006]	Although	in	various	cultures	there	may	be	so-
cial	and	familial	pressures	to	resolve	the	condition	
before	puberty,	 in	western	 societies	 it	 is	 generally	

not	necessary	to	conduct	urodynamics	until	adoles-
cence,	to	determine	why	the	wetting	has	not	abated.	
Urodynamic	 testing	 in	 615	 enuretic	 children,	 with	
and	without	daytime	symptoms,	has	identiied	DO	in	
61%.	[Mayo	1990;	Medel	1998;	Hellerstein	2003]	In	
a	prospective	study,	bladder	volume	and	wall	thick-
ness	index	was	calculated	based	on	ultrasound	stud-
ies.	The	index	was	measured	by	dividing	maximum	
bladder	volume	by	mean	bladder	thickness.	Bladder	
volume	was	expressed	(normalized)	as	percentage	
by	dividing	the	patients	measured	bladder	capacity	
by	expected	bladder	capacity	and	subsequently	the	
detrusor	was	classiied	as	thick	(index:<	70),	normal	
(70	 to	130)	or	 thin	 (>130).	Of	 the	patients	with	an	
index	of	less	than	70:	96%	exhibited	DO	on	cystom-
etry.	 [Yeung	2004;	Sreedhar	2008]	 In	another	pro-
spective	 study,	 116	 children	with	 primary	enuresis	
were	evaluated	and	urodynamic	abnormalities	were	
seen	 in	 80/116	 (69%)	 patients	 namely	DO	50/116	
(43%),	small	bladder	capacity	20/116	(17%),	 large	
bladder	 capacity	 4/116	 (3%),	 decreased	 bladder	
compliance	3/116	(3%)	and	detrusor	sphincter	dys-
synergia	3/116	(3%).	The	combination	of	abnormal	
micturition	history	with	daytime	urinary	urgency	or	
frequency,	 or	 dysfunctional	 voiding	 symptoms	 like	
squatting	and/or	abnormal	voiding	charts,	predicted	
abnormal	 results	 of	 urodynamics	 correctly,	 with	 a	
sensitivity	 of	 81%	 and	 speciicity	 of	 86%.	 [Sehgal	
2007]	However,	other	studies	state	that	urodynamic	
diagnoses	are	more	distinctive	than	symptom	com-
plexes	for	LUTD	in	children.	[Glassberg	2010]

When	 the	children	are	divided	 into	 those	with	day	
and	night-time	incontinence	(non	monosymptomat-
ic)	versus	those	with	just	nocturnal	wetting	(mono-
symptomatic),	the	incidence	of	DO	decreases	from	
64%	to	35%	in	the	latter	group.	[Medel	1998]	In	an-
other	prospective	study	comparing	enuretics	to	age-
matched	non-enuretic	controls,	bladder	capacity	at	
night	 (enuretic	 capacity)	 was	 signiicantly	 less	 in	
those	who	wet	versus	those	who	did	not.	[Kawauchi	
2003]	Although	the	authors	did	not	speculate	on	ae-
tiology	they	felt	that	enuretics	were	less	able	to	hold	
their	 urination	 than	 non-enuretics.	 Management	
should	be	directed	at	improving	the	child’s	ability	to	
withhold	urination.	Treating	the	non	monosymptom-
atic	child	using	antimuscarinic	agents	can	be	very	
effective	(as	high	as	77%	cure)	with	low	recidivism	
rates	 when	 based	 on	 the	 indings	 of	 urodynamic	
testing.	 [Porter	 1995;	 Kosar	 1999;	 Neveus	 2010;	
Hoebeke	2010;	Abidari	2002]

Conclusions (level 2/3)

•		Various	 studies	 show	 that	 treatment	 for	 children	
with	functional	incontinence	(and	of	the,	frequently	
associated,	 bowel	 elimination	 problems)	 can	 be	
initiated	on	the	basis	of	history,	clinical	exam,	blad-
der	diaries,	 bladder	ultrasound	and	urolowmetry	
with	postvoid	urine	assessment.

•		Various	studies,	reviews	and	guidelines	agree	on	
the	 relevance	 of	 urodynamic	 testing	 in	 children	
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with	incontinence	and	nocturnal	enuresis	resistant	
to	initial	(conservative)	treatment.

Recommendations (grade B/C)

•		The	 committee	 recommends	 urolowmetry	 and	
postvoid	residual	urine	assessment	(until	 -for	 the	
individual	 child-	 representative	 values	 are	 ob-
tained)	as	 ‘urodynamic’-screening	and	evaluation	
in	all	 children	with	 lower	urinary	 tract	 symptoms,	
urinary	incontinence	and	or	with	nocturnal	enure-
sis	resistant	to	irst	line	therapy.

•		The	 committee	 suggests	 urologic	 signs	 and	
symptoms	 assessment	 in	 children	 with	 chronic	
constipation.

•		The	committee	recommends	complete	urodynam-
ic	testing	in	children	with	urinary	incontinence	and	
or	with	 nocturnal	 enuresis	 resistant	 to	 conserva-
tive	treatment,	if	invasive	or	clinical	(dry-bed	train-
ing)	treatments	are	contemplated.

Suggestion for research

•		The	 committee	 suggests	 that	 further	 integrated	
approaches	to	the	diagnosis	(and	management)	of	
children	 with	 anorectal	 (elimination)	 dysfunction,	
in	combination	with	lower	urinary	tract	dysfunction	
are	undertaken.

6.  TECHNICAL CONCERNS: RELIABILITY 
AND REPRODUCIBILITY OF TESTS

Often,	 differences	 in	 urodynamic	 parameters	 exist	
from	one	study	to	another,	or	one	year	 to	 the	next.	
Chou	 et	 al	 provided	 reference	 ranges	 for	 ‘normal’	
variability	 in	 urodynamic	 parameters	 that	 can	 be	
considered	 as	 ‘no	 real	 change’	 from	 one	 study	 to	
the	 next.	 It	 was	 a	 retrospective	 chart	 review.	 Fifty	
consecutive	individuals	with	spinal	cord	injury	had	2	
trials	 of	 urodynamic	 studies	 done	 5	minutes	 apart.	
They	established	percentile	 ranges.	Knowing	 these	
ranges	 of	 variability	 can	 be	 helpful	 in	 determining	
whether	differences	between	illing	trial	1	and	illing	
trial	2	 in	a	single	study,	or	year-to-year	changes	 in	
urodynamic	studies,	are	signiicant	or	simply	the	nor-
mal	variability	of	the	urodynamic	study.	[Chou	2006]

‘Functional’	 bladder	 capacity	 (as	 derived	 from	
the	 voiding	 diary,	 without	 the	 first	 voiding	 in	 the	
morning)	 is	 presented	 as	 a	 relevant	 parameter	
for	 the	 clinician	 in	 the	 International	 Childrens’	
Continence	Society	definitions.	[Neveus	2010]	To	
assess	 the	voiding	phase,	pressure	 flow	studies	
are	 performed	 immediately	 after	 filling	 cystom-
etry.	Available	 reports	 on	detrusor	 pressure	dur-
ing	 voiding	 in	 symptom	 free	 children	 is	 reported	
to	give	a	wide	range;	between	±	50-60	cmH2O in 
one	study	[Wen	2007]	and	±100cmH2O	in	another	
[Yeung	1995]

A	 rate	 of	 illing	 resulting	 in	 10%	 increment	 of	 the	
expected	 bladder	 volume	 per	 minute,	 has	 been	
recommended	 in	 children	 to	 determine	 detrusor 

compliance	 and	 functional	 bladder	 volume	 accu-
rately	 and	 standardised.	 [Hoebeke	 1998]	 Some	
investigators	 advocate	 that	 infants	 should	 be	 as-
sessed	with	much	lower	rates	of	illing	or	with	nat-
ural	 illing	 cystometry.	 [Yeung	 1998;	 Sillen	 1999]	
Several	 studies	 do	 show	 lower	 detrusor	 pres-
sure	 increases	 under	 natural	 illing	 versus	 even	
slow	 illing	 rates	 during	 cystometry.	 [Norgaard	
1995;	 Landau	 1994;	 Kaefer	 1997]	 Even	 though	
the	 practicality	 of	 time	management	 plays	 a	 role	
in	a	busy	urodynamic	 laboratory,	 it	 is	essential	 to	
perform	urodynamic	 testing	 in	a	way	 that	 reveals	
what	 one	 considers	 clinically	 important	 informa-
tion.	One	study	in	particular	[Kaefer	1997;	Landau	
1994]	demonstrated	that	the	intravesical	pressure	
was	lower	when	it	was	measured	initially	by	cath-
eterisation	(before	emptying	the	bladder)	and	then	
compared	to	the	pressure	at	the	same	volume	dur-
ing	the	subsequent	cystometogram.	Except	for	de-
termining	 bladder	 volumes	 at	 speciic	 pressures,	
[Landau	1994]	no	study	has	shown	that	these	dif-
ferences	are	crucial	in	the	management	of	children	
with	LUTD.	One	study	 looked	at	 the	effect	of	 the	
temperature	of	the	instillate	(25o	versus	37.5oC)	on	
measured	 detrusor	 pressures	 and	 found	 no	 sig-
niicant	differences	in	compliance.	[Chin	2003]	Van	
Meel	et	al	have	shown	that	repeating	the	IWT	will	
increase	its	positivity.	[Meel	2007]

The	smallest	dual-channel	urethral	catheter	avail-
able	should	be	used	in	children	for	the	same	rea-
sons	 as	 speciied	 for	 adults,	 although	 the	 mea-
suring	 lumen	 must	 be	 large	 enough	 to	 measure	
pressures	 in	 a	 technically	 adequate	 manner.	 Al-
though	 urethral	 catheters	 of	 moderate	 size	 (8F)	
do	not	always	obstruct	the	urethra	in	girls	[Grifiths	
1982]	 or	 produce	 higher	 than	 the	 normal	 voiding	
pressures,	as	measured	with	suprapubic	 tubes,	 it	
is	prudent	to	employ	the	smallest	calibre	catheters	
that	 are	 practical	 when	 doing	 a	 cystometogram	
that	measures	illing	as	well	as	voiding	pressures.	
For	very	young	infants	it	may	be	better	to	insert	a	
suprapubic	catheter	placed	under	anaesthesia	the	
day	before	the	test	to	make	the	subsequent	inves-
tigations	more	accurate	[Yeung	1999;	Yeung	1999]	
but	this	has	not	been	assessed	with	any	precision.	
Furthermore,	 precise	 standards	 for	 pressure-low	
analysis	in	boys	or	girls,	or	for	grading	of	BOO	‘re-
sistance’,	 have	 not	 been	 published.	 The	 precise	
association	and	or	prevalence	of	obstructed	void-
ing	with	incontinence	is	therefore	also	unknown.

Most	children	can	undergo	urodynamic	studies	with-
out	pre-medication;	only	 the	most	agitated	may	 re-
quire	 some	degree	of	 sedation	 [Bozkurt	 1996]	 and	
it	does	not	appear	to	have	a	signiicant	effect	on	the	
outcome	of	 the	 testing.	Even	 then,	 children	 should	
not	 be	 so	 heavily	 sedated	 that	 they	 cannot	 void	
around	 the	 catheter.	 However,	 there	 are	 no	 stud-
ies	that	show	a	difference	in	bladder	illing	pressure	
(whether	 related	 to	compliance	or	 to	DO)	 in	awake	
versus	anaesthetised	children.	
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In	 the	 previous	 consultation	 the	 recommendation	
was	made	that	children	should	receive	comprehen-
sive	urodynamic	 testing	 in	a	 laboratory	 that	 is	spe-
cialised	in	paediatric	urodynamic	testing	with	appro-
priately	trained	personnel.	[Ramamurthy	2010;	Bael	
2009;	Uluocak	2009]

Conclusions (level 3/4)

•		The	committee	concludes	(on	the	basis	of	various	
studies	to	determine	normal	and	test	retest	values	
for	urodynamic	testing	 in	children)	that	within	the	
limits	also	provided	for	adults,	urodynamic	testing	
in	children	is	reliable	and	reproducible.

•		Although	 it	 is	 plausible	 and	 considered	useful	 to	
reduce	illing	speed	and	catheter	size	in	relation	to	
patient	size,	the	exact	values	cannot	be	given	and	
the	inluence	of	the	transurethral	catheter	size	on	
voiding	is	unknown.

•		The	committee	concludes	that	standards	for	pres-
sure	low	analysis	in	children	are	lacking.

Recommendations (grade C)

•		The	committee	recommends	that	the	speciic	de-
mands	of	 children,	physically	as	well	 as	psycho-
logically	 are	 taken	 into	 account,	 before	 urody-
namic	testing	 is	carried	out	as	well	as	during	the	
testing.	The	committee	advises	specialised	work-
ers,	units	and	equipment	to	ensure	this.

•		The	 committee	 recommends	 that	 invasive	 di-
agnostic	 tests	 should	be	done	 if	 indicated	by	
the	 results	 of	 non-invasive	 procedures	 and	
should	be	done	only	when	the	outcome	will	or	
can	alter	management.

•		The	 committee	 recommends	 that	 clinicians	 take	
into	 account	 the	 variability	 and	 test	 retest	 differ-
ences	of	urodynamic	 testing	 in	children	and	also	
take	into	account	the	effect	of	the	(apparent	psy-
chologically	stressing)	 laboratory-situation	on	 the	
child’s	behaviour,	and	 the	 implications	 for	 the	re-
sults	of	the	tests.

Suggestion for research

•		The	committee	suggests	to	elaborate	on	stan-
dardisation	 of	 evaluations	 to	 judge	 how	 the	
‘laboratory’	 circumstances	 have	 influenced	
the	 child’s	 behaviour,	 with	 the	 aim	 to	 better	
include	 	 how	well	 the	 urodynamic	 tests	 have	
represented	 the	 actual	 dysfunction,	 in	 the	
evaluation	of	the	test.

1. INTRODUCTION

Frail	older	patients	are	poorly	represented	in	all	stud-
ies,	but	especially	 in	 those	 involving	 invasive	 inter-

ventions	 or	 medications,	 By	 deinition,	 they	 suffer	
from	multiple	impairments	(e.g.	poor	mobility,	cogni-
tive	 impairment,	 renal	 failure)	or	disease	conditions	
(heart	 failure,	 multiple	 medications).	 [Fairhall,N.	
2011;	 Fried,L.P.	 2001;	 Inouye,S.K.	 2007]	 Such	 in-
dividuals	 are	 at	 risk	 of	 admission	 to	 hospital	 or	 a	
care	 home.	 [Hrisanfow,E.	 2011]	 Older	 people	 age	
at	 different	 rates,	with	 some	developing	a	 clinically	
recognised	pattern	of	frailty	characterised	by	impair-
ments	 in	a	number	of	 functions	 including	a	greater	
risk	 of	 developing	 incontinence.	 [Ferrucci,L.	 2004;	
Baltes,P.B.	 2003;	Hirayama,F.	 2008]	However	 usu-
ally	the	multimorbidity	excludes	them	from	research	
trials,	 which	 limits	 appropriate	 continence	 care.	
[Narayanan,S.	 2007;	 Ferrucci,L.	 2004]	 Elderly	 pa-
tients	should	however	not	be	considered	differently	
from	younger	subjects	simply	because	of	their	chron-
ological	age.	LUTS,	especially	storage	ones,	showed	
age-related	 alterations	 in	 the	 two	 sexes	 in	 the	 ab-
sence	of	any	overt	underlying	disease,	and	bladder	
function	 in	both	sexes	may	be	subject	 to	a	gender-
independent	aging	process.	[Araki,I.	2003]	UDI	ind-
ings	 in	 the	 (frail)	 elderly	 tend	 to	 demonstrate	 DO	
[Jones,K.W.	 1985;	Resnick,N.M.	 1989],	 even	 in	 in-
dividuals	that	do	not	spontaneously	report	symptoms	
or	bother.	There	may	also	be	a	reduction	in	bladder	
capacity,	urinary	low	rate	and	detrusor	contractility.	
[Homma,Y.	1994]	Because	of	 these	age	dependent	
changes,	the	utility	of	UDI	has	to	be	judged	against	
this	speciic	background	in	the	elderly	where	diagno-
sis	and	treatment	of	speciic	conditions	is	strongly	de-
pendent	on	and	related	to	frailty	by	itself.	[Homma,Y.	
1994]	These	features	need	to	be	born	in	mind	when	
considering	the	contributors	to,	and	investigation	of,	
incontinence.	Limitations	to	care	may	also	be	appro-
priate	in	a	frail	older	person	who	is	nearing	the	end	
of	 their	 life.	 [Gillick,M.	2001]	The	 invasive	nature	of	
conventional	UDI	becomes	a	relatively	more	impor-
tant	factor	in	the	old	or	frail	elderly,	who	may	be	more	
vulnerable	to	any	intervention	than	younger	people.	
For	example,	one	study	[Okorocha,I.	2002]	showed	
that	there	was	a	signiicant	association	between	age	
and	the	presence	of	asymptomatic	bacteriuria	before	
cystometry	and	between	the	bacteriuria	and	urgency	
(without	 DO)	 on	 cystometry.	 Asymptomatic	 bacte-
riuria	 did	 not	 inluence	 the	UDI	 outcome	 except	 in	
patients	with	urgency	(without	DO);	and	the	authors	
recommended	that	screening	and	treatment	be	con-
sidered	 individually	 in	 older	women	who	 are	 being	
investigated	for	storage	symptoms.	

Given	 the	 multifactorial	 nature	 of	 incontinence	
in	 the	 elderly	 [Miller,K.L.	 2002]	 and	 the	 fact	 that	
there	 may	 exist	 easily	 reversible	 causes	 or	 con-
tributory	factors	relatively	more	frequently	in	these	
patients,	it	is	suggested	repeatedly	that	screening	
for	 contributing	 factors	 in	 the	 ‘vulnerable	 elderly’	
is	very	 relevant.	 [Resnick,	1984;	Bing,M.H.	2007;	
Gibbs,C.F.	2007;	Fonda,	522]

UDI	 is	 reserved	 for	patients	 in	whom	conservative	
management	 and	 medical	 management,	 direct	 or	

V. PATIENT EVALUATION:
FRAIL ELDERLY
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indirectly	aimed	at	lower	urinary	tract	improvement,	
has	failed	or	has	proved	inadequate,	and	in	whom	
more	intensive	or	invasive	therapy	is	being	consid-
ered.	Also	 in	 the	elderly,	 there	 is	a	given	group	of	
patients	 who	 desire	 further	 attempts	 to	 correct	 or	
manage	the	incontinence,	and	who	therefore	need	
a	 detailed	 and	 objective	 diagnosis.	 [Sims,J.	 2011]	
Improvements	in	the	structure	and	process	of	‘conti-
nence	care’	for	the	elderly	has	resulted	in	improved	
patient	reported	(Quol)	outcomes,	and	the	structure	
presented	 by	 a	 geriatrics	 (ambulatory)	 clinic	 may	
serve	as	an	example	of	care	quality	 improvement.	
[Min,L.C.	2011]	Certainly	assessment	of	persistent	
LUTD	 	and	UI	 is	of	 relevance	 in	 the	elderly	 	 after	
urological	interventions,	however		UDI	diagnosis	is	
rarely	 mentioned	 in	 the	 follow-up	 of	 persons	 with	
‘failed’	 interventions.	 [Shikanov,S.	2010;	Namiki,S.	
2009;	Poulakis,V.	2007]

The	 place	 of	 UDI	 in	 the	 frail	 elderly	 with	 inconti-
nence	 is	 not	 precisely	 established,	 given	 that	 the	
number	 of	 studies	 seeking	 to	 establish	 its	 clinical	
utility	is	even	smaller	than	in	younger	adults:	there	
is	very	 little	objective	evidence	for	or	against	clini-
cal	UDI	in	this	population	group.	However,	the	same	
principles	 apply	 as	 those	 in	 younger	 age	 groups,	
namely	that	UDI	should	only	be	done	if	it	is	going	to	
affect	the	management	of	the	patient	and	that	con-
servative	 and	medical	 therapy	 has	 failed	 with	 the	
patient	desiring	further	treatment.	[Abrams,P.	2009]	
A	recent	review,	on	the	basis	of	a	RAND	procedure,	
to	 search	 for	 health	 care	 quality	 indicators	 under-
pins	 that	UDI	 ‘should	be	performed’	 in	 the	workup	
of	 vulnerably	 elders	 when	 surgical	 intervention	 is	
considered.	[Fung,C.H.	2007]

The	 changes	 in	 function	 that	 occur	 with	 age,	 not	
only	 in	the	LUT,	but	also	 in	the	neural	system	that	
controls	 it	 (or	 fails	 to	 control	 it),	may	 all	 have	 im-
pact	on	urological	problems.	UDI	research	studies,	
to	establish	what	these	changes	are,	how	they	are	
related	 to	 other	 aging	 associated	 changes,	 and	
how	 the	 changes	might	 be	 reversed,	 are	 needed.	
[Inouye,S.K.	2007]

Overactive	bladder	syndrome	is	frequently	diagnosed	
in	the	elderly	and	in	the	frail	elderly	and	medical	(phar-
macological)	 treatment	 seems	 plausible	 for	 elderly,	
with	extrapolated	evidence	from	younger	patients.	In	
non-systematic	reviews	on	pharmacotherapy	UDS	do	
not	play	an	important	role	to	initiate	treatment	for	over-
active	bladder	syndrome	in	the	frail	elderly.	[Kraus,S.R.	
2010;	Staskin,D.R.	2005;	Wagg,A.S.	2007]

2. ROUTINE EVALUATION

Among	 the	 frail	 elderly,	 incontinence	 is	 the	 para-
mount	 troublesome	 symptom,	 in	 both	 men	 and	
women,	 with	 a	 steeply	 rising	 incidence	 after	 age	
80.	 [Hunskaar,	 S	 2002]	 The	 type	 of	 incontinence	
appears	to	be	predominantly	urgency.	[Hunskaar,S.	
2002]	 Mixed	 symptoms	 of	 incontinence	 are	 the	
commonest	 in	 women	 [Valentini,F.A.	 2010]	 SUI	 is	

relatively	 uncommon	 in	 men	 of	 any	 age	 (except	
post	radical	prostatectomy)	and	it	seems	to	become	
gradually	 less	common	 in	women	after	 the	age	of	
about	50,	[604	Hunskaar	2002]	or	is	reported	with	a	
range	of	incidences,	[Wennberg,A.L.	2009]	for	rea-
sons	that	are	incompletely	understood.

a) Urinary urgency incontinence

The	 symptoms	 of	 UUI	 are	 frequently	 the	 result	
of	 DO.	 Thus	 one	 possible	 reason	 to	 perform	UDI	
might	be	 to	 identify	DO.	The	 relevant	 test	 is	illing	
cystometry.	There	are	reasons	to	question	whether	
this	 is	 the	 best	 approach	 because	 in	 straightfor-
ward	symptoms	of	urinary	urgency	incontinence	in	
the	elderly,	DO	is	highly	probable,	and	it	is	consid-
ered	possible	to	initiate	pharmacological	or	behav-
ioural	 therapy	without	 a	 very	 signiicant	 possibility	
of	harm.	 [Kraus,S.R.	2010;	Staskin,D.R.	2005]	On	
the	other	hand:	DO	is	only	one	of	 the	contributors	
to	 the	 symptoms	 of	 urinary	 urgency	 incontinence	
[Miller	2002;	Grifiths	1996],	and	non	voiding	detru-
sor	overactivity	is	believed	to	exist	in	(older)	people	
who	 are	 apparently	 free	 of	 (bothersome)	 bladder	
symptoms.	However,	if	making	the	diagnosis	of	DOI	
is	essential,	it	is		necessary	to	demonstrate	leakage	
caused	by	an	involuntary	detrusor	contraction.

Reduced	 bladder	 sensation	 or	 ‘awareness’	 may	
lead	 to	 very	 little	 warning	 of	 impending	 leakage,	
and	it	 is	believed	to	have	a	neurological	(cerebral)	
in	the	elderly	with	LUT	symptoms.	[Grifiths,D.	1998;	
Grifiths,D.J.	2002]

In	 symptomatic	 elderly	 people,	UUI	 frequently	 co-
exists	 with	 incomplete	 bladder	 emptying.	 Among	
men	who	have	not	had	prostate	surgery,		BPO	is	a	
frequent	contributor	 to	 incomplete	emptying.	How-
ever,	 if	 there	 is	no	BOO,	particularly	 in	women,	 in	
whom	the	incidence	of	BOO	is	very	low,	incomplete	
emptying	is	usually	a	sign	of	impaired	bladder	con-
tractility,	termed	by	the	ICS	as	underactive	detrusor.	
The	 UDI	 abnormality	 underlying	 UUI	 with	 incom-
plete	emptying	(assuming	no	BOO)	has	also	been	
named	‘DHIC’.	[Resnick,N.M.	1987]	Its	signiicance	
is	 that	 the	 standard	 pharmacological	 treatment	 of	
UUI	–	with	antimuscarinics	–	may	worsen	bladder	
emptying	and	possibly	lead	to	urinary	tract	infection,	
or	even	make	the	incontinence	worse.	However,	on	
the	 other	 hand,	 if	 the	 patient	 has	 large	 residuals,	
then	treatment	with	CIC	may	be	considered	indicat-
ed	and	therefore	combining	that	with	antimuscarinic	
therapy	 is	an	option,	although	such	a	combination	
can	be	problematic	in	frail	elderly	patients.

In	 frail	 elderly	 women,	 DO	 is	 reported	 to	 be	 the	
commonest	UDI	diagnosis	 in	a	 large	 retrospective	
series	 of	 referred	 elderly	women.	 Intrinsic	 sphinc-
ter	 deiciency,	 underactive	 detrusor	 and	 reduced	
bladder	 compliance	 [Valentini,F.A.	 2010]	 were	
also	 prevalent	 in	 this	 series.	 Population	 surveys	
with	 symptoms	 questionnaires	 (without	 UDI’s)	
conirm	 this	pattern	 in	various	countries	and	care-
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settings.	 [Burti,J.S.	 2012;	 Malmsten,U.G.	 2010;	
Kwong,P.W.	 2010;	 Chen,Y.M.	 2009;	 Verdejo,C.	
2007;	Sexton,C.C.	2011]

Simple cystometry:

Some	 report	 that	 UDI’s	 in	 the	 elderly	 can	 be	
done	 by	 ‘simple	 cystometry’,	 if	 cystometry	 is	 in-
dicated	and	no	equipment	or	 referral	 is	available.	
[Wall,L.L.	 1994]	 The	 procedure	 applies	 a	 large	
open	 syringe	 attached	 to	 a	 single-lumen	 cath-
eter,	steri1e	water	or	saline	and	a	 tape	measure.	
Fluid	 is	 infused	 by	 gravity	 and	 LUT	 function	 can	
be	semi	quantiied	at	the	bedside	and	may	be	ap-
plicable	for	disabled	patients.	[Sutherst,J.R.	1984;	
Sand,P.K.	 1991;	 Ouslander,J.	 1988;	 Dennis,P.J.	
1991;	Fonda,D.	1993;	Galarneau,L.	2003]	Simple	
cystometry,	 as	 compared	 with	 multichannel	 cys-
tometry,	has	a	speciicity	of	75-79%	and	a	sensitiv-
ity	 of	 75-88%	 for	 the	 observation	 of	DO	 in	 those	
studies	 [Fonda,D	 1993;	 Ouslander,J.	 1988],	 and	
is	 improved	 by	 combining	 it	 with	 simpler	 tests	
[Sutherst,J.R.	1984;	Ouslander,J.	1988]	such	as	a	
clinical	stress	test.	 [Resnick,N.M.	1996]	However,	
the	clinical	signiicance	of	these	indings	is	limited	
because	 DO	 is	 found	 in	 up	 to	 50%	 of	 symptom-
free	elderly	while	DOI	 is	 the	most	 likely	inding	 in	
incontinent	frail	elderly	in	any	case.	[Resnick,N.M.	
1987;	Resnick,N.M.	1989;	Grifiths,D.J.	1992]	Fur-
thermore	 ‘detrusor	hyperactivity	 (2010:	 ‘DO’)	with	
impaired	contractility’	(DHIC)	[Resnick,N.M.	1989]	
is	reported	to	be	a	common	abnormality	observed	
in	 the	 frail	 elderly	 population	 with	 incontinence	
and	cannot	be	diagnosed	with	simple	cystometry.	
[Resnick,N.M.	 1987;	 Resnick,N.M.	 1989]	 A	 total	
of	 185	 patients	 who	 had	 persistent	 LUTS	 after	
TURP	were	enrolled	in	one	study,	and	the	results	
revealed	 that	 a	 normal	 videourodynamic	 tracing	
was	 found	 in	9%,	pure	DO	 in	10%,	 ‘low	detrusor	
contractility’	in	19%,	DHIC	in	14%,	poor	relaxation	
of	 the	urethral	sphincter	 in	19%,	and	recurrent	or	
remaining	BOO	 in	 28%.	 [Kuo	 2002]	Single-chan-
nel	cystometry	 is	 less	sensitive	 for	detecting	 low-
pressure	 detrusor	 contractions	 than	multichannel	
recording	 [Resnick,N.M.	 1996]	 and	 if	 a	 detrusor	
contraction	 coincides	 with	 a	 cough,	 the	 leakage	
might		be	wrongly	regarded	as	the	sign	of	a	posi-
tive	stress	test.

b) Stress urinary incontinence

Among	older	men,	SUI	 is	almost	entirely	 conined	
to	post	radical	prostatectomy	patients	(see	section	
D.II,	Patient	evaluation:	Men).	Among	elderly	wom-
en,	pure	SUI	seems	to	be	rare.	UDI	testing	usually	
follows	the	methods	used	 in	younger	women.	Fre-
quently,	it	is	dificult	to	perform	a	‘typical’	examina-
tion	 because	 the	 patient	 is	 not	 able	 to	 produce	 a	
strong	 cough	 or	 valsalva	 	 in	 the	 upright	 position.	
On	the	other	hand,	it	may	be	just	such	factors	that	
make	SUI	less	common	in	this	population	or	of	less-
er	relevance	in	this	group.

3.  EVIDENCE FOR REPRODUCIBILITY AND 
RELIABILITY OF URODYNAMIC TEST IN 
THE GERIATRIC OR FRAIL ELDERLY POPU -
LATION

There	 is	 little	 published	 evidence	 about	 reproduc-
ibility	 and	 reliability	 in	 this	patient	population.	Two	
groups	have	recently	examined	speciic	aspects	of	
geriatric	urodynamics	which	have	some	bearing	on	
this	 topic.	There	 is	 a	 little	 earlier	 evidence	 on	 the	
reproducibility	of	some	parameters.

a) Filling cystometry

One	group[Goode,P.S.	2002]	sought	UDI	changes	
associated	with	behavioural	and	drug	 treatment	of	
UUI	in	105	ambulatory,	non-demented,	community-
dwelling	women,	of	mean	age	67	years	(range	55-
91).	Although	oxybutynin	and	behavioural	treatment	
were	 both	 effective,	 the	 authors	 were	 unable	 to	
demonstrate	 that	 the	 improvement	 in	 incontinence	
was	related	to	the	UDI	changes	observed,	probably	
because	of	diverse	UDI	diagnoses	at	 inclusion,	as	
well	as	the	variability	of	the	UDI	outcome.	(See	sec-
tions	C.I	and	C.II).

b) Post-void residual urine

Residual	urine	 is	believed	 to	depend	on	 the	pres-
ence	of	BOO	(in	men)	as	well	as	underactive	detru-
sor.	[Abrams,	P	2001]	Thus,	in	a	man,	the	presence	
of	substantial	residual	urine	(>	100	mL),	in	the	ab-
sence	of	a	large	prostate,	and	or	severe	BOO,	sug-
gests	that	the	increased	residual	urine	is	mainly	due	
to	 a	 reduction	 in	 detrusor	 contractility.	 [Rosier,P.F.	
1996]	 There	 may	 be	 a	 clinically	 relevant	 age-de-
pendent	 decrease	 in	 contractility	 in	 both	 sexes.	
[Abarbanel,J.	2007;	Abdul-Rahman,A.	2010]

Post	void	 residual	urine	varies	 in	a	given	 individ-
ual	and	can	wax	and	wane	over	 time.	Signiicant	
daily	variations	have	been	observed	in	elderly	pa-
tients	 of	 both	 sexes,	 with	 larger	 residuals	 (up	 to	
40%	greater)	being	measured	in	the	early	morning.	
Similar	 changes	 have	been	described	 in	 patients	
with	 BOO	 or	 underactive	 detrusor.	 [Bristow,S.E.	
1996;	Thind,P.	1995]	Residual	urine	 is	an	unspe-
ciic	sign	of	dysfunction	and	also	no	clear	predic-
tor	of	deterioration	of	 residual	urine	volume	or	of	
complete	 urinary	 retention	 has	 been	 identiied	 in	
general,	 however	 prostatic	 obstruction	 is	 an	 un-
disputed	 prevalent	 cause	 of	 urinary	 retention	 in	
elderly	male.

c) Pressure-low studies

Another	 group	 retrospectively	 analysed	 UDI	 data	
on	84	females	53	years	old	or	older,	with	UUI,	who	
received	 either	 a	 titrated	 dose	 of	 antimuscarinic	
medication	or	placebo	in	a	controlled	trial.	[Tan,T.L.	
2003]	The	detrusor	muscle	is	believed	to	deteriorate	
in	function	as	a	result	of	aging,	by	diverse	investiga-
tors	and	since	antimuscarinic	treatment	might	affect	
detrusor	voiding	function	urodynamics	is	applied	to	
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monitor	 this.	Driving	a	contraction	 to	 its	maximum	
load	 (and	 zero	 contraction	 velocity)	 is	 a	 manner	
to	evaluate	muscle	 force,	and	stop-low	test	 is	 the	
practical	way	 to	 do	 this.	Three	 different	 variations	
of	the	stop	test	were	therefore	compared	to	analyse	
detrusor	 voiding	 contraction	 before	 and	 on	 treat-
ment	 in	 this	study.	The	voluntary	stop	 test	yielded	
isovolumetric	detrusor	pressure	values	inconsistent	
with	the	other	2	tests.	The	mechanical	and	continu-
ous	 occlusion	 tests	 gave	 very	 similar	 results	 that	
were	highly	correlated	with	one	another.	Treatment	
with	 oxybutynin	 decreased	 isovolumetric	 contrac-
tion	 pressure	 only	 statistically	 signiicant	 for	 the	
continuous	 occlusion	 test.	 The	 authors	 concluded	
that	voluntary	stop	test	should	not	be	used	to	evalu-
ate	 detrusor	 contraction	 power,	 but	 that	 occlusion	
stop	test	can	be	of	relevance	to	evaluate	the	effect	
of	 treatments	 that	 affect	 detrusor	 voiding	 contrac-
tion	in	the	elderly.

4.  EVIDENCE THAT PERFORMING URODY-
NAMIC TESTING IMPROVES CLINICAL 
OUTCOMES IN THE GERIATRIC POPULATION

Few	relevant	studies	have	been	published	 in	 this	
population.	One	 publication	 assessed	 the	 results	
of	 TVT	 for	 the	 treatment	 of	 SUI	 in	 76	 consecu-
tive	women	more	 than	70	years	old	 (median	age	
76	 years).	 31%	 (24/76)	 of	 the	 patients	 had	OAB	
symptoms	and	4	 (3%)	had	proven	DO.	 [Sevestre	
2003].	All	 patients	 had	 preoperative	multichannel	
UDI	evaluation	however	the	technique	applied	was	
very	imprecisely	described.	At	a	mean	follow	up	of	
25	months,	67%	of	 the	patients	were	cured.	Pre-
operative	urgency	symptoms	were	cured	in	46%	of	
the	group.	Among	the	failures,	14	(18%)	had	UUI,	
while	 ‘de	novo’	urgency	without	 incontinence	was	
noted	 in	21%.	Pre-operative	UDI	was	not	able	 to	
predict	 the	 outcome	 of	 a	 popular	 SUI	 procedure	
in	 older	 women	 in	 this	 monocenter	 uncontrolled	
cohort.	It	does	show	that	post-operative	dificulties	
may	be	due	to	urgency	and	UUI,	however,	symp-
toms	are	not	a	good	 ‘predictor’	of	UDI	diagnosis,	
and	therefore	pre-operative	urodynamics	 in	wom-
en	undergoing	SUI	surgery	 is	valuable	 in	helping	
to	counsel	patients	especially	if	they	have	signs	or	
symptoms	of	OAB.

5.  THE PRACTICAL INDICATIONS FOR URO -
DYNAMIC STUDIES AND WHICH TESTS 
ARE NEEDED

a) Post-void residual urine

Based	on	the	above,	there	is	general	agreement	
that,	certainly	in	the	elderly,	PVR	urine	measure-
ment	 is	 indicated	 before	 treatment	 of	 inconti-
nence	 either	 with	 anticholinergic	 medication	 or	
by	 SUI	 surgery.	 A	 consistently	 large	 residual	
urine	certainly	is	a	reason	for	caution,	and	care-
ful	monitoring	of	bladder	emptying,	and	may	be	
a	 relative	 contra¬indication	 to	 such	 treatment.	
[Thuroff,J.W.	2011]

b) Urolowmetry

Urolowmetry	 is	 a	 simple	 and	 non-invasive	 test.	A	
normal	 urolow	 without	 much	 residual	 urine	 prob-
ably	rules	out	signiicant	BOO	or	underactive	detru-
sor,	but	 this	inding	 is	unusual	 in	 the	elderly.	Con-
versely,	 a	 poor	 urolow	 is	 common	 in	 the	 elderly	
irrespective	 of	 sex,	 and	 although	 it	 cannot	 distin-
guish	 between	 BOO	 and	 underactive	 detrusor,	 in	
either	 case	 there	 is	 a	 relative	 contraindication	 to	
anticholinergic	therapy.	Consequently,	urolowmetry	
(with	residual	urine	measurement)	may	be	a	useful	
screening	tool	prior	to	instituting	therapy.	However,	
interestingly,	 in	 a	 retrospective	 study	 of	 hundred	
women	 tested,	 the	irst	 free	low	was	not	 interpre-
table	 in	44%	but	 interpretable	 in	91%	on	 the	 sec-
ond	free	low.	[Valentini,F.A.	2010]	This	conirms	the	
usefulness	of	performing	at	least	two	free	lows	on	
patients.	[Reynard	1996]

c) Pressure-low studies

In	male	patients	with	cognitive	impairments	or	Par-
kinson’s	disease	or	multiple	system	atrophy	(MSA),	
is	 sometimes	 unclear	 whether	 the	 incontinence	 is	
due	 to	 BPO	 or	 to	 the	 cerebral	 changes.	 There	 is	
weak	evidence	to	suggest	 that	prostatectomy	may	
improve	 the	 continence	 if	 	 UDS	 shows	 ‘severe’	
BOO.	 [Gormley,E.A.	 1993]	 If	 BOO	 is	 equivocal	 or	
absent,	 then	 there	 is	 little	point	 in	performing	sur-
gery	in	an	attempt	to	alleviate	the	signs	and	symp-
toms.	After	screening	with	urolowmetry	and	resid-
ual	urine	measurement,	pressure-low	studies	may	
be	indicated	in	older	men	in	whom	BOO	cannot	be	
ruled	out	and	surgery	is	at	least	contemplated.

6.  THE URODYNAMIC PARAMETERS IMPOR -
TANT IN VARIOUS GERIATRIC CONDITIONS

Various	papers	have	examined	the	urodynamics	of	
Parkinson’s	and	related	diseases.	Parkinson’s	and	
related	diseases	as	well	as	dementia’s	are	preva-
lently	 associated	 with	 aging	 as	 are	 prostatic	 ob-
struction,	detrusor	and	pelvic	loor	muscle	degen-
eration	 and	 deterioration	 sensomotoric	 functions.	
UDS	 can	 be	 of	 relevance	 to	 determine	 the	most	
important	cause	of	the	LUTS	in	the	elderly,	where	
central	nervous	system	disease	is	a	frequently	oc-
curring	 comorbidity	 and	 clinical	 signs	 and	 symp-
toms	are	regularly	more	dificult	to	obtain.

a) Parkinson’s Disease

One	group	 [Defreitas	2003]	 found	 that	men	with	
presumed	BOO	related	LUTS	were	 less	 likely	 to	
have	DOI	on	UDI’s	than	men	or	women	with	Par-
kinson’s	disease.	DO	associated	with	Parkinson’s	
disease	occurred	at	smaller	bladder	volumes	than	
DO	in	BOO-related	DO,	although	this	finding	was	
more	pronounced	in	women	than	in	men.	The	du-
ration	 and	 severity	 of	 Parkinson’s	 disease	 were	
reported	not	be	 related	 to	 the	UDI	abnormalities	
in	this	study.
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Another	 group	 [Sakakibara	 2001]	 found	 that	 the	
majority	of	patients	with	Parkinson’s	disease	(72%)	
or	MSA	(100%)	had	symptoms	of	LUTD.	DO	was	
more	 common	 in	 Parkinson’s	 disease.	 DSD	 was	
seen	 only	 in	MSA.	 	 BOO	 (>	 40)	 was	more	 com-
mon	in	Parkinson’s	disease	than	in	MSA.	A	detru-
sor	underactivity	was	less	common	in	Parkinson’s	
disease	than	in	MSA	and	PVR	(>	100	mL)	was	only	
present	in	(47%	of	)	patients	with	MSA.

Conclusions (Level 3-4)

•		There	is	direct	and	indirect	evidence	that	urinary	
incontinence	 in	 the	 (frail)	 elderly	 often	 has	 	 di-
verse	and	or	multiple	coexisting	factors.

•		Apart	 from	general	health,	mobility,	neurological	
diseases	and	medications,	the	lower	urinary	tract	
is	directly	affected	by	aging	of	 the	detrusor,	and	
can	be	both	overactive	during	storage	as	well	as	
underactive	during	voiding,)	and	aging	of	the	out-
let;	prostate,	and	pelvic	loor	muscle	function.

•		In	 common	 with	 all	 patients,	 but	 maybe	 even	
more	 relevant;	 symptoms	 are	 not	 synonymous	
to	 the	 abnormalities	 that	 can	 be	measured	with	
urodynamic	studies

•			Every	 test	or	procedure	can	cause	harm	 in	 the	
(vulnerable)	elderly	but	there	is	no	published	evi-
dence	 that	 invasive	urodynamic	studies	causes	
signiicantly	more	harm	in	the	elderly.

•		Simple	bedside	urodynamic	testing	has	an	inher-
ent	unreliability,	and	it	is	unclear	whether	the	risk	
of	 misdiagnosis	 outweighs	 the	 ‘simplicity’	 over	
conventional	urodynamic	studies.

•		Especially,	 but	 not	 exclusively,	 male	 patients,	
with	 central	 neurological	 disease,	 can	 have	
urologic	 disease	 (e.g.	 prostatic	 obstruction)	 as	
a	cause	 for	 incontinence	or	other	 lower	urinary	
tract	dysfunction.

Recommendations (grade C)

•		As	 urinary	 incontinence	 in	 frail	 elderly	 people	
may	be	the	result	of	a	number	of	contributory	fac-
tors,	many	of	which	are	reversible	by	simple	mea-
sures,	such	patients	should	be	irst	evaluated	by	
a	clinician	skilled	in	the	care	of	older	people	be-
fore	 any	 invasive	 investigations	 or	more	 poten-
tially	harmful	medications	are	given.	

•		Post-void	residual	urine	measurement	by	a	non-
invasive	method	 is	recommended	before	 institu-
tion	 of	 pharmacological	 or	 surgical	 treatment	 of	
incontinence.	 It	 should	 be	 repeated	 to	 monitor	
the	effect	of	such	treatment

•		Urolowmetry	should	used	to	screen	for	voiding	ab-
normalities	prior	to	invasive	treatment	in	the	elderly.

•		Filling	 cystometry,	 as	 a	 single	 investigation,	 has	
limited	value	in	this	patient	population.	‘Simple	cys-
tometry’	is	not	recommended

•		Simple	cystometry	can	be	used	as	a	‘screening	test’	
for	non-	invasive,	or	other	low	risk	treatments,	when	
a	urethral	or	suprapubic	catheter	is	already	present	
for	management.	However,	the	low	speciicity	and	
sensitivity	towards	complete	urodynamic	studies	di-
agnosis	must	be	taken	into	account.

•		The	 committee	 recommends	 offering	 comprehen-
sive	 urodynamic	 testing	 to	 all	 elderly,	 with	 due	
consideration	 of	 any	 co	 morbidity,	 that	 have	 not	
responded	 to	 management	 of	 relevant	 contribut-
ing	factors,	and	or	behavioural	or	pharmacological	
therapy,	 and	 in	 whom	 further	 invasive	 therapy	 is	
considered.

•		The	 committee	 recommends	 that	 comprehensive	
urodynamic	testing	be	performed	in	centres	with	a	
special	 interest	 in	 incontinence	 in	 the	 frail	 elderly,	
by	trained	and	certiied	staff	who	frequently	perform	
urodynamic	 testing	 of	 patients	 referred	 with	 sus-
pected	lower	urinary	tract	dysfunction

•		To	 maintain	 adequate	 urodynamic	 expertise	 in	
this	 dificult-to-examine	 patient	 population,	 and	 to	
provide	a	background	of	 ‘regular’	patients	against	
whom	speciic	patients	can	be	judged,	it	is	essential	
that	such	centres	examine	substantial	numbers	of	
frail	elderly	patients

Topics for research

•		Study	of	biological	mechanisms	of	continence	and	
incontinence	in	the	frail	elderly,	especially	those	re-
lated	to	supraspinal	control	or	lack	thereof.

•		Development	and	 testing	of	 treatments	speciic	 to	
the	frail	elderly	with	incontinence.

•		Establishment	of	the	reproducibility	and	reliability	of	
urodynamic	measurements	in	the	frail	elderly.

•		Investigation	of	the	associations	of	defecation	and	
faecal	loading	or	impaction	of	the	bowel	on	detru-
sor	contraction,	incontinence	and	other	lower	uri-
nary	tract	problems	(e.g.	UTI),	as	well	as	investi-
gation	of	the	management	of	combined	faecal	and	
urinary	incontinence.

•		Further	investigation	of	the	(cause	of,	and	optimal	
management	of)	clinically	observed	association	of	
DO	 and	 underactive	 detrusor	 during	 voiding	 (and	
post	void	residuals)	in	the	(frail)	elderly.
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intraobserver and interobserver variability, di-
agnostic	 accuracy,	 cost/beneit	 ratio	 and	 clinical	
beneit.	The	 level	 of	 evidence	was	 graded	 taking	
into consideration that imaging, neurophysiological 
testing and the other tests pertain to the area of 
“diagnosis” and the quality of the published papers 
is	graded	according	to	the	criteria	speciic	for	this	
area.	Areas	of	future	research	were	identiied.	

Notwithstanding the large body of evidence re-
search on imaging in anal and urinary inconti-
nence,	 its	 clinical	benefit	 remains	questionable.	
Test-retest, intraobserver and interobserver ac-
curacy are often provided for diagnostic tests al-
though diagnostic accuracy is sometimes difficult 
to	calculate.	When	ultrasound	is	used	to	measure	
bladder volume, catheterisation can be used as 
a reference standard and accuracy can be eas-
ily calculated but when sphincter volume is cal-
culated with ultrasonography, there is no solid 
reference standard except another imaging tech-
nique	(e.g.:	MRI)	and	the	validity	of	the	measure-
ment is tested against another weak test such 
as Valsalva Leak Point pressure of maximum 
urethral	 pressure	 profile.	 Imaging	 can	 either	 be	
performed to better understand the pathophysi-
ology of incontinence and pelvic organ prolapse 
and it may be of importance although no imme-
diate	clinical	benefit	 is	evident	 (e.g.:	calculation	
of	 sphincter	 volume	 with	 ultrasound).	 It	 can	 be	
performed as a diagnostic test in patients under-
going surgery so that quantification of the clini-
cal	 benefit	 requires	 complex	 clinical	 trials	 (e.g.:	
MR imaging of pelvic organ prolapse in patient 
undergoing prolapse repair) in which different 
reference	standards	can	be	used	(e.g.:	physical	
examination	or	anatomic	finding	during	surgery).	
Although imaging can sometimes offer a better 
understanding of the anatomy underlying the 
condition	 (e.g.:	 presence	 of	 an	 enterocele)	 the	
clinical benefit of this additional information may 
not	be	observed	in	all	patients.

Although	 imaging	 is	 clearly	 a	 dificult	 area	 for	 re-
search, the consensus regarding introduction of a 

The Committee was given the task of updating the 
evidence on imaging, neurophysiological testing 
and	other	tests	in	the	ield	of	urinary	and	anal	incon-
tinence.	The	Medline,	Embase	and	Cochrane	data-
bases were searched for the relative subjects from 
January	 2008	 and	 February	 2012.	 All	 references	
obtained from the database search were screened 
for relevance, full text papers were obtained and 
reference list were used as additional source of evi-
dence	when	appropriate.

The	 chapter	 covers	 different	 issues	 including:	
imaging, neurophysiological testing, and other in-
vestigations (laboratory tests, tissue analysis and 
Pad test) in the paediatric and adult population, 
male and female subjects, neurogenic and non-
neurogenic	patients.	

The following keywords were used for the difference 
subjects:

•		Imaging:	the	Medline	database	was	searched	us-
ing	the	following	keywords:	imaging,	urinary	incon-
tinence, continence, anal incontinence and faecal 
incontinence; the search has been limited to pe-
riod	from	2004	to	2008.	

•		Neurophysiology:	 clinical	 neurophysiology,	 con-
ventional urodynamics, neurourology, urinary dys-
function.	

•		Other	 investigations:	 keywords	 including	 urinary	
incontinence, continence, pad test, urinalysis, 
urine	culture,	tissue	analysis	were	used.	

Members of the committee were allocated the dif-
ferent	topics	of	the	chapter	based	on	their	speciic	
expertise	 in	 the	ield.	The	irst	draft	of	 the	chapter	
was	reviewed	by	all	committee	members,	 the	inal	
draft	was	 then	edited	irst	by	 the	Committee	Chair	
and	then	by	the	book	Editors.	

Diagnostic techniques were evaulated with ref-
erence to the technique and its standardisation, 
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diagnostic test into our daily practise must rely on 
the	 evidence	 of	 clinical	 beneit	 in	 terms	 of	 safety,	
outcome	or	cost-beneit	ratio.

Imaging studies belong to the area of diagnostic 
studies, they should follow the suggestions of the 
STARD initiative and they differ substantially from 
other	 types	 of	 clinical	 trials	 (Bossuyt	 2003).	 The	
aim of clinical studies of diagnostic tests should 
be to provide information regarding the diagnostic 
accuracy of the proposed test although, this is not 
always	possible.	

A few considerations regarding the levels of evi-
dence in imaging studies may be instrumental in 
reading	this	chapter	and	are	summarised	herewith.

Imaging of parameters with known prognostic 
value	(e.g.	PVR)

•		The	first	 issue	is	to	prove	that	 imaging	studies	
image	 what	 they	 are	 supposed	 to	 image.	 Al-
though the issue may be trivial in case of PVR 
imaging or anal sphincter imaging, the issue is 
relevant	in	other	areas	(eg:	enterocele	imaging)	
and should be solved using imaging in cadav-
ers or other approaches such as intraoperative 
confirmation	of	the	observed	condition.

•		When	 the	 imaging	 is	 quantitative,	 accuracy	
versus the gold standard technique should be 
provided.	When	the	imaging	is	qualitative	(e.g.	
presence or absence of vaginal vault pro-
lapse) the diagnostic value should be provided 
(sensitivity, specificity, positive and negative 
predictive value, accuracy, inter-rater and in-
trarater	variablity).	

•		Once	validity	has	been	proven,	one	can	assume	
that the predictive value of the imaging study is 
equal to that observed for the parameter mea-
sured	with	the	gold	standard.	The	same	applies	
to	its	value	for	patient	management.

Imaging of parameters with unknown prognostic 
value	(e.g.	MRI	of	the	pelvic	floor)

•		When	the	imaging	is	qualitative	(eg:	intact	ver-
sus damaged levator ani), once validity is prov-
en, the diagnostic value should be investigated 
providing sensitivity, specificity, positive and 
negative predictive value, accuracy, interrater 
and intrarater variability in cadavers or patients 
undergoing	surgery.

•		Once	 validity	 is	 proved,	 the	 prognostic	 value	
for	patient	management	should	be	investigated.	

•		Confirmation	of	the	proposed	imaging	study	by	
independent groups is required ideally for both 
validity and prognostic value or at least for the 
latter parameter (we can assume that confirma-
tion of the prognostic value is obtained, validity 
of	the	imaging	technique	can	be	inferred).

This is a very wide area that often requires a mul-
tiprofessional	and	muldisciplinary	approach.	The	
patient population is quite heterogenous includ-
ing children, female and male subjects suffering 
congenital malformation of the genital and uri-
nary tract, neurogenic disorders, iatrogenic con-
ditions	and	traumatic	lesions.	Clinical	guidelines	
always refer to the so called “standard patient” 
but the majority of subjects referred to second-
ary and tertiary referral centres cannot be de-
fined as such and their management sometimes 
requires deviation from guidelines recommenda-
tions.	The	large	variability	and	the	uniqueness	of	
the observed cases may justify the adoption of 
a knowledge-based management in the absence 
of	 proven	 clinical	 benefit.	Research	on	 imaging	
of urinary incontinence and genital prolapse re-
mains	 very	 active.	Although	 all	 guidelines	 rec-
ommend not to use imaging in the evaluation 
of the standard patient, many clinicians believe 
this is an ideal adjunct to physical examination 
in evaluating the anatomical condition of the in-
dividual	subject.

Urinary incontinence is defined as the complaint 
of any involuntary leakage of urine, it can be 
urethral	or	extraurethral	[1].	This	latter	condition	
either results from congenital anomalies such 
as ectopic ureters (inserting in the female distal 
urethra or vagina), iatrogenic or traumatic con-
ditions	 such	 as	 fistula.	 In	 some	 patients,	 LUTD	
causing UI, might compromise the transport of 
urine from the kidneys to the bladder resulting 
in	hydronephrosis	and	renal	failure.	The	relation-
ship between high bladder storage pressure and 
renal deterioration was first identified in myelo-
dysplatic children and then considered to apply 
in all neurogenic patients [2] and automatically 
transferred to male and female patients with or 
without neurogenic problems; the value of 40 
cmH2O of bladder pressure as threshold value 
at which the UUT is at risk should therefore used 
with	caution.	 In	male	patients,	 chronic	 retention	
of urine can be associated with UI and lead to 
chronic	renal	failure.	In	women,	severe	urogeni-
tal prolapse may cause angulation of the pelvic 
ureter by the uterine arteries leading to hydrone-
phrosis [3] (Figure B 1 a,b ).

1. INDICATIONS

Generally speaking, there is no need for upper 
tract imaging in patients with UI unless any of the 

I. IMAGING OF THE UPPER URINARY 
TRACT

B. IMAGING IN URINARY 
INCONTINENCE AND PELVIC 

FLOOR DYSFUNCTION
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previously described conditions is suspected or 
diagnosed.	 In	 children	 with	 extraurethral	 incon-
tinence imaging of the UUT helps to identify the 
underlying	cause.

The objectives of UUT in the incontinent patient are 
as	follows:

1.		Evaluation	 of	 the	 upper	 urinary	 tract	 when	 the	
presence of an ectopic ureter or ureterovaginal 
istula	are	suspected.

2.		Evaluation	of	 the	kidneys	whenever	UI	 is	 related	
to bladder dysfunction with high storage pressures 
(e.g.	in	neurogenic	voiding	dysfunction,	chronic	re-
tention	with	overlow	or	low	compliance	bladders)

3.		Exclusion	 of	 hydronephrosis	 in	 cases	 of	 UI	 as-
sociated with severe uterine prolapse (Figure B 
2 a,b,c,d ).

2. TECHNIQUES

Upper tract imaging modalities include intra-venous 
urogram (IVU), ultrasound sonography (USS), 
computerised tomography (CT scan), magnetic 
resonance	 imaging	 (MRI),	 and	 isotope	 scanning.	
No	 data	 regarding	 reproducibility,	 speciicity,	 sen-
sitivity, positive and negative predictive value in 
relation with the diagnosis and management of UI 
are	 available.	 The	 choice	 of	 the	 imaging	modality	
also depends on availability, expertise, and local 
management	policies.	Generally	speaking,	low	cost	
and	low	risk	techniques	such	as	USS	are	preferred.	
Unless otherwise described, the following consider-
ations regarding the different imaging modalities are 
based	on	expert	opinion.
a) Ultrasonography

USS is the gold standard technique for primary 
imaging of the upper urinary tract because of the 

relatively low cost of the equipment and the exami-
nation, its wide availability, the lack of any exposure 
to	ionising	radiation.	Renal	USS	is	independent	on	
kidney function and provides a good evaluation of 
kidney	 morphology.	 Concomitant	 renal	 disorders	
such as urinary lithiasis and neoplasms can also be 
diagnosed.	In	patients	with	LUTD,	the	detection	of	
hydronephrosis is of importance and it can be re-
lated	to	either	vesico-ureteral	relux	or	obstruction.	
Although, no strict correlation exists between the 
degree of dilatation and the severity of obstruction, 
the grade of hydronephrosis is correlated with the 
extent	 of	 cortical	 damage	 [4].	 In	 children,	 kidneys	
with a pelvic diameter >20 mm are considered to be 
at	risk	for	deterioration	and	require	intervention	[5].	
Measurement of the resistive index in the interlobar 
and arciform arteries of the kidney has been pro-
posed for the diagnosis of urinary obstruction but 
this is rarely used in the evaluation of the incontinent 
patient	[6].	Whenever	hydronephrosis	is	diagnosed	
on USS, other imaging modalities are often used to 
evaluate renal function, the degree of obstruction or 
vesico-ureteral	relux.	USS	is	an	ideal	technique	to	
follow the degree of hydronephrosis over time or the 
response	to	treatment.

b) Intravenous Urography

IVU is the original radiographic examination of the 
upper urinary tract which allows evaluation of upper 
urinary	 tract	 anatomy	 and	 function.	 Successful	 ex-
amination is dependent upon adequate renal capac-
ity to concentrate urine and the examination is cur-
rently contraindicate when creatinine levels exceed 
2.0	mg/dL	[7]	because	of	the	possible	increased	tox-
icity of the contrast medium and the lack of concen-
tration	of	the	contrast	agent	by	the	impaired	kidneys.	
While the former can be taken care of by adequate 
hydration of the patient, the poor concentration 
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capacity of an impaired kidney limits the possibility 
to	delineate	the	collecting	system.	A	number	of	differ-
ent conditions such as renal dysfunction, obstruction, 
congenital	 anomalies,	 istula,	 stones	 and	 tumours	
may	be	detected.	 IVU	 is	 the	appropriate	irst	 study	
in	cases	of	extraurethral	incontinence.	When	ectopic	
ureter is suspected (although this condition can also 
be responsible for urethral incontinence), delayed 
ilms	and	tomography	are	important	because	the	re-
nal unit or moiety associated with an ectopic ureter 
is	often	poorly	functioning.	In	fact,	IVU	is	sometimes	
unable to detect a small, malfunctioning moiety as-
sociated with a duplication and ectopic ureter or a 
poorly functioning or abnormally located kidney with 
a	single	ectopic	system	[8-10].	In	such	cases	where	
the diagnosis of ectopia is still suspected after IVU, 
another imaging modality such as CT, MRI (Figure B 
3 a,b) or isotope scanning should be considered [11-
13].	IVU	is	the	appropriate	irst	imaging	study	when	
uretero-vaginal	istula	is	suspected,	usually	after	pel-
vic	surgery.	Typically,	one	sees	ureteropyelocaliecta-
sis	proximal	to	the	level	of	the	istula.	This	inding	has	

been	 reported	 in	84-92%	of	 cases	 [14,	15].	Some-
times	extravasation	can	be	seen.	Conirmation	of	the	
presence	of	the	istula,	its	size	and	exact	location	is	
often	obtained	with	retrograde	ureteropyelography.

c) Computerised tomography

High quality information of the upper urinary tract 
anatomy can be obtained using multidetector he-
lical	 CT	 scans	 and	 3D	 reconstruction	 software.	
Differently from IVU which only acquires images 
in the antero-posterior or oblique CT acquires im-
ages	 in	 the	axial	plane.	Pictures	can	then	be	re-
constructed in 2D along any plane or in 3D when-
ever	 required.	CT	scan	can	be	used	 irrespective	
of renal function when no iodinated contrast me-
dium	is	used.	Whenever	hydronephrosis	 is	pres-
ent, urine can be used to delineate the collecting 
system	reducing	the	need	for	contrast	agents.	In	
general, intravenous contrast medium is required 
to	highlight	specific	anatomic	characteristics.	CT	
scan is often used after a first line evaluation with 
USS	and	it	has	replaced	IVU	almost	entirely.	Sev-
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eral authors have reported the use of CT scan 
to detect ectopic ureter, in cases where the di-
agnosis is suspected, despite a normal IVU and 
ultrasound	[16].	In	these	cases	the	small	size	and	
poor function of the ectopic moiety make diagno-
sis	difficult	by	IVU.

d) Magnetic resonance imaging

MRI shares some of the advantages of CT over 
IVU	in	 the	evaluation	of	 the	upper	urinary	 tracts.	
Furthermore acquisition can be performed along 
any plane and pictures can then be presented in a 
2D	or	3D	fashion.	The	paramagnetic	contrast	me-
dium is free of allergic reaction risk although its 
use in the upper urinary tract remains dependent 
upon renal function and concerns about its neph-
rotoxicity	have	been	recently	raised	[17].	The	de-
velopment of the uro-MRI technique has gained 
an increasing role for the technology in the evalu-
ation of hydronephrosis and urinary tract anoma-
lies	 as	 an	 alternative	 to	 IVU.	The	 use	 of	MRI	 in	
the diagnosis of ectopic ureter has recently been 
described	[18-20].

e) Isotopes

Isotopes are used primarily to examine morphologi-
cal and functional characteristics of the upper uri-
nary	tract.	Isotope	scanning	can	be	used	to	identify	
the location of a small kidney which is otherwise dif-
icult	to	image	with	radiological	techniques.

Renography is used to examine the differential 
function of the two kidneys, to identify disorders 
of urine transit and to quantify obstruction of the 

upper	urinary	 tract.	There	are	many	physiologi-
cal factors and technical pitfalls that can influ-
ence the outcome including the choice of radio-
nucleotide, timing of diuretic injection, state of 
hydration and diuresis, fullness or back pressure 
from the bladder, variable renal function and 
compliance	 of	 the	 collecting	 system	 [21,	 22].	
Diuresis renography with bladder drainage is 
recommended when obstructive uropathy is sus-
pected	[23].	Renal	scintigraphy	may	be	useful	in	
the evaluation of ectopic ureters associated with 
hypoplastic	kidneys	[24].

f) Conclusions

Imaging of the UUT is rarely required in LUTD unless 
the condition originates from a malformation, a trau-
matic	or	a	iatrogenic	problem	of	the	UUT.	More	rarely	
a condition of the LUT may endanger renal function, 
the preservation of which is required to guarantee a 
normal	life	expectancy	in	patients	with	LUTD.

g) Consensus Statement

o  Imaging of the UUT is NOT indicated in the 
evaluation of non-neurogenic stress, urgen-
cy	or	mixed	UI.	[Level of Evidence 3, Grade 
of Recommendation C ]

o		Imaging	of	the	UUT	is	indicated	in	cases	of:

a)  neurogenic UI with high risk of renal damage 
(due	 to	 high	 detrusor	 pressure,	 e.g.	 myelo-
dysplasia, spinal cord injury, and low compli-
ance bladders) [Level of Evidence 3, Grade 
of Recommendation C ]
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b)  chronic retention with UI [Level of Evidence 3, 
Grade of Recommendation C ]

c)  untreated severe POP [Level of Evidence 3, 
Grade of Recommendation C ]

d)  suspicion of extra-urethral UI by upper tract 
anomaly [Level of Evidence 3, Grade of Rec -
ommendation C ]

o  The choice of the imaging techniques and their 
sequence depend on the clinical question and 
their	 availability.	 The	 least	 invasive	 techniques	
should be preferred and should precede the 
more invasive, also taking into consideration 
cost	effectiveness.	[Level of Evidence 3, Grade 
of Recommendation C ]

h)  Suggested Research Areas

o  Prevalence of upper tract deterioration in various 
UI populations

o  Natural history of upper tract damage

o  Relation between upper tract dilation, renal dam-
age and bladder function

The use of imaging of the LUT in patients with UI 
dates	back	40	years,	particularly	in	female	patients.	
The techniques have changed, over the decades 
from static to dynamic imaging, from qualitative to 
quantitative	information.	Although	some	of	the	tech-
niques are now more than 50 years old their clinical 
value	remains	at	best,	unclear.

1. X-RAY IMAGING

Voiding cystourethrogram (VUCG) was the mainstay 
of x-ray imaging of the LUT but it has been replaced 
almost entirely by USS because of its ease of use, 
low	 cost	 and	 availability.	While	 CT	 has	 not	 gained	
acceptance because of the exposure of ionising ra-
diations, MRI took the lead as the most promising im-
aging modality because it offered a comprehensive 
view of the pelvis and enabled visualisation of the 
position of visceral organ in relation to bony refer-
ence	points.	3-	and	4D	USS	recently	offered	volume	
acquisition with limitations in terms of the volume that 
can	be	acquired.	Continuous	technical	development	
in imaging technology and techniques made this re-
search	area	particularly	interesting.

In males the purpose of voiding cystourethrography 
has been mainly to locate infravesical obstruction 
separating the bladder neck from benign prostatic 
obstruction although it may play a role in the man-
agement	of	post-prostatectomy	incontinence	[1].	In	
children	 the	 diagnosis	 and	 classiication	 of	 relux	
and diagnosis of posterior urethral valves have been 
the	primary	goals	[2].	The	severity	of	the	vesicoure-

teric	relux	on	one	side	determines	the	development	
of	contralateral	relux	and	indicates	a	poorer	resolu-
tion	rate	for	relux	[3].	

Positive-pressure urethrography has been used for 
the diagnosis of female urethral diverticula, it was 
shown to be more sensitive than voiding cystoure-
thrography [4-6] although MRI is the gold standard 
for the diagnosis of diverticula and planning surgi-
cal	repair	[7,	8].

The rationale for imaging studies of the lower urinary 
tract	 in	 this	 ield	 derives	 from	 the	 hypothesis	 that	
stress	 UI	 is	 caused	 by	 urethral	 hypermobility.	 This	
was	 the	 theoretical	 base	 of	 the	 classiication	 of	 UI	
published	 by	Green	 in	 1968	 and	 then	modiied	 by	
Blaivas	and	Olsson	in	1998	[9,	10].	Investigation	into	
cohorts of continent and incontinent patients failed 
to provide evidence to support the hypothesis and 
imaging techniques aiming at measuring bladder 
neck displacement during straining have been aban-
doned.	The	same	applies	to	outcome	research	in	uri-
nary incontinence where surgery that limits bladder 
neck displacement does not necessarily lead to cure 
of	the	condition.	A	renewed	interest	derived	from	the	
availability of USS which took imaging out of the ra-
diology suites and moved it into the urological and 
gynaecological outpatient clinics opening new op-
portunities	for	clinical	research	in	this	ield.	The	pos-
sibility of imaging what was usually perceived during 
physical examination such as bladder neck mobility 
or	POP	increased	the	usefulness	of	USS.	Research	
in	 the	ield	of	MRI	irst	 looked	 into	 the	possibility	of	
fast dynamic acquisition to image the displacement 
of visceral organs during effort to better qualify POP 
and then moved into morphological imaging of the 
pelvic organs muscular support to investigate the 
physiopathology	of	genital	prolapse.

a) Female Cystourethrography

X-ray imaging of the urinary bladder and urethra 
has been used to assess the female urinary tract in 
women suffering UI to evaluate urethral/bladder neck 
hypermobility and to assess associated conditions 
such	 as	 urethral	 obstruction,	 vesico-urethral	 relux,	
diverticula,	istula,	stones	and	tumours.	In	males	the	
purpose of voiding cystourethrography has been 
mainly	to	locate	infravesical	obstruction	[1,	11].	

The	diagnosis	and	classiication	of	relux	and	diag-
nosis of posterior urethral valves in children have 
been	 the	 primary	 goals	 [2].	 In	 a	 study	 comparing	
cystourethrography with direct radionuclide voiding 
cystography and voiding urosonography with con-
trast medium, voiding sonography and direct radio-
nuclide voiding cystography were shown to be the 
most	sensitive	[12].

1.  BACKGROUND

History and methodology of cystourethrography 
in	 females	had	been	 reviewed	by	Olesen	 [6].	The	
technique	 is	 now	 over	 70	 years	 old.	 Voiding	 cys-

II. IMAGING OF THE LOWER
URINARY TRACT
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tourethrography	 with	 lateral	 projection	 was	 irst	
done	by	Mikulicz-Radecki	 in	1931	[13].	The	use	of	
a metallic bead chain to identify the urethra was 
introduced by Stevens and Smith in 1937, and in 
1956 Ardran, Simmons and Stewart reported on a 
cinematographic technique with contrast media also 
in	the	vagina	and	rectum	[14,	15].	In	an	attempt	to	
combine qualitative and quantitative information re-
garding the function of the lower urinary tract, the 
combined	used	of	luoroscopy	and	pressure-low	re-
cordings was proposed during the nineteen sixties 
and	seventies	[16-20].

2.  ME T H O D O L O G Y  (P R O J E C T I O N ,  P O S I T I O N I N G  A N D 
E X P O S U R E S)

Bladder neck displacement is best viewed and 
quantiied	in	true	lateral	projection	although	image	
quality is sometimes poor because of the increased 
body mass and the overlap of bony structures with 
the	bladder	neck	area.	Consequently,	oblique	pro-
jections are sometimes used notwithstanding the 
lack	of	quantitative	information.	Achieving	a	quasi-
physiological	voiding	in	a	radiology	suite	is	dificult	
because of the inevitable impact of the environ-
ment.	The	use	of	a	sitting	position	is	recommended	
for micturition studies as voiding while standing or 
lying will increase the embarrassment and there-
fore many impair the quality of the examination 
[13].	 Especially	 in	 patients	 with	 large	 body	 mass	
index, imaging of female urethra in a true lateral 
projection	 is	dificult,	 it	necessitates	high	radiation	
doses as the central x-ray beam must penetrate the 
trocanteric regions and further because the ure-
throvesical junction is sometimes overshadowed 
by	the	lateral	parts	of	the	bladder.	A	signiicant	im-
provement in this area has been brought about by 
digital imaging which allows the subtraction of the 
bony structures [Figure B 4 ].	The	position	and	mo-
bility of the urethrovesical junction as well as urine 
leakage	are	supposed	to	be	inluenced	by	the	illing	
volume as has been demonstrated on ultrasonog-
raphy and leak point pressure measurements [21, 
22].	However,	 in	VCUG	the	bladder	 is	illed	to	ca-
pacity.	Addition	of	a	urethral	bead	chain	or	catheter	
and vaginal contrast to improve the visualisation 
of the urethra, bladder neck and trigone has been 
abandoned.	 Contrast	 in	 the	 rectum	 is	 not	 neces-
sary	for	urinary	incontinence	purposes.	Exposures	
at rest should be supplemented with provocative 
manoeuvres to test bladder neck mobility by con-
tracting	and	 relaxing	 the	pelvic	 loor	 (e.g.:	 cough-
ing,	straining,	and	squeezing).	Whenever	possible,	
pictures while the patient is voiding should be ob-
tained.	It	is	important	to	consider	that	coughing	and	
straining result in a different effect on the pelvic 
loor.	Straining	might	be	associated	with	relaxation	
or	 contraction	of	 the	pelvic	 loor,	 and	 the	 imaging	
can	change	accordingly.

During	coughing	there	is	a	relex	contraction	of	the	
pelvic	 loor,	 but	 coughs	 are	 of	 short	 duration	 and	

dificult	 to	catch	on	spot	ilms.	Bladder	suspension	
defects were diagnosed at rest in 49% of 420 exam-
inations, while coughing and micturition disclosed 
a	further	number	of	20%	and	4%	respectively	[13].	
Squeezing	can	demonstrate	pelvic	loor	awareness	
and	contraction	[23].

3. COMBINED IMAGING AND URODYNAMICS

Videourodynamics has been by some regarded as 
the	 “gold	standard”	 in	 the	evaluation	of	LUTD	 [23].	
Reproducibility of the combined examination has not 
been assessed and further the radiation dose has 
to	be	considered	[15,	20,	24-26].	One	study	has	at-
tempted to compare videourodynamics with saline 
cystometry	 [23].	 Independent	observers	carried	out	
the two procedures with 75 women having the sa-
line	cystometry	irst	and	a	further	75	women	had	vid-
eourodynamics	irst.	The	degree	of	bladder	descent	
noted on screening was greater than on clinical ex-
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amination.	Nineteen	women	had	trabeculation	and	a	
further 11 women had bladder or urethral diverticula, 
urethral	stenosis	and	vesicoureteric	relux	[1,	11,	14].	
Only seven of the eleven women could have been 
predicted by a selective imaging policy based on his-
tory alone which would image 43% of the 150 wom-
en.	This	suggests	that	a	selective	policy	of	screening	
will unnecessarily expose patients to radiation while 
not using the optimal technique for investigation for 
all	patients	who	need	the	test.	Nevertheless	simulta-
neous videomonitoring along with tracings of pres-
sure	and	urine	low	rate	are	important	to	ensure	that	
the exposures are made at appropriate moments so 
that the radiographs can be representative of the 
various	functional	states	[13,	18,	27,	28].

Patients with Parkinson’s disease and multiple sys-
tem atrophy are best evaluated by videourodynamics 
and sphincter motor unit potential analyses to identify 
characteristic	features	of	these	conditions	including:	
external sphincter denervation, neurogenic sphincter 
motor unit potentials, open bladder neck at rest and 
detrusor-external	 sphincter	 dyssinergia	 [29].	 Neu-
rogenic patients show severe bladder trabeculation 
with diverticula and pseudodiverticula, pelviureteric 
relux,	widening	bladder	neck	and	proximal	urethra.
Narrowing at the level of the membranous urethra 
can suggest, the presence of neurogenic dysfunction 
of the lower urinary tract (occult spinal dysraphism, 
non-neurogenic neurogenic bladder [also known as 
the Hinman syndrome]) even in the absence of neu-
rogenic	 symptoms	 and	 signs	 [30-32].	 Urodynamic	
parameters in children do not discriminate between 
those	with	or	without	vesicoureteral	 relux	 thus	vid-
eourodynamics	 have	 been	 considered	 essential.	
Additionally, children with non-neurogenic voiding 
dysfunction are found to have a number of abnor-
malities	with	videourodynamics	[33,	34].	 Indications	
for videourodynamics include previous continence 
and vaginal surgery, neurological disorders and sus-
picion	of	urethral	diverticula.

4.  NORMAL AND DEFECTIVE BLADDER  SUPPORT

The whole issue about the clinical value of VCUG 
is about the role of defective bladder support in the 

pathophysiology of SUI in female patients and the 
relation between the surgical correction of such a 
defect	and	cure.	The	concept	of	urethral	hypermobil-
ity	was	inherent	 to	the	classiication	of	SUI	and	the	
concept that impaired transmission of abdominal 
pressure to female urethra could be responsible for 
the	 observed	 leakage.	 Little	 remains	 regarding	 the	
concept of urethral hypermobility in a modern view 
of female SUI and this contributed to the decreasing 
use of VCUG in the evaluation of a standard female 
patient.

The normal resting bladder has a smooth surface 
although bladder trabeculation is often seen in el-
derly women and not necessarily related to any 
pathological	 condition.	The	 internal	 urethral	 oriice	
is	 located	 just	 above	a	horizontal	 line	 through	 the	
lowermost part of the symphysis in a coronal projec-
tion.	The	urethra	is	straight	and	runs	anteriorly	and	
caudally	toward	the	external	meatus.

On coughing and straining, relaxation of the pelvic 
loor	 results	 in	 downward	 movement	 of	 the	 blad-
der neck, which can be associated with a backward 
movement of the bladder neck resulting in a change in 
urethral	axis.	Squeezing	(and	sometimes	also	strain-
ing)	results	 in	contraction	of	 the	pelvic	loor	muscle	
with a cranial movement of the bladder neck Figure 
B 5a.	During	voiding	(Figure B 5b ) the bladder base 
is usually lowered about 1 cm, the angle between 
the urethra and the trigone is straightened, making 
a funnelled appearance of the proximal urethra and 
the bladder base, the bladder contour is rounded and 
a	ine	sawtooth	irregularity	of	the	mucosa	becomes	
visible	above	the	trigone.	Angles	and	distances	be-
tween the urethra, bladder base and symphysis pu-
bis	have	been	assessed	radiologically.	The	following	
parameters	have	been	assessed	for	reliability:

1.		The	posterior	urethrovesical	 angle	 (PUV)	 is	de-
ined	by	lines	along	the	posterior	urethra	and	the	
trigone	[35].	Cut	off	values	were	usually	115°	or	
more [36, 37]; 

2.		The	 urethral	 inclination	 is	 between	 the	 proximal	
urethral axis and the vertical plane, which is a 
plane outside the patient and, therefore, the angle 

Figure B5: Female Cysto-urethrography 1a: normal appearance on couching, straining and squeezing          
b: normal appearance on voiding
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also	varies	with	pelvic	inclination.	In	Green	type	I	
and type II descent the angle is less or more than 
45°	respectively	[37];

3.		The	 urethropelvic	 (UP)	 angle	 is	measured	 during	
voiding as the anterior angle between a line through 
the	middle	 of	 the	 internal	 urethral	 oriice	 and	 the	
urethral knee and a line through the posterior sur-
face of the symphysis through the lowermost part of 
the	obturator	foramen	closest	to	the	ilm.	In	normal	
subjects	the	mean	UP	is	about	95°	and	the	cut	off	
point	for	bladder	descent	are	values	below	70°	[13];	

4.		Symphysis	 oriice	 (SO)	 distance	 is	 measured	 at	
rest	as	 the	distance	on	a	horizontal	 line	 from	the	
symphysis	 to	 the	 internal	 urethral	 oriice.	Normal	

values are 31 ± 6 mm (mean ± SD) and values less 
than 20 mm are the cut off points for descent [13]; 

5.		The	urethral	axis	at	rest	(UAR)	and	during	strain-
ing (UAS) (Figure B 6 ) Funnelling of the proximal 
urethra	and	latness	of	the	bladder	base	(both	an-
terior	and	posterior	to	the	internal	urethral	oriice)	
and the most dependent portion of the bladder 
base (the urethrovesical junction or a point poste-
rior to that) are important qualitative parameters 
estimated	on	straining	ilms	[36].

Anterior bladder suspension defects or bladder 
base	 insuficiency	 (BBI)	 (Figure B 7 )	 is	 deined	
as SO < 20 mm with a normally positioned vagina 
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at rest, during coughing or micturition and/or fun-
nelling of the bladder base at rest or with cough-
ing.	BBI	can	be	graded	1-3,	which	corresponds	to	
Green’s	type	I	descent	[13,	38].	The	supportive	de-
fect is supposed to be in the fascial and ligamen-
tous	system	and	their	abnormal	detachments	(eg.,	
paravaginal	defects).

Posterior bladder suspension defects (Figure B  
8	 are	 deined	 as	 a	 posterior-inferior	 bladder	 dis-
placement	and	a	UP	of	 less	 than	70°	 [13].	 It	cor-
responds	to	Gruen’s	type	II	[39].	Sometimes	(Fig -
ure B 9 ) only the trigone and posterior part of the 
bladder	 is	 involved.	The	supportive	defect	 is	sup-
posed	to	be	in	the	muscular	pelvic	loor,	that	is,	the	
pubo-vesical part of the pubococcygeus muscle or 
in	paravaginal	detachment.

Interestingly, when UAR and UAS were examined 
in a group of 76 continent women and correlated 
with age, a perfect linear regression was noted 
between	UAR	 and	 age	 (R2=	 0.28).	 Patients	with	
stress urinary incontinence were found to have 
an	 average	 UAR	 value	 of	 25°	 with	 a	mean	 UAS	
of	43°	leading	to	a	threshold	value	of	hypermobil-
ity	of	about	20°.	When	standing	cystourethrograms	
were repeated 3 to 6 months after surgery for SUI, 
UAR and UAS values were found to be close to 
normal suggesting a relation between the correc-
tion	of	the	defective	bladder	support	and	cure	[39].	
A	more	 structured	 deinition	 of	 cystocele	 (ranked	
by height in centimetres) was also obtained, add-
ing to the emerging data that the reliability of the 
pelvic	organ	prolapse	quantiication	(POP-Q)	sys-
tem increases when measurements are performed 
in	a	more	upright	position	[39].

5. REPRODUCIBILITY

The observer variation has been evaluated in four 
university uro-gynecological units (Table 1 ) [23, 36, 
40,	41].	The	inter-observer	agreement	was	43-79%	
and	 the	 intra-observer	 agreement	 was	 53-99%.	
These	igures	are	 in	 the	same	range	as	has	been	
found	for	other	diagnostic	tests	[42].

6.  ACCURACY FOR THE DIAGNOSIS OF SUI AND POST-OPER-
ATIVE RESULTS

Evaluation of accuracy is the mainstay in the evalu-
ation	of	a	diagnostic	technique.	One	has	to	consider	
that	 sensitivity	 and	 speciicity	 depend	 on	 intrinsic	
factors such as reproducibility (as measured by 
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intraobserver and interobserver variation) and ex-
trinsic ones such as the characteristic of the patient 
cohort	used	to	assess	accuracy.	

The accuracy of the previously mentioned radio-
logical criteria have been measured by compar-
ing imaging data with the ‘so called’ index-test 
which in this case was a clinical diagnosis of uro-
dynamic stress incontinence and expressed as 
specificity	and	sensitivity	or	as	predictive	values.	
Unfortunately the diagnosis of SUI is controver-
sial and might be based on subjective criteria, 
urodynamic	 tests,	 or	 measurement	 of	 leakage.	
Even radiological criteria have been included in 
the	diagnosis.

Reproducibility	 (e.g.	 test-re-test	 agreement)	 has	
not been measured, but intra- and inter-observer 
variation has been calculated and also adjusted for 
expected	 chance	 agreement	 (kappa	 coeficient).	
The	 predictive	 values	 and	 the	 kappa	 coeficient	
are supposed to depend on the prevalence, and 
therefore, comparison between different materials 
are	dificult	[42].

No consensus has been reached in the peer-re-
view literature as to the lack of discriminant value 
of VCUG between SUI and continence, the major-
ity of published papers are consistently negative 
although new promising data have been published 
[37,	39,	43-45].	The	speciicity	of	5	radiological pa-

rameters on static bead chain VCUG was 44-76% 
and	the	sensitivity	53-100%	[45,	46].	Neither	was	
the degree of SUI correlated with the type or de-
gree	of	suspension	defects	[23,	40,	47].	The	posi-
tive and negative predictive values for a bladder 
suspension	defect	were	0.70	(95%	C.l.:	0.62-0.78)	
and	0.52	(95%	C.l.	0.41-0.63)	respectively	on	void-
ing	 colpo-cystourethrography	 [38,	 48].	 In	 a	 later	
publication on 159 women, positive and negative 
predictive	values	of	0.56	and	0.74	were	obtained	
[45].	 Evaluation	 of	 the	 urethral	 angle	 at	 rest	 and	
during stress in controls and in patients with SUI 
and various grades of anterior vaginal prolapse 
show	a	signiicant	 relationship	between	UAR	and	
aging	(from	2.4°	±	14.9°	in	the	third	decade	to	29°	
±	9.2°	in	the	9th	decade;	r2=	0.28).	In	patients	with	
SUI,	UAR	and	UAS	decreased	 from	25.7°	±	13.6	
°	and	42.6°	±	15.9°	 to	16.6°	±	14.7°	and	23.8°	±	
17.5°,	 respectively;	 the	 observed	 changes	 were	
found	to	be	statistically	signiicant.	A	similarly	signif-
icant difference was found in patients with moder-
ate to grade 3 cystocele and urethral hypermobility 
(at least 5 cm descent of the bladder base below 
the inferior ramus of the pubic symphysis on the 
lateral	 view	of	a	standing	VUCG):	UAR	and	UAS	
decreased	from	48.1°	±	16.5	°	and	64.4°	±	16.8°	to	
22.3°	±	26.9°	and	29.8°	±	22.8°,	respectively.

Comparison of a randomly selected control cohort 
(aged-matched) with patients suffering SUI showed 
a	signiicant	difference	of	UAR	and	UAS	at	diagnosis	

 Type of examination, patients and observers Inter-observer variation Intra-observer variation 

Bead-chain 1 
 

stress & urgency incontinence n°92 

3 observers on 5 landmarks 
45.8-80.7 %  

VCCU 2 

stress incontinence n° 52 

1 observer on type of descent 

79% 

95% c.l. 65-89 

 

VCCU 3 

stress incontinence n° 29 

2 observers on type of descent 

70% 

95% c.l. 75-89 

53% 

95% c.l. 27-78 

VCCU 4 n° 93
 

stress & urgency incontinence 

6 observers on type of descent 

43-60% 

kappa 20-39% 

72-99% 

kappa 57-98% 

VCUG 5
 

Stress incontinence n° 11 

2 observers on urethral angle shift from rest 
to straining

 

r = 0.83 (p=0.001) for UAR 

r = 0.82 (p=0.002) for UAS 
 

Table 1: Inter- and intra-observer variation (agreement) on cystourethrography in females with urinary incontinence.
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Figure B 10: Perineal midsagittal two-dimensional view and three-dimensional rendered image.
Normal anatomy.

while similar values were found after surgery (Figure 
B 10).	This	was	similar	to	patients	with	grade	3	cys-
tocele	in	whom	both	UAR	and	UAS	were	signiicantly	
different from controls at baseline while showed simi-
lar	values	in	the	postoperative	follow-up.

Measurement of the cystocele height (LATH), ob-
tained as the distance between the inferior border 
of the pubic symphysis and the inferior edge of the 
cystocele in controls and patients with mild and 
severe	 cystocele	 showed	 a	 signiicant	 difference	
between	the	two	cohorts	(16.63	±	10.9	versus	27.4	
±	12.3	mm	versus	73.4	±	15.6	mm,	respectively).	
Following	 formal	 cystocele	 repair,	 a	 signiicant	
change of LATH values was found in patient with 
mild	and	severe	cystocele	(from	27.4	±	12.3	mm	to	
13.9	±	18.0	mm	and	from	73.4	±	15.6	mm	to	25.4	±	
24.6	mm,	respectively	[p<0.001]).

These	 are	 the	 irst	 data	 supporting	 the	 used	 of	
standing VCUG as an outcome measured, previous 
peer-review papers suggested the inability of its 
technique to distinguish postoperative failures from 
success	[13,	23,	42,	44,	46,	49-52].

7.  COMPARISON OF CYSTOURETHROGRAPHY AND ULTRASO-
NOGRAPHY

The development of USS techniques for the evalu-
ation of the lower urinary tract raised the question 

of the relationship between X-ray and USS im-
aging.	 Static	 bead	 chain	 cystourethrography	 has	
been compared with transrectal and perineal USS 
and voiding colpo-cystourethrography has been 
compared	with	perineal	USS	[46,	47,	53,	54].	The	
indings	correlated	well	regarding	bladder	neck	po-
sition and mobility, PUV, urethral inclination, SO 
distance	and	rotation	angle.

Speciicity,	 sensitivity	 and	 interobserver	 agreement	
were	also	comparable	 for	 the	 two	methods.	All	 the	
authors seem to prefer the sonographic modality be-
cause imaging can be performed at the same time 
as	the	physical	examination.	This	has	also	been	the	
case	 in	 men	 with	 neuromuscular	 dysfunction	 [11].	
Simple and extensive funnelling is more easily im-
aged in upright patients during cystourethrography 
than in the supine position frequently used for ultra-
sound	studies	[30].

8. COMPARISON OF CYSTOURETHROGRAPHY AND MRI

The introduction of MRI in the assessment of 
the LUT required adequate comparison of this 
technique	 with	 standard	 X-ray	 imaging.	 The	
comparison of cystourethrography and colpo-
cystourethrography with dynamic MRI showed 
comparable data on bladder neck position and 
cystocele	extension	[55,	56].	Although	there	is	an	
obvious concern about the fact that dynamic MRI 
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imaging is usually performed with the patient ly-
ing in a dorsal lithotomy position, comparison of 
standing and lying colpocystourethrography did 
not	showed	any	significant	difference	[56].

9. CONCLUSIONS

VUCG does not have a major role in the evaluation 
of	the	standard	female	patient	with	UI	conirmatory	
results on the clinical utility of measuring urethral 
angle and cystocele height in patients with UI and 
POP	 who	 are	 scheduled	 for	 surgery	 still	 missing.	
Defective bladder support can be diagnosed on 
VCUG with a reliability comparable with other diag-
nostic	tests.

Dependent on local facilities the method might be 
considered if the choice of a surgical procedure is 
based	on	type	and	degree	of	supporting	tissue	dei-
ciencies and possibly if new procedures are evalu-
ated	for	the	ability	to	restore	this	deiciency.	

10. CONSENSUS STATEMENT

o  Cystourethrography is NOT indicated in primary 
uncomplicated stress, urge or mixed female uri-
nary incontinence [Level of Evidence 3, Grade of 
Recommendation	C].

o  Cystourethrography may be a reasonable option 
in the preoperative evaluation of complicated or 
recurrent female urinary incontinence [Level of 
Evidence	3,	Grade	of	Recommendation	C].

11. SUGGESTED RESEARCH AREAS

o  Variation of VCUG parameters in patients with SUI 
+/-	ISD	and	prognostic	value	for	surgical	repair.	

o VCUG in re-do surgery for SUI

2. ULTRASONOGRAPHY

Ultrasonography has been used in the evalua-
tion	of	urinary	incontinence	as	early	as	1980	[1].	
Over the past three decades the quality of the ul-
trasound image and its processing has improved 
beyond what could have been imagined during 
the	 70’s.	 Various	 new	 developments,	 such	 as	
the use of contrast medium, colour Doppler, 360 
degree transducers and three- and four dimen-
sional imaging have been introduced and have 
led to more widespread use of ultrasonography 
in the evaluation of the lower urinary tract and 
pelvic	floor	disorders.

A number of studies have reported good correla-
tions between ultrasonography and x-ray in the 
evaluation of urinary incontinence [2-9] Schenck et 
al	 2011.	 In	 particular,	 the	 position	 of	 the	 bladder	
neck at rest and during Valsalva [10] manoeuvre 
has frequently been compared, and all authors 
agree	on	a	good	 correlation.	Some	authors	even	
found better accuracy for ultrasound [5], especially 
in	 obese	women	 [2].	 Ultrasonography	 is	 cheaper	

than X-ray imaging, it is often preferred by phy-
sicians because the imaging studies can be per-
formed	 in	 their	 own	ofice	as	part	 of	 the	physical	
examination and it is also more acceptable to 
patients because of the lack of for radiation expo-
sure.	However	ultrasound	itself	produces	problems	
by needing to be in direct contact with the patient 
even during dynamic manoeuvres and the resolu-
tion is dependent on the frequency of the probe 
used.	 The	 higher	 the	 ultrasound	 frequency,	 the	
better the resolution but there is reduced penetra-
tion	into	the	tissues.

a) Types Of Ultrasonography

Different imaging approaches have been used, 
such as abdominal, transvaginal, transrectal, peri-
neal	 and	 transurethral.	Synonyms	 for	 the	 perineal	
approach are transperineal, introital, labial or trans-
labial access, all use a similar method and there 
does not appear to be a substantive difference be-
tween these terms, a common agreed term needs 
to	be	decided	upon.

Abdominal ultrasonography is generally not consid-
ered	to	be	helpful	in	pelvic	loor	and	urethral	imaging	
because of the acoustic shadow caused by the pu-
bic	bones	particularly	in	the	obese	patient	[1].	All	ap-
proaches in ultrasound have a problem of distorting 
the	 tissue	being	 imaged	due	 to	compression.	With	
vaginal ultrasonography this risk is probably highest 
[11],	although	this	has	also	been	denied	[12].	Most	
recent studies report on perineal ultrasonography 
that allows the visualisation of all three compart-
ments in one image but again compression of the 
urethra may occur and imaging is impaired with vag-
inal	prolapse	or	gas	in	the	rectum.	The	development	
of three-dimensional ultrasonographic systems has 
brought increased accuracy to measuring volumes 
of irregular structures as well as reconstructed im-
ages	from	novel	directions	and	allowing	pelvic	loor	
imaging.	 Three-dimensional	 ultrasonography	 was	
irst	 described	 for	 the	 female	 urethra	 in	 1999	 [13];	
the three-dimensional image can either be evalu-
ated as a separate entity on the screen, or in com-
bination with each of the two-dimensional planes 
from which it is derived (Figure B 10 )	(see	igure	in	
this	document).	These	three	two	dimensional	planes	
are at orthogonal to each other being the sagittal, 
coronal	and	axial	planes.	Three-dimensional	images	
are	built	up	as	a	 rendered	 image	of	a	self	deined	
region of interest, major advantages over 2D imag-
ing include the possibility of reviewing the acquired 
images from any investigator and the ability to anal-
yse the acquired volume through any plane (simi-
lar to CT scans or MRI) (Figure B11 ).	This	means	
that	the	levator	ani	muscle	can	be	easily	visualised.	
However interest has focused on the absence of the 
pelvic	loor	being	imaged	and	a	defect	being	implied.	
Ultrasound	produces	images	by	being	relected	by	a	
tissue.	These	relective	surfaces	produce	images	of	
great clarity and resolution which are independent 
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of	 the	 ultrasonic	 frequency.	However	 once	 the	 tis-
sue is perpendicular to the direction of travel of the 
ultrasound waves then axial resolution is effective, 
this limits the accuracy and the ability for tissues to 
be	 imaged.	 This	 highlights	 the	 importance	 of	 test-
ing all ultrasound imaging modalities against a gold 
standard such as cadaveric dissection or comparing 
with	 another	medium	such	as	MRI	 or	CT.	Four-di-
mensional imaging involves a volume of tissue being 
continuously scanned, this inevitably involves a time 
delay and cannot be “real-time” but incorporates the 
enormous improvement in speed of three-dimen-
sional systems over the last few years and it makes 
three-dimensional assessment of the dynamic rela-
tion of the pelvic organs on Valsalva manoeuvre and 
pelvic	loor	contraction	possible.

b) Standardisation

No consensus has been reached as to the standardi-
sation	of	image	orientation.	Some	prefer	orientation	
with cranial structures below (Figure B 12a ) [14] 
whereas others prefer presentation of the cranial 
parts above (Figure B 12b )	 [15].	All	authors	agree	
that the symphysis pubis, and its inferior border in 
particular,	 is	 a	 well	 recognisable	 and	 ixed	 refer-
ence	point.	This	point	can	be	used	in	the	evaluation	
of the various aspects of relevant structures at rest 

Figure B 11: Perineal midsagittal two-dimensional view.
Normal anatomy of the levator ani muscle.

and	during	dynamic	 imaging.	 In	general,	ultrasono-
graphic studies are performed in the supine position 
(Figure B 13) .	Small	differences	between	the	supine	
and standing position of the patient have been docu-
mented, although these differences disappeared dur-
ing	a	Valsalva	manoeuvre	 [16].	Only	a	 few	studies	
have	been	performed	 in	 the	 standing	position	 [17].	
There is no clear consensus on the amount of blad-
der	illing,	some	authors	prefer	signiicant	bladder	ill-
ing, others prefer a nearly empty bladder because an 
empty bladder seems to descend more on Valsalva 
manoeuvre	 compared	 with	 a	 full	 bladder	 [18,	 19].	
Attempts to standardise Valsalva manoeuvre, ide-
ally with intra-abdominal pressure measurements, 
has	not	been	widely	accepted	[12,20].	In	one	study	
[17],	a	peak	low	meter	has	been	used,	where	wom-
en were asked to “huff” maximally and to reach the 
same	force	during	a	number	of	 “huffs”.	 It	has	been	
shown that the mobility of the bladder neck differs 
between	coughing	and	Valsalva	manoeuvre	[21].	Co-
activation	of	the	pelvic	loor	muscles	during	Valsalva	
manoeuvre has been documented and is one of the 
reasons	for	the	lack	of	standardisation	[21].

c) The Urethra And Bladder Neck

When	collagen	ibres	and	muscle	ibres	are	locat-
ed parallel to the ultrasound beam, the structure 
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becomes	hypoechoic.	These	same	structures	will	
become	hyperechoic,	however,	when	the	ibres	are	
located	perpendicular	 to	 the	beam.	Ultrasonogra-
phy may result in variable images of the urethra, 
since the echogeneity of the structures depends 
on the position of the transducer in relation to the 
urethra.	This	may	produce	confusing	 images,	es-
pecially	in	the	dynamic	process	of	pelvic	loor	con-
traction	 and	 Valsalva	manoeuvre.	 In	 the	midsag-

ittal plane on perineal ultrasonography, and with 
normal anatomical position of the urethra at rest, 
the internal sphincter and inner mucosal layer of 
the urethra will appear hypoechoic (Figure B10 ), 
these structures cannot be distinguished from 
each	other	on	ultrasonography.	 In	 the	midsagittal	
plane and with normal anatomical position of the 
urethra at rest, the striated external sphincter or 
rhabdosphincter will appear hyperechoic, and can 
hardly be distinguished from the surrounding struc-
tures.	It	will,	however,	be	easily	visible	as	a	hyper-
echoic circular structure in the axial plane as seen 
on	three-dimensional	ultrasonography	[22,23].	The	
rhabdosphincter has been found to be thinner dor-
sally [13], and both ventrally and dorsally [24] by 
various	 authors	 and	 more	 dificult	 to	 distinguish	
from the internal sphincter ventrally and dorsally 
compared	 with	 laterally	 [25].	 These	 differences	
may be due to the approach used to image the 
structures as well as types of probes applied but 
this	has	not	been	addressed	in	any	study	to	date.

With the use of ultrasonography, thickness and 
length of the urethral sphincter muscle can be 
measured and urethral volume calculated [15, 25, 
26].	 Intra-urethral	 ultrasonography	 has	 been	 used	
for this purpose although complete imaging of the 
lateral	parts	of	the	sphincter	are	dificult	due	to	the	
higher frequencies emitted by these probes [27], 
others have used two- or three-dimensional ultraso-
nography	of	the	urethra	[13,	22,	24,	28,].

Comparison of transvaginal and transrectal approach 
showed a lower degree of urethral compression with 
the	 latter	 approach	 [24,	 29].	 Ultrasound	 measure-
ment of the female urethra has been found to be 
reproducible	 [13,	 22].	 Sphincter	 volume	may	 differ	
signiicantly	 when	 2D	 or	 3D	 imaging	 is	 used	 [22].	
Urethral volumes, measured by 3D ultrasonography, 
were positively correlated with the actual volumes in 
cadavers	 [28].	A	signiicant	and	positive	correlation	
between rhabdosphincter volumes and symptoms 
and signs of urinary incontinence has been reported 
[13];	 correlations	 with	 the	 urethral	 pressure	 proile	

Figure B 12-a: Perineal midsagittal two-dimension -
al ultrasound view on three compartments and hor -
izontal reference line according to Dietz.

Figure B 12-b: Perineal midsagittal two-dimensional 
ultrasound view on three compartments and refer -
ence lines according to Tunn and Schaer.
A= horizontal reference line
B= central line of the symphysis as reference line for 
bladder neck descent

Figure B 13: Perineal ultrasound examination in the 
supine position.
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(UPP) have been found [23, 25, 26, 28] but these 
data	 could	 not	 be	 reproduced	 [30].	 Ultrasonogra-
phy imaging during micturition has been explored 
with	 the	 aid	 of	 a	 remote	 control	 systems	 [31].	The	
use of intra-urethral ultrasonography with rotating 
probes	(360°)	has	been	proposed	by	various	authors	
although no particular advantages over perineal US 
could	be	identiied	and	incomplete	imaging	appears	
to be a problem due to the high ultrasound frequency 
emitted	[27,	32-35].

The advantage of preoperative and intraoperative 
three-dimensional ultrasound scanning in women 
with urethral diverticula has been outlined by Yang 
et	al.	[36,	37].

d) Bladder Neck

The bladder neck and proximal urethra are easily 
visible on all types of ultrasonography without the 
need for catheterisation (Figure B 10 ).	Measure-
ments are usually taken at rest, during straining 
(Valsalva manoeuvre), and sometimes during a 
cough	and	squeeze.	The	position	and	movements	
are measured in relation to the lower margin of the 
symphysis	pubis.	The	difference	between	rest	and	
strain is referred to as the bladder neck descent 
(the distance between the bladder neck and a hori-
zontal	line	through	the	lower	end	of	the	symphysis	
pubis) (Figure B 14 ).	On	Valsalva	manoeuvre	the	
bladder neck rotates in a posterior and inferior di-
rection	away	 from	 the	symphysis	pubis.	The	axis	
of	the	urethra	in	relation	to	a	vertical	or	horizontal	

line can be measured in degrees and provide the 
degrees of urethral rotation or bladder neck mobil-
ity.	Other	parameters	are	the	posterior	urethrovesi-
cal	angle	and	the	anterior	urethrovesical	angle.	A	
number of studies have validated the use of ultra-
sonography in the assessment of the position and 
mobility	of	the	bladder	neck	and	proximal	urethra.	
Good results for this validity testing have been re-
ported although the clinical value of such measure-
ments	is	still	elusive	[4,	12,	38-40].	Normal	values	
of	 bladder	 neck	 mobility	 have	 not	 been	 deined,	
since there is a great range in mobility even in 
young	 nulliparous	women.	 In	 one	 study	 amongst	
nulliparous continent women of approximately 20 
years of age, the bladder neck descent varied be-
tween	1mm	and	40mm	[41].

Others [38] found an average descent of 15 mm on 
Valsalva	manoeuvre	and	8	mm	on	a	cough.	Brandt	
et	al.	have	found	an	average	bladder	neck	descent	
of	only	5	mm	in	16	year	old	girls	[42].	Racial	differ-
ences have been demonstrated, with white women 
having greater bladder neck mobility compared with 
black	women	[43].	Genetic	determination	of	bladder	
neck	mobility	has	been	suggested	[44].	Numerous	
studies have found greater bladder neck mobility 
in parous compared with nulliparous women [12, 
30,	 45-47].	 Bladder	 neck	 hypermobility,	 however	
deined,	 is	 considered	 to	 be	 related	 to	 stress	 uri-
nary	incontinence	[15,	30].	A	large	number	of	stud-
ies	 have	 correlated	 ultrasonographic	 indings	 with	
urodynamic	 parameters	 [47-56]).	 Speciicity	 and	

Figure B 14:  Perineal midsagittal two-dimensional view at rest and on Valsalva manoeuvre. Bladder neck descent.
(S= symphysis pubis; U= urethra; B= bladder; A= anal canal.)
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sensitivity of ultrasonography for the diagnosis of 
stress incontinence were 83 and 68% in one study 
[50]	and	92	and	96%	in	another	study	[57].	There	is	
one study which has used ultrasound of the blad-
der neck movement on coughing and Valsalva as 
a	marker	with	patients	undergoing	pelvic	loor	exer-
cises.	 In	 this	study	 the	response	 to	 treatment	was	
not associated with changes to the bladder neck 
mobility [58] underlining this is probably an associ-
ated phenomenon and not the cause for stress uri-
nary	incontinence.

One	research	group	has	speciically	investigated	si-
multaneous perineal ultrasonography and urethrom-
etry.	They	were	able	 to	demonstrate	 that	 the	varia-
tions in urethral pressure were caused by the activity 
of	the	urethral	sphincter	as	well	the	pelvic	loor	mus-
cles	[59].	The	contractions	from	the	urethral	sphinc-
ter during acute stress events such as coughing are 
thought	to	be	due	to	fast	contractions.	Some	studies	
have used ultrasonography in an attempt to optimise 
patient management, but despite the abundant litera-
ture on the use of ultrasonography in the investiga-
tion of women with urinary incontinence, disappoint-
edly, a clinical advantage in terms of patient outcome 
has	not	been	reported	until	now	[60,	61].

Urethral funnelling can be observed on ultraso-
nography (Figure B 15 ) particularly with the use 
of	contrast	agents.	 It	 is	a	 typical	inding	 in	women	
with stress urinary incontinence but can be seen 
in	asymptomatic	women	as	well	[62-64].	In	a	study	

on stress incontinent women, funnelling was found 
to	be	present	in	nearly	all	women	[63,	65].	Urinary	
incontinence can be demonstrated by the use of co-
lour	Doppler	of	the	urethra	[66,	67].	Colour	Doppler	
has, furthermore, been used to visualise the peri-
urethral vasculature in nulliparous women [68] and 
differences have been described between continent 
and incontinent women [69, 70] and before and af-
ter oestrogen supplementation in postmenopausal 
women.	 Doppler	 velocimetry	 has	 recently	 been	
used in a study on the vascularisation of the levator 
ani musculature and a correlation has been found 
between	 the	absence	of	an	end-diastolic	 low	and	
the	 presence	 of	 stress	 urinary	 incontinence	 [71].	
The	blood	low	around	the	urethra	and	bladder	has	
been studied with Doppler before and after insertion 
of tension free vaginal tape and the transobturator 
tape.	The	blood	low	decreases	only	after	insertion	
of the tensional free vaginal tape whereas the blood 
low	was	unchanged	after	 insertion	of	 the	transob-
turator tape which may relate to the direction of ure-
thral	compression	[72].	

e)  Determination of the Post Void Residual Urine 
and Bladder Wall Thickness

Ultrasonography is the gold standard technique for 
measuring bladder volume and post-void residual 
urine	 [73-77].	 Ultrasonographic	 data	 have	 been	
compared with residual volumes obtained by in and 
out catheterisation under ultrasound control and 
were	found	satisfactory.	However,	Khan	et	al.	have	

Figure B 15:  Perineal midsagittal two-dimensional view.
Urethral funnelling.
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challenged the methodology of these studies and 
have	 found	deiciencies	 in	 all	 reports	 on	 the	 topic	
[78].	A	simple	formula	often	used	is	[Height	*	Width*	
Depth](cm)	 *	 0.7=	 Volume	 (ml)	 in	 which	 the	 fac-
tor	0.7	 is	 the	correction	 for	 the	non	circular	shape	
of	 the	 bladder.	Automated	 ultrasound	 systems	 for	
measuring bladder volume and post-void residual 
have been developed and have been found to be 
more accurate than standard ultrasound measure-
ments, furthermore they can be used by health care 
providers	with	no	training	in	ultrasound	imaging[79].	
These machines are widely used and are, in gen-
eral, experienced as reliable enough for clinical use, 
however, in the case of ascites [80] or an ovarian 
cyst [81] for example, the estimated urinary vol-
umes	can	be	incorrect,	and	in	post	partum	women.	

Recently the normal values for the post void resid-
ual urinary volumes in asymptomatic women have 
been presented; in 60 year old women, the median 
residual volume was 19 ml, and 95% of women had 
a	post	void	residual	volume	of	less	than	100	ml	[74].	
Ultrasound measurement of bladder wall thickness 
(BWT) and ultrasound estimated bladder weight 
(UEBW).	Ultrasound	measurement	of	BWT	was	irst	
proposed as a non-invasive method for diagnosing 
infravesical	 obstruction	 in	 children	 [82].	 More	 re-
cently, BWT has been used to predict the outcome 
of	children	with	primary	nocturnal	enuresis	[82-84].	
BWT has also been proposed as a risk factor for 
upper urinary tract deterioration in children with my-
elodysplasia	 [85].	Measurement	 of	 BWT	was	 also	
proposed to diagnose bladder dysfunction (detrusor 
over activity and detrusor hypocontractility versus 
normal detrusor function) in children with urinary 
tract	 infection	[86,	87].	Additional	parameters	such	
as the bladder wall thickness index (length x width 
x depth of the bladder at full bladder/average BWT) 
were proposed and a nomogram for the paediatric 
population	provided	[88].

In the adult population, higher BWT values have 
been	measured	 in	men	 than	 in	women.	Thickness	
may certainly differ depending the measurement 
technique;	values	of	3.3	+/-	1.1	mm	and	3.0	+/-	1.0	
mm, respectively were reported by Hackenberg and 
co-workers	 [89].	Oelke	 conirmed	a	 signiicant	 dif-
ference between male and female detrusor thick-
ness	(1.4	versus	1.2	mm,	respectively)	[90].	A	small	
increase of detrusor hypertrophy with age has been 
reported	in	both	genders	[89].	In	men,	measurement	
of bladder wall thickness proved to be the most sen-
sitive	parameter	(outperforming	urolowmetry)	to	di-
agnose	BOO	in	patients	suffering	LUTS	[91,	92].

Transvaginal	ultrasound	was	irst	proposed	in	1994	
for the measurement of BWT in women with bladder 
volume	of	 less	 than	20	ml.	A	signiicant	difference	
was	shown	in	patients	with	DO	and	USI	(6.7	+/-	0.6	
versus	3.5	+/-	0.6	mm,	 respectively).	Low	 intraob-
server	and	interobserver	variability	were	measured:	
0.02	mm	in	both	with	a	95%	conidence	interval	of	

-0.22	 to	 0.18	 and	 -0.32	 to	 0.35	 mm,	 respectively	
[93].	In	1996,	Khullar	and	co-workers	showed	how	
ultrasound measurement of BWT is a sensitive 
method for diagnosing DO in symptomatic women 
without bladder outlet obstruction with 94% of wom-
en with BWT greater than 5 mm having involuntary 
detrusor contractions on videocystourethrography 
or	ambulatory	urodynamics	[94].	In	2002,	the	same	
group	showed	no	overlap	in	the	95%	conidence	in-
tervals of BWT was shown in patients with DO and 
USI	 in	women	with	 storage	 symptoms,	 conirming	
the potential of this parameter for diagnosing DO 
[95].	In	2003,	a	study	on	ultrasound	cystourethrog-
raphy	in	women	conirmed	a	signiicant	association	
between age and intravesical pressure at maximum 
low	with	BWT	[96].	Methodological	and	technical	is-
sues in the ultrasound measurement of bladder wall 
thickness and weight remain open and constitute a 
major limitation for a more widespread use of these 
parameters.	In	2005	Chalana	and	co-workers	pub-
lished an early report on automatic measurement 
of the ultrasound estimated bladder weight from 
three-dimensional	ultrasound.	An	average	value	of	
42	+/-	6	g	was	measured	in	healthy	male	subjects.	
A standard deviation of 4 g was seen among mea-
surements performed in the same subject at differ-
ent	bladder	volumes	(200	to	400	ml)	[97].

Further research in this area is certainly needed 
and further improvement in the accuracy of auto-
mated	systems	is	eagerly	awaited.	Although	data	
published in the peer review literature on this 
subject are quite consistent, two discordant pa-
pers	were	recently	published	from	Australia.	Blatt	
and co-worker showed uniform values of BWT 
measured using an abdominal approach among 
men and women with non-neurogenic voiding 
dysfunction suggesting this parameter cannot be 
used to diagnose storage or voiding dysfunction, 
this may reflect the thinning of the bladder wall 
with	 increasing	 bladder	 volume	 [98,	 99,	 100].	A	
retrospective study on women undergoing trans-
labial ultrasonography suggests a significant as-
sociation between BWT and DO although a low 
diagnostic accuracy was shown for the diagnosis 
of DO [101] which could be due to the fact that 
translabial	ultrasound	is	unreliable	[102].

The association between detrusor hypertrophy 
and bladder dysfunction (DO and BOO) is a well 
established	fact	in	Urology.	Ultrasound	measure-
ment of BWT and UEBW is an interesting alter-
native approach that may avoid invasive urody-
namics	 in	some	patients.	 [103].	The	reduction	 in	
bladder wall thickness has been found after the 
relief	of	bladder	outlet	obstruction	[104].	The	de-
velopment of automated ultrasound systems for 
measuring UEBW is instrumental to foster further 
research in this area, particularly in the manage-
ment of patients with LUTS [105] and in the eval-
uation of bladder response to pharmacological 
treatment	[106].
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f) Pelvic Floor Muscles

Ultrasonography can be used to assess pelvic 
floor	 muscles	 and	 their	 function.	 Contraction	 of	
the pelvic floor results in displacement of pelvic 
structures that can easily be imaged on ultra-
sound (Figure B 16  ) such as the cranial lift of the 
urethra in relation to the symphysis pubis during 
a	maximal	squeeze	[16,	107]	but	also	the	dimen-
sions of the genital hiatus or the posterior ano-
rectal	 angle	 can	 serve	 this	 purpose	 [108].	Com-
parison with traditional measurements of pelvic 
floor muscle strength has been performed [107], 
and good correlations with palpation and perine-
ometry	 have	been	 found	 [109,	 110].	Ultrasonog-
raphy has been used to evaluate the effects of 
pelvic	floor	muscle	training.	A	higher	resting	posi-
tion of the bladder neck and a reduction in the 
rotational excursion of the urethra during Valsalva 
manoeuvre	 have	 been	 found	 with	 training	 [111].	
Another research group has reported that the 
thickness of pelvic floor muscles increased after 
training	[112].	A	number	of	studies	have	assessed	
healthy female volunteers to establish normal val-
ues [41, 112], and one study has specifically com-
pared	elite	athletes	with	normal	volunteers	[113].	

Measurements of the levator ani muscle, with the 
use of two-dimensional imaging, has been recent-
ly described, and although direct comparisons to 
three dimensional ultrasonography are lacking, 
the	acquired	data	were	comparable	[114].	Howev-
er one study has compared three-dimensional ul-
trasound of the levator ani hiatus at rest and dur-
ing contraction in a number of different groups of 
women with prolapse, urodynamic stress inconti-
nence and asymptomatic women suggesting that 
these measurements are not sensitive enough to 
discriminate	between	different	groups	[115].

Almost half of women are unable to perform an opti-
mal	contraction	of	the	pelvic	floor	muscles.	Ultra-
sonography can be used in pelvic floor training 
to provide women with a visual feedback of their 
exercise	[16,	116].	In	one	study,	57%	of	the	wom-
en who were not able to perform a proper pel-
vic floor contraction, were able to do so with the 
help of visual biofeedback of ultrasonography to 
observe	bladder	neck	movement	[16].	This	does	
not appear to produce better outcomes of chang-
es	with	pelvic	floor	physiotherapy	[117].	The	con-
traction of the pelvic floor muscle just before and 

Figure B 16:  Perineal midsagittal two-dimensional view at rest and on contraction. Levator contraction with 
ventro-cranial displacement of the urethra.
Measurement of minimal dimension of genital hiatus (from symphysis pubis to levator ani muscle)
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during a cough, “the knack”, can also be visu-
alized	 [118].	 It	 has	 been	 demonstrated	 that	 the	
knack can significantly reduce urethral mobility 
during	a	cough.

Direct measurement of the pelvic floor muscles 
is possible with the use of two and three-dimen-
sional	 perineal	 ultrasonography.	 An	 alterna-
tive technique makes use of a 360 degree rec-
tal probe intravaginally (Figure 17 )	 [114].	Most	
studies, however, have used three-dimensional 
perineal ultrasonography for this purpose [17, 
108,	 113,	 119,	 120].	The	 thickness	 of	 the	mus-
cles	as	well	as	the	hiatal	area	can	be	measured.	
Hiatal dimensions and pelvic floor muscle thick-
ness have been extensively validated and have 
good test retest and inter observer characteris-
tics	 [17].	There	 is	a	 learning	curve	 to	measure-
ment of the levator ani hiatus needing over ten 
sets	of	scans	to	perform	the	measurement.	How-
ever measurements of the pubic arch were not 
accurate suggesting that measurements of leva-
tor	avulsion	may	require	more	training	[121].

The pelvic floor muscles were found thinner in 
women with pelvic organ prolapse [15, 114, 122] 
and with urinary incontinence [123], whereas 
their genital hiatus was found larger [124] in-
terestingly this finding does not produce a sig-
nificantly reduced maximal voluntary contraction 
even	 with	 pubovisceral	 muscle	 defects	 [125].	
Well trained women have thicker pelvic floor 
muscles compared with controls [113], and Chi-
nese women had thinner muscles compared with 
Caucasian	women	[120].	In	nulliparous	Chinese	
women, the anterior/posterior hiatal diameter 
was significantly increased in women with a 
higher	body	mass	index	[120].	Pelvic	floor	biome-
chanics were investigated with ultrasound using 
the position of the bladder neck in combination 
with continuous vaginal pressure measurements 
[126,	127].	A	novel	biosensor	was	used	to	mea-
sure the force as well as the displacement of 
the	pelvic	floor	during	contraction	[128].	Another	
research group has inserted a water filled plas-
tic bag to study the shape of the vagina during 
contraction	 [129]).	 Others	 [130]	 have	 assessed	
elasticity by means of the correlation of the dy-
namic dimensions of the hiatal circumferences 
and	direct	palpation	of	the	muscles.

1. LEVATOR TRAUMA

Using three dimensional transperineal ultrasound 
avulsion of the levator ani muscle from the symphy-
sis pubis has been described in up to 36% of parous 
women	[131].	The	integrity	of	the	attachment	of	the	
pelvic	loor	muscle	 to	 the	symphysis	pubis	can	be	
visualised (Figure B 11 and B 18a 	).

A systematic review of diagnosing pubovisceral 
avulsions on ultrasound and MRI has been pub-
lished which showed an association with pelvic 

organ	 prolapse	 and	 recurrence	 after	 surgery.	
However there was no association between pubo-
visceral avulsions and urinary symptoms or ano-
rectal	dysfunction	[132].	This	 is	similar	 to	results	
from MRI studies, where it has been shown that 
the risk of pelvic organ prolapse further increases 
when the levator injury goes together with vaginal 
architectural	distortion	[133,	134].

Although these defects have recently been identi-
fied during labour, it is not known whether there is 
any reasonable (preventive) treatment for these 
women	[135,	136].	There	is	an	increase	of	the	oc-
currence of levator muscle trauma with maternal 
age	at	first	delivery	[137].	There	was	a	strong	cor-
relation between the presence of levator muscle 
avulsion	and	poorer	muscle	strength	[138].	It	has,	
however, been shown that the correlation be-
tween the clinical assessment (palpation of the 
muscle) and three-dimensional ultrasonographic 
assessment of muscular defects was only poor 
[139], as well as the inter-observer repeatability 
of	the	palpation	of	defects	[140].	A	quantification	
method for levator muscle defects on ultrasonog-
raphy (tomographic ultrasound imaging) (Figure 
B 18a and b )	has	been	described	[119].	Another	
parameter, which has been found to be related 
to the severity of pelvic organ prolapse, was the 
size	of	 the	 inner	circumference	at	minimal	hiatal	

Figure B 17: Intravaginal 360 degree ultra -
sound imaging.
Levator ani  muscle,  urethra and anal 
sphincter complex. 
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Figure B 18-a: Tomographic ultrasound imaging in oblique axial plane.
Normal attachment of the levator ani muscle.

Figure B 18-b: Tomographic ultrasound imaging in oblique axial plane.
Bilateral avulsion of the levator ani muscle from the symphysis pubis.
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Figure B 19: Perineal three-dimensional rendered image.
Ballooning of the genital hiatus

dimension of the levator ani muscle on Valsalva 
manoeuvre	[114,	119,	135].	The	area	of	the	leva-
tor hiatus on Valsalva manoeuvre ranges from 6 
to 36 cm2 in nulliparous women, with an outlier 
of almost 50 cm2 in a young nulliparous athlete 
[113,	124].	An	area	of	more	than	30	cm2,	35	cm2	
and 40 cm2 on Valsalva manoeuvre has been de-
scribed as mild, moderate and severe ballooning 
of the genital hiatus respectively (Figure B 19 ) 
[141].	The	 assessment	 of	 the	 levator	 hiatus	 has	
been shown to be a reproducible measurement 
[17, 131], whereas the reproducibility was less for 
muscle	diameter	measurements	[17,	108,	124].	

Comparisons of the hiatal diameters and hiatal area 
as measured by three-dimensional ultrasonography 
and MRI revealed good correlations, especially for 
the	measurements	at	rest.	The	correlation	for	hiatal	
diameter at Valsalva manoeuvre was lower, which 
is	most	 likely	due	to	the	dificulty	to	reach	the	cor-
rect	plane	of	 the	 levator	ani	muscle	on	MRI	 [142].	
However at rest using MRI to alter the angle of ac-
quisition plane has been shown to change the area 
of	 the	 levator	hiatus	by	10%	 [143].	This	has	been	
supported by subsequent papers showing a good 
inter and intra-observer relationship when measur-
ing the levator hiatus with ultrasound and MRI [144] 

and even with interdisciplinary readers [145] though 
the	 later	 group	 did	 ind	 only	 fair	 agreement	 when	
measuring	the	anorectal	angle	with	ultrasound.	The	
width of the levator ani hiatus on 3D transperineal 
ultrasound has been found to wider in black women 
than white women and the urethral sphincter vol-
umes	were	signiicantly	larger	in	black	women	than	
white	women	[146].

The presence and clinical relevance of paravaginal 
defects represent a controversial issue amongst 
urogynaecologists,	and	there	is	a	lack	of	scientiic	
proof	 for	 the	 concept.	 In	 a	 study	 by	Reisinger	 et	
al.,	 an	 echogenic	 layer	 in	 the	 lower	 anterior	 va-
gina, which was thought to be a part of the en-
dopelvic	 fascia,	 could	 be	 identiied	 reproducibly	
in nulliparous and parous women by transrectal 
three-dimensional	 ultrasonography	 [147].	Accord-
ing to more recent insights, however, previously 
described paravaginal defects with loss of the H-
shape of the vagina in the axial plane on three-
dimensional ultrasonography [138, 148, 149] are 
likely to represent the detachment of the levator 
ani	muscle	from	the	symphysis	pubis	 [150].	How-
ever in a study comparing ultrasound and MRI to 
assess levator avulsion there was only a moder-
ate correlation with ultrasound showing a higher 
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number of complete avulsions and MRI showing 
a	 higher	 number	 of	 partial	 avulsions	 [151].	 In	 an	
attempt to increase validity of the levator avulsion 
diagnosis minimum criteria have been set [152], 
but even with these more stringent rules two out of 
three normal women were considered false posi-
tives where they were thought to have full avul-
sions.	It	is	important	to	note	that	MRI	studies	tend	
to	ind	thinning	or	aplasia	rather	than	avulsion	per-
haps indicating that transperineal ultrasound may 
not have the resolution to visualise very thin leva-
tor	ani	muscles	[153].

g) Pelvic Organ Prolapse

In cases of mild and moderate pelvic organ pro-
lapse, perineal ultrasonography can be used, for 
the	investigation	of	the	prolapse.	Ultrasonography	
should, however, only be used in addition to the 
patients	history	and	clinical	examination.	In	cases	
of severe pelvic organ prolapse, ultrasonograph-
ic assessment is not possible due to transducer 
dislocation	by	 the	prolapse.	The	ultrasonographic	
imaging	of	the	anterior	compartment	(i.e.	bladder,	
bladder neck and urethra) is the easiest to per-
form,	and	the	majority	of	scientiic	studies	deal	with	
this compartment (Figure B20 ).

Correlations with clinical examination [154, 155] 
are	also	highest	for	this	compartment.	Reproduc-
ibility of ultrasonographic imaging of prolapse in 

the anterior compartment were shown to be good 
[155].	 This	 reproducibility	 has	 not	 been	 studied	
for	the	other	two	compartments	until	now.

In studies amongst 83 and 117 women with the uter-
us	in	situ,	the	uterus	could	be	visualized	on	perineal	
ultrasonography in 82% and 97% of cases, respec-
tively (Figure B 21 )	[155,	156].

A number of studies have focused on the pos-
terior	 compartment	 [157-165]).	 The	 distinction	
between enterocele (Figure B 22 ) and rectocele 
(Figure B 23 ) is known to be difficult on clinical 
assessment.	In	these	cases,	two-dimensional	ul-
trasonographic imaging in the midsagittal plane 
can	 be	 helpful.	 The	 ultrasonographic	 visualisa-
tion of an enterocele has been confirmed with 
defaecography as well as intraoperative findings 
[157].	It	has	not	been	shown,	until	now,	however,	
whether this extra ultrasonographic investiga-
tion indeed leads to superior clinical outcomes 
of	 prolapse	 surgery.	 Interestingly	 anterior	 com-
partment prolapse is related to levator ani area 
whereas posterior compartment prolapse is not 
as well as prolapse symptoms not being associ-
ated	with	levator	ani	hiatus	area	[166].

In a study on ultrasonography of the posterior com-
partment a differentiation between true rectocele, 
enterocele and perineal hypermobility has been 
made	 [160].	 Intussusception	 can	 also	 be	 visual-

Figure B 20: Perineal midsagittal [left upper], coronal [right upper] and axial [left lower] two-dimensional view 
and three-dimensional rendered image [right lower].
Cystocele.
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Figure B 21: Perineal midsagittal two-dimensional view. Cystocele and descending uterus.
(S= symphysis pubis; B= bladder; U= Uterus; C= cervix.)

Figure B 22: Perineal midsagittal two-dimensional view and three-dimensional rendered image. Enterocele.
(S= symphysis pubis; B= bladder; E= enterocele; R= rectum; A= anal canal.)
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ised	on	ultrasonography	[167].	Perineal	hypermo-
bility and an enterocele was seen as a descent of 
the rectovaginal septum or abdominal contents 
on Valsalva manoeuvre respectively, below a 
horizontal	 line	 through	 the	 inferior	 margin	 of	 the	
sympysis pubis (see below for more information 
on	 these	measurements).	 Ultrasonographic	 stag-
ing	was	 signiicantly	 correlated	with	 clinical	 stag-
ing and the presence of symptoms of obstructed 
defaecation	 [15,	161].	 In	one	 third	of	 the	patients	
with clinically diagnosed rectocele, however, no 
ultrasonographic	 abnormality	 could	 be	 found.	As	
far as interrater reliability was concerned, two ex-
pert ultrasonographists have reached moderate 
to good interrater reliability for the detection of a 
rectovaginal septum defect, descent of rectal am-
pulla,	and	the	depth	and	width	of	a	rectocele	[160].	
In one study, rectocele and perineal hypermobil-
ity were present in nulliparous women in 12 and 
13%	respectively	the	signiicance	of	these	indings	
has	not	yet	been	determined	 [162].	The	posterior	
anorectal angle, which is the angle between the 
anal canal and the posterior rectal wall, can be 
measured at rest and under dynamic circumstanc-
es	such	as	straining	and	squeezing.	A	number	of	
studies	have	compared	these	indings	with	defae-
cography and found in general a good correlation 

[164, 165, 168] but one study found poor inter-rater 
reliability	[146].

1.  QUANTITATIVE ASSESSMENT OF PELVIC ORGAN PROLAPSE

In the quantitative assessment of prolapse in the 
various compartments, a reference line, such as 
the	hymen	in	POPQ,	is	needed.	For	ultrasonogra-
phy,	a	horizontal	line	drawn	from	the	inferior	mar-
gin of the symphysis pubis is the most widely used 
reference	line	for	 this	purpose.	A	disadvantage	of	
this	line	is	that	there	is	only	one	ixed	point	through	
which the reference line can be drawn and the 
horizontal	 line	may	 change	with	 the	 rotation	 of	 a	
handheld	transducer.

The effect of rotation is obviously increased with 
increasing	distance	 from	 the	 ixed	point,	 and	 con-
sequently there is greatest error in the posterior 
compartment	[155].	Although	this	problem	has	been	
overcome in research settings with the use of mo-
tion tracking systems, at the moment this is not a 
realistic option for routine use in clinical practice 
[169].	 For	 quantitative	 assessment	 of	 rectoceles,	
the depths of the rectocele as measured in relation 
to a line through the anterior anal canal, may be 
more useful as compared with the descent in rela-
tion	to	the	horizontal	reference	line	[170].	

Figure B 23: Perineal midsagittal two-dimensional view.
Measurement of the depth of the rectocele, perpendicular to a straight line through the anterior border of 
the anal sphincter complex, i.e. 14 mm.
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Since pelvic organ prolapse can be visualised well 
with the use of ultrasonography, it raises the ques-
tion whether this assessment modality is superior 
to	others,	such	as	clinical	examination.	In	a	recent	
study on the relationship between prolapse symp-
toms and the most dependent point of the prolapse 
on POPQ and on ultrasonographic assessment, 
POPQ performed better in the prediction of prolapse 
symptoms	with	increasing	stages	of	prolapse	[170].	
This	inding	has	been	replicated	in	all	compartment	
underlining the superiority of clinical assessment 
over	 ultrasound	 [171].	 In	 a	 previous	 study,	 where	
only women with a single compartment prolapse 
were studied, the area under the receiver operating 
curve	was,	however,	as	good	as	0.86	and	0.82	for	
the anterior and posterior compartment respectively 
[172].	In	both	studies	the	cut-off	value	for	symptom-
atic	prolapse	averaged	15	mm	below	the	horizontal	
reference	line	through	the	symphysis	pubis.	Larger	
anterior vaginal wall prolapses do have larger leva-
tor ani hiatuses and are more likely to have avul-
sions	(69%	compared	with	35%)	[173].	

As far as dynamic MRI and X-ray defecography 
are concerned, there are only a few studies avail-
able	as	yet,	on	comparisons	with	ultrasonography.	
For enterocele detection in women with obstructed 
defaecation, perineal ultrasonography has been 
compared with X-ray defaecography, but not with 
the	 clinical	 indings	 [164].	 In	 the	women	 in	 whom	
enterocele had been detected by either method, the 
enterocele was detected by both ultrasonography 
and	X-ray	in	71%	of	women.	In	this	study,	perineal	
ultrasonography showed more severe stages of en-
terocele	compared	with	X-ray	defaecography.	In	an-
other recent study from a different research group, 
X-ray defaecography has been compared with 
perineal ultrasonography using a vaginal probe in 
women	with	impairment	of	the	posterior	pelvic	loor.	
Good to excellent concordance has been found for 
the assessment of the anorectal angle, rectocele 
and	intussusception.	The	authors	claimed,	however,	
that rectoceles with a depth less then 20 mm could 
not be detected on ultrasonography [159], which is 
discordant with most other publications on the topic 
and	as	well	as	the	authors’	experience.

h)  Ultrasonography In Relation To Pregnancy 
And Delivery

Vaginal delivery is commonly accepted as the ma-
jor risk factor for the development of pelvic organ 
prolapse	later	in	life.	In	nulligravid	women,	there	is	
a wide variation in pelvic organ descent for all three 
compartments	 [128,	 156,	 174-176].	 In	 a	 study	 of	
169 women who underwent ultrasonography during 
and	 after	 pregnancy,	 a	 signiicant	 increase	 in	 pel-
vic organ mobility (downwards displacement) was 
found	in	all	three	compartments	[177].	The	increase	
in	 mobility	 was	 signiicantly	 correlated	 with	 the	
length of second stage of labour and the mode of 
delivery.	The	greatest	mobility	was	found	in	women	
who underwent an operative vaginal delivery, but no 

association was found with the gestation at delivery, 
length	of	 the	irst	stage	of	 labour	and	birth	weight,	
although	 birth	 weight	 reached	 borderline	 signii-
cance.	In	a	similar	study,	focussing	on	the	posterior	
compartment in 52 nulliparous pregnant women, 
8 women developed de novo true rectoceles, and 
the descent of the rectovaginal septum increased 
with 22 mm for the entire group, which was statisti-
cally	signiicant	[178].	On	the	other	hand,	in	a	study	
amongst 207 women, of whom half of the women 
had a clinically diagnosed rectocele, no relation has 
been found with (vaginal) parity, and only a weak 
correlation has been found with age for a posterior 
vaginal wall prolapse as assessed with ultrasonog-
raphy	[160].	This	suggests	that	the	effect	of	vaginal	
parity on pelvic organ descent, is most evident in 
the anterior and central compartments, and may 
have another pathophysiology compared with the 
posterior	compartment	[177]).

Concerning bladder neck descent, it has been 
shown	 that	 the	 irst	 delivery	 caused	 the	 most	
marked changes compared with the subsequent 
deliveries, with the most marked changes with for-
ceps	delivery	[179].This	is	supported	by	two	differ-
ent research groups, who have reported that an 
increased antenatal ultrasonographic bladder neck 
descent was associated with normal vaginal deliv-
ery	 [180,	 181].	 Furthermore,	 vaginal	 delivery	 was	
strongly associated with a larger, and more disten-
sible	antenatal	levator	hiatus	[180].	The	underlying	
reason remains hypothetical, but more antenatal 
laxity of the structures may allow for a smoother 
delivery.	Women	with	 increased	bladder	neck	mo-
bility, however, also have an increased risk of de 
novo urinary incontinence post partum [20] but this 
outcome	 can	 be	 halved	 by	 antenatal	 pelvic	 loor	
exercises	[182].	Avulsion	of	 the	 levator	ani	muscle	
from the symphysis pubis, as outline above, is typi-
cally found in vaginally parous women only (Figure 
B 18b )	 [131,	 183,	 184].	 It	 has,	 furthermore,	 been	
shown	 that	 a	 higher	 maternal	 age	 at	 irst	 vaginal	
delivery is strongly related to an increased risk of 
these	 avulsions	 [131,	 184].	 Mode	 of	 delivery	 has	
a strong association with the incidence of levator 
ani	 injury	such	 that	vaginal	delivery	15.4%	are	af-
fected,	 33.3%	 after	 ventouse	 delivery	 and	 71.4%	
after a forceps delivery but there were no levator 
injuries detected in the Caesarean section group 
[185],	similar	indings	have	been	reported	by	other	
groups	[186-189].	The	timing	of	the	levator	ani	dam-
age	appears	 to	be	as	 the	head	crowns	 [190].	The	
levator ani hiatus has been reported as enlarging 
after vaginal delivery [191, 192] and this enlarge-
ment being maintained for up to three years later 
[193] but other groups have not found it enlarged 
nine months after delivery compared with antenatal 
measurements.	However	 forceps	delivery	did	 lead	
to long term enlargement of the levator ani hiatus 
[194].	 The	 risk	 of	 levator	 ani	 avulsions	 increased	
with enlarged head circumference and prolonged 
second	stage	in	labour	[195].
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i) Pelvic Floor Surgery

Ultrasonography has been used during anti inconti-
nence surgery with the aim of obtaining optimal re-
sults from surgery, for example during Burch colpo-
suspension	[196,	197].	On	an	 individual	basis,	 the	
bladder	neck	was	lifted	between	1	mm	and	10	mm.	
The authors have obtained excellent results with a 
94% continence rate after 1 year, but unfortunately 
no	control	group	was	incorporated	in	the	study.	Le-
vator ani avulsions have been found to be associ-
ated with persistent vaginal prolapse even after at-
tempted	surgical	repair	[198].

1. SLINGS AND MESHES

Monoilament	 meshes,	 for	 example	 polypropylene	
meshes, are easier to visualise on ultrasonography 
compared	with	multiilament	meshes,	 such	 as	 IVS	
[199].	Ultrasonography	has	been	widely	used	to	lo-
calise the exact position of tension free midurethral 
tapes (Figure B 24 )	[180,	200-203].	The	tape	is	gen-
erally easily visible as an hyperechogenic structure 
under the urethra and is easy to recognise, which 
contrasts with the poor images of polypropylene on 
MRI	[204].	Exact	midurethral	position	of	the	tape	is	
not	essential	 for	proper	 function	 [205].	Despite	 the	
fact that the tape was located in the midurethra in 
only two-third of cases, this had no relation to post-
operative	 continence	 status	 [206].	 During	 Valsalva	

manoeuvre, the tape moves in a semicircle move-
ment around the inferior margin of the symphysis 
pubis	 [207].	This	 results	 in	a	position	closer	 to	 the	
symphysis, which consequently leads to a certain 
degree of mechanical compression during Valsalva 
manoeuvre.	Another	 mechanism	 of	 action	 is	 kink-
ing	of	 the	urethra	around	the	tape	[208].	A	number	
of studies have looked at transobturator tape and 
compared these with retropubic tapes [199, 209-
212].	Two	studies	could	not	detect	any	differences	
between the two types of tape [199, 212], whereas 
in the other two studies [209, 211], subtle differences 
with	no	apparent	clinical	consequences	were	found.	

Imaging both tension-free and transobturator tape 
procedures during straining show a reduction in 
the diameter of the hypoechoic urethral core and 
the	 diameter	 became	 signiicantly	 smaller	 only	
in the successful procedures [213] and a reduc-
tion in the symphysis pubis to tape distance led 
to	continence	[214].	Other	authors	have	suggested	
optimal positions of the tape being between the 
distal third and middle of the urethra with a tape-
urethral	distance	of	2mm,	greater	than	3.9mm	dis-
tance	 led	 to	 failure	of	 the	procedure.	The	 tape	 to	
urethral distance can be reliably assessed using 
4D	 ultrasound	 [215].	Midurethral	 tapes	 impinging	
on the urethra has been reported as being asso-
ciated	with	voiding	dificulty	and	 the	 “V”	shape	of	

Figure B 24: Perineal three-dimensional rendered image.
Polypropylene mesh (TVT-O) after one-sided incision of the tape.
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the tape was the same regardless of the insertion 
method	 (ie	 TOT	 compared	 to	 TVT)	 [216].	 Tapes	
sited around the midurethra resulted in a reduction 
in	 low	 rate	 compared	 with	 a	 distal	 tape	 position	
under	the	urethra	which	did	not	change	low	rates	
[217] and this positional information has been used 
to determine the management of de novo symp-
toms	after	surgery	[218].	

The bladder neck is displaced during insertion of a 
midurethral by using a rigid guide during insertion 
of	a	tension-free	vaginal	tape.	Ultrasound	has	been	
used to determine that the bladder neck is moved 
by	 1.4cm	 by	 this	 technique	 [219].	 Recently,	 ultra-
sonographic	 localization	 of	 polypropylene	 mesh	
as used in prolapse surgery has been described 
(Figures B 25 and B 26 )	[220].	These	meshes	are	
usually	easily	visible	on	ultrasonography.	It	appears	
that the ultrasonographic appearance of the mesh 
is	 signiicantly	 shorter	 and	 narrower	 than	 the	 size	
at implantation within six weeks of the procedure 
[221].	It	is	unclear	whether	this	is	due	to	shrinkage	
of	 the	mesh	or	 represents	dificulties	 in	visualising	
the	full	extent	of	the	implanted	mesh.	The	failure	of	
mesh to support vaginal prolapse was associated 
with	mesh	shrinkage	[222,	223].

The differentiation between recurrent herniation and 
the detachment of the mesh arms from the pelvic 

sidewall for example, will aid in the better under-
standing	of	the	mode	of	action	of	these	meshes	[224].

2.  BULKING AGENTS / INJECTABLES

Periuretral bulking agents/injectables, such as mic-
roparticulate silicone (Macroplastique), various gels 
(e.g.	 Durasphere),	 and	 collagen,	 can	 be	 visualised	
by	 imaging	techniques.	For	MRI,	an	overview	of	ap-
pearances of periurethral bulking agents is already 
available	 [225].	 On	 ultrasonography,	 the	 injectables	
appear hypoechoic after injection, and become more 
hyperechoic	over	time	due	to	dehydrogenation.	Good	
intra-observer variability of repeated measurements of 
periurethral	collagen	volumes	have	been	found	[226].

The location in relation to the bladder neck and a 
circumferential distribution of collagen injectables 
around the urethra, as well as the height and vol-
umes of the injected periurethral collagen bumps, 
were associated with the treatment success of 
periurethral	bulking	agents	[226-228].	Although	the	
volume	 range	was	wide,	a	collagen	volume	of	2.8	
cc on three dimensional ultrasonography has been 
assessed as optimum volume from a continence 
point	of	view.	Poon	et	al.	have	published	a	decision	
tree, in which a combination of the patients´ symp-
toms	after	collagen	 injection	and	 the	coniguration	
and volume of the periurethral collagen on three-

Figure B 25: Perineal midsagittal two-dimensional view.
Polypropylene mesh of the anterior vaginal wall (Prolift anterior).
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dimensional ultrasonography, assist in the decision 
for further treatment of women with intrinsic sphinc-
ter	deiciency	 [226].	 In	 this	algorithm,	women	with	
asymmetric deposition and/or low collagen volumes 
were offered further treatment with injectables as 
this	is	associated	with	failure	[229].

Ultrasonography has not only been used for fol-
low-up, but also during placement of periurethral 
injections.	 Transurethral	 ultrasonography-guided	
injection of autologous stem cells has been used 
in women and men with stress urinary inconti-
nence.	The	 technique	 allowed	 precise	 injection	 of	
the myoblasts directly into the rhabdosphincter, 
and was more effective in the resolution of incon-
tinence compared with urethroscopic guided colla-
gen	injectables	in	the	submucosa	in	a	randomized	
controlled	trial	[230,	231].	The	use	of	stem	cells	in	
the management of urinary incontinence is of great 
interest although the subject remains controversial 
and	conirmatory	studies	are	eagerly	awaited.

j) Conclusions

Research	 in	 US	 imaging	 of	 the	 pelvic	 loor	 has	
lourished	 over	 the	 last	 decade	 although	 the	 clini-
cal	beneit	of	 it	 remains	uncertain.	Standardisation	
of imaging techniques and terminology are eagerly 
awaited.	 Imaging	of	 pelvic	 loor	muscle	 in	 relation	

to POP is a promising area because of the possible 
insight into the pathophysiology of the condition and 
treatment	outcome.	Research	suffers	from	a	lack	of	
coordination among different research groups and a 
more structured approach to research on imaging of 
UI	and	POP	is	advisable.

k) Consensus Statement

o  Ultrasound is not recommended in the primary 
evaluation of patients with urinary incontinence 
and/or pelvic organ prolapse (rectal prolapse is 
dealt	 with	 in	 a	 different	 section).	 [Level of evi -
dence 3, Grade of recommendation C ]

o  Ultasound is an optional test in the evaluation of 
patients with complex or recurrent urinary incon-
tinence	 and/or	 pelvic	 organ	 prolapse.	 [Level of 
evidence 3, Grade of recommendation C ]

l) Future Research Areas

o		Standardisation	of	 terminology	of	pelvic	loor	US	
imaging

o  Internal and external validity of techniques of pel-
vic	loor	imaging

o		Conirmatory	 studies	 to	 validate	 previously	 pub-
lished evidence on imaging of UI and POP

Figure B 26:  Perineal midsagittal two-dimensional view.
Polypropylene mesh of the anterior and posterior vaginal wall (Prolift).
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o  Accuracy of US diagnosis of levator ani injury

o  Prognostic value of preoperative US imaging and 
outcome of POP surgery

o		Health	technology	assessment	of	pelvic	loor	im-
aging	in	the	management	of	UI	and	POP.

3.  MRI (THE EVOLVING ROLE OF MRI IN THE 
ASSESSMENT OF THE FEMALE PELVIC 
FLOOR).

The role of magnetic resonance imaging (MRI) in 
evaluating	 pelvic	 loor	 disorders	 has	 been	 estab-
lished	in	recent	years	and	continues	to	evolve.	This	
technique provides unparalleled images of pelvic 
loor	 muscles,	 connective	 tissue,	 and	 organs.	 In	
addition to the detailed static picture of the pelvic 
organ support system anatomy, MR can also reveal 
the downward movement of each pelvic compart-
ment	during	 increases	 in	abdominal	pressure.	Ad-
vances in MR imaging, equipment and software 
have	signiicantly	 improved	image	quality	and	now	
MRI provides ever more detailed pictures of anato-
my	and	 function.	At	present	active	 investigation	 is	
ongoing to see how this imaging might result in a 
better understanding of these diseases and improve 
their	diagnosis	and	management.	

Although women might present with symptoms iso-
lated to one of the pelvic compartments, they often 
have concomitant defects in other compartments or 
pelvic	structures.	In	these	women,	imaging	can	pro-
vide information to extend what can be determined 
on	 physical	 examination	 [1].	 Furthermore,	 surgical	
failures could result from lack of a thorough preoper-
ative evaluation of the female pelvis and inadequate 
diagnosis	and	staging	of	pelvic	loor	deformation	and	
dysfunction	[2].	Accurate	diagnosis	of	coexisting	ab-
normalities is therefore essential in planning recon-
structive	and	anti-incontinence	procedures.	Although	
most	 diagnoses	 of	 pelvic	 loor	 prolapse	 are	 made	
on detailed physical examination, the sensitivity and 
speciicity	 of	 the	 pelvic	 examination	 in	 diagnosing	
various	 forms	 of	 pelvic	 loor	 prolapse	 is	 low	 [3]	 [4]
[5].	Ultrasound	and	luoroscopy	have	been	used	 to	
improve diagnosis [6] [7] and the role of MRI in pelvic 
loor	dysfunction	is	rapidly	developing.	A	recent	sys-
tematic review suggests that prolapse assessment 
on dynamic MR imaging may be useful in the poste-
rior compartment, although clinical assessment and 
dynamic MR imaging seem interchangeable in the 
anterior	and	central	compartment	[8].

There is now a robust literature indicating that MRI 
provides detailed images of bladder neck and ure-
thral mobility, rectocele, cystocele, enterocele and 
uterine prolapse, in a single non-invasive study with-
out	exposing	the	patient	to	ionizing	radiation	[9]	[10]
[11]	 [12]	 [13]	 [14]	 [15]	 [16]	 [17]	 [18].	MRI	 also	 pro-
vides a multiplanar thorough evaluation of pelvic or-
gans including the uterus, ovaries, ureters, kidneys, 
and levator muscles, as well as the urethra, that is 

unavailable by any other imaging modality [11] [13] 
[14]	[15]	[16]	[17]	[19]	[20].	MRI	can	identify	ureteral	
obstruction, hydronephrosis, and uterine and ovar-
ian	pathology.	In	addition,	MRI	remains	the	study	of	
choice	for	the	evaluation	of	urethral	diverticuli.	

The following measurements using MRI in urogyne-
cology and female urology have been highlighted in 
the recent IUGA/ICS Joint Report on the Terminol-
ogy	for	Female	Pelvic	Floor	Dysfunction	[21]:

(a)	Bladder	neck	and	cervical	descent/mobility:

•		Position	of	bladder	neck	and	cervix	at	 rest	and	
on	Valsalva.

•		Pubo-coccygeal	 line:	 A	 line	 extending	 from	 the	
inferior border of the pubic symphysis to the last 
joint	 of	 the	 coccyx.	 Bladder	 neck	 or	 cervical	 de-
scent >2 cm below this line with straining indicates 
weakness	 of	 the	 pelvic	 loor.	 If	 alternative	 land-
marks	are	used	in	scientiic	papers	they	should	be	
clearly	described.

(b)		Intercurrent	 pelvic	 pathology:	 For	 example,	 i-
broids,	ovarian	pathology.

(c)		Uterine	version:	Anteverted	or	retroverted;	lex-
ion	at	the	isthmus.

(d)		Bladder	abnormalities:	For	example,	tumor;	for-
eign	body.

(e)		Urethral	abnormality:	For	example,	diverticulum.

(f)		Postoperative	 indings:	 For	 example,	 bladder	
neck	mobility.

(g)		Pelvic	 loor	measurements/levator	 defects:	As-
sessment	 of	 the	 coniguration	 of	 pelvic	 loor	
muscles,	in	particular,	the	levator	ani.

(h)		Descent	of	pelvic	organs.

This article is an update to the ICI article on the role 
of	MRI	 in	assessing	 the	 female	pelvic	loor	 [2009]
and provides a current review of where we are in 
evaluating the role of MRI in understanding the 
causes	and	treatment	of	pelvic	organ	prolapse.

a) Technique

The evolution of MRI is partly due to new hardware 
implementation (3Tesla magnets, large magnet 
sections and opne magnets) but largely to soft-
ware development in the sense on new sequences 
that	open	novel	possibilities	in	the	ield	of	function-
al	and	dynamic	imaging.

1. CONVENTIONAL MRI

Standard MRI consists of two dimensional image 
acquisitions.	 Usually	 conventional	 T1	 images	 and	
spin	echo	T2	weighted	images	are	obtained.	Proton	
density T2 weighted scans provide excellent soft-
tissue	 deinition	 [Figure B 27 ].	However,	 the	 long	
imaging time of conventional MRI hampers its ability 
to evaluate the movement of organs that are char-
acteristic	of	POP.	



539

2.  ULTRA FAST IMAGE ACQUISITION AND MR SEQUENCES 

Pelvic	organ	movement	during	Valsalva	is	identiiable	
using very fast single-shot MR sequences and the 
technical aspects have been summarised in our prior 
report [Figure B 28 ]	 (ICI	 2009).	 [15]	 [16]	 [22]	 [23].	
These sequential images are obtained approximately 
once per second, either as a series of images cover-
ing the entire pelvis (static imaging) or repetitively in 
one plane while the patient is straining (dynamic im-
aging).	The	patients	are	placed	in	the	supine	position	
with legs slightly spread apart, and knees bent and 
supported	by	a	pillow.	Most	pelvic	loor	details	can	be	
seen without the need for bowel preparation, premed-
ication, instrumentation or contrast medium but often, 
especially with MR defaecography, ultrasound gel or 
other suitable agents are used to enhance visibility 
of	the	rectum	and	vagina.	The	MRI	torso	coil	is	cen-
tered	 at	 the	 symphysis	 pubis.	 Images	 are	 acquired	

in the sagittal plane using single-shot fast spin echo 
(SSFSE) or half Fourier acquisition, single shot turbo 
spin	echo	 (HASTE)	sequences.	Single,	mid	sagittal	
views are obtained during 3 seconds of apnoea with 
the patient relaxed and during various degrees of pro-
gressive	abdominal	straining.	

Since the time of the last report, continued de-
velopment of techniques have occurred to allow 
visualisation of the dynamics of pelvic organ dur-
ing	 increases	 in	abdominal	pressure.	Steady-state	
free precession gradient-echo imaging provides an 
alternative T2-like imaging contrast (T2- and T1-
weighted imaging) with robust signal and a rapid 
acquisition time of less than 1 second, thereby per-
mitting	 near	 real-time	 continuous	 imaging.	 This	 is	
an improvement on the HASTE approach that re-
quires 1–2 seconds between acquisitions to allow 
T1 recovery; therefore, real-time imaging is not pos-
sible.	Comparisons	of	the	degree	of	POP	shown	on	
dynamic true fast imaging with steady-state preces-
sion (FISP) versus HASTE sequences in symptom-
atic patients reveal a greater degree of prolapse in 
all three compartments with a dynamic true FISP 
sequence.	Near	real-time	continuous	imaging	with	a	
dynamic true FISP sequence may therefore be use-
ful	to	evaluate	pelvic	loor	dysfunction	in	addition	to	
dynamic	multiplanar	HASTE	sequences	[24).

During a typical study of pelvic organ movement two 
sets	of	images	are	obtained.	The	irst	set	consists	of	
static sagittal and para-sagittal images covering the 
pelvis	 from	 left	 to	 right	 sidewall.	 These	 images	 are	
used to select the mid-sagittal plane for the dynamic 
second	set	of	images.	This	static	sequence	also	allows	
for anatomic delineation of the pelvic sidewalls and 
muscular	 and	 fascial	 components	of	 the	pelvic	 loor	
[15]	[16]	[22]	[23].	The	perineal	membrane	and	the	le-
vator ani musculature, as well as the anal sphincter 
anatomy,	are	also	clearly	demonstrated	[25]	[26].	The 
static set consists of 17-20 sequential images inde-
pendently	acquired	in	a	total	of	about	18	seconds.	

Figure B 27: Sagittal mid pelvic section showing 
anatomical detail visible in static images made with 
Proton Density sequence.

Figure B 28: The rest and strain image taken from a mid-sagittal dynamic MR sequence revealing cystocele 
and uterine descent using SSFSE sequence.
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The second set of images consists of relaxed and 
straining mid-sagittal images used to assess the de-
gree	 of	 pelvic	 loor	 relaxation	 and	 organ	 prolapse.	
Images can then be looped for viewing on a digital 
station	as	a	cine	stack.	

Dynamic MRI allows detection of POP that may not 
be evident on conventional static sequences, as it 
permits	both	structural	and	functional	evaluation.	For	
example, in women with lower urinary tract symptoms 
evaluation	of	the	urethra	may	be	of	added	value.	[27]
There	has	been	further	clariication	of	how	the	con-
duct	of	the	examination	can	affect	what	is	seen.	For	
example,	the	irst	time	a	woman	performs	a	Valsalva	
maneuver, she may not get the prolapse to protrude 
to	its	maximal	extent.	Tumbarello	et	al	[28]	found	that	
40% of women have a greater than 2cm increase in 
prolapse	size	from	their	irst	to	third	Valsalva	attempt	
and 95% of women extend their prolapse further with 
a	 third	Valsalva.	They	concluded	 that,	as	with	clini-
cal examination, several attempts may be required to 
have maximal anterior compartment prolapse pres-
ent	during	dynamic	MRI	of	the	pelvic	loor.	Delancey	
et al evaluated whether the use of a speculum blade 
modiies	 the	 evaluation	 of	 pelvic	 organ	 prolapse	
(POP)	as	assessed	by	dynamic	MRI.	Twenty-seven	
women	with	POP	Quantiication	(POPQ)	stage	II	or	
greater, scheduled for POP surgery, were evaluated 
using	MRI.	The	 procedure	was	 repeated	 using	 the	
posterior blade of a standard plastic Grave’s specu-
lum to successively retract the anterior and poste-
rior	 vaginal	walls.	Standard	POPQ	was	15%	stage	
II (n =4), 59% stage III (n =16) and 26% stage IV (n 
=7).	The	use	of	a	blade	evidenced	hidden	pelvic	pro-
lapsed	compartments	 in	59%	(n	=16)	of	cases.	For	
48% of patients (n =13), the variation of the leading 
edge of at least one additional prolapsed compart-
ment	was	 diagnosed	 as	more	 than	 20	mm.	 In	 this	
series, the use of a speculum blade during dynamic 
MRI	modiied	the	POP	evaluation	in	a	large	propor-
tion	of	patients	with	POP	stage	>	or	=II	[29].

3. THREE DIMENSIONAL MRI

The nature of MRI technique where a series of paral-
lel images are made allows them to represent a 3D 
block	 of	 tissue.	 Three	 dimensional	 (3-D)	 MRI	 pro-
vides precise detail of the bony and muscular pelvic 
structures (Figure B 29 ) so that 3D models can be 
constructed	based	on	these	detailed	images.	In	this	
technique, static or dynamic images are reconstruct-
ed using consecutive planes in the axial, sagittal and 
coronal	dimensions.	Anatomic	variations	of	the	inser-
tion and path of the pubococcygeus and iliococcy-
geus	muscles	can	be	seen.	Fielding	et	al.	made	3D	
models of the pelvic viscera and supporting muscles 
and bones with the marching-cubes algorithm and 
a surface-rendering method in nulliparous continent 
female volunteers and found that the muscle mor-
phology, signal intensity and volume are relatively 
uniform	[25].	They	described	an	average	volume	of	
the	levator	ani	of	46.6	cc,	width	of	the	levator	hiatus	
of	41.7	mm	and	an	average	posterior	urethrovesical	

angle	of	143.5°.	In	addition,	these	3D	models	made	
from multi-slice scans during a maximal Valsalva 
have allowed direct measurements of changes in the 
relationship	between	the	vagina	and	pelvic	walls.	

3D MRI enables evaluation of paravaginal defects, 
apical	 descent	 and	 vaginal	 widening.	 Larson	 et	 al	
[30] studied the relative contributions of “midline de-
fects” (widening of the vagina) and “paravaginal de-
fects” (separation of the lateral vagina from the pelvic 
sidewall) in women with anterior prolapse using 3D 
MRI models of the anterior vaginal wall and found 
that changes in lateral anterior vaginal wall were 
considerably greater than changes in vaginal width in 
cases	vs	controls.	These	“paravaginal	defects”	were	
also	highly	correlated	with	apical	descent.
The geometry of the arcus tendineus fascia pelvis 
(ATFP) and arcus tendineus levator ani (ATLA) in 
women with unilateral levator ani muscle defects 
and associated “architectural distortion” has been 
studied	using	3D	MRI.	In	those	women,	the	ventral	
arcus	anatomy	 is	signiicantly	altered	 in	 the	pres-
ence of levator defects as well as architectural dis-
tortion, resulting in change of the supportive force 
direction along the lateral anterior vaginal wall, 
thus increasing the risk for anterior vaginal wall 
prolapse.	[31]
a) Normal Pelvic Floor Functional Anatomy 

Understanding	 how	 the	 pelvic	 loor	 works:	 one	 of	
the great challenge for every surgeon and physician 
involved in the management of disorders involving 
muscle, fascias and viscera on this complex area 
of	 the	human	body.	Anatomical	 description	of	 pel-
vic	loor	muscles	at	autopsy	does	not	always	reveal	
their function and the reasons of their dysfunction 
that not necessarily derive from anatomical chang-
es	but	also	 from	derangement	of	 their	networking.	
The variable weight of these two components may 
explain the variable outcome of conservative and 
invasive	management	in	the	individual	subject.	MRI	
offers a unique opportunity to investigate the pelvis  

Figure B 29: Pelvic Organs as seen from caudal on 
a three-dimensional reconstruction from Magnetic 
resonance images. Copyright Mosby Inc.
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a single functional unit and to investigate the rela-
tive	contribute	of	its	different	parts	and	sections.
1. MR IMAGING OF NORMAL PELVIC SUPPORT STRUCTURES

MRI studies of normal subjects have improved our 
understanding of normal pelvic anatomy, its varia-
tions [25] [26] [32] as well as anatomic changes in 
pelvic	loor	dysfunction	[20]	[33]	[34].

In	 the	 supine	 position	 the	 female	 pelvic	 loor	 is	
dome	 shaped	 at	 rest	 [34]	 [35].	 During	 voluntary	
pelvic	 loor	 contractions	 the	 levator	 musculature	
straightens	 and	 becomes	 more	 horizontal.	 With	
bearing down the muscle descends, the pelvic 
loor	becomes	basin-shaped,	and	the	width	of	the	
genital	hiatus	widens.	

Figure B 30 : Axial images according , in 22-year-o ld (1a-4a), 24-year-old (1b-4b), and 34- year-old (1c-4c) nul -
liparous women without urogynecologic problems. 1a-c, Level of cervix (Cx) and ischial spine (IS); uterus (Ut) 
with bright endometrium is also seen. Paracolpium and parametrium suspend (open tips) vagina and cervix from 
lateral and posterior pelvic sidewall. Smooth muscle of uterosacral ligament (open tips) is best seen in 1c. GM, 
Gluteus maximus muscle. 2a-c, Level of bladder (B) base. Upper vagina between bladder and rectum (R) and its 
attachment to pelvic sidewall by vascular and connective tissue mesentery (small arrow) are seen. Levator ani 
muscle (iliococcygeal part, illed arrowhead) arises from arcus tendineus of levator ani muscle (illed arrow). 
OI, Obturator internus muscle. 3a-c, At level of proximal urethra, levator ani muscle (pubovisceralis part, illed 
arrowhead) arises from pubic bone (open arrow). Pubovesicalis muscle (open arrowhead) is clearly seen in 3b. 
Vessels (white gap) are visualized between smooth muscle layer of lateral vaginal wall and levator ani muscle at 
this level. 4a-c, At level of middle urethra, pubovesicalis muscle is seen as shown in 4a (open arrowhead). Vessel 
layer (white gap) between lateral vaginal wall and levator ani muscle (illed arrowhead) has disappeared; direct 
connection between vagina and levator ani muscle is seen at this level. Small white gap in levator ani suggests 
fascia between puborectalis and pubococcygeal muscles (especially in 4a and 4c). [123]
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With MRI the specific structures are identified 
and their normal variations described [Figure B 
30].	 Tan	 [33]	 demonstrated	 the	 anatomy	 of	 the	
female	pelvic	 floor	with	MRI.	The	pelvic	and	 the	
urogenital diaphragm were well depicted as were 
urethral supporting structures—the peri-urethral 
and	paraurethral	ligaments,	and	the	zonal	anato-
my	of	the	urethra.	The	MRI	findings	in	volunteers	
correlated with the endovaginal MR findings and 
gross	anatomy	in	cadavers.	Chou	[36]	studied	the	
urethral support structures relative to the arcu-
ate pubic ligament including the arcus tendineus 
fasciae pelvis, the perineal membrane, the pubo-
coccygeal levator ani muscle and its vaginal and 
bony	 attachments,	 and	 the	 pubovesical	muscle.	
Tunn et al [37] showed that 2- to 3-fold differenc-
es occur in distance, area, or volume measures 
of continence system morphologic features in 
continent nulliparous women with normal pelvic 
organ	support	and	urodynamics.	The	uterosacral	
ligaments also exhibit greater anatomic variation 
than	their	name	would	imply	[38].	

More recently, characteristic anatomic features of 
the posterior compartment and perineal body have 
been studied with MR cross-sectional anatomy 
and can be further elucidated and integrated with 
3-D	anatomy.	In	nulliparous	asymptomatic	women	
the posterior compartment’s upper, mid, and lower 
segments are best visualised in MRI in the axial 
plane.	It	is	bounded	inferiorly	by	the	perineal	body,	
ventrally by the posterior vaginal wall, and dorsally 
by	the	levator	ani	muscles	and	coccyx.	In	the	up-
per portion, the compartment is bordered laterally 
by the uterosacral ligaments, whereas in the mid-
dle portion, there is more direct contact with the 
lateral	levator	ani	muscles.	In	the	lower	portion,	the	
contact becomes obliterated because the vagina 

and levator ani muscles become fused to each 
another	 and	 to	 the	perineal	 body	 [39].	 (Figure B 
31).	The	perineal	body	anatomy	has	been	possible	
to	 study	 using	 2mm	MR	 images.	 Visualisation	 of	
perineal body anatomy in living women and devel-
opment of 3-D models enhanced our understand-
ing	of	 its	3	different	 regions:	supericial,	mid,	and	
deep	[40].	The	three	distinct	perineal	body	regions	
are	[1]	a	supericial	region	at	the	level	of	the	ves-
tibular bulb, [2] a midregion at the proximal end of 
the	supericial	transverse	perineal	muscle,	and	[3]
a deep region at the level of the midurethra and 
puborectalis	 muscle.	 Structures	 are	 best	 visual-
ised on axial scans, whereas craniocaudal rela-
tionships	are	appreciated	on	sagittal	scans.	In	the	
supericial	portion	at	the	level	of	the	vestibular	bulb	
(VB), the bulbospongiosus (BS) inserts into the 
lateral margins of the perineal body, whereas the 
supericial	 transverse	 perineal	muscle	 (STP)	 and	
external	anal	sphincter	(EAS)	traverse	the	region.	
In the perineal body’s midregion at the proximal 
end	of	 the	supericial	 transverse	perineal	muscle,	
the puboperinealis muscle inserts into the lateral 
margins of the perineal body and in some individu-
als	can	be	seen	 to	cross	 the	midline.	This	 region	
also	contains	the	distal	internal	anal	sphincter.	The	
puboanalis muscle is also visible as it inserts in 
the intersphincteric groove between internal and 
external	 anal	 sphincters.	 The	 puboanalis	 muscle	
and internal anal sphincter extend into the perineal 
body’s most deep region at the level of the midure-
thra.	Here	the	pubovaginalis	muscle	also	becomes	
visible as it fuses with the vaginal side wall, send-
ing	 ibers	 posteriorly	 to	 the	 perineal	 body.	 In	 this	
location, the longitudinal muscle of the rectum may 
be	visible	 in	the	midline.	The	puborectalis	muscle	
forms a loop behind the rectum at this level but 

Figure B 31: The outline of the midsagittal pubic bone (P) is shown. The bladder (B) is yellow; the uterus 
(U) and vagina (V) are pink; the uterosacral ligament (USL) and perineal membrane (PM) are turquoise 
blue; the levator ani muscle (LA) is red; the perineal body (PB) is royal blue; the external anal sphincter 
(EAS) is dark red; and the posterior compartment (PC) is gray. Image A, All organs are shown. B, Leva -
tor ani muscles have been faded to show the underlying structures. C, Levator ani muscles have been 
removed. The locations of the upper, mid, and lower axial cross-sections are shown (39). Reprinted with 
permission from John O. L. DeLancey.
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does	 not	 contribute	 ibres	 to	 the	 perineal	 body.	
(Figures B 32-33 )

One of the key anatomical contributions MRI has 
made	 to	 the	 understanding	 of	 normal	 pelvic	 loor	
structure, regards the ability to make images of a 
wide	 variety	 of	 normal	 living	 women.	 The	 pelvic	
loor	 is	greatly	distorted	in	cadavers	due	to	 loss	of	
muscle	 tone	and	pressures	during	embalming.	Ot-
cenasek et al have used MR images of a normal 
nulliparous woman to establish geometry and then 
added details from dissection to produce an ana-
tomically based topographically normal 3-D model 
that	 displays	 the	 features	 of	 pelvic	 loor	 anatomy	
(Figure B 34 )	[41].

2) LEVATOR ANI MUSCLE FUNCTIONAL ANATOMY 

Evidence from MR and CT images in volunteers 
and cadavers shows that the anterior transverse 
portion of the levator muscle is basin-shaped; the 
middle transverse portion funnel-shaped, while the 
posterior	transverse	portion	dome-shaped.	The	pu-
borectalis appears u-shaped outside the vertical 
portion	[42].	On	MR	images	of	the	ive	Terminologia	
Anatomica-listed	 levator	ani	components:	pubovis-
ceral (pubovaginal, puboperineal, and puboanal), 
puborectal and iliococcygeal portions of the levator 
ani muscle muscles in women with normal pelvic 
support, the puborectal muscle can be seen lateral 
to the pubovisceral muscle and decussating dorsal 
to	the	rectum	in	the	axial	plane.	The	course	of	the	
puboperineal muscle near the perineal body is also 
seen	 best	 in	 the	 axial	 plane.	 The	 coronal	 view	 is	Figure B 32: 3D Model of the perineal body [40]

Figure B 33: Arcuate pubic ligament (APL) as reference slice. Negative numbers are caudal and positive 
numbers are cephalad to APL
B, bladder; Ba, Bartholins; IAS, internal anal sphincter; IC, iliococcygeus; PB, perineal body; PR, puborec -
talis; PS, pubic symphysis; PuR, pubic rami; R, rectum; U, urethra; V, vagina; VB, vestibular bulb [40].
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perpendicular	to	the	iber	direction	of	the	puborec-
tal and pubovisceral muscles and shows them as 
“clusters”	 of	 muscle	 on	 either	 side	 of	 the	 vagina.	
The sagittal plane consistently demonstrates the 
puborectal muscle passing dorsal to the rectum 
to	form	a	sling	that	can	be	seen	as	a	“bump”.	This	
plane	is	also	parallel	to	the	pubovisceral	muscle	i-
ber direction and shows the puboperineal muscle 
[43].	(Figure B 35 ).

b) Pathophysiology of pelvic loor disorders

1. LEVATOR ANI DEFECTS

One of the major contributions of MRI to understand-
ing	the	cause	of	pelvic	loor	dysfunction	came	from	
its	documentation.	LA	injury	seen	after	vaginal	birth	
is	highly	associated	with	POP.	In	[44]	a	case-control	
study with group matching for age, race, and hys-
terectomy status, women with prolapse (cases) were 
compared	 to	 those	 with	 normal	 support	 (controls).	
Major defects were those that lost more than 50% 

of	the	muscle	bulk.	Cases	were	more	likely	to	have	
major levator ani defects than controls (55% com-
pared with 16%), but equally likely to have minor de-
fects (16% compared with 22%) (Figure B 36-37 ).	
Women with defects generated less vaginal closure 
force during a pelvic muscle contraction than wom-
en	without	defects	(2.0	Newtons	compared	with	3.1	
Newtons) and women with prolapse also generated 
less vaginal closure force during pelvic muscle con-
traction	 than	 controls	 (2.0	Newtons	 compared	with	
3.2	 Newtons).	 This	 conirmed	 earlier	 uncontrolled	
observations	with	ultrasound	[45].

It is important to distinguish between muscle 
thickness	 and	muscle	 damage.	A	woman	with	 a	
normally thin but intact muscle may have less 
muscle substance than a woman with naturally 
bulky muscles who has a defect that has involved 
25%	of	her	muscle	bulk.	The	issue	of	muscle	dam-
age is relevant to seeing who is injured, while that 
of muscle bulk, with the capability of the muscle 

Figure B 34: Left lateral view from above the female pelvis. The vagina, endopelvic fascia, and levator ani 
muscle are cut in the sagittal plane. Urethra, urinary bladder, and rectum have been removed. OIM, obtura -
tor internus muscle; PCF, pubocervical fascia; ATLA, arcus tendineus levator ani; LA, levator ani muscle; 
ATFP, arcus tendineus fasciae pelvis; PS, pubic symphysis; VW, vaginal wall; RVF, rectovaginal fascia; 
ATFR, arcus tendineus fasciae rectovaginalis; PM, perineal membrane; PB, perineal body; EAS, external 
anal sphincter; SC, space of Courtney; ACR, anococcygeal raphe; ACL, anococcygeal ligament; PM, piri -
formis muscle; CL, cardinal ligament; USL, uterosacral ligament; C, cervix of the uterus; CM, coccygeus 
muscle; Co, coccyx; SP, sacral plexus. Illustration: Ivan Helekal [41].
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Figure B 35: Three-dimensional model of levator ani subdivisions including the pubic bone and pelvic vis -
cera. This model was created by using the magnetic resonance images shown in Figures 2, 3, and 4. The 
pubovaginal, puboperineal, and puboanal muscles are all combined into a single structure, the pubovisceral 
muscle. Inferior, left 3-quarter view. B. The same model without the pubic bone. PB, pubic bone; V, vagina; U, 
uterus; Ur, urethra; B, bladder; IC, iliococcygeus muscle; PR, puborectal muscle; PVi, pubovisceral muscle; 
EAS, external anal sphincter. © DeLancey 2006. Margulies [43].

Figure B 36: Examples of grades of defects in the pubovisceral portion of the levator ani muscle in axial mag -
netic resonance images at the level of the mid urethra. These were selected to illustrate degrees of defects 
in individuals with a normal contralateral pubovisceral muscle. The score for each side is indicated on the 
igure, and the black arrows indicate the location of the missing muscle. A. A grade 1 defect; B. A grade 2 
defect; and C. A grade 3 defect. © DeLancey 2006 [44].

Figure B 37: Percentages of cases and controls with no 
defects, minor defects, and major defects; p≤ 0.001. © 
DeLancey 2006 [44].
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to	close	the	hiatus.	Hoyte	et	al	[46]	examined	10	
women with prolapse, 10 with urodynamic stress 
incontinence,	 and	 10	 asymptomatic	 volunteers.	
Mean 3-dimensional parameters in the 3 groups 
showed	 levator	 volumes	 of	 32.2,	 23.3,	 and	 18.4	
cm3	(P	<0.005);	hiatus	widths	of	25.7,	34.7,	and	
40.3	 mm	 (P	 <0.005);	 left	 levator	 sling	 muscle	
gaps	of	15.6,	20.3,	and	23.8	mm	(P	=0.03),	right	
levator	sling	muscle	gaps	of	15.6,	22.5,	and	30.8	
mm,	 (P	 =0.003),	 and	 levator	 shape	 (90%,	 40%,	
and	20%	dome	shaped;	P	<0.005).	Subsequently,	
using a novel thickness mapping [47], they found 
thicker, bulkier anterior portions of the levators 
in asymptomatic women, compared with women 
with prolapse or urodynamic stress incontinence 
while the more posterior portions of the muscle 
were	not	affected.	

Hsu	 and	 colleagues	 quantiied	 levator	 ani	 muscle	
cross-sectional area as a function of prolapse and 
muscle	 defect	 status	 [48].	Using	muscle	 cross-sec-
tions from 3-D reconstructions they found that women 
with visible levator ani defects on MR have less mus-
cle ventrally compared with women with intact mus-
cles.	Women	with	major	levator	ani	defects	had	larger	
cross-sectional areas in the dorsal component than 
women with minor or no defects indicating a compen-
satory	 hypertrophy	 in	 this	 area.	 Furthermore,	 after	
controlling for prolapse, women with levator defects 
appear to have a more caudal location of their peri-
neal structures and larger hiatuses at rest, maximum 
contraction,	and	maximum	Valsalva	manoeuvre	[49].

Among women with POP, those with major LAD ap-
pear less likely to experience stress incontinence 
when	“coughing,	laughing,	or	sneezing”	(odds	ratio	
(OR)	0.27)	and	when	“twisting,	 reaching,	 lifting,	or	
bending	over”	 (OR	0.26)	 than	women	with	normal	
muscles.	 They	 are	 less	 likely	 to	 have	 obstructive	
symptoms	characterized	by	assuming	an	“unusual	
toileting	position”	or	“changing	positions...to	start	or	
complete	urination”	 (OR	0.27).	Women	with	minor	
LAD appear more likely to experience stress in-
continence	with	exercise	(OR	3.1)	and	urge	incon-
tinence	 (OR	4.0)	 than	 those	with	normal	muscles.	
Lower urinary tract symptoms are therefore less 
common among women with prolapse and major 
levator ani defects and more common among those 
with	minor	defects	 [50].	This	may	be	explained	by	
the fact that the women with major LA defects have 
larger prolapses than those who do not have major 
LA	defects.	It	is	a	clinical	observation	that	prolapse	
often reduces the occurrence of stress incontinence 
(urethral kinking?) and this hypothesis is consistent 
with	the	observations	mentioned	above.	

2.  IDENTIFYING THE INJURY ZONE WITHIN THE LEVATOR ANI 
MUSCLE MOST OFTEN INVOLVED BY INJURY

MRI based 3D models show that in women with 
bilateral puborectal muscle avulsion after vaginal 
delivery, the damage affects the pubic origin of the 
muscle.	This	structural	change	alters	the	support	to	

the	whole	 endopelvic	 fascia	 and	destabilizes	 both	
the	anterior	and	the	posterior	vaginal	walls	[51].	In	
women	with	signiicant	muscle	on	one	side	and	dam-
aged muscle in the same individual [52] the injury 
involves the muscle’s origin from the posterior pubic 
bone.	 (Figure B 38 ) Distortion of the surrounding 
connective tissue with lateral spilling of the vagina 
towards the obturator internus muscle is observed 
in	50%	of	women.	The	defect	is	right	sided	in	71%	
of	 patients.	The	average	difference	of	 the	amount	
of muscle lost in these types of injury between the 
normal side and the defective side is up to 81% at 
locations	nearest	the	pubic	origin	[53].	Almost	all	of	
the	volume	difference	(13.7%,	P=0.0004)	is	attribut-
able	to	a	reduction	in	the	pubic	portion	(24.6%),	not	
the	iliococcygeal	portion	of	the	muscle.

3.  CHANGES IN THE HIATUS SIZE AND LEVATOR PLATE ANGLE 
WITH PROLAPSE 

The levator ani muscle’s constant activity closes 
the	genital	hiatus.	In	addition	to	evaluating	defect	
status and muscle bulk, MRI has revealed chang-
es to the levator hiatus and angle of the levator 
plate (that midline portion of the muscle between 
the anus and the coccyx) which is presumed to be 
inluenced	by	muscle	action.	Hsu	and	colleagues	
[54] studied 68 women with pelvic organ prolapse 
and	74	normal	controls.	During	Valsalva,	controls	
had	 a	mean	 levator	 plate	 angle	 of	 44.3	 degrees.	
Cases	 had	 9.1	 degrees	 (21%)	more	 caudally	 di-
rected levator plate angle compared to controls 
(53.4	degrees	vs.	44.3	degrees),	15%	larger	leva-
tor	hiatus	length	(7.8	cm	vs	6.8	cm),	and	24%	more	
caudal	perineal	body	location	(6.8	cm	vs	5.5	cm).	
Increases in levator plate angle were correlated 
with	increased	levator	hiatus	length	(r	=	0.42)	and	
perineal	body	location	(r	=0.51).	The	bladder	neck	
descent at straining is also correlated with the le-
vator plate angle at rest, hiatus length at rest and 
at	straining	 [55].	Uterine	cervix	descent	at	strain-
ing is correlated with increased hiatus length and 
width at straining, and greater levator plate angle 
(p=0.007)	at	straining.	Paradoxically	anterior	rectal	
bulging at straining is inversely correlated with the 
hiatus	width	at	rest	(p	=	0.04).	

Perineal descent and localised outward bulging of 
the levator ani during Valsalva was evaluated by 
Gearhart	 and	 colleagues	 [56].	 In	 this	 study,	 dy-
namic	MRI	of	symptomatic	patients	with	pelvic	loor	
prolapse demonstrated unsuspected levator ani 
hernia.	Patients	with	POP,	 fecal	 and/or	 urinary	 in-
continence,	or	chronic	constipation	were	evaluated.	
Fifteen percent of patients (12/80) had unilateral (n 
=	8)	or	bilateral	(n	=	4)	levator	ani	hernias	on	MRI.	
Perineal descent on physical examination was as-
sociated	with	a	levator	ani	hernia	in	nine	patients.	

4. MRI AND THE BONY PELVIS

Studies of the bony pelvis dimensions and their asso-
ciations with POP, levator ani defects and stress in-
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continence	have	recently	been	undertaken.	Stein	et	
al showed that bony pelvis dimensions are similar at 
the	level	of	the	muscular	pelvic	loor	in	white	women	
with	and	without	POP	[57].	Further	evaluation	of	the	
bony pelvis using MRI scans has also improved our 
understanding of the natural history of stress urinary 
incontinence as well as the associations of the bony 
pelvis dimensions with the prevalence of levator de-
fects	(Berger	et	al	unpublished	data).	Other	studies	
investigating the role that different pelvis shapes play 
for	speciic	diseases	will	be	described	in	subsequent	
sections	of	this	review.

5.  MRI OF PELVIC FLOOR AFTER VAGINAL  DELIVERY

There are changes observed in the levator ani and 
pelvic	 loor	musculature	 immediately	 after	 delivery,	
which	change	over	time.	Boreham	[58]	evaluated	the	
normal visibility of the levator in post term nulliparas 
using	3-dimensional	(3-D)	MRI.	LA	insertion	into	the	
symphysis was visible in 93%, and the iliococcygeus 
muscle assumed a convex shape (arch) in 92% of 84 
nulliparas.	Mean	LA	volume	was	13.5	(3.7)	cm3.	In-
terestingly there was a positive association between 
LA volume and higher fetal station with increasing 
BMI.	The	muscle	signal	intensity	appears	increased	
at 1 day postpartum on T2 weighted images, but 
normal	by	6	months.	The	urogenital	and	levator	hia-
tus	 decreases	 signiicantly	 by	 2	weeks	 postpartum	
[59].	More	 recently,	 Lienemann	 [60]	 found	 thinning	

of the puborectal muscle in primiparous women after 
vaginal	delivery	 (0.6	cm	vs.	0.8	cm)	and	 increased	
descent of the bladder, vaginal fornix, and anorectal 
junction during straining compared to healthy asymp-
tomatic	nulliparous	volunteers.	

The descent of the bladder and cervix on straining 
appears greater in women who delivered vaginally 
compared to those who had cesarean delivery and 
to	nulliparous	women.	There	is	a	positive	correlation	
between the duration of labour and the area of the 
levator sling and also between birthweight and the 
descent	of	the	cervix	on	straining	[61].	

The role of levator ani muscle damage and stress 
soon	after	birth	has	also	been	studied.	An	 investi-
gation of 80 nulliparous asymptomatic women and 
160 vaginally primiparous women half of whom had 
new	 stress	 incontinence	 after	 their	 irst	 birth	 was	
conducted	9	months	after	delivery.	A	visible	defect	
in	 the	 levator	 ani	muscle	 was	 identiied	 in	 32	 pri-
miparous.	 Twenty-nine	 of	 these	 32	 defects	 were	
in the pubovisceral portion of the levator and three 
were	 in	 the	 iliococcygeal	portion.	None	of	 the	nul-
liparous	women	showed	these	abnormalities	[62].	In	
a further study of this cohort [63] evaluation of ob-
stetric factors associated with levator ani injury af-
ter	irst	vaginal	birth	showed	increased	odds	ratios	
for	levator	defect:	forceps	use	14.7,	anal	sphincter	
rupture	8.1	and	episiotomy	3.1	but	not	vacuum	de-

Figure B 38: Three-dimensional model generated from the axial MR scans shown in Figure A, and B, 
Oblique right and left inferolateral views, similar to the dorsal lithotomy position, are shown. In these 
panels the pubic bone is semitransparent and the obturator internus muscle is not shown. C, and D, 
Oblique right and left views peering over the pubic bone and down to the pelvic loor are shown. The ure-
thra, vagina, and rectum have been truncated so as not to obscure the views of the levator muscles. EAS, 
external anal sphincter; LA, levator ani; MM, mirror image of the missing muscle; P, pubis; PB, perineal 
body; U, urethra; V, vagina. The missing muscle in A and D is denoted (asterisk). © DeLancey 2006 [52].
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livery	(0.9)	epidural	use	(0.9)	or	oxytocin	use	(0.8).	
Women	with	levator	injury	were	3.5	years	older	and	
had	a	78-minute	longer	second	stage	of	labour.	Dif-
ferences in gestational age, birth weight, and head 
circumference	were	not	statistically	signiicant.	

Dannecker [64] compared women after spontaneous 
vaginal delivery to those delivered by vacuum extrac-
tion and a control group of healthy nulliparous vol-
unteers.	Signiicant	differences	for	 individual	POPQ	
component measurements were noted for points Aa 
and Ba, TVL, and GH (spontaneous delivery versus 
control) and in addition for Ap, Bp, and D (vacuum 
extraction	 versus	 control).	 Signiicant	 differences	
were observed for the position of bladder base, blad-
der neck, posterior vaginal fornix, anorectal junction, 
hiatus	perimeter	and	depth	of	rectocele.	Looking	into	
comparisons with the spontaneous vaginal delivery 
group, on clinical examination, there was more evi-
dence of anterior vaginal wall descent after vaginal 
delivery,	and	TVL	and	GH.	Differences	between	the	
groups with regard to points Ap and Bp reached 
only	marginal	signiicance.	With	MRI	measurements	
primiparous women who underwent spontaneous 
vaginal delivery as compared to nulliparous women 
showed	considerable	and	statistically	signiicant	de-
scent of almost all assessed structures at rest and on 
straining.	Bladder	base,	bladder	neck	and	 the	ano-
rectal junction descended even below the respec-
tive	reference	lines.	The	bladder	neck	showed	con-
siderably increased mobility, and the genital hiatus 
showed	an	increased	change	on	straining.	The	depth	
of	 rectocele	 increased	more	 than	 three	 times.	One	
of	 26	women	 (4%)	 had	 a	 rectocele	 >3	 cm.	 POPQ	
measurements	 that	 differed	 signiicantly	 between	
primiparous women after vacuum extraction and nul-
liparous women of the control group indicated more 
evidence of anterior and posterior vaginal wall de-
scent	 after	 vacuum	extraction.	 In	addition	TVL	and	
GH was increased and PB was decreased after vac-
uum	 extraction.	 MRI	 measurements	 after	 vacuum	
extraction, showed considerably increased descent 
and mobility of the bladder base and bladder neck on 
straining, and descent of the anorectal junction was 
prominent.	 The	 mean	 depth	 of	 rectocele	 was	 four	
times	bigger	than	in	the	nulliparous	group.	Four	of	49	
women	(9%)	had	a	rectocele	>3	cm.

Branham and colleagues [65] evaluated postpar-
tum changes in the levator ani muscle in relation 
to	 obstetric	 events.	 In	 those	 subjects	 recovering	
to normal MR by 6 months an average of nearly 
60% increase in right puborectalis muscle thick-
ness compared with that seen at 6 weeks indicated 
the	extent	of	 the	 injury.	Younger	white	primiparous	
women had a better recovery at 6 months than older 
white	 women.	 Subjects	 experiencing	 more	 global	
injury, in particular to the iliococcygeous, tended not 
to	recover	muscle	bulk.

Heilbrun and colleagues investigated the correla-
tion between the presence of major LAM injuries 

on MRI with faecal incontinence (FI), POP, and 
urinary incontinence (UI) in primiparous women 
6-12 months postpartum using a scoring system to 
characterise	LAM	injuries	on	MRI.	Major	LAM	inju-
ries	were	observed	in	19.1%	women	who	delivered	
vaginally with external anal sphincter (EAS) injuries, 
3.5%	 who	 delivered	 vaginally	 without	 EAS	 injury,	
and 0% who delivered by cesarean section before 
labor	(p=0.0005).	Among	women	with	EAS	injuries,	
those with major LAM injuries trended toward more 
FI,	35.3%	vs.	16.7%	(p=0.10)	and	POP,	35.3%	vs	
15.5%	(p=0.09),	but	not	UI	(p=1.0).	These	data	con-
irm	that	both	EAS	and	LAM	are	important	for	fecal	
continence and that multiple injuries contribute to 
pelvic	loor	dysfunction	[66]	.

Handa and colleagues used MRI to measure bony 
and soft tissue pelvic dimensions in 246 primiparas, 
6-12-months	postpartum.	A	deeper	sacral	hollow	was	
signiicantly	associated	with	 fecal	 incontinence	(p	=	
0.005).	Urinary	incontinence	was	marginally	associ-
ated	with	a	wider	intertuberous	diameter	(p	=	0.017)	
and	pelvic	arch	(p	=	0.017).	There	were	no	signiicant	
differences in pelvimetry measures between women 
with	and	without	prolapse	in	this	study[67].

6.  MRI AND BIOMECHANICAL  INVESTIGATION OF THE PELVIC 
FLOOR

MRI has allowed anatomically based biomechanical 
models	to	be	constructed.	Simulations	have	demon-
strated important interactions between muscle and 
connective tissue in providing anterior vaginal wall 
support	[68].	MRI	has	enabled	construction	of	inite	
element	 analysis	 [69]	 [70].	 It	 has	 also	 allowed	 for	
capture of 3D shape variation of the levator ani dur-
ing straining where complete volumetric imaging is 
prohibited by the inherent temporal resolution of the 
scanning	technique	[71].	

Chen	developed	and	validated	recently	a	3D	inite	
element computer model of the anterior vaginal 
wall and its supports based on spatial data from 
MR	scans	of	normal	women.	They	determined	the	
combinations of muscle and connective tissue im-
pairments that result in cystocele formation, as ob-
served on dynamic MRI geometry from a healthy 
nulliparous	woman.	It	included	simpliied	represen-
tations of the anterior vaginal wall, levator muscle, 
cardinal and uterosacral ligaments, arcus tendineus 
fascia pelvis and levator ani, paravaginal attach-
ments,	and	the	posterior	compartment.	The	authors	
found that development of a cystocele requires a le-
vator muscle impairment, an increase in abdominal 
pressure, and weakening of apical and paravaginal 
support	 [72].	 These	 simulations	 provide	 a	 way	 to	
see	what	speciic	changes	in	structural	components	
do to pelvic organ support in ways that would be 
impossible	to	study	in	living	women.

7.  RACIAL  DIFFERENCES IN PELVIC DIMENSIONS

There are differences that exist in the occurrence of  
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prolapse	in	women	from	different	racial	backgrounds.	
Several groups have evaluated racial differences in 
the bony pelvis and the levator ani muscles [73] [74] 
[75].	 In	a	study	by	Handa	et	al	 [73],	a	wider	 trans-
verse	diameter	(odds	ratio	3.4)	and	a	shorter	obstet-
rical	conjugate	(odds	ratio	0.2)	were	associated	with	
pelvic	loor	dysfunction	after	controlling	for	age,	race,	
and	parity.	Hoyte	and	colleagues	found	that	 levator	
ani	volume	was	signiicantly	greater	in	African-Amer-
ican (AA) asymptomatic nulliparous women without 
pelvic	loor	dysfunction	compared	to	white	American	
(WA)	 ones	 (mean	=	 26.8	 vs.	 19.8	 cm3,	P	=	 .002).	
The levator-symphysis gap was smaller in the AA 
(left-18.2,	right-18.8	mm)	versus	the	WA	group	(22.4,	
22.6	mm,	p	=	0.003,	0.048)	on	the	left	and	right.	Sig-
niicant	differences	were	also	seen	 in	bladder	neck	
position, urethral angle, and the pubic arch angle 
[74].	In	another	study	with	3D	MRI	levator	thickness	
was	 signiicantly	 greater	 bilaterally	 in	 black	nullipa-
ras compared to white ones, yet obturator internus 
muscle	thicknesses	were	similar	[75].

Handa found that the pelvic inlet was wider among 
white	women	than	African-American	women	(10.7+/-
0.7	cm	compared	with	10.0.+0.7	cm,	P<.001).	The	
outlet was also wider (mean intertuberous diam-
eter	 12.3+/-1.0	 cm	 compared	 with	 11.8+/-0.9	 cm,	
p<.001).	There	were	no	signiicant	differences	be-
tween racial groups in interspinous diameter, angle 
of the subpubic arch, anteroposterior conjugate, 
levator	thickness,	or	levator	hiatus.	[76].

A	 broader	 group	 of	 races	 was	 studied	 by	 Rizk	 et	
al with MR in asymptomatic multiethnic nulliparous 
young volunteers from 5 ethnic groups (Emirati, 
other Arab, Filipino, Indian/Pakistani, and Euro-
pean/white volunteers), with the white volunteers 
as	 the	 reference	group	 [77].	The	white	 volunteers	
were	taller	(p<	0.0001)	than	the	other	women.	Their	
levator hiatus was longer than the Emirati women 
(p=	 0.03)	 and	 wider	 than	 the	 Filipino	 women	 (p=	
0.04).	The	bladder	neck	descent	 on	 straining	was	
also	 greater	 than	 the	 other	 groups	 (p<	 0.00001).	
The white women also had the longest transverse 
diameter	of	the	pelvic	 inlet	(p=	0.002).	Their	sagit-
tal outlet diameter was longer than the Emirati and 
Arab	women	(p=	0.02),	and	their	interspinous	diam-
eter	was	longer	than	the	Arab	women	(p=	0.002).	

c) Pelvic Organ Prolapse 

MRI has proven to be a key assessment for under-
standing pelvic organ prolapse; a problem that arises 
from damage to connective tissue, muscles, and 
nerves	 that	 are	 invisible	 on	 standard	 radiography.	
With the advent of 3D ultrasound and MRI, the actual 
structures involved in the cause of prolapse can be 
seen	and	examined.	This	is	possible	not	only	in	static	
scans that reveal morphological details of the pelvic 
structure, but also in dynamic scans where the move-
ments	of	the	various	organs	can	be	studied.	

Evaluation of the degree of anterior compart-

ment (bladder) and apical compartment (cervix) 
prolapse at maximal Valsalva using dynamic MRI 
showed a strong correlation between how far the 
bladder base and uterine cervix were below nor-
mal	with	r2	=	0.53	indicating	that	slightly	over	half	
of the observed variation in anterior compartment 
support	may	be	explained	by	apical	 support	 [78].	
Further analysis in the same patients showed that 
vaginal length was the strongest secondary factor 
determining 30% of the variation after apical de-
scent	was	 taken	 into	 account.	This	 inding	 that	 a	
longer vaginal wall was associated with increasing 
cystocele	size	was	unexpected,	but	seems	consis-
tent	with	clinical	observations	[79].

Hsu et al found that vaginal thickness is similar in 
women with and those without pelvic organ pro-
lapse.	However,	in	prolapse	patients	the	vaginal	pe-
rimeter and cross-sectional areas are 11% and 20% 
larger	respectively	[80].

Broekhuis et al studied the relationship between pa-
tient symptoms using questionnaires’ domain scores 
and the perineal position on dynamic MR imaging of 
69	women.	They	found	that	POP	symptoms	were	as-
sociated with the degree of descent of the perineum 
but perineal descent was not related to anorectal 
and/or	urinary	incontinence	symptoms	[81].

In another study examining correlations of patients’ 
symptoms	 with	 indings	 on	 clinical	 examination	
and	 dynamic	MR	 imaging	 of	 the	 pelvic	 loor,	 only	
the	domain	score	genital	prolapse	was	signiicantly	
correlated in the positive direction with the degree 
of POP as assessed by POP-Q and dynamic MR 
imaging	(rs	=	0.64	and	0.27,	respectively),	whereas	
the domain score urinary incontinence was inversely 
correlated	(rs	=	-0.32	and	-0.35,	respectively).	The	
sensation	or	visualization	of	a	bulge	 in	 the	vagina	
was the only symptom which correlated positively 
with the degree of POP, with clinical examination 
and dynamic MR imaging showing similar correla-
tion	in	this	respect	[82].

Broekhuis et al concluded that correlations for the 
POP staging with the use of POP-Q, dynamic MR 
imaging, and perineal ultrasonography are only ob-
served	in	the	anterior	compartment	[83].

1. ENTEROCELE

In the past, enteroceles were usually only appreciated 
on radiographic examination after repeated straining 
after	evacuation	and	usually	required	opaciication	of	
the vagina in order to demonstrate the insinuation of 
small bowel loops between the rectum and vagina 
[84].	MRI	has	proven	to	be	a	much	simpler	and	less	
invasive	technique	for	the	evaluation	of	enteroceles.	
In comparisons between physical examination, in-
traoperative	indings	and	MR	images	in	women	with	
and	without	prolapse,	MRI	was	signiicantly	superior	
in detecting enterocele when compared to physical 
examinations	with	a	sensitivity	of	87%,	speciicity	of	
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80%,	and	positive	predictive	value	of	91%	[16].	(Fig-
ure B 39 ).	Similarly,	MRI	had	a	much	higher	sensi-
tivity for detection of enteroceles when compared to 
physical	exam	and	dynamic	cystoproctography	[85].	
Whether or not this technique alters clinical outcome 
remains	to	be	seen.

2. CYSTOCELE

MRI	 has	 a	 sensitivity	 of	 100%,	 speciicity	 of	 83%,	
and positive predictive value of 97% when evaluating 
for	cystocele	compared	to	intraoperative	indings.	In	
addition, urethral hypermobility and post-void urine 
residual can be documented, as well as evaluation 
of ureteral obstruction, hydroureteronephrosis and 
other	pelvic	abnormalities.	Figures B 40 a, b

MRI can also be helpful in documenting the status of 
pelvic organ support as part of a program to assess op-
erative	eficacy	[86]	[87]	and	differentiating	such	prob-
lems	as	Müllerian	remnant	cysts	from	cystocele	[88].

Larson et al showed that in women with anterior wall 
prolapse, Valsalva causes downward translation of the 
vagina	along	its	length.	A	transition	point	separates	a	
proximal region supported by levator muscles and a 

distal, unsupported region no longer in contact with the 
perineal	body.	 In	 this	 latter	 region,	 sagittal	and	 fron-
tal	plane	 “cupping”	occurs.	The	distal	vagina	 rotates	
inferiorly	along	an	arc	centered	on	the	inferior	pubis.	
Downward translation, cupping, and distal rotation are 
therefore novel characteristics of cystocele demon-
strated	by	3-D	MR	imaging	[89].	(igure B 41-42)

3. RECTOCELE

The reported sensitivity of pelvic examination for di-
agnosis of rectocele ranges from 31% to 80% [3] [4]
[6]	[90]	[91].	This	is	usually	secondary	to	organ	com-
petition	for	space	in	the	vagina	with	other	signiicant	
prolapse	[7].	In	addition,	it	is	often	dificult	to	reliably	
distinguish	an	enterocele	from	a	high	rectocele.	Fig-
ure B 43  shows a rectocele diagnosed by dynamic 
MRI.	A	rectocele	is	easily	seen	when	illed	with	gas,	
luid,	or	gel.	Although	highly	speciic,	when	no	rectal	
or	vaginal	opaciication	is	used,	MRI	can	miss	up	to	
24%	or	rectoceles	[16].	When	rectal	opaciication	is	
used, a correct diagnosis of rectocele can be made in 
100% of patients studied when compared to intraop-
erative	indings	[19].	Rectal	opaciication	by	introduc-
ing sonographic transmission gel or gadolinium into 

Figure B 39: Pelvic loor MRI: Enterocele at rest a) and during Valsalva b).

Figure B 40: Pelvic loor MRI: grade 2 (a) and grade 3 (b) cystocele
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Figure B 41: Anterior vaginal wall models at rest and with Valsalva. A Midsagittal MR slice with subsequent 
outline of vaginal wall at rest (pink) and with Valsalva (turquoise, panel b). Uterovaginal junction shown 
with dark pink square. c Addition of midsagittal pelvic bones (white) and anterior vaginal wall model. d 
Powerpoint image of both resting and straining anterior vaginal wall models and their relationship to the 
normalized ATFP, shown here as green line extending from the pubic symphysis to the ischial spines (green 
square), or the P-IS line. © DeLancey 2009 [89].

Figure B 42: Midsagittal view of pelvis with normal support (a) and with prolapse (b). Green represents 
area where levators (blue arrow) provide cranial reaction forces to counteract the action of intraabdominal 
pressure and caudal movement of the anterior wall. The red arrow delineates the transition to unsupported 
region lacking this opposing set of reaction forces (blue line), thereby creating a pressure differential acting 
caudally on that region. c Red arrow illustrates this point on midsagittal MRI with modeled anterior vaginal 
wall. U uterus, B bladder, Ur urethra. © DeLancey 2009 [89].

Figure B 43: Resting (a) and straining (b) midline sagittal section showing a rectocele that traps in -
testinal contents.



552

the rectum is therefore necessary to increase MRI’s 
ability	 to	 diagnose	 rectocele.	 In	 complex	 situations	
such as rectal intussusception [92] MR can provide 
important information by distinguishing mucosal from 
full-thickness	descent.	MR	defecography	also	shows	
movements	 of	 the	whole	 pelvic	 loor.	 In	 this	 study,	
30% of the patients studied were found to have asso-
ciated abnormal anterior and/or middle pelvic organ 
descent that would not necessarily be seen in tradi-
tional	evacuation	proctography	(unless	opaciication	
of	vaginal,	bladder	and	intestine	are	carried	out).

At maximal Valsalva on MRI, structures are more 
caudal and the hiatus longer in women with poste-
rior	 prolapse.	The	posterior	 vaginal	wall	 is	 longer;	
this length and point Bp strongly correlate with MRI 
prolapse	 size	 (r=0.5;	 p=0.002;	 r=0.7;	 p<0.001,	 re-
spectively).	[93]

What remains unclear is the relationship between 
anatomical	indings	and	functional	problems.	The	di-
agnosis of an anatomical abnormality does not man-
date	 surgery.	 Simply	 identifying	 a	 rectocele	 on	 an	
imaging study based on the location of the intestinal 
lumen to a reference line does not mean that correc-
tion	 of	 the	 rectocele	will	 cure	 defecation	 problems.	
Rectocele surgery is not without complications and 
the risk of dyspareunia after posterior colporrhaphy 
is	 real.	Attention	 should	 be	paid	 to	make	 sure	 that	
symptoms are truly depending on stool trapping and 
the	condition	must	be	shown	on	imaging.

4. UTERINE PROLAPSE 

Although uterine prolapse is easily diagnosed on 

physical examination MRI is an excellent modality 
to record the structural relationships with the bladder 
and rectum in patients with uterine prolapse (Figure 
B 44).	In	addition	to	depicting	the	position	of	the	uter-
us	and	adjacent	organs,	it	has	the	ancillary	beneits	
of	evaluating	uterine	size,	position,	orientation	(retro-
version)	and	pathology	(ibroids,	 tumors,	Nabothian	
cysts.	etc.),	but	also	ovarian	pathology	(cyst	or	mass)	
which may sometimes prove useful if these problems 
have	 not	 been	 picked	 up	 on	 physical	 examination.	
This is helpful information in determining the route 
of	hysterectomy.	Furthermore,	MR	imaging	provides	
information on the presence or absence of cystocele, 
rectocele, urethral hypermobility and urethral diver-
ticula, and evaluates for ureteral obstruction [10] [11]
[14]	 [15]	 [16]	 [94].	Gousse	et	al.	 report	a	sensitivity	
of	83%,	a	speciicity	of	100%	and	a	positive	predic-
tive value of 100% when comparing dynamic MR 
imaging	 to	 intraoperative	 indings.	 These	 numbers	
were similar when compared to physical examination 
alone	[16].	More	importantly,	MRI	was	able	to	clearly	
deine	the	other	compartments	of	the	pelvic	loor	and	
diagnose uterine and/or ovarian disorders in 30 of 
100	patients	evaluated	[16].	

5. GRADING OF PELVIC FLOOR RELAXATION  

A number of studies have described reference 
values	 for	 grading	 POP	 [15]	 [16]	 [18].	 In	 order	 to	
evaluate pelvic organ descent, certain anatomic 
landmarks	are	used.	The	pubococcygeal	line	(PCL)	
marks the distance from the pubis to the coccyx and 
serves	 as	 a	 ixed	 anatomical	 reference.	 In	 the	 no-
menclature	 used	 by	Comiter	 et	 al.	 [15],	Gousse	 et	

Figure B 44: Pelvic Floor MRI: Uterine Prolapse



553

al.[16],and	Barbaric	[23],	the	width	of	the	levator	hia-
tus is measured as the distance from the pubis 
to	 the	 pubococcygeus	 muscle	 (H-line).	 The	
hiatus is formed by the puborectalis muscle and 
encompasses	urethra,	 vagina,	and	 rectum.	The	M-
line	depicts	the	relaxation	of	the	muscular	pelvic	loor	
by measuring the descent of the levator plate from 
the	PCL.	Using	 these	 three	 simple	measurements,	
an	MRI	 classiication	 for	 degree	 of	 POP	 has	 been	
described	[15]	[23].	In	the	normal	population,	during	
straining, the hiatus (H-line) is less than 6 cm long 
and does not descend (M-line) more than 2 cm below 
the	PCL.	The	upper	urethra,	urethrovesical	junction,	
bladder, upper vagina, uterus, small bowel, sigmoid 
colon, mesenteric fat and rectum are all above the 
H-line.	A	combination	of	hiatal	enlargement	and	pel-
vic	loor	descent	constitutes	relaxation.	As	the	pelvic	
loor	descends,	so	do	the	organs	above	it.	The	grad-
ing system for prolapse of any pelvic organ is based 
on	2	cm	increments	below	the	H-line.	By	determining	
the degree of visceral prolapse beyond the H-line, 
the degree of rectocele, enterocele, cystocele, and 
uterine descent can be graded in a 0 to 3 scale as 
follows:	0=none,	1=minimal,	2=moderate,	and	3=se-
vere (Table 2 ).	Other	similar	systems	have	been	de-
scribed	[18]	highlighting	the	need	for	standardization	
of nomenclature and grading of organ prolapse using 
MRI.	In	a	small	study,	Ginath	et	al	showed	that	MRI	
measurements of pelvic landmark angles can dif-
ferentiate between women with and without uterine 
prolapse	and	correlate	best	with	POPQ	point	C	[95].

Novellas	 and	 colleagues	 evaluated	 two	 classiica-
tion systems (using the PCL and the midpubic line, 
MPL)	 in	 30	 patients	 with	 symptoms	 of	 POP.	 For	
prolapse detection, the correlation between clini-
cal examination and MRI ranged between 74 and 
89%.	For	prolapse	staging,	the	correlation	was	poor	
to	moderate.	Inter-observer	agreement	was	good	to	
very	 good	 (kappa	between	0.67	and	0.95).	 It	was	
slightly better at the mid stage, with both systems 
(kappa	between	0.83	and	0.97).	Comparison	of	the	
inter-observer agreement between both MRI clas-
siication	 systems	 showed	 better	 results	 for	 the	
system	 using	 the	 pubococcygeal	 line	 (p<0.005).	
The	 classiication	 system	 based	 on	 the	 pubococ-
cygeal line appeared more reliable and simple 
for	 the	 evaluation	 of	 pelvic	 prolapse	 on	MRI	 [96].	
In another study, agreement between clinical and 
PCL	staging	was	fair	in	the	anterior	(kappa	=	0.29)	

and	poor	in	the	apical	(kappa	=	0.03)	and	posterior	
(kappa	=	0.08)	compartments.	Agreement	between	
clinical and MPL staging was fair in the anterior 
(kappa	=	0.37),	apical	(kappa	=	0.31),	and	posterior	
(kappa	=	0.25)	compartments.	The	MPL	had	higher	
agreement with clinical staging than the PCL in this 
study.	 However,	 neither	 reference	 line	 had	 good	
agreement	with	clinical	staging	[97].	The	intra-	and	
interobserver reliability of dynamic MR staging in 
POP patients has also been evaluated using vari-
ous anatomical landmarks in relation to the PCL, 
H-line,	and	MPL.	Clinical	measurement	points	were	
assessed	 in	relation	to	 the	mid-pubic	 line.	Overall,	
the intra- and interobserver reliability of MR imag-
ing	measurements	was	excellent	to	good.	The	PCL	
showed superior reliability (intraclass correlation 
coeficients-ICC	 range	 0.70-0.99).	 The	 reliability	
of clinical measurement points, however, was only 
moderate	(ICC	range	0.20-0.96).	The	intra-	and	in-
terobserver reliability of quantitative prolapse stag-
ing	on	dynamic	MR	imaging	were	good	to	excellent.	
The	PCL	appeared	the	most	reliable	to	use	[98].

Singh et al [99] compared a new technique of grad-
ing POP by using dynamic MRI with the clinical stag-
ing	 proposed	 by	 the	 POP-Q	 system	 [100].	 A	 new	
reference line, the mid-pubic line, was drawn on the 
MR image to correspond to the hymenal ring marker 
used	in	the	clinical	staging.	The	proposed	staging	by	
MRI showed good correlation with the clinical stag-
ing	(kappa	=	0.61).	Torricelli	[101]	also	used	MRI	to	
evaluate	 functional	disorders	of	 female	pelvic	 loor.	
In	 symptomatic	 women	 MRI	 conirmed	 the	 pelvic	
examination	indings	in	all	cases;	MRI	also	detected	
additional alterations (4 cases of uterine prolapse 
and 3 of enterocele) that had been missed at clini-
cal	 evaluation.	Deval	 [102]	 compared	 dynamic	MR	
imaging with physical examination as an alternative 
to dynamic cystoproctography for the evaluation of 
POP.	PCL	and	puborectalis	muscle	were	 the	 refer-
ence	points.	The	grading	system	is	based	on	degree	
of organ prolapse through the hiatus and the degree 
of	puborectalis	descent	and	hiatal	enlargement.	They	
also used, the mid pubic line, which was drawn on the 
MR image to correspond to the hymenal ring marker 
used	in	clinical	staging.	Intra-operative	indings	were	
considered the gold standard against which physical 
examination, dynamic colpocystodefaecography and 
MRI	were	compared.	The	sensitivity,	speciicity	and	
positive predictive value of MRI were 70%, 100%, 
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100% for cystocele; 42%, 81%, 60% for vaginal vault 
or uterine prolapse; 100%, 83%, 75% for enterocele; 
87%,	72%	and	66%	for	rectocele.	More	recently	Etlik	
[103]	 found	 physical	 examination	 and	MR	 indings	
to be very concordant in the diagnosis of pelvic pro-
lapse.	 Statistical	 correlations	 in	 the	 stages	 of	 pro-
lapse	between	both	of	the	methods	were	signiicant	
for	 anterior	 and	middle	 compartment	 (p<	 0.01),	 as	
well	as	for	posterior	compartment	(p<	0.05).

d) Assessing Treatment Outcome

1. PELVIC ORGAN PROLAPSE OPERATIONS: 

Several studies have evaluated the anatomic chang-
es seen after surgical procedures using MRI to better 
understand how surgical therapies affect pelvic sup-
port	and	structures.	Lienemann	et	al.	[104]	evaluated	
women after abdominal sacrocolpopexy and found 
that	functional	MRI	identiied	the	exact	sacral	ixation	
points	 after	 the	 procedure	 and	 easily	 identiied	 the	
axis of the vagina and the exact position of the syn-
thetic	material	used	 for	 the	repairs.	Sze	 [105]	used	
MRI	 to	study	vaginal	coniguration	on	MR	after	ab-
dominal sacrocolpopexy and sacrospinous ligament 
suspension.	This	study	demonstrated	the	differences	
in the geometry of these two operations and should 
prove helpful in establishing outcome variables for 
different	 surgical	 procedures.	 Similarly	 Rane	 [106]	
used	MRI	 to	compare	 the	vaginal	coniguration	 fol-
lowing	 transvaginal	 sacrospinous	 ixation	 (SSF),	
posterior intravaginal slingplasty (PIVS) (infracoc-
cygeal sacropexy) and sacrocolpopexy (SCP) and 
demonstrated improvements in the restoration of 
vaginal	 coniguration	 and	 differences	 between	 the	
procedures	 in	 inal	 anatomy.	Boukerrou	 [107]	 com-
pared outcomes of 1) abdominal sacral cervicopexy, 
2) vaginal hysterectomy with paravaginal repair, sa-
crospinous suspension and posterior colporrhaphy 
and 3) sacrospinous suspension and posterior repair 
without	paravaginal	 suspension	with	MRI.	The	cor-
rection provided by vaginal route was found to result 
in a return of the bladder and the vaginal apex to their 
normal	positions.	In	addition,	vaginal	shortening	and	
postoperative change in vaginal orientation were not 
present	postoperatively.	

Relationship between assessment of surgical cor-
rection studied with MR imaging and symptoms 
have	been	studied.	Guler	[108]	compared	preoper-
ative evaluations with those two to four months after 
surgery.	Of	the	seven	patients	who	had	symptoms	
postoperatively,	only	two	had	abnormal	indings	on	
physical examination but MRI showed pathologic 
indings	 in	 ive	 of	 the	 seven	 patients.	 Huebner	 et	
al assessed symptomatic changes after anterior 
levatorplasty	with	morphologic	 changes	 visualized	
by	MR	defaecography	 [109].	Anterior	 levatorplasty	
improved quality of life in patients with symptomatic 
rectocele and correction of rectocele is accurately 
documented by MR defecography, however only 
moderate correlation between morphologic and 
clinical	improvements	was	observed.

MRI has also been used for the evaluation of the ef-
fectiveness	of	POP	surgical	mesh	procedures.	

Dynamic MRI may evaluate the support of anteri-
or	 and	 posterior	 pelvic	 loor	 structures	 by	 anterior	
and	 posterior	 polypropylene	 implant	 respectively.	
But dynamic MRI evaluations in a small series by 
Siegmann and colleagues suggest that if one com-
partment	of	the	pelvic	loor	is	repaired	another	com-
partment	 frequently	 (73.3%)	develops	dysfunction.	
These results did not correspond to clinical symp-
toms on short-term follow-up (3 months) indicating 
the need for long-term follow-up studies to prove if 
dynamic	MRI	 can	 reliably	 identify	 signiicant	 POP	
after surgery and before the onset of symptoms 
[110].	In	another	small	series	of	ten	women	by	Kas-
turi et al [111] undergoing intervention for POP with 
Prolift, postoperative MRIs supported the inert na-
ture	of	polypropylene	mesh.

Recently Larson et al examined structural relation-
ships between anterior mesh kit suspension points 
and the upper vagina in women with normal sup-
port.	Using	MRI	generated	3D	models,	 they	 found	
that the anterior vagina extended above superior 
attachment points in 100% of women at rest and in 
73%	during	Valsalva.	It	extended	posterior	to	them	
in	82%	and	100%	(rest	and	Valsalva,	respectively).	
The mean percentage of anterior vaginal length 
above superior anchoring sites was 40 ± 14% at 
rest	and	29	±	12%	during	Valsalva.	The	upper	vagi-
na was therefore found to lie above and posterior to 
superior suspension points in the majority of women 
with	normal	support	[112].

2. PELVIC MUSCLE EXERCISES

Studies on the effects of pelvic muscle training on 
the	 pelvic	 loor	 [113]	 demonstrate	 reduced	 levator	
ani surface area and volume encircled by the leva-
tor	 ani	muscle	 during	 contraction.	When	elite	 ath-
letes	 are	 compared	 to	 normal	 women	 signiicant	
differences appear in the cross-sectional area and 
width	of	the	pelvic	loor	muscles,	[114].	These	types	
of studies are being facilitated by improved tech-
niques of aligning contracted and non-contracted 
muscle	[115].	

3.  COMPARISON OF MRI WITH OTHER EXAMINATIONS AND 
ASSESSMENT OF RELIABILITY

Dynamic contrast roentography and multiphasic 
luoroscopic	 cystocolpoproctography	 (CCP)	 have	
previously been considered the best radiological 
studies	 for	 detecting	 POP.	 These	 studies	 rely	 on	
the	opaciication	with	contrast	material	of	the	blad-
der, vagina, small bowel, and rectum with all organs 
opaciied	 together	 or	 in	 phases	 with	 each	 organ	
opaciied	 individually	prior	 to	each	straining	phase	
[4]	[106]	[109][113].	These	studies	fail	to	detect	up	
to	20	percent	of	all	enteroceles	[94]	[116]	[117]	[118].	
Therefore, MRI has proven to be a much simpler 
and less invasive technique for the evaluation of 
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enteroceles.	In	addition,	MRI	is	able	to	differentiate	
the enteroceles according to their contents (small 
bowel, large bowel, rectosigmoidocele or mesen-
teric	fat).	MRI	is	also	an	excellent	study	to	differenti-
ate high rectoceles from enteroceles, thus allowing 
adequate surgical planning and safer planes of dis-
section	[15]	[16]	[19]	[85].	Although	multiphasic	MRI	
with	opaciication	of	organs	and	multiphasic	luoro-
scopic CCP have similar detection rates for entero-
cele [116], excellent images can be obtained from 
dynamic	 MRI	 without	 contrast	 for	 opaciication	 of	
the	small	bowel	or	rectal	contrast.	Thus	the	minimal	
added information obtained by contrast administra-
tion does not seem to warrant the invasiveness of 
organ	opaciication	at	this	time	[16]	[84]	[117].	How-
ever, recent data suggest that MRI without rectal 
contrast	shows	statistically	fewer	pelvic	loor	abnor-
malities	than	CCP.	Except	for	enteroceles,	MRI	with	
rectal contrast shows statistically similar frequency 
of	POP	as	CCP	[119].

Evacuation proctography has been used to diag-
nose enterocele, rectoceles, perineal descent and 
rectal	intussusception.	Dynamic	contrast	roentogra-
phy	or	 luoroscopic	CCP	have	also	 been	used	 [4]	
[90]	 [91]	 [116]	 [120]	 to	 diagnose	 rectoceles.	 The	
disadvantages of these techniques are the inabil-
ity to visualise the soft tissue planes comprising 
the	pelvic	loor,	their	invasiveness,	and	their	use	of	
signiicant	 levels	 of	 ionizing	 radiation.	Without	 the	
use	 of	 rectal	 opaciication,	 MRI	 appears	 to	 be	 a	
poor choice for the evaluation of rectoceles missing 
up	 to	 25%	 of	 such	 defects.	With	 rectal	 opaciica-
tion a correct diagnosis of rectocele can be made 
in 100% of patients in comparison to intraoperative 
indings	 [19].	Triphasic	dynamic	MRI	and	 triphasic	
luoroscopic	 CCP	 have	 similar	 detection	 rates	 for	
rectocele	 [116].	 Upright	 dynamic	 MR	 defaecating	
proctography	 has	 been	 reported	 [121].	 Although	
these studies might prove to be more sensitive in 
detecting anorectal anomalies, their utility seems to 
be more pronounced in patients with disorders of 
defecation include anismus, intussusception, and 
others, and may be too invasive to justify their rou-
tine	use	in	the	evaluation	of	rectocele.	

Kaufman	[122]	evaluated	dynamic	pelvic	MRI	and	
dynamic CCP in the surgical management of fe-
males	with	 complex	 pelvic	 loor	 disorders.	Physi-
cal examination, dynamic MRI, and dynamic CCP 
were concordant for rectocele, enterocele, cysto-
cele,	and	perineal	descent	in	only	41%	of	patients.	
Dynamic imaging lead to changes in the initial op-
erative	plan	for	41%	of	patients.	Dynamic	MR	was	
the	only	modality	that	identiied	levator	ani	hernias.	
Dynamic	CCP	 identiied	 sigmoidoceles	 and	 inter-
nal rectal prolapse more often than physical exam-
ination	or	dynamic	MR.	Whether	this	type	of	imag-
ing creates measurably better outcomes remains 
to	be	seen.	Singh	et	al	 [99]	showed	a	reasonably	
good correlation between clinical staging and MRI 
staging	(Kappa	=	0.61)	with	the	mid	pubic	line	be-

ing	used	as	a	surrogate	for	the	hymenal	ring.	In	ad-
dition,	speciic	features	such	as	the	levator-vaginal	
angle the area of the genital hiatus could be as-
sessed	quantitatively	on	MRI.	

Torricelli [101] studied ten healthy volunteers and 30 
patients	with	suspected	pelvic	loor	deiciency	with	
and	without	POP.	They	found	good	concordance	be-
tween physical examination and MRI with four cas-
es of uterine prolapse and three cases of enterocele 
seen on MRI that had not been suspected on pelvic 
examination.	Whether	 these	would	have	been	de-
tected	at	the	time	of	surgery	was	not	discussed.	De-
val	[102]	compared	intraoperative	indings	as	a	gold	
standard	 for	MRI	based	diagnosis.	The	sensitivity,	
speciicity,	and	positive	predictive	value	of	MRI	were	
70%, 100%, 100% for cystoceles; 42%, 81%, 60% 
for vaginal vault or uterine prolapse; 100%, 83%, 
75%	for	enteroceles;	87%,	72%,	66%	for	rectocele.	
Although all of these measurements are somewhat 
subjective,	these	igures	show	that	it	 is	possible	to	
quantify	the	individual	elements	of	pelvic	loor	dys-
function	in	reasonable	parameters.	

e) Conclusions

Proof that MR imaging has value will eventually 
need to come from increased operative success 
rates.	 Better	 documentation	 of	 preoperative	 and	
postoperative anatomy could allow us to seek rea-
sons	of	 operative	 failure.	Because	MR	provides	 a	
detailed picture of a woman’s pre-operative anato-
my, once operative failures are discovered, it would 
be possible to look back at images from women with 
successful and unsuccessful operations to seek an-
atomical	explanations	for	failure.

f) Consensus Statement

•		MRI	is	not	yet	indicated	in	the	routine	evaluation	of	
patients with [uncomplicated primary] pelvic organ 
prolapse; however data concerning the causes of 
prolapse are rapidly accumulating and this may 
change	 soon.	 It	 can	 provide	 useful	 information	
concerning complex prolapses and can be used 
in	 dificult	 cases.	 [Level	 of	 evidence	 3,	Grade	 of	
Recommendation C]

g) Future Research Areas

•		Studies	that	identify	speciic	defects	in	the	connec-
tive	tissue	and	the	muscles	of	the	pelvic	loor	that	
correlate	these	indings	with	the	clinical	presenta-
tion	in	prolapse	are	needed.

•		Additional	studies	comparing	MRI	of	healthy	volun-
teers and patients with pelvic organ prolapse are 
needed to better evaluate the anatomic changes 
involved	in	pelvic	loor	prolapse.	

•		Standardization	of	measurement	strategies	and	qual-
ity control in MRl, including issues related to consis-
tency of measurement axes, maneuvers required to 
produce a maximal prolapse during MRl, bowel condi-
tion,	bladder	illing,	pushing	instructions,	etc.)
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1. POST-VOID RESIDUAL

Post-void	residual	urine	(PVR)	is	deined	as	“the	vol-
ume of urine left in the bladder at the end of mic-
turition	[1].	Evaluation	of	PVR	prevalence	in	women	
with	 symptomatic	 pelvic	 loor	 dysfunction	 suggests	
that 81% have a post-void residual of 30 ml or less 
[2].	This	is	not	signiicantly	different	from	asymptom-
atic perimenopausal and postmenopausal women 
in whom 15% of subjects had a PVR greater than 
50	ml	[3].	If	symptoms	cannot	predict	elevated	PVR,	
a urogenital prolapse beyond the hymen seems to 
be	associated	with	incomplete	bladder	emptying	[4].	
Among patients older than 55 years with symptoms 
of overactive bladder, previous incontinence surgery, 
history of multiple sclerosis and vaginal prolapse 
stage 2 or greater, were found to be independent 
predictors	 of	 elevated	 PVR	 [5].	 Similar	 data	 were	
obtained	 by	 Fitzgerald	 in	 patients	 with	 urgency	 in-
continence, the presence of pelvic organ prolapse 
≥stage	2,	symptoms	of	voiding	dificulty	and	absence	
of stress incontinence symptoms predicted 82% of 
patients	with	elevated	PVR	[6].	Higher	prevalence	of	
post-void residual was found in patients with stress 
urinary	incontinence	with	35.5%	of	women	having	a	
PVR >50 ml suggesting they have some degree of 
voiding	dysfunction	[7].	Although	elevated	PVR	and	
bacteriuria are common among elderly residents in 
nursing homes, no association between the two was 
observed	in	a	Swedish	study	[8].	Analysis	of	elderly	
patients with urinary incontinence failed to identify 
any	 signiicant	 association	 between	 PVR	 and	 any	
other	clinical	or	urodynamic	parameter	[9].	Sanders	
and co-workers addressed the issue of the real need 
for	measuring	low	rates	and	post-void	residual	urine	
in	women	with	urinary	incontinence.	Analysis	of	408	
women suggested a 4% incidence of PVR 200 ml or 
greater	and	a	6%	rate	of	PVR	149	ml	or	greater.	The	
authors	 calculated	 that	 only	 1.5%	 of	 patients	 [6	 of	
408]	had	their	management	modiied	because	of	the	
results	of	free	urolowmetry	and	PVR	measurement.	
In their opinion, these data do not justify the inclusion 
of these tests in the “minimal care” programme for 
assessing primary, uncomplicated, urinary inconti-
nence	in	female	patients	[10].	

PVR is often considered a safety parameter, which 
needs to be monitored in the follow-up of medical 
or	 surgical	 management	 of	 urinary	 incontinence.	
A number of studies have addressed the effect of 
antimuscarinic treatment in men with symptoms of 
overactive bladder to rule out the old dogma that 
banned	the	use	of	these	drugs	in	elderly	men.	Actu-
ally, all published data suggest that antimuscarinic 
treatment is safe for men with benign prostatic en-
largement	and	no	signiicant	change	in	PVR	values	
was found in active treatment groups compared to 
placebo	[11,	12].	In	male	patients	with	bladder	outlet	
obstruction, antimuscarinic treatment may result in a 

signiicantly	 larger	PVR	(25	vs.	0	ml)	that	seems	to	
be of no clinical relevance and with higher incidence 
of	adverse	events	[13].	

Measuring PVR is of importance in patients receiving 
intravesical	 injections	of	Botulinum	 toxin	A	 for	UUI.	
Signiicant	increase	of	post	void	residual	urine	is	ob-
served following injection of onabolutinumtoxinA in 
patients with neurogenic urinary incontinence due to 
detrusor overcativity with 30 to 42% of patients need-
ing to start clean intermittent catheterisation com-
pared	to	12	%	in	the	placebo	group	[14].	In	patients	
with idiopathic UUI, increase of PVR was observed 
in those receiving onabolutinumtoxinA compared to 
placebo although only 8 of 70 patients required CIC 
and only 3 patients had a PVR >200 ml at day 8 and 
only	one	at	6	months	[15].

Although the prevalence of incomplete bladder emp-
tying among male and female patients with urinary 
incontinence	and	pelvic	loor	dysfunction	is	low,	there	
is a general consensus that PVR should be mea-
sured in incontinent patients [16] although the evi-
dence suggests that only patients with UI and symp-
toms	of	voiding	dysfunction	are	at	risk	[17].

a) Measuring PVR

The measurement of PVR can be performed by in-
vasive	 and	 noninvasive	means.	 Invasive	methods	
include:	 in-and-out	catheterisation	and	endoscopy.	
Noninvasive means are transabdominal ultrasonog-
raphy with real-time ultrasound or fully automated 
systems,	and	radioisotope	studies.	In-and-out	cath-
eterisation has been considered for some time, the 
gold	 standard	 for	 the	measurement	 of	 PVR.	Nev-
ertheless the method is subject to inaccuracies, if 
the person performing the catheterisation is not fully 
instructed as to the procedures and techniques to 
assure complete emptying (moving the catheter in 
and out slowly, twisting it, suctioning with syringe, 
suprapubic pressure), especially in cases of bladder 
diverticula	and	vesicoureteric	relux	[18].	Stoller	and	
Millard showed inaccuracies in 26% of 515 male pa-
tients evaluated by full-time urology nurses with a 
mean difference between the initial and the actual 
residual volume of 76 ml in those measurements 
that	were	found	to	be	inaccurate	[19].	After	further	
education of the nurses, inaccurate assessments 
were reduced to 14% with a mean difference of 85 
ml.	PVR	can	be	measured	at	the	time	of	endoscopy,	
provided there is a blinded insertion of the instru-
ment	 to	 avoid	 irrigation	 luid	 inlow.	 Both	 invasive	
means are usually performed with some kind of lo-
cal anaesthesia and carry a small risk of urethral 
damage	and	urinary	infection.

Before the era of ultrasonography, PVR was mea-
sured non-invasively by the phenolsulfonphthaleine 
excretion	test	or	with	isotopes	[20,	21].	

In 1967, Holmes described the use of ultrasonog-
raphy in the evaluation of bladder volume and this 

III. SPECIAL ISSUES
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technique rapidly gained widespread acceptance 
as a satisfactory level of accuracy was demon-
strated	 [22,	 23].	 Using	 either	 three	 diameters	
(length, height, width) or the surface area in the 
transverse image and the length obtained in the 
longitudinal image, various volume formulae for 
a spherical or a ellipsoid body are utilised to es-
timate the bladder volume (Table 3 ).	Twenty-one	
different formulae have been proposed over the 
years making assumptions about bladder shape 
which	have	often	been	questioned	[24].	Compari-
son of values of bladder volumes obtained using 
different formulae did not result in any significant 
difference	amongst	 the	various	calculations	 [25].	
At present, no single formula can be regarded as 
the	one	best	volume	calculation	formula.	Several	
studies report sufficient accuracy with ultrasound 
estimation	of	PVR	[23,	24,	26-29].	False	negative	
results	are	rare	with	PVR	less	than	20	ml	[30].	Re-
cently portable scanners have been introduced, 
with	 automatic	measurement	 of	 bladder	 volume.	
In a prospective comparison of one hundred mea-
surements of PVR by portable ultrasound with 
measurements by catheterisation, the mean ab-
solute	 error	 of	 the	 scanner	 was	 52	ml	 [31].	 For	
volumes below 200 ml and 100 ml, the error was 
36	ml	and	24	ml	respectively.	More	recent	studies	
suggest a good level of accuracy in both female 
and	 paediatric	 populations	 [32,	 33].	 Residual	
urine is usually referred to as an absolute value, 
but it can be measured as a percentage of blad-
der	capacity.

The intra-individual variability of PVR is high from 
day	to	day	and	even	within	a	24	hours	period.	This	
was	reported	in	men	with	BPH	by	Birch	et	al.	and	
by	 Bruskevitz	 et	 al.	 [34,	 35].	 Grifiths	 et	 al.	 ex-
amined the variability of PVR among 14 geriatric 
patients (mean age 77 years), measured by ul-
trasound at three different times of day on each 
of two visits separated	by	2-4	weeks	[36].	Within-

patient variability was large (SD 128 ml) because 
of a large systematic variation with time of day, 
with	 greatest	 volumes	 in	 the	 early	 morning.	 The	
inherent random variability of the measurement 
was	much	smaller	(SD	44	ml).	Several	factors	can	
inluence	PVR	variability:	voiding	in	unfamiliar	sur-
roundings, voiding on command with a partially 
illed	 or	 overilled	 bladder,	 the	 interval	 between	
voiding and the estimation of residual (it should 
be as short as possible), the presence of vesico-
ureteric	relux	or	bladder	diverticula.	Several	stud-
ies reported the questionable value of PVR as an 
important outcome prognosticator in male patients 
with benign prostatic enlargement and benign 
prostatic	obstruction	[37-42].	The	cause	of	PVR	is	
probably mutifactorial, and no consensus exists on 
the relation of PVR, bladder outlet obstruction and 
detrusor	contractility.

b) Conclusions

Knowledge	 regarding	 pathophysiology	 of	 PVR	 re-
mains	unclear.	In	patients	with	urinary	incontinence	
there is no consensus as to its value as a safety 
parameter and particularly its relationship with up-
per	tract	dilatation,	bacteriuria	and	urinary	infection.	
The intra-individual variability of PVR has been in-
vestigated mainly in male patients with bladder out-
let obstruction but little information is available as to 
its	variability	in	patients	with	urinary	incontinence.	

Ultrasound is the recommended method for assess-
ing	PVR	because	it	is	the	least	invasive	and	it	is	sufi-
ciently accurate for clinical purposes yet it is the most 
expensive.	In-and-out	catheterisation	is	invasive	and	
can	be	inaccurate	even	if	carefully	performed.

The general opinion is that PVR measurement 
forms an integral part of the study of urinary incon-
tinence, as a safety parameter to exclude voiding 
dysfunction	associated	with	incontinence.

Author/reference Method Standard error 
 

95% Conidence limits 

Hakenberg et al (43) 625 x H x W x (D1+D2)/2 
17.5 34.3 

Poston et al (44) 7 x H x W x D1 
20.0 39.2 

Hartnell et al (45) 625 x H x W x D1 
17.0 33.3 

Rageth and Langer (46)  
Nomogram based on areas 15.0 29.4 

Table 3. Comparison of different formulae to assess PVR by transabdominal ultrasound in 30 men with 
BPH scanned three times (35).

Modiied from the Proceedings of the 4th International Consultation on Benign Prostatic Hyperplasia.
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c) Consensus Statements

1.		Residual	urine	measurement	is	recommended	in	
the initial assessment of urinary incontinence as 
a safety parameter and in the evaluation of treat-
ment outcome (Level of Evidence 3- Grade of 
Recommendation C )

2.		Measurements	should	be	performed	using	 real-
time sonography or a portable scanner or in and-
out catheterisation (Level of Evidence 3- Grade 
of Recommendation C ).

3.		Due	to	intra-individual	variability,	in	cases	where	
signiicant	PVR	is	detected	by	the	irst	measure-
ment, several measurements should be per-
formed (Level of Evidence 3- Grade of Recom -
mendation C )

4.	The	method	of	measurement	should	be	recorded	
(Level of Evidence 3- Grade of Recommendation C)

d) Future Research Areas

1.		Pathophysiology	of	PVR	in	male	and	female	pop-
ulations with UI;

2.		Circadian	 variation	 of	 residual	 urine	 in	 patients	
with UI;

3.		Determination	of	the	cut	off	value	of	signiicant	re-
sidual urine in different patient populations with UI

4.		Residual	 urine	 as	 a	 prognostic	 indicator	 of	 out-
come in the treatment of incontinence (Level of 
Evidence 3- Grade of Recommendation C )

c) References ( see at the end of the chapter)

2.  OPEN BLADDER NECK AND PROXIMAL 
URETHRA AT REST

The	signiicance	of	open	bladder	neck	and	proximal	
urethra at rest observated during a voiding cysto-
urethrogram	or	pelvic	loor	ultrasound	scan	remains	
doubtful [1] and the peer-reviewed literature is equal-
ly divided into papers associating such a condition 
with storage disorders and those suggesting this is a 
chance	inding	with	no	negative	implications.	

A 21% prevalence in nulliparous asymptomatic 
women	has	been	reported	[2].	In	the	non-neurogenic	
population there is no pathophysiological correlation 
between this and urinary incontinence, Digesu and 
co-workers	 reported	 a	 prevalence	 of	 1:3	 amongst	
females	 suffering	 LUTS.	An	 open	 bladder	 neck	 at	
rest is not pathognomonic of sphincter incompetence 
although	 it	 is	 associated	 with	 USI	 [3].	 In	 patients	
with stress incontinence, but also in asymptomatic 
women [4], funnelling of the internal urethral meatus 
may be observed on Valsalva and sometimes even 
at	 rest;	 funneling	 is	 often	 associated	with	 leakage.	
However, funnelling may also be observed in urgen-
cy	 incontinence	and	 cannot	 be	used	 to	 prove	SUI.	
Marked funnelling has been shown to be associated 
with	poor	urethral	closure	pressures	[5,	6].

Reports in the peer reviewed literature suggest 
that an open bladder neck and proximal urethra at 
rest, during the storage phase, may be observed 
during cystography, videourodynamics or bladder 
ultrasound, both in patients with and without neu-
rological disease and is interpreted as a sign of 
internal sphincter denervation as occurs in 53% of 
patients	with	Multiple	System	Atrophy	[7].	Distal	spi-
nal cord injury has been associated with an open 
smooth sphincter area, but whether this is due to 
sympathetic or parasympathetic decentralisation or 
defunctionalisation	 remains	 uncertain	 [8].	 Relative	
incompetence of the smooth sphincter area may 
also	result	from	interruption	of	the	peripheral	relex	
arc very similar to the dysfunction observed in the 
distal	 spinal	 cord	 injury.	Twenty-one	out	 of	 54	pa-
tients with spinal stenosis were found to have an 
open	bladder	neck	at	rest	[9].	In	a	review	of	550	pa-
tients [10], 29 out of 33 patients with an open blad-
der	 neck	 had	 neurological	 disease.	 Although	 the	
association was more commonly seen in patients 
with thoracic, lumbar and sacral lesions, the differ-
ence when compared to cervical and supraspinal 
lesions	was	not	signiicant.	Damage	to	the	sympa-
thetic innervation to the bladder was also frequently 
observed in patients undergoing major pelvic sur-
gery, such as, abdominal perineal resection of the 
rectum.	Patients	with	myelodysplasia	had	an	inordi-
nately high incidence of open bladder neck (10 out 
of 18 patients versus 19 out of 290 having different 
neurological	disorders).

Patients with sacral agenesis are included in the 
larger category of myelodysplastic patients and 
suffer from an open bladder neck with an underac-
tive	bladder.	Shy-Drager	syndrome	is	a	Parkinson-
like disorder with peripheral autonomic dysfunc-
tion.	 Neurogenic	 detrusor	 overactivity	 is	 usually	
found in association with an open bladder neck 
at	 rest	 and	 a	 denervated	 external	 sphincter	 [11].	
Peripheral sympathetic injury results in an open 
bladder neck and proximal urethra from a compro-
mised alpha-adrenergic innervation to the smooth 
muscle	 ibres	 of	 the	 bladder	 neck	 and	 proximal	
urethra	 [12).	Although	 it	can	occur	as	an	 isolated	
injury it is usually associated with partial detrusor 
denervation and preservation of sphincter EMG 
activity.	The	loss	of	bladder	neck	closure	suggests	
an	autonomic	neural	deicit.	The	site	and	nature	of	
the	requisite	deicit	is	unclear.	

Most authors agree on the importance of the sym-
pathetic system in maintaining the integrity of the 
bladder neck [13-16] although the possible role of 
parasympathetic innervation has been proposed 
by	others	[17,	18].	An	open	bladder	neck	at	rest	in	
children or in women without neurological disease 
can represent a different disorder, either related to 
a congenital anomaly or secondary to an anatomi-
cal	 pelvic	 loor	 defect.	 Stanton	 and	 Williams	 [19]
described an abnormality in girls with both diurnal 
incontinence and bed-wetting, based primarily on 
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voiding cystourethrography, in which the bladder 
neck	was	wide	 open	 at	 rest.	Murray	 et	 al	 [20]	 re-
ported	 the	 “wide	 bladder	 neck	 anomaly”	 in	 24.5%	
of	 the	 girls	 [35]	 and	 9.3%	 of	 the	 boys	 [10]	 out	 of	
251 children (143 girls and 108 boys) undergoing 
videourodynamics for the assessment of non-neu-
rogenic bladder dysfunction (mainly diurnal incon-
tinence).	The	authors	considered	the	anomaly	con-
genital and made the hypothesis that wide bladder 
neck anomaly in girls may provide a basis for the 
development	of	USI	in	later	life.	

The presence of an open bladder neck has been 
proposed to explain the pathophysiology of urinary 
incontinence but such hypothesis did not stand the 
test	of	time.	An	open	bladder	neck	was	a	key	point	in	
deining	type	III	stress	incontinence	according	to	the	
classiication	of	Blaivas	and	Olsson	[21].	This	clas-
siication,	no	longer	used	in	our	daily	practice,	was	
based on history, imaging, and urodynamics, and 
distinguished	ive	diagnostic	categories	of	stress	in-
continence.	Incontinence	type	III	was	diagnosed	by	
the presence of an open bladder neck and proximal 
urethra at rest in the absence of any detrusor con-
traction	suggesting	an	intrinsic	sphincter	deiciency.	

In pelvic fracture with membranous urethral distrac-
tion defects, when cystography (and/or cystoscopy) 
reveals an open bladder neck before urethroplasty, 
the probability of postoperative urinary incontinence 
may	be	signiicant,	although	the	necessity	of	a	simul-
taneous (or sequential) bladder neck reconstruction 
is	controversial	 [22-24].	Skala	and	co-workers	sug-
gest that an open bladder neck at rest is associated 
with an increased risk of postoperative complications 
and	failure	after	open	colposuspension	[25].

a) Conclusions

In conclusion, the diagnosis of open bladder neck 
at rest does not seem to be helpful to diagnose the 
underlying	cause	of	urinary	incontinence.

b) Consensus Statements

When observing an open bladder neck and proxi-
mal urethra at rest in male patients, during the stor-
age phase, whatever imaging technique is used, it 
may be worthwhile to evaluate the possibility of an 
underlying	autonomic	neural	deicit.	(Level of Evi -
dence 3, Grade of Recommendation C )

c) Future Research Areas

1.		The	relation	of	open	bladder	neck	and	proxi-
mal urethra at rest to the different neuro-
genic disorder

2.		Longitudinal	study	of	wide	bladder	neck	and	prox-
imal urethra at rest in asymptomatic women

3.		Evaluate	the	prognostic	value	of	the	open	bladder	
neck and proximal urethra at rest

d) References ( see at the end of the chapter)

3. FEMALE URETHRAL DIVERTICULA

The prevalence of urethral diverticula ranges between 
1 and 6% with rates up to 10% in among symptom-
atic	women	from	tertiary	referral	centres	[1,	2].	The	
suspicion of a urethral diverticulum stems from LUTS 
or	urethral	masses	on	physical	examination.	Urethral	
masses include leiomyoma, vaginal cysts, malignan-
cy,	ectopic	ureter,	granuloma	and	urethral	diverticula.	
The	irst	case	of	female	urethral	diverticulum	was	re-
ported	in	1805	[3].	Since	the	report	from	Davis	and	
Cian in 1956 [4] using positive-pressure urethrogra-
phy (PPU), the diagnosis has become much more 
common even though, despite increased clinical 
awareness, this pathology continues to be frequently 
overlooked.	Urinary	incontinence	is	often	associated	
with	a	urethral	diverticulum.	Incontinence	may	be	a	
sequel to urine loss from the diverticulum itself with 
stress	manoeuvres,	SUI	or	urgency	incontinence	[5].	
Aldrige	et	al.	[6]	reported	urethral	diverticula	in	1.4%	
of	patients	with	stress	urinary	incontinence.	

The presenting symptoms of a urethral diverticu-
lum have classically been described as the three 
Ds	 (Dysuria,	 postvoid	Dribbling,	 and	Dyspareunia).	
Since	most	 patients	 present	with	 nonspeciic	 lower	
urinary tract symptoms, and the pathognomonic pre-
sentation (postvoid dribbling, urethral pain, tender 
periurethral mass and expression of pus from the 
urethra) is very uncommon, these patients undergo 
extensive evaluation and treatment before a correct 
diagnosis	 is	 established	 [7,	 8].	 The	 diagnosis	 of	 a	
urethral diverticulum may be achieved by physical 
examination, voiding cystourethrography, positive-
pressure (double-balloon) urethrography, urethros-
copy, endocavitary (transurethral or transvaginal) or 
transperineal ultrasound sonography, urethral pres-
sure	 proile	 or	 MRI.	 Positive	 pressure	 urethrogra-
phy is usually accomplished using a double balloon 
catheter according to the method described by Davis 
and	Cian	[4].	Two	different	models	exist:	the	Davis-
TeLinde and the Tratner catheter.	Positive-pressure	
urethrography (and voiding urethrography) may re-
sult	in	a	false	negative	study	when	the	inlammation	
of the diverticulum neck prevents contrast medium 
from	lowing	into	the	diverticulum	cavity.

The accuracy of a diagnostic test may depend upon 
the	characteristics	of	the	study	population	and	conlict-
ing	data	are	often	reported	in	the	peer-review	literature.	
Blaivas et al reported a diagnostic accuracy of VCUG 
of 97% in a series of 66 patients and similar results 
(95%)	were	obtained	by	Ganabathi	et	al.	 [7,	9].	Less	
favourable	results	have	been	reported	by	others.	Com-
parison of VCUG versus PPU in the diagnosis of ure-
thral diverticula showed a clear superiority of the latter 
with	good	consistency	among	different	studies	[10,	11].	
In some patients, VCUG only delineated the lower part 
of	the	diverticulum	[12].	Ultrasound	scanning	and	MRI	
should theoretically be free of such false negative imag-
ing.	Chancellor	et	al.	[13]	described	the	use	of	intraop-
erative intraluminal echographic evaluation which may 
be of help in dissecting the diverticulum and achieving 
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complete excision without damaging the bladder neck 
and	urethra.	A	number	of	studies	have	shown	that	MRI	
is better than both voiding cystourethrography and pos-
itive-pressure urethrography and can be considered, if 
available, the imaging of choice when the diagnosis of 
urethral diverticulum is suspected [14-19] (Figure B 28 
a,b).	MRI	is	superior	to	VCUG	or	double-balloon	ure-
thrography, particularly in diagnosing diverticula with 
narrow,	noncommunicating	necks	[15,	16].	MRI	proved	
to be superior to radiological studies because divertic-
ula can go undiagnosed on voiding cystourethrogram, 
furthermore	size	and	complexity	of	the	diverticulum	is	
better	deined	on	MRI	[17].	Endoluminal	MRI	is	consid-
ered to be of particular importance in the diagnosis of 
a circumferential urethral diverticulum, a condition that 
is relatively rare but the diagnosis may increase with 
the	 increased	 use	 of	 this	 imaging	 technique.	 Proper	
evaluation of the anatomy of the diverticulum is essen-
tial	in	planning	reconstructive	surgery	[1,	20].	MRI	also	
proved	to	be	useful	 in	diagnosing	inlammation	or	tu-
mour	in	the	diverticulum	[21,	22].	Endoluminal	MRI	with	
either a vaginal or rectal coil, may provide even bet-
ter	image	quality	than	simple	MRI	[18].	A	comparison	
of MRI versus urethrography and urethroscopy, in a 
group of 20 women with urethral diverticulum, reported 
a 69 and 77 per cent accuracy of the two latter imaging 
studies	versus	MRI	[14].	When	surgical	indings	were	
compared to MRI, urethrography and urethroscopy, the 
diagnostic ability of the three methods was 70, 55 and 
55	per	cent,	respectively.	Diverticula	ostia	could	not	be	
identiied	by	MRI	not	withstanding	the	use	of	contrast	
material.	Neitlich	et	al.	 [15]	reported	in	a	series	of	19	
patients that MRI (using a fast spin echo T2-weighted 
pulse sequence and a dedicated pelvic multicoil) had 
a higher sensitivity for detecting urethral diverticula 
and a higher negative predictive rate in comparison 
to	 double	 balloon	 urethrography.	 Blander	 et	 al.[17],	
compared MRI and VGUG in 27 patients with urethral 
diverticula and found that endoluminal (endorectal or 
endovaginal) MRI was extremely accurate in determin-
ing	the	size	and	extent	of	urethral	diverticula	compared	
to VCUG; the related information can be critical when 
planning surgical approach, dissection and reconstruc-
tion.	In	conclusion,	review	of	the	peer	reviewed	litera-
ture suggests that positive pressure urethrography is 
still a valuable tool to diagnose female urethra diver-
ticula notwithstanding both ultrasound sonography and 
particularly MRI represent better alternatives with a sig-
niicantly	higher	diagnostic	accuracy.

In males, both VCUG and ultrasonography can be 
successfully used to diagnose syringocele (cystic 
dilatation of the Cowper’s gland), congenital and 
acquired	diverticula	[23].

a) Conclusions

Proper imaging of female diverticula is essential 
to diagnose the condition and, in planning and 
conducting	 proper	 surgical	 repair.	 Ultrasonogra-
phy	may	sufice	to	identify	size	and	location	of	the	
diverticulum although MRI imaging in preferable 
whenever	available.

b) Consensus Statements

o  In cases of female urinary incontinence if a ure-
thral diverticulum is suspected, appropriate im-
aging (positive pressure urethrography, voiding 
cystourethrography, urethroscopy, ultrasound, 
MRI)	is	recommended.	(The	choice	of	the	type	of	
imaging	depends	on	their	availability.	Data	show	
a	 higher	 accuracy	 of	MRI.)	 (Level of Evidence 
3 – Grade of Recommendation C )

c) Future Research Areas

o  Properly conducted prospective studies are need-
ed to compare the accuracy of ultrasonography 
and MRI in the diagnosis and staging of female 
and male diverticula

d) References ( see at the end of the chapter)

4. IMAGING OF THE NERVOUS SYSTEM 

Lower urinary tract dysfunction often depends upon 
derangements	 of	 its	 neural	 control	 mechanism.	
Imaging of the spinal chord and central nervous 
system may help identifying occult neurological 
conditions or the site and extent of known neural 
damage.	Functional	imaging	of	the	nervous	system	
is a formidable research tool to better understand 
mechanisms of signal integration at the central level 
and	its	possible	malfunctioning.

a) Lumbosacral Spine x-rays

In children with lower urinary tract dysfunction and 
urinary incontinence, the presence of a spinal dys-
raphism	must	be	ruled	out.	Although	in	most	of	the	
cases abnormalities of the gluteosacral region and/
or legs and foot are clearly visible, antero-posterior 
and	lateral	ilms	of	the	lumbosacral	spine	have	to	be	
evaluated	 in	 order	 to	 identify	 vertebral	 anomalies.	
Sacral agenesis involves the congenital absence of 
part	 or	 all	 of	 two	or	more	 sacral	 vertebrae.	 In	 the	
absence of two or more sacral vertebrae a neuro-
genic	bladder	is	usually	found.	Spina	biida	occulta	
has	 a	 variable	 signiicance.	 Simple	 failure	 to	 fuse	
the	laminae	of	the	fourth	and	ifth	lumbar	vertebrae	
is unlikely to be important, but if the spinal canal is 
noticeably widened, there may be cord involvement 
(diastematomyelia,	tethered	cord	syndrome).

b) CT, MRI, SPECT and PET 

Numerous papers refer to rare neurological condi-
tions presenting with different symptoms including 
urinary incontinence in which CT scan, MRI, SPECT, 
and PET imaging were carried out to identifying the 
underlying	 CNS	 disease.	 These	 references	 have	
little impact on daily practice although they can he 
helpful	in	occasional	dificult	cases.	

With regards to the clinical diagnostic use of CT or 
MRI, a few papers evaluated the role of fetal MRI im-
aging.	Fetal	MRI	has	higher	contrast	resolution	than	
prenatal	sonography	and	allows	better	identiication	
of	normal	and	abnormal	 tissue.	Moreover,	MRI	can 
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diagnose some abnormalities such as cerebral mal-
formations and destructive lesions which can be oc-
cult on prenatal sonography, where the more anterior 
cerebral hemisphere cannot be properly evaluated 
due	to	reverberations	by	the	overlying	structures	[2].	
Common indications for fetal MRI include the evalu-
ation of all the sonographically diagnosed abnormali-
ties of ventriculi, corpus callosum, or posterior fossa, 
as well as all those fetuses at increased risk for brain 
abnormalities, such as in families with a history of a 
prior child or fetus with anomalies, genetic disorders, 
complications of monochorionic twinning, and mater-
nal illness (such as maternal infection or major car-
diac	event).	Moreover,	with	recent	advances	in	fetal	
surgical techniques, fetal MRI is being increasingly 
used	before	surgical	 intervention	 [3].	The	results	of	
fetal MRI, whether verifying absence of abnormality, 
conirming	 sonographically	 detected	 abnormalities,	
or discovering additional abnormalities that were not 
apparent by sonography, have been shown to affect 
clinical decision-making during pregnancy, both by 
physicians and parents, resulting in changes in preg-

nancy	management	in	nearly	half	of	cases	[2].	With	
regard to myelomeningocele, prenatal ultrasound 
can easily identify the absence of posterior elements 
of the vertebral bodies at affected levels and exten-
sion of the subarachnoid space posteriorly through 
the	bony	spina	biida,	as	well	as	 the	 frequently	as-
sociated presence of small posterior fossa alteration 
and herniation of cerebellar tissue into the cervical 
subarachnoid,	which	 deine	 the	Chiari	 II	malforma-
tion.	 However,	 fetal	 MRI	 can	 be	 a	 helpful	 adjunct	
when sonography analysis is limited, such as in cas-
es of large maternal body habitus, oligohydramnios, 
low position of the fetal head, or when the fetal spine 
is	positioned	posteriorly	with	respect	 to	 the	mother.	
Moreover, fetal MRI can be very useful to detect ad-
ditional associated anomalies, such as callosal agen-
esis or hypogenesis, periventricular nodular hetero-
topia, cerebellar dysplasia, syringohydromyelia, and 
diastematomyelia	 [3].	 If	 fetal	 surgery	will	 be	shown	
to improve long-term outcome, fetal MRI will surely 
become	a	routine	examination	for	affected	fetuses.

MRI is also recommended in children with anorectal 
abnormalities as abnormalities of the spine and of 
the spinal cord are diagnosed in 42 to 46% of cases 
and in about 50% of cases the spinal cord is in-
volved	[1].	Wraige	et	Borzyskowski	suggested	that	
spinal cord imaging should be considered in chil-
dren in whom day-time wetting is associated with 
impaired bladder sensation or poor bladder empty-
ing even in the absence of clinical or radiological 
suspicion	of	lumbosacral	spine	abnormalities.	Four	
out of 10 children with these symptoms had a spinal 
cord	defect	diagnosed	on	MRI	[4].	

MRI of the lumbar spine is now the gold standard 
for	evaluating	children	with	spina	biida	and	adults	in	
which	an	occult	 form	of	spina	biida	 is	suspected.	A	
potential technical update might be the use of intra-
thecal contrast medium to perform cisternography and 
ventriculography	 contrast-enhanced	 MRI.	 Munoz	 et	
al.,	evaluated	a	series	of	10	patients	with	complex	ce-
rebrospinal	luid	diseases,	where	other	imaging	tech-
niques had been unclear or inconclusive, performing 
MRI with intrathecal administration of gadopentate 
dimeglumine.	In	8	out	of	the	10	patients,	imaging	ind-
ings	inluenced	or	changed	the	clinical	decision-mak-
ing	program	and	the	surgical	planning	[5].

Sharma	et	al.	recently	evaluated	with	MRI	the	surgi-
cal	outcome	in	patients	with	spinal	dysraphism.	Spe-
ciically,	MRI	spectroscopy	was	used	to	evaluated	the	
composition	 of	 cerebrospinal	 luid	 before	 and	 after	
surgery.	Before	surgery,	high	levels	of	lactate,	alanine,	
acetate, glycerophosphorylcholine, and choline were 
observed	in	the	cerebrospinal	luid	of	patients	with	spi-
nal dysraphism, while these levels normalised postop-
eratively	to	those	observed	in	control	subjects.	How-
ever, in those patients where cord tethering occurred, 
increased concentrations of lactate and alanine were 
found, suggesting that MRI spectroscopy might be a 
promising tool in the assessment of surgical outcomes 
in	patients	with	spinal	dysraphism	[6].	

Figure B 28 ab: (a) MRI: urethral diverticulum
(coronal view)
b: MRI: urethral diverticulum (sagittal view)
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Several papers refer to the use of CNS imaging in 
clinical research of voiding dysfunction and patho-
physiology.	 Positron	 emission	 tomography	 (PET)	
and functional MRI studies provided information on 
speciic	 brain	 structures	 involved	 in	 micturition	 in	
humans.	During	micturition	 an	 increase	 in	 regional	
blood	low	was	shown	in	the	dorsomedial	part	of	the	
pons close to the fourth ventricle, in the pontine mic-
turition centre (PMC), in the mesencephalic periacq-
ueductal grey (PAG) area, as well as in the hypothal-
amus	including	the	preoptical	area	[1].	A	good	review	
on CNS imaging and lower urinary tract function was 
recently	published	by	Drake	and	co-workers	[7].

A	couple	of	signiicant	original	studies	have	been	pub-
lished recently on the role of functional MRI in stress 
and	 urgency	 urinary	 incontinence.	Speciically,	 previ-
ous brain imaging studies showed that during pelvic 
loor	muscle	contraction	there	was	activity	in	the	supe-
rior medial precentral gyrus, anterior cingulate cortex 
(ACC), cerebellum, supplementary motor cortex (SMA) 
and	the	thalamus	[8,	9].	Similarly,	during	anal	spincter	
contractions multifocal cerebral activity was shown in 
the primary and secondary sensory/motor cortices, the 
insula as well as the cingulate gyrus, prefrontal cortex, 
and	the	parietooccipital	region	[10].	Di	Gangi	Herms	et	
al.	evaluated	the	neuroplastic	changes	of	cortical	rep-
resentation	of	pelvic	loor	motor	function	induced	with	
pelvic	loor	muscle	training	(PFMT)	by	biofeedback	in	
patients	with	 SUI	 [11].	 Speciically,	 the	 authors	 used	
functional MRI to evaluate 10 patients with SUI before 
and after a 12-week PFMT with EMG-biofeedback pro-
gram.	 In	 the	MRI	 performed	before	 the	beginning	of	
PFMT,	the	authors	identiied	signiicant	brain	activation	
in superior lateral and medial precentral gyrus and the 
superior lateral postcentral gyrus, in the SMA, the left 
premotor area, and in the left and middle cerebellum, 
as	well	as	in	the	insula	and	in	the	ACC.	In	the	MRI	ilm	
after PFMT, less brain areas were activated, mainly the 
superior lateral and medial precentral gyrus, superior 
lateral	postcentral	gyrus	and	the	insula.	In	other	words,	
after PFMT there was more focused activation in the 
primary motor (superior lateral and superior medial 
precentral gyrus) and somatosensory areas, which is 
consistent with automation of the relearned skillful be-
havior	[11].	PFMT	with	biofeedback	may	improve	mus-
cular strength therefore enhancing support of the ure-
thra and also optimise central muscular control of the 
pelvic	loor,	modulate	bladder	sensation,	and	relect	the	
emotional	neutralisation	related	to	symptom	reduction.	

With regards to urgency urinary incontinence, Tadic 
et	al.	 reported	a	small	study,	which	used	 functional	
MRI to investigate 11 patients with urge urinary in-
continence	and	10	healthy	controls.	Speciically,	the	
connections of the right insula (RI) and anterior cin-
gulate gyrus (ACG) to other cortical area were evalu-
ated, based on the assumption that the two areas 
were among the most important regions of the su-
praspinal	neuronal	network	controlling	the	bladder.	In	
normal	subjects,	there	were	signiicant	positive	effec-
tive connections with many of the regions involved in 

supraspinal bladder control, including left insula and 
frontotemporal and parietal regions, thalamus, pu-
tamen and claustrum, posterior cortex, cerebellum, 
pontine micturition centre and mesencephalic peri-
acqueductal	grey.	Vice	versa,	in	the	patients	with	ur-
gency	incontinence,	signiicant	negative	connections	
to left parieto-temporal lobes, hippocampus, para-
hippocampal gyrus and cerebellum were found, with 
few	positive	connections	[12].	In	subjects	with	normal	
bladder function, RI and/or ACG have been recon-
irmed	 to	 have	 effective	 connections	 with	 many	 of	
the brain regions involved in bladder control such as 
the frontotemporal and sensorimotor regions, thala-
mus, putamen, cerebellum and midbrain, as well as 
to the posterior cortex, a region which may have a 
role	in	the	control	of	bladder	function.	Vice	versa,	in	
the patients with urgency incontinence, the connec-
tions were shifted to an alternative complex of brain 
regions, such as left parieto-temporal lobes, para-
hippocampal gyrus and parts of cerebellum, which 
might represent expression of the recruitment of ac-
cessory pathways in order to control urgency and the 
voiding	 relex	as	well	 as	 the	emotional	 charge	due	
to	 the	 abnormal	 sensation	 of	 urgency	 [12].	On	 the	
whole the data from these recently published studies 
have improved our knowledge of nervous functional 
anatomy related to vesicourethral function and dys-
function	but,	to	date,	have	no	clear	clinical	relevance.

In conclusion, central nervous system imaging is rarely 
indicated	in	urinary	incontinence.	Spinal	cord	imaging	
is recommended in cases of children with anorectal 
malformation	and	whenever	spina	biida	occulta	is	sus-
pected.	In	the	case	of	clinical	neurological	signs	and/
or symptoms suggestive of central nervous lesions, 
imaging	 may	 be	 indicated	 along	 with	 more	 speciic	
neurophysiological	 tests	(e.g.,	signal	 latency,	 testing,	
evoked	 potential,	 etc.).	 Further	 improvements	 in	 the	
knowledge of the correlation between morphological 
and functional evaluation of the CNS is foreseeable 
using	present	CNS	functional	imaging	technology.

c) Consensus Statements

•		In	 patients	 with	 suspected	 congenital	 neuro-
genic incontinence, with or without abnormalities 
of neurourological physical examination, lumbo-
sacral spine anteroposterior and lateral radiologi-
cal	 evaluation	 (or	MRI)	 is	 indicated.	 (Level Evi -
dence 3, Grade of Recommendation C )

•		Neuroimaging	should	be	considered	when	a	ner-
vous system disorder is suspected on the basis of 
clinical	and/or	neurophysiologic	test	indings	(Lev-
el of Evidence 3 - Grade of Recommendation C )

d) Future Research Areas

•		To	 investigate	 the	 effect	 of	 antimuscarinics	 and	
neuromodulation on brain activity;

•		To	standardise	bladder	illing	parameters	to	inves-
tigate brain activity during different types and lev-
els of bladder sensations;
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•		To	 investigate	 the	 effect	 of	 environmental	 and	
behavioural factors on brain activity in patients 
with urgency incontinence;

•		To	deine	the	sequence	of	brain	activation	during	
bladder	illing.

e) References ( see at the end of the chapter)

5.  ENDOSCOPY OF THE LOWER URINARY 
TRACT

Since	the	introduction	of	the	cystoscope	by	Bozinni	
in 1805, endoscopy has played a critical role in the 
evaluation	of	lower	urinary	tract	disorders	[1].	Many	
investigators have proposed the routine use of ure-
throcystoscopy in the evaluation of urinary inconti-
nence.	These	 recommendations	 have	 rarely	 been	
based	 on	 evidence.	 There	 are	 ive	 speciic	 areas	
pertaining to urinary incontinence in which urethro-
cystoscopy	has	been	advocated.

1.		Observation	 of	 the	 female	 urethral	 sphincter	 to	
assess	 its	ability	 to	close	and	coapt.	Urethrocys-
toscopy has been advocated in the static state to 
assess	intrinsic	sphincter	deiciency	(ISD)	as	well	
as in the dynamic state, when the patient is strain-
ing, to evaluate hypermobility and urethral closure 
while	the	patient	is	straining.	It	has	been	reported	
that sluggish closure of the bladder neck during 
periods of a rise in intra-abdominal pressure is 
associated with anatomical stress urinary incon-
tinence.	 Intrinsic	 sphincter	 deiciency	 has	 classi-
cally	been	described	as	a	ibrotic	or	pipe-stem	ure-
thra.	 It	 has	 been	 suggested	 that	 endoscopy	 can	
even help to differentiate between the hypermobile 
urethra	and	the	intrinsically	damaged	urethra.

2.		Assessment	of	the	bladder,	to	rule	out	concomi-
tant bladder conditions which may be the cause 
of detrusor overactivity and urinary incontinence 
or	may	simply	require	treatment.

3.		Search	 of	 extraurethral	 causes	 of	 urinary	 in-
continence, such as vesico-vaginal fistula and 
ectopic	ureter.

4.		Intraoperative	 cystourethroscopy	 during	 correc-
tion of USI to assess for bladder damage and 
ureteral	patency.

5.		Evaluation	 of	 the	membranous	 and	 prostatic	 ure-
thra in male patients with post-prostatectomy stress 
incontinence to evaluate possible iatrogenic dam-
age	of	the	external	sphincter	region.	Assessment	of	
bladder outlet in males with urgency incontinence 
considered to be secondary to bladder outlet ob-
struction	to	appraise	prostate	morphology.

a)   Evaluation of the Female Bladder Outlet

Robertson described the procedure of dynamic ure-
throscopy	 to	 evaluate	 the	 bladder	 neck	 [2].	 In	 this	
procedure a gas urethroscope is used to observe 
the urethra, bladder neck, and portions of the blad-

der.	 During	 visualisation	 manometric	 recording	 can	
be	performed.	Robertson	described	 the	appearance	
of SUI as a sluggish closure of the bladder neck and 
the appearance of the overactive bladder as a blad-
der neck that closes and then opens like the shutter 
of	a	camera.	This	procedure	was	reported	to	be	ex-
tremely useful in patients with urinary incontinence as 
the bladder neck can then be observed at rest, with 
straining,	 and	 Valsalva	 manoeuvres.	 Unfortunately,	
in Robertson’s original description of this procedure, 
it was never compared to other standard methods of 
measuring	 outlet	 resistance.	 Others	 who	 advocate	
the technique of Robertson reported that only 43% 
of patients with SUI actually had loss of bladder neck 
support	on	urethroscopy	[3].	Scotti,	et	al	performed	a	
retrospective review of 204 patients who underwent 
dynamic	urethroscopy	for	the	evaluation	of	SUI	[4].	Of	
the	204	patients,	99	had	USI.	Urethroscopy	was	found	
to be an imprecise predictor of USI with a 62% sensi-
tivity,	a	74.6%	positive	predictive	value	and	a	speci-
icity	of	79.1%.	Moreover,	there	were	many	equivocal	
studies.	The	authors	concluded that urodynamic eval-
uation rather than urethroscopy was a more accurate 
predictor	of	stress	incontinence.	Sand,	and	associates	
compared supine urethroscopic cystometry (dynamic 
urethroscopy) to the gold standard of multichannel 
urethrocystometry	[5].	They	found	a	sensitivity	of	only	
24.6%	and	a	positive	predictive	value	of	only	65.2%	in	
predicting	detrusor	overactivity.

Horbach and Ostergard tried to predict urethral 
sphincter	 insuficiency	 in	 women	 with	 SUI	 using	
urethroscopy	 [6].	They	 retrospectively	 reviewed	 the	
records	of	263	women	who	had	a	diagnosis	of	SUI.	
They	deined	ISD	as	a	maximal	urethra	closure	pres-
sure of 20 cm H2O or less with the patient upright 
with	a	symptomatically	full	bladder.	They	then	divided	
patients into two groups, those with ISD and those 
with maximal urethral closure pressures of more than 
20	cm	H2O.	Based	on	this	classiication,	132	women,	
or	50.2%,	had	evidence	of	ISD.	However,	when	ure-
thral function was assessed by endoscopy, only six 
of 132 patients with ISD were found to have an open 
or partially open proximal urethra and urethrovesical 
junction	at	 rest	during	urethrocystoscopy.	Clinically,	
these patients had very low urethral pressures and 
reported	dificulty	with	continuous	 leakage	of	urine.	
Endoscopy appeared to have little predictive value 
for	ISD	as	deined	by	urethral	pressure	proilometry.	
Govier et al compared cystoscopic appearance of 
the female urethral sphincter mechanism to videou-
rodynamic studies in 100 consecutive women with 
complex	types	of	urinary	incontinence	[7].	Sphincter	
dysfunction	was	classiied	as	minimal,	moderate,	and	
severe based on the radiographic appearance of the 
bladder	 neck	with	 straining.	Urethrocystoscopy	 un-
derestimated	the	degree	of	sphincter	deiciency	74%	
of the time in patients with moderate sphincter dys-
function and 44% of the time in patients with severe 
sphincter	 dysfunction.	 The	 authors	 concluded	 that	
cystoscopy is inadequate to judge the functional in-
tegrity	of	the	bladder	outlet.	Furthermore,	cystoscopy	
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alone	will	underestimate	intrinsic	sphincter	deiciency	
in	a	large	number	of	patients.	

b) Evaluation of the Bladder

Is cystoscopy necessary to rule out concomitant blad-
der pathology in patients with urinary incontinence? 
Langmade and Oliver reported on 253 patients who 
were	 operated	 on	 for	 SUI	 [8].	 They	 used	 a	 simple	
evaluation that consisted of history, stress tests, and 
urinalysis	alone.	They	did,	however,	recommend	cys-
toscopic evaluation if the patient also complained of 
symptoms	 of	 urgency.	 Although	 this	 dogmatic	 ap-
proach was recommended, it was never clearly stated 
if it made a difference to the treatment or outcome in 
these	patients.	Fischer-Rasmussen,	et	al	performed	
extensive evaluation of women with urinary inconti-
nence	[9].	This	included	cystoscopy	in	190	patients.	
They found cystoscopy to be abnormal in only 12 pa-
tients, 8 who had stress incontinence and 4 who had 
other	types	of	incontinence.	Abnormal	indings	were	
trabeculated	bladder	in	ive	patients,	benign	bladder	
papillomas in four, and metaplasia of the trigone in 
two.	None	of	 these	was	 considered	 to	 be	 a	 signii-
cant	inding.	The	authors	concluded	that	cystoscopic	
examination	did	not	contribute	to	the	classiication	of	
incontinence	in	any	case.	Cardozo	and	Stanton	eval-
uated 200 patients with SUI and detrusor overcativity 
[10].	Cystoscopy	revealed	no	abnormalities	amongst	
the	100	patients	with	USI.	Fourteen	of	 the	100	pa-
tients with detrusor overactivity had cystoscopic ab-
normalities, eg trabeculation-11, injected mucosa- 1, 
sacculation -1, a bladder capacity of less than 100 cc-
1.	However,	in	none	of	these	patients	was	the	treat-
ment	affected	by	the	results	of	cystoscopy.	In	support	
of	these	indings,	Mundy	has	stated	that	there	is	no	
direct diagnostic value of endoscopy in a patient with 
an	overactive	bladder.	It	may	sometimes	be	helpful	to	
look for and exclude a cause of hypersensitivity when 
this	is	in	the	differential	diagnosis	[11].	Duldulao	and	
colleagues found this necessary only in patients with 
haematuria	[12].	They	performed	urinalysis,	urine	cy-
tology, and cystoscopy on 128 women who present-
ed with urgency incontinence and/or storage voiding 
symptoms.	Of	these,	68	patients	had	urgency	inconti-
nence,	35	of	whom	also	had	microscopic	haematuria.	
One patient with urgency incontinence and haematu-
ria was found to have a transitional cell carcinoma of 
the	bladder.	None	of	the	patients	with	urgency	inconti-
nence (or storage symptoms only) and no haematuria 
were	 found	 to	have	signiicant	cystoscopic	indings.	
This would support the routine use of cystoscopy for 
patients with urgency incontinence only if haematuria 
is	present.	

c) Extra-Urethral Urinary Incontinence

Endoscopy can be an invaluable tool in the diagnosis 
and treatment of extraurethral incontinence due to 
vesico-vaginal	istula	and	ectopic	ureter.	With	respect	
to	 vesico-vaginal	 istula,	 cystoscopy	 can	 precisely	
localise	the	istula	site	 in	the	bladder	and	help	plan	
surgical	correction.	Occasionally,	a	small	istula	that	
is not seen on physical examination or radiograph-

ic	studies,	can	only	be	diagnosed	by	cystoscopy.		
Incontinence due to ectopic ureter in the female is 
usually	diagnosed	by	radiographic	studies.	However,	
the	exact	location	of	the	ureteral	oriice	in	urethra	or	
vagina	can	be	 identiied	by	cystourethroscopy	and/
or	vaginoscopy.	This	can	be	extremely	helpful	in	the	
planning	corrective	surgery.

d)  Intraoperative Lower Urinary Tract Evaluation

Several authors have studied the value of routine cys-
toscopy during operative procedures for incontinence 
and	prolapse.	The	approach	may	be	transurethral	[13]	
or	transvesical	[14].	The	American	College	of	OB/GYN	
has published a Bulletin on Operative Lower Urinary 
Tract Injuries [15] in which is stated “at the conclusion 
of the procedure, when hemostasis has been ensured, 
both ureters and the bladder should be inspected to 
conirm	their	integrity.”	Harris	and	co-workers	[13]	re-
ported 9 unsuspected ureteral or bladder injuries dur-
ing urogynaecological surgery, which included 6 ure-
teral ligations, with four of these occurring after Burch 
cystourethropexy.	Burch	sutures	were	also	found	in	the	
bladder	as	well	as	fascial	lata	from	a	sling	procedure.

e)  Evaluation of the Male Bladder Outlet

Urgency incontinence is one of the lower urinary tract 
symptoms associated with benign prostatic hyperpla-
sia, bladder outlet obstruction, and aging in the male 
population.	 Based	 on	 the	 available	 evidence	 and	
world	literature,	The	World	Health	Organization	Fourth	
International Consultation on BPH made the following 
recommendation:	“Diagnostic	endoscopy	of	the	lower	
urinary tract is an optional test in the standard patient 
with	 LUTS	 (lower	 urinary	 tract	 symptoms)	 because:	
1) the outcomes of intervention are unknown, 2) the 
beneits	 do	 not	 outweigh	 the	 harms	 of	 the	 invasive	
study, 3) the patients’ preferences are expected to be 
divided.	However,	endoscopy	 is	 recommended	as	a	
guideline at the time of surgical treatment to rule out 
other	pathology	and	to	assess	the	shape	and	size	of	
the prostate, which may have an impact on the treat-
ment	modality	chosen	[16].	Several	contemporary	se-
ries have described the value of urodynamics in the 
diagnosis of post-prostatectomy urinary incontinence 
[17-21].	However,	only	one	describes	the	routine	use	
of	 urethrocystoscopy.	 In	 that	 series	 67%	 of	 patents	
had	 urethral	 ibrosis	 conirmed	 by	 endoscopy	 [18].	
However,	 how	 this	 inding	 affected	 treatment	 was	
not	discussed.	 In	 the	study	by	Leach	and	Yun	treat-
ment of incontinence was based solely on urodynamic 
indings	and	was	successful	 in	87%	of	patients	[22].	
Anastomotic strictures may be suspected based on 
urolow	and	urodynamic	(pressure-low)	studies	and	
can	 be	 conirmed	 by	 voiding	 cystourethrogram	 or	
videourodynamics	 as	 well	 as	 by	 endoscopy.	 How-
ever, if intervention for the stricture is deemed nec-
essary, endoscopy would be a more critical part of 
the	evaluation.	Furthermore	 if	 surgical	 treatment	of	
incontinence,	such	as,	an	artiicial	urinary	sphincter,	
is planned it would seem to make good clinical sense 
to evaluate the urethro-vesical anastomosis with en-
doscopy	prior	to	surgery.
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f)  Evaluation of Urethral Sphincter In Post-Pros -
tatectomy Incontinence.

Iatrogenic UI in males usually occurs after prostate 
surgery	 for	 benign	 and	 malignant	 conditions.	 The	
pathophysiology of UI following transurethral surgery 
for BPH includes sphincter damage from extending 
the resection too distal, particularly in the dorsal as-
pect	 of	 the	 sphincter	where	muscle	 ibres	are	more	
abundant.	Endoscopy	in	post-TURP	incontinence	re-
veals	insuficient	closure	at	rest	with	tissue	loss	in	the	
ventral aspect of the sphincter area, voluntary muscle 
recruitment	 is	 often	 good.	 The	 pathophysiology	 of	
UI	 in	 post-radical	 prostatectomy	 patients	 is	 unclear.	
Numerous studies have investigated the relationship 
between	parameters	of	urethral	pressure	proile,	mor-
phology of the prostate apex and length of the external 
sphincter	 area	 to	 post-prostatectomy	 incontinence.	
Although the results of these studies suggest a rela-
tionship between sphincter competence and UI, no 
consensus has been reached regarding the gold stan-
dard test to be performed prior to surgery to assess 
the	 individual	 patient	 risk	 of	 incontinence.	 Recently,	
Gozzi	and	Rehder	suggested	 that	post-radical	pros-
tatectomy incontinence may be related to prolapse of 
the sphincter complex and that repositioning of it by a 
transobturator	sling	may	be	successful.	Pre-operative	
selection of surgical candidates for such intervention 
include endoscopy of membranous urethra testing 
whether manual push-up of the centrus tendineus 
perinei	 results	 in	 recruitment	 of	 the	 sphincter	 ibres	
comparable	to	a	voluntary	contraction.	Contraction	of	
the sphincter muscle upon repositioning in a more cra-
nial position is used as an indication for a transobtura-
tor	sling	with	the	Gozzi	and	Rehder	technique	[23-25].	
Further	research	is	required	to	conirm	such	an	inter-
esting pathophysiological explanation of post-radical 
prostatectomy incontinence and to support the role of 
endoscopy	in	the	evaluation	of	these	patients.

g) Consensus Statements

o  Routine urethro-cystoscopy is NOT indicated in 
primary female urinary incontinence, when other 
pathologies are not suspected (Level of Evi -
dence 3, Grade of Recommendation C)

o  Endoscopy can be considered (Level of Evi -
dence 3, Grade of Recommendation C) :

a)  in urgency incontinence to rule out other patholo-
gies, especially in case of microscopic haematu-
ria	(e.g.,	bladder	tumour,	interstitial	cystitis,	etc)

b)  in the evaluation of recurrent or iatrogenic cases 
when surgery is indicated and planned

o  Endoscopy is indicated in the evaluation of vesico 
vaginal	 istula	 and	 extra-urethral	 urinary	 inconti-
nence (Level of Evidence 3, Grade of Recom -
mendation C) .

o  Endoscopy is indicated intraoperatively in inconti-
nence surgery to look for ureteral or vesical injury 
(Level of Evidence 3, Grade of Recommendation C) .

h) Future Research Areas

•		The	 relationship	 between	 of	 bladder	 endoscopy	
and idiopathic detrusor overactivity

•		The	 relationship	 between	 of	 bladder	 endoscopy	
and aging

•		The	relationship	between	bladder	endoscopy	and	
symptoms of voiding dysfunction in female pa-
tients with UI

i) References (see at the end of the chapter)

Anal incontinence may result from anatomical and/
or neurological disruption of the anal sphincter com-
plex.	Prior	to	the	development	of	anorectal	imagining	
techniques, anal sphincter disruption was detected 
by digital palpation supported by EMG needle map-
ping	and	ano-rectal	manometry.	Use	of	endoanal	ul-
trasonograpghy (EAUS) for anal sphincter imaging 
was	irst	described	by	Wild	in	1956	[1]	but	remained	
neglected for many decades because of the limita-
tion	of	technology	then	available	[2].	In	1989	Law	and	
Bartum	 deined	 the	 technique	 of	 EAUS	 and	 endo-
sonographic anatomy of the anal sphincter complex 
[3].	Since	then	EAUS	has	become	the	gold	standard	
of	imaging	the	anal	sphincter	complex.

Development of 3-D rendering technique over the 
last decade has enabled better quality imaging of 
the	 anal	 sphincter	 complex	 using	 the	 EAUS.	 Re-
cently other imaging modalities such as transvaginal, 
transperineal and translabial ultrasonography, MRI, 
Defaecography and Sonoelastography have been 
described to assess the anal sphincter complex in 
patients	with	anal	incontinence.

Anal sphincter imaging has become an integral part 
of	 the	 assessment	 of	 anal	 incontinence.	 Following	
detailed history and examination, the patient should 
be offered anal sphincter imaging (either 2D or 3D 
EAUS) depending on the availability of imaging mo-
dalities	 and	 the	 expertise.	 Even	 though	 ano-rectal	
physiological studies indicate dysfunction of the anal 
sphincter complex, they do not identify the anatomi-
cal	site	and	the	degree	of	anal	sphincter	disruption.	
EAUS has been the gold standard for detecting anal 
sphincter	disruption	or	atrophy.	EAUS	is	also	used	in	
the follow up of women after obstetric anal sphincter 
injuries to assess the success of the primary repair 
and	to	advise	on	subsequent	delivery	[4].	EAUS	has	
been used intra-operatively to identify the damaged 
EAS prior to secondary repair and also to identify the 
IAS	defects	prior	to	injecting	bulking	agents.

1. ULTRASONOGRAPHY
The increased availability of ultrasound scanners to 
urologists and urogynaecologists and its high resolution 

I. INDICATIONS

II. IMAGING MODALITIES

C. Imaging in Anal Incontinence
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in	the	near	ield	makes	this	the	perfect	tool	to	investigate	
patients with anal incontinence as a part of their physi-
cal	examination.

a) ENDOANAL ULTRASOUND (EAUS)

EAUS	is	performed	using	a	360°	rotating	rectal	probe	
with	 a	 7-10	 MHz	 transducer	 (focal	 range	 2-4.5cm)	
with	minimum	beam	width	of	1.1mm.	Several systems 
are currently available, and recently integrated 3D 
systems	are	also	available	(B&K	Medical,	Sandoften	
9,	2820	Gentofte,	Denmark).	Women	should	be	ex-
amined prone with an endoanal system to minimise 
anatomical	distortion.	Figure C1  shows a schematic 
diagram of the anal sphincter complex in relation to 
the	endoanal	probe	[4].

The standard EAUS image of the anal canal is of 4 
layers (Figure C 2 ):	

1.	The	subepithelial	layer	is	moderately	relective.	

2.		The	 internal	sphincter	 is	 the	most	obvious	 land-
mark	and	is	a	well-deined	low	relective	ring.	The	
internal sphincter varies in thickness with age, 
being <1mm in neonate, 1-2mm in young adults, 
2-3	in	middle	age	and	>3mm	in	the	elderly.	

3.		The	longitudinal	layer	is	a	complex	structure	with	
a	 large	 ibroelastic	 and	muscle	 component,	 the	
latter formed from the puboanalis as well as the 
longitudinal muscle of the rectum (Figure C 2 ).	

4.		The	external	sphincter	is	better	deined	in	men	than	
women,	where	 it	 tends	to	be	less	hypoechoic.	 It	 is	
distinguished	mainly	by	interface	relections	between	
muscle/fat planes either side (Figure C 2 ).	In	women	
the external sphincter is shorter anteriorly than pos-
teriorly,	which	must	not	be	misinterpreted	as	a	tear.	
The transverse perineii muscles fuse anterior with 
the	sphincter,	whereas	in	men	they	remain	separate.	

With experience the examination can be per-
formed in about 5 minutes and provides an ideal 
method for a rapid assessment of sphincter integ-
rity	and	thickness.

b)  3 Dimensional Endoanal Ultrasonography 
(3-D EAUS)

With 3D-EAUS, the anal canal is scanned in a con-
ventional manner, and dedicated software provides 
a	inal	3D	appearance	(3D	rendering).	The	data	ob-
tained from a series of closely spaced EAUS images 
(0.25	mm)	are	combined	to	create	a	3D	volume	dis-
played	as	a	cube.	The	image	can	then	be	freely	ro-
tated and it is possible to visualise defects at different 
angles and to obtain the most information from the 
data	 [5].	The	advent	of	3	D	ultrasonographic	multi-
planar reconstruction of the anal canal has further 
improved the detection of anal sphincter injuries with 
nearly	 95-100%	 sensitivity	 and	 speciicity	 [6].	With	
3D-EAUS, the aspect, localisation (circumference 
involved,	height),	size	(in	degrees	or	percentage	of	
circumference) and number of sphincter defects can 
be described in detail, together with a calculation of 
the volume of such defects [7] (Figures C3-C4-C5 ).	
Defects	of	 the	puborectalis	ibres	of	 the	 levator	ani	
are less common and these can be seen as hetero-
geneous remodelling or shortening of the two bands 
is	 visible	 after	 episiotomy	or	 pelvic	 loor	 injury	 dur-
ing	 vaginal	 delivery.	 Its	 role	 in	 the	 development	 of	
AI is probably underestimated and characterisation, 
particularly in terms of volume, would be of interest 
to	assess	the	functional	impact	[6].	Two	scoring	sys-
tems has been introduced to objectively evaluate the 
anal sphincter defects detected in 3D EAUS [8, 9] 
and both these scoring system have shown accept-
able	intra	observer	and	inter	observer	agreement	[9].

Although EAUS has been accepted as the gold stan-
dard of imaging anal sphincter complex, the equip-
ment and the expertise may not be readily available 
in	 some	 centres.	 Some	 patients	 may	 ind	 EAUS	

Figure C 1 : A schematic diagram of the anal 
sphincter complex in relation to endoanal probe.

Figure C 2: Axial endosonography in the mid canal 
in a normal 38yr old female. Subepith: subepithial 
layer; IAS: internal anal sphincter; LL: longitudinal 
layer; EAS: external anal sphincter. The outer bor -
der of the external sphincter is deined by an inter- 
face relection at the fat/muscle boundary (arrow).
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technique	 embarrassing	 and	 unacceptable.	 Hard	
endoanal cone of EAUS may cause the disruption of 
normal	anal	canal	anatomy.	Because	of	these	draw-
backs, other imaging modalities such as Endovaginal, 
Transperineal and translabial ultrasonography have 
been	evaluated	to	assess	the	anal	sphincter	complex.

c) Transvaginal Ultrasonography

Sultan	et	all	irst	described	 the	vaginal	use	of	360°	
rotating probe used for the EAUS and obtained clear 
images	 of	 anal	 sphincter	 complex	 [11].	 Since	 then	
different	types	of	probes	including	side-ire	transrec-
tal probe, a standard transvaginal probe and modi-
ied	 vaginal	 probe	 has	 been	 used	 to	 evaluate	 the	
anal sphincter complex with variable sensitivity and 
speciicity	for	detecting	anal	sphincter	injury	[12].

d) Transperineal Ultrasonography

Transperineal ultrasonography (TPU) to image the 
anal	sphincter	complex	was	irst	described	by	Pe-
schers	et	al.	[13]	and	found	to	have	a	good	inter	ob-
server reliability in detecting IAS and EAS defects 
compared	with	EAUS	[14].	A	recent	study	by	Roos	
et	al.	[12]	comparing	endovaginal	and	transperineal	
ultrasonography to detect obstetric anal sphincter 
have concluded that neither of these modalities is 
sensitive	enough	to	detect	anal	sphincter	defects.

e) Translabial Ultrasonography

Translabial ultrasound (TLU) offers an alternative 
imaging modality of the anal sphincter complex and 
has	proven	 to	be	well-tolerated	by	patients.	 It	has	
been used to describe anal sphincter complex in-
tegrity	[13,	15].	Hall	et	all	evaluated	60	women	with	
TLU and reported that mean sphincter measure-
ments are given for symptomatic and asymptom-
atic intact women and are comparable to previously 
reported endoanal MRI and endoanal ultrasound 
measurements	 [16].	 The	 advantages	 of	 TLU	 are	
that the equipment needed is readily available to all 
gynaecology	and	radiology	imaging	laboratories.

f)  Integrated Multicompartmental Pelvic Floor 
Ultrasonography

Pelvic organ dysfunction includes multiple condi-
tions such as pelvic organ prolapse, urinary incon-
tinence, anal incontinence, defaecatory disorders 
and	sexual	dysfunction.	Based	on	 this	concept	 in-

tegrated multicompartmental Pelvic Floor imaging 
including two-dimensional (2D), three-dimensional 
(3D)	 and	 4D	 pelvic	 loor	 ultrasonography	 as	 well	
as transvaginal, endoanal and transperineal tech-
niques, has been described from a global and mul-
ticompartmental	perspective	[17].	The	value	of	this	
approach	in	routine	assessment	of	pelvic	loor	dys-
function	is	yet	to	be	evaluated.

Figure C 3: Three-dimensional endoanal ultrasound showing no (a), partial (b) or complete EAS defect (c). 
Arrows indicate an EAS defect in the sagittal view (10).

Figure C 5 :  Partial defect of the internal anal 
sphincter (6).

Figure C4: Complete defect of the internal anal 
sphincter
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g) Dynamic Anorectal Endosonography (DAE).

DAE uses a rigid biplane transrectal probe with a fre-
quency	of	7	MHz	with	 the	 tip	of	 the	probe	covered	
with	 a	 water-illed	 balloon	 to	maintain	 the	 acoustic	
window	 for	 the	 ultrasound	 waves.	 By	 slowly	 and	
manually	rotating	the	linear	probe	through	360°,	vari-
ous layers constituting the anal wall (mucosa, inter-
nal anal sphincter, and external anal sphincter), the 
layer forming the rectal wall, and the perirectal tis-
sues (puborectalis muscle, bladder, and vagina, or 
prostate)	has	been	demonstrated.	After	the	initial	ex-
amination, the patient simulates defaecation with the 
probe	left	in	the	same	position	[18].	In	a	study	of	56	
women using DAE and Dynamic MRI Defeaecogra-
phy	signiicantly	more	internal	anal	sphincter	defects	
were found with DAE than with dynamic MRI defae-
cography.	But	there	was	no	signiicant	difference	for	
the	diagnosis	of	external	anal	sphincter	defects	[18].

h) Sonoelastography

Sonoelastography is a new imaging technique based 
on differences in radiofrequency signals following en-
dogenous/exogenous compression due to different 
elastic properties of the targeted tissues or organs 
[19].	This	technique	has	been	evaluated	in	pathologi-
cal conditions of breast, thyroid, pancreas and pros-
tate.	The	 elastographic	 pictures	 registered	 simulta-
neously with conventional grayscale B-mode images 
during sonography or endosonography are assumed 
to	 distinguish	 malignant	 from	 inlamed	 areas	 and	
thus	facilitate	diagnosis.	Based	on	this	concept	it	 is	
assumed that Sonoelastograhy is able to diagnose 
different	conditions	causing	anal	incontinence.	How-
ever there is only one published study comparing the 
conventional endoanal ultrasonography and elastog-
raphy	 [20].	 This	 prospective	 study	 included	 50	 pa-
tients with faecal incontinence following ano-rectal 
surgery	 and	 Crohn’s	 disease.	 Elastogram	 colour	
distribution within the sphincter representing elastic 
properties	 was	 quantiied	 using	 a	 visual	 analogue	
scale and an off-line computerised area calculation 
program.	The	IAS,	a	smooth	muscle,	and	the	EAS, 

a striated muscle, have different elastogram colour 
distributions,	probably	relecting	their	different	elastic	
properties.	 The	 absence	 of	 signiicant	 correlations	
with the major clinical and functional parameters 
suggests that in routine clinical practice ultrasound 
real-time elastography may not yield additional infor-
mation in patients with faecal incontinence except in 
patients	who	have	had	radiation.

2. MRI

Anatomy of the anal sphincter complex has been 
redeined	over	the	past	20	years	by	the	use	of	body	
coil, endoanal coil and phased-array coil magnetic 
resonance	imaging	(MRI).	However	these	different	
MRI	 techniques	have	 led	 to	 conlicting	anatomical	
descriptions	of	the	anal	sphincter	complex	[21].	En-
doanal	coil	MRI	studies	by	Rociu	et	al.	[22,	23]	have	
suggested that the levator ani muscle has only a 
transverse portion and that the EAS muscle is com-
posed	of	only	a	subcutaneous	and	a	supericial	por-
tion	describing	ive	image	layers.	(Figure C6 )

However, body coil MRI studies by Guo and Li [24]
suggested that the levator ani muscle also has a 
vertical portion (vertical levator), and separate body 
coil	MRI	studies	by	Hsu	et	al.	 [25]	suggested	 that	
the EAS muscle has 3 separate components which 
has	been	identiied	in	EAUS	as	well.	

More	 recent	 study	 by	Guo	 et	 al.	 [26]	 using	multi-
planar body-coil MRI studies demonstrated that the 
anal	region	actually	has	7	image	layers:	the	muco-
sa, submucosa, anal smooth muscle, inner space, 
vertical levator, outer space, and the EAS muscle 
(Figure C7 ).	 The	 authors	 reported	 that	 endoanal	
MRI	does	not	 reliably	outline	 the	supericial	 layers	
of	 the	 anal	 region	 because	 a	 blind	 zone	 is	 creat-
ed	 in	 the	anal	canal	near	 the	coil.	This	blind	zone	
led investigators to effectively ignore the mucosa, 
submucosa, anal smooth muscle, intersphincteric 
groove, and subcutaneous sphincter and this ac-
counts for the early endoanal MRI description of the 
anal	region	as	comprising	only	5	image	layers.

Figure C 6: Weighted turbo spin-echo endoanal coil MRI studies by Rociu et al.[22,23]
A: “5-layer” anal region and blind zone of the endoanal coil MRI. 
B: Drawing of anal midcoronal section. 
C: Inner intersphincteric space with high signal intensity is mislabeled as the internal sphincter.
Es - external sphincter; Is - internal sphincter; Lam - levator ani muscle; Lm -longitudinal rectal muscle; Pr 
-puborectalis; Sm -submucosa
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Images of the anal sphincter complex obtained using 
endoanal MRI are thought to be superior to MRI per-
formed with a body coil because of increased signal to 
noise	ratio	resulting	in	high	spatial	resolution	images.	
Although the endoanal MRI allows comprehensive 
assessment of atrophy and focal defects of the ex-
ternal canal, the internal sphincter has been less well 
deined	[27].	A	meta	analysis	of	nine	studies,	compar-
ing endoanal MRI with endoanal ultrasound or surgi-
cal	 diagnosis	 in	157	patients	by	Tan	et	 al.	 [28]	has	
shown	that	Endoanal	MRI	was	sensitive	and	speciic	
for the detection of external sphincter injury and espe-
cially	sphincter	atrophy.	It	may	be	useful	as	an	alter-
native to endoanal ultrasound in patients presenting 
with	faecal	 incontinence.	However,	 the	 limited	avail-
ability of dedicated endoanal coils outside specialist 
units has resulted in less widespread familiarity with 
this technique and further clinical studies are needed 
to	identify	its	best	application	in	clinical	practice.

In addition to the damage to the anal sphincter com-
plex, levator ani muscle (LAM) injury has also been 
postulated as a cause for anal incontinence especial-
ly	after	childbirth.	A	recent	MRI	study	by	Helliburn	et	
al.	[29]	reported	major	LAM	injuries	in	19%	of	women	
who delivered vaginally with external anal sphincter 
(EAS) injuries compared to 3% delivered vaginally 
without EAS injury, and 0% delivered by cesarean 
section	before	labour.	Among	women	with	EAS	inju-
ries, those with major LAM injuries tend to have more 
anal incontinence symptoms than those who did not 
have	LAM	injury.	These	data	suggest	that	both	EAS	
and	LAM	are	important	to	maintain	faecal	continence.

3.  EVACUATION DEFAECOGRAPHY (PROC -
TOGRAPHY)

Evacuation defaecography is indicated in patients 
with constipation, and in those with obstructive de-
faection associated with anal incontinence caused 
by	overlow	incontinence	or	post	defaecation	leak-

age.	In	these	patients,	defaecography	is	useful	to	
visualise outlet obstruction due to an anatomical 
(e.g.	 enterocele,	 rectocele,	 intussusception)	 or	 a	
functional	 (e.g.	 anismus)	 cause.	 Evacuation	 de-
faecography is also useful to demonstrate bladder 
and	 uterovaginal	 prolapse	 as	well	 as	 pelvic	 loor	
descent (Figure C 8 a-b ) but gives limited infor-
mation	as	 to	 rectal	 function.	Evacuation	defaeco-
graphy has shown good reproducibility in the di-
agnoses of enterocele, anterior rectocele and their 
grading	in	patients	with	faecal	incontinence	[30].

The	 rectum	 is	 opaciied	 with	 120	 mls	 of	 a	 barium	
paste and the small bowel with a dilute barium sus-
pension given orally about 30mins before defaecog-
raphy	starts.	The	patient	 is	 seated	sideways	within	
the	 luoroscopic	 unit	 on	 a	 radiolucent	 commode.	
Evacuation of the barium paste is recorded either on 
video	or	on	cut	ilm	at	1	frame/sec	using	a	low	dose	
protocol.	At	rest	the	anorectal	junction	is	at	the	level	
of	the	ischial	tuberosities	and	the	anal	canal	closed.	
Evacuation is rapid (<30sec) and the rectum below 
the	main	fold	should	be	emptied	completely.	During	
evacuation the anorectal angle widens as the ano-
rectal	 junction	descends	and	 the	anal	canal	opens.	
At	the	end	of	evacuation	pelvic	loor	tone	returns	and	
the puborectalis pulls the anorectal junction upwards 
and	forwards	back	to	the	resting	position.	Intra-anal	
intussusception creates a thick double fold of rectum, 
which impacts into the anal canal on straining at the 
end	of	rectal	evacuation.	Rectal	prolapse	represents	
an extension of this process, with passage of the in-
tussusception through the anal canal and inversion 
of the rectum (Figure C 9 a-c )

Compared to conventional evacuation defaeco-
graphy, dynamic MR defaecography at a vertical 
open magnet unit has become popular recently as 
it produces multiplanar images with increased soft 
tissue	contrast	and	avoids	radiation	exposure.	How-
ever the comparative results between conventional 

Figure C 7: Midcoronal T1-weighted turbo spin-echo body coil MRI images. 
A, 7-layer anal region. 
B, 3-layer intersphincteric space. 
C, Drawing of anal midcoronal section. 
A - imaging anal canal; ASM - anal smooth muscle; Deep -deep sphincter; If -ischioanal fossa; Iom -internal 
obturator muscle; ISS -intersphincteric space; Pr -puborectalis; R- rectum; SC -SC sphincter; Sup -super -
icial sphincter; TP- transverse levator; VP -vertical portion of the levator ani. [26]
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defaecography and dynamic MR defaecography in 
patients with prolapse and anal incontinence are 
variable	 [31,	 32].	 Some	 of	 these	 variations	 have	
been	attributed	 to	 the	difference	 in	 technique.	The	
main drawback of MR defaecography is the supine 
position required which causes sub optimal assess-
ment	of	prolapse	and	evacation	[31].	Since	vertical	
open-magnet MR imaging units are not widely avail-
able, the role of MR defaecography in the diagnostic 
work-up	of	faecal	incontinence	is	still	limited.

1. THE INTERNAL ANAL SPHINCTER (IAS)

IAS is responsible for the maintenance of resting anal 
pressure and plays a vital role in maintaining anal 
continence.	Isolated	IAS	defects	are	associated	with	
surgery	for	ano-rectal	malignancies,	anal	issure	and	
undetected	 obstetric	 anal	 sphincter	 injuries.	 These	
patients may present with passive faecal soiling and 
seepage	rather	than	frank	faecal	incontinence.

Abnormalities of thickness are usually related to the 
patient’s	age.	A	sphincter	less	than	2mm	thick	in	a	
patient more than 50 years of age is indicative of 
internal sphincter degeneration (Figure C 10 ) and is 
associated	with	passive	faecal	incontinence.

Obstetric trauma to the internal sphincter parallels 
that of the external sphincter in extent, but should 
always be in the anterior half, so that any defect 
between	3	and	9	is	due	to	some	other	cause.

Sphincterotomy may be more extensive than was 
planned, particularly in women, and 3D studies are 
especially helpful to assess the longitudinal extent 
of	the	defect.	The	length	of	the	sphincter	divided	re-
lates	directly	to	the	risk	of	incontinence	[33].	Dilata-
tion	procedures	are	hazardous	and	may	completely	
fragment (Figure C 11 	)	the	internal	sphincter.	

Figure C 8: Sagittal views from a dynamic MRI ex -
amination.
The dotted line indicates the position of the pubo -
coccygeal line. At rest (a) there is some descent 
as the anorectal junction (ARJ) is more than 1 cm 
below this. During pelvic stress (b) there is marked 
pelvic loor descent, with descent of the cervix (Cx) 
and bladder base (Bl).

III. SPHINCTERIC DISORDERS

Figure C 9: Evacuation proctogram showing the development of rectal prolapse. Intussusception starts at 
the end of rectal emptying (a) and rapidly passes through the anal canal (b) to form the external prolapse(c).

A

B
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2. THE EXTERNAL ANAL SPHINCTER

When striated muscle is stretched beyond the limits 
of	 its	 elasticity	 ibres	 rupture	and	heal	with	 granula-
tion	tissue	and	eventually	ibrosis.	Most	chronic	tears	
are seen with scar formation, and present as a uni-
form	area	of	low	relectivity	distorting	and	obliterating	
normal anatomical planes (Figure C 12 ).	A	key	to	the	
diagnosis is lack of symmetry with the anterior part of 
the external sphincter not fusing at 12 o’clock as the 
probe	is	moved	slowly	down	the	canal.	This	may	also	
be seen on 3D studies in the coronal plane (Figure C 
13	).	Other	perineal	structures,	such	as	the	puboanalis	
and transverse perineii are frequently torn and distin-
guishing these tears from external sphincter trauma 
requires experience, and again may be helped by 3D 
multiplanar	 imaging.	 The	 distinction	 is	 important	 as	
tears of the puboanalis or transverse perineii are not 
associated	with	a	signiicant	fall	in	squeeze	pressure	

Figure C 10: Endosonography with an axial image in 
the mid canal of an elderly patient, aged 73yrs with 
passive faecal incontinence. The internal sphincter 
measures only 1.1mm (markers) indicative of inter -
nal sphincter degeneration

Figure C 12:Tears of internaland externalsphincters 
(arrows) between 10 and 1o’clock following a trau -
matic vaginal delivery

Figure C 11: Endosonography in the mid canalshow -
ing gross internalsphincter irregularity, typicalof 
the “fragmented” appearance from trauma after an 
anal stretch procedure.

Figure C 13: 3D EAUS of a small tear to the external 
sphincter (arrow).

[34], and it is only damage to the external sphincter 
that	results	in	a	signiicant	change.	Childbirth	damage	
to the puborectalis part of the levator ani muscle with 
intact EAS and IAS has been reported as a distinct 
cause	of	anal	incontinence.	3-D	EAUS	is	reported	to	
be	superior	in	detecting	this	type	of	injury	[35].

In healthy young adults a good correlation has been 
found between measurements of layers thicknesses 
on endosonography and endocoil MRI, with an Ri of 
0.96	for	the	external	sphincter	[36].	The	outer	border	
of the external sphincter is easier to see on MRI, but 
ibrosis	is	not	so	markedly	different	in	signal	from	nor-
mal muscle, so that the conspicuity of tears may not 
be	as	obvious	as	with	endosonography.

Atrophy	of	EAS	is	a	more	dificult	problem.	Determin-
ing the thickness of the external sphincter on EAUS 
depends on visualising its borders from interface 
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relections	between	the	 longitudinal	 layer	on	the	 in-
side	 and	 subadventitial	 fat	 on	 the	 outer	 border.	As	
atrophy	involves	a	reduction	of	muscle	ibres	and	an	
increase	 in	 fat,	 the	 outer	 interface	 relection	 is	 lost	
and the thickness of the external sphincter cannot 
be measured (Figure C 14 ).	 Such	 loss	 of	 deini-
tion of the outer border of the external sphincter on 
endosonography has a positive predictive value of 
71%	for	atrophy	[37].	Using	3D	EAUS	and	a	grading	
system	based	on	deinition	and	echogenicity	of	 the	
external sphincter showed a comparable accuracy to 
endocoil	MRI	in	detecting	atrophy	[38].

Claims for superiority of one or other modality for the 
detection of sphincter tears probably depend largely 
on individual experience, but the relative low cost and 
speed of EAUS makes this an ideal screening proce-
dure	 to	assess	sphincter	 integrity.	A	 leading	 issue	 is	
the	signiicance	of	occult	sphincter	 tears	 (diagnosed	
on endosonography but not apparent clinically) follow-
ing	vaginal	delivery.	Although	these	may	be	detected	
by careful examination immediately post partum [39], 
retrospective	detection	will	still	require	EAUS.	A	meta-
analysis	of	 717	vaginal	 deliveries	 revealed	a	26.9%	
incidence of anal sphincter tears in primiparous, with 
8.5%	new	tears	in	multiparous	women.	Overall	29.7%	
of women with tears were symptomatic, compared to 
only	3.4%without	tears.	The	probability	of	faecal	incon-
tinence	being	due	to	a	sphincter	tear	was	76.8-82.8%	
[40].	 Recent	 studies	 conirm	 the	 strong	 relationship	
between obstetric sphincter damage and faecal incon-
tinence	 [41],	 and	 its	 late	 onset	 [42,43].	 Subsequent	
deliveries increase the risk of incontinence particularly 
if	there	has	been	a	tear	at	the	irst	delivery	[44].	Tears	
that involve the internal sphincter increase the sever-
ity	of	 incontinence	 [45].	A	sphincter	 tear	at	EAUS	 is	
therefore	an	important	inding,	but	how	this	is	used	to	
decide	management	is	a	little	more	controversial.	Sec-
ondary anal sphincter repair has fallen out of fashion 
following	the	inding	that	results	deteriorate	over	a	few	

years46, although a more recent study [47] suggests 
a	better	response.	

Fluoroscopic studies have little role in faecal incon-
tinence, unless there is an underlying rectal abnor-
mality such as obstructive defaectory symptoms 
and	prolapse.	Dynamic	MRI	studies	have	the	added	
value of demonstrating prolapse in the rest of the 
pelvis, but apart from the lack of ionising radiation, 
has	no	real	advantage	for	studying	rectal	function.	

EAUS	therefore	remains	the	irst	line	imaging	investi-
gation for anal incontinence, giving accurate informa-
tion regarding the external and/or internal sphincter 
tears	and	the	likelihood	of	atrophy.	Dynamic	studies	
of rectal evacuation are required only if there is some 
other	problem	suspected,	such	as	prolapse.	The	ad-
vantages of using MRI are the lack of ionising radia-
tion	and	a	global	view	of	the	pelvic	loor.	Although	im-
aging gives hard evidence of sphincter damage, this 
is really only part of a much more complex functional 
problem, and colorectal abnormalities may be just as 
important [48] with tears accounting for perhaps only 
45%	of	incontinence	[49].

•		EAUS	is	the	irst	line	imaging	investigation	for	fae-
cal incontinence providing accurate information 
regarding external and/or internal sphincter tears 
and	the	likelihood	of	atrophy.	[Level of Evidence 
3, Grade of Recommendation C ].

•		3-D	EAUS	offer	better	quality	images	and	diagno-
sis	of	the	depth	of	anal	sphincter	injury.	[Level of 
Evidence 3, Grade of Recommendation C ]

•		Routine	use	of	3-D	EAUS	is	not	recommended	be-
cause	of	the	cost.	[Level of Evidence 3, Grade of 
Recommendation C ]

•		Routine	 use	 of	 transperineal,	 transvaginal	 and	
translabial ultrasonography to image the anal 
sphincter	 complex	are	not	 recommended.	 [Level 
of Evidence 3, Grade of Recommendation C ].	

•		Dynamic	 imaging	 of	 rectal	 function	 is	 required	
when rectal abnormalities such as prolapse are 
suspected [Level of Evidence 3, Grade of Rec -
ommendation C ].

•		MRI	offers	no	advantage	over	other	 imaging	mo-
dalities except for the lack of ionising radiation 
and global view of the pelvis [Level of Evidence 
3, Grade of Recommendation C ]

Better image quality with 3D EAUS and MRI have 
improved	our	understanding	of	pelvic	loor	anatomy,	
and this in turn has enabled sonographic anatomy to 
be	 re-evaluated,	 however,	 conlicting	 views	 of	 anal	
sphincter	anatomy	remain.

VI. FUTURE RESEARCH AREAS

IV. CONCLUSIONS 

V. CONSENSUS STATEMENTS

Figure C 14 : EAUS showing a normalinternal -
sphincter, but the external sphincter is not visible 
as it is echogenic and the interface relections due 
to advanced atrophy
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•		Are	clinical	symptoms	related	to	the	size	and	the	
site of anal sphincter defect [50] or not [51]? 

•		Significance	of	imaging	in	detecting	anal	sphinc-
ter injury especially immediately after childbirth 
in	preventing	future	anal	incontinence	[39,	52].

•		The	value	of	ano-rectal	physiological	studies	com-
bined with imaging in assessing the success of 
surgical	repair	of	the	anal	sphincter	complex	[53].

•		Identify	(and	modify)	the	risk	factors	leading	to	anal	
sphincter injury especially during childbirth and de-
velop	preventive	strategies	[54].

The most valuable aspect of 3-D ultrasonography 
and MRI imaging is that they give a global view 
of the pelvis, capable of investigating urological, 
gynaecological and coloproctological problems at 
the	same	time	[17].	Many	patients	do	not	have	fae-
cal incontinence as an isolated symptom, but also 
have	 urinary,	 prolapse	 or	 defecatory	 problems.	
The overview provided by imaging sets the way for 
a	combined	approach	to	the	pelvic	loor	and	should	
be	the	prime	area	of	future	investigation	[17].

The use of a perineal electronic nappy using elec-
trical conductivity to estimate the amount of urine 
leakage	was	first	proposed	by	James	et	al.	[1,	2].	
Accuracy of this technique was, however, ques-
tioned by others and the technique was improved 
[3-8].	Walsh	&	Mills	and	Sutherst	et	al.	introduced	
a more simple approach by estimating leakage 
by	perineal	 pad	weight	 gain	 [9,	 10].	These	 tests	
were	not	standardised	until	Bates	et	al.	described	
a “structured” one hour pad test which was en-
dorsed by the International Continence Society 
in	 1988	 [11].	 This	 test,	 however,	 was	 shown	 to	
have poor interdepartmental correlation and to 
be	highly	dependent	on	bladder	volume	[12,	13].	
In an attempt to make pad tests more reliable 24 
hour	 and	 48	 hour	 pad	 tests	 were	 developed.	 A	
more precise estimation of urine loss was shown, 
but	 they	 were	more	 cumbersome.	 The	 Pyridium	
pad test was also proposed for diagnosing urinary 
incontinence	[14].

The pad test is a diagnostic method to detect 
and quantify urine loss based on weight gain of 
absorbent pads during a test period under stan-
dardized	conditions.

A	 pad	 test	 allows	 the	 detection	 and	 quantiication	
of urine loss, but it is not diagnostic of the cause of 
the	 incontinence.	Several	different	standards	have	
been	 developed.	 Tests	 can	 be	 divided	 into	 four	
groups	according	to	the	length	of	the	test:	<1h,	1h,	
24h	and	48	h.	(Table 4 )

Pad tests up to 2 hours were developed to be per-
formed in outpatient clinics or hospital wards un-
der	 supervised	 conditions.	Bladder	 volume	 is	 pre-
deined	to	reduce	variability	and	a	structured	set	of	
exercises is usually implemented to elicit the occur-
rence	of	urine	loss.

1. SHORT PAD TEST

a) Quantiication:

These	 tests	 are	 based	 on	 a	 ixed	 bladder	 volume	
and a standard set of activities to facilitate the oc-
currence of urine loss, if any, over a short period of 
time.	Jakobseny	et	al.	found	that	the	40	minute	test	
with a bladder volume of 75% maximum cystometric 
capacity and similar activities as a 1-hour ward test 
produced consistently larger amounts of urine loss 
than	 a	 standard	 1-hour	 ward	 test	 [17].	 The	 differ-
ence	 was	 attributed	 to	 signiicantly	 larger	 bladder	
volumes during performance of physical activity in a 
40	minute	pad	test.

Kinn	 &	 Larsson	 reported	 no	 correlation	 between	
a	 short	 10	 minute	 test	 with	 ixed	 bladder	 volume	
and the degree of incontinence as judged from the 
symptoms	[18].

Hahn & Fall in a 20 minute test with half cystomet-
ric capacity showed no false negative results in 50 
women with stress urinary incontinence although 
there was a discrepancy in 12% of patients between 

D. PAD TESTING

I. DEFINITION

II. INDICATION AND METHODOLOGY

III. OFFICE-BASED PAD TESTING

Table 4: types of pad test

*Maximum	Cystometric	Capacity

Author Time Bladder load Exercise 

Hahn & Fall (15) 20 min 50% of MCC* stair climbing, 100 steps, coughing (10x), running (1 min), 
wash hands (1 min) jumping(1 min) 

ICS (11)  1h Drink 500 ml (15 min) 
before test 

walking & stair climbing (30 min), standing up 10x, 
coughing (10x), running (1 min), bending (5x), wash hands 

(1 min) 

Jorgensen et al. (16) 24h  Everyday activities 

Jakobseny et al. (17) 48h  Everyday activities 
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the perception of incontinence severity and pad test 
results	[15].	

These data suggest that short pad tests are more 
provocative	than	activities	of	daily	living.

b) Reproducibility:

The correlation factor (Pitman’s nonparametric per-
mutation test) between two separate 20 minute tests 
was	0.94	 (p<0.001)	 [15].	Kinn	and	Kinn	&	Larsson	
showed	that	the	10	minute	test	with	a	ixed	pre-test	
bladder volume of 75% of maximal capacity was 
moderatey	reproducible	(r=0.74)	[18].	Using	a	1	hour	
pad test, a standardised bladder volume of 300ml 
and standardised physical activity mean differences 
of	leakage	was	8.5	ml	and	coeficient	of	repeatability	
was	33.6	ml	[19].

2. ONE-HOUR PAD TEST

The use of a one-hour pad test has been investigat-
ed thoroughly for validity, reproducibility and sensitiv-
ity	to	change.

a) Quantiication

Jakobseny	 et	 al.	 reported	 that	 a	 one	 hour	 test	 de-
tected less leakage at 3 g compared to a 40 minute 
(7	g)	and	a	48	hour	pad	test	(37	g)	[17].	In	the	elderly,	
a one-hour ward test showed incontinence in 66% of 
those complaining of incontinence compared to 90% 
with	a	24	in-patient	monitoring	of	urine	leakage	[20].	
A	one	hour	pad	 test	was	 found	 to	 relect	 everyday	
incontinence in only 48% of patients in comparison 
to 81% with a 48 hour test and 77% with a 40 minute 
test.	Jorgensen	et	al.	noted	that	90%	completed	the	
test and 69% had test results which correlated with 
daily	leakage	[16].	Lose	et	al.	found	a	poor	to	moder-
ate	correlation	of	the	modiied	one-hour	test	(200-300	
ml in the bladder) with a history of stress urinary in-
continence	(n=31)	[21].	Mouritsen	et	al.	showed	that	
a 1-hour ward pad test did not detect grade I stress 
incontinence in 46%, grade II in 27% and grade III in 
66%	[22].	Thind	&	Gerstenberg	compared	a	1-hour	
ward pad test to a 24-hour home pad test and found 
that a 1-hour pad test had a 36% false-negative rate 
as	compared	to	a	24-hour	home	pad	test	[23].	

b) Reproducibility

Klarskov	 &	 Hald	 demonstrated	 in	 3	 consecutive	
1-hour	 pad	 tests,	 a	 correlation	 coeficient	 of	 0.75	
and	0.97	depending	on	the	activity	regimen	[24].	The	
test, however, was quite demanding and a lot of pa-
tients	did	not	complete	 the	 full	 testing.	Christensen	
et	al.	compared	a	one-hour	pad	test	in	two	different	
urological and one obstetrics & gynaecological de-
partments	 (20	women)	 [13].	The	 test	 results	 in	 two	
urological departments did not differ with an aver-
age	pad	gain	of	24g	and	21	g	(p>0.1).	However,	pad	
test results between the departments of urology and 
gynaecology	differed	signiicantly,	with	average	pad	
weight	gain	9	g	and	24	g	respectively	(p<0.05).

Lose	and	co-workers	showed	a	signiicant	variation	
between 1-hour ward test and retest in 18 patients 
(correlation	coeficient	0.68)	[12].	In	50%	of	patients	
the leakage volume was variable due to differing 
bladder	volume.	When	the	results	of	the	1-hour	pad	
test were corrected for urine volume, the correla-
tion	coeficient	value	increased	to	0.96.	Simons	et	al	
found the reproducibility of the standard 1 hour pad 
test	to	be	poor	[25].

c) Validity

Walsh	&	Mills	in	the	elderly	and	Holm-Bentzen	et	al.	
in	patients	with	an	AMS	artiicial	sphincter	showed	
that the one hour pad test did not correlate with sub-
jective patient satisfaction but this may due to other 
lower	urinary	tract	symptoms	[9,	26].

d) Bladder volume

Jorgensen et al showed test-retest correlation 
was improved when the bladder volume was 
taken into account and the correlation value (r) 
raised	 from	0.68	 to	0.93	 [16].	Fantl	 et	al	 used	a	
one hour test with the bladder filled to capacity 
and	 had	 a	 test-retest	 correlation	 of	 0.97	 which	
was improved if the fluid loss was expressed as 
a	percentage	of	bladder	volume	[27].	Lose	et	al.	
using a 1-hour pad test with standardised bladder 
volume of 50% of maximal cystometric capacity 
(MCC) showed in 25 women a test retest correla-
tion	of	 0.97	but	 the	 intertest	 variation	was	up	 to	
24g	[28].	Jakobsen	et	al.	compared	a	1-hour	pad	
test with a bladder filled to 50% and 75% of maxi-
mal cystometric capacity and found that the final 
bladder volume was equal in both groups showing 
the importance of diuresis even with equal start-
ing	bladder	 capacities	 [29].	The	amount	of	 leak-
age	 in	both	groups	was	 the	same.	Simons	et	al.	
found the volume in the bladder after a standard 
1 hour pad test varies by –44 to +66g in a test-
retest	situation	[25].	The	fluid	volume	in	the	blad-
der appears to be critical in making the pad test 
reproducible and increasing the sensitivity of the 
test	for	detecting	leakage.

Aslan et al compared a 1 hour pad test loss with the 
symptom impact index (SII) and the symptom severity 
index	(SSI)	[30].	Only	the	SSI	showed	a	relationship	
between	the	severity	of	the	score	and	the	pad	test	loss.	
The 1 hour pad test has also been used in assessing 
the validity of the Incontinence Impact Questionnaire 
and the Urogenital Distress Inventory unfortunately 
both	had	poor	correlations	with	the	pad	test	[31].	This	
is to be expected as the questionnaires assess other 
urinary	symptoms	rather	than	just	leakage.

e) Diagnosis 

Fluid	loss	was	signiicantly	greater	in	patients	with	
detrusor overactivity in comparison to urodynamic 
stress	 incontinence	 [27,	 32].	 The	 reverse	 inding	
was	 reported	 by	 Matharu	 and	 co-workers	 [33].	
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There is high variability in patients with detrusor 
overactivity making the test impractical as a diag-
nostic	tool.

f) Sensitivity to change

The 1 hour pad test has been shown to be useful in 
detecting	signiicant	 improvements	after	pelvic	loor	
exercises for men suffering urinary incontinence af-
ter	radical	prostatectomy	[34].	Ward	et	al.	found	the	
standard	1	hour	pad	test	 to	show	signiicant	reduc-
tions in loss after tension free vaginal tape proce-
dures from 18g (IQR 6-37) and Burch colposuspen-
sion from 16g (IQR 6-38) both decreasing to 0g (IQR 
0)	[35].	The	1	hour	pad	test	has	also	been	tested	for	
the reduction in loss after conservative and surgical 
therapy	[36].	The	changes	were	signiicant	but	there	
was	moderate	correlation	(r	=	0.53)	with	the	changes	
in	the	St.	George	Urinary	Incontinence	Score.

3. TWO-HOUR PAD TEST

A	test	period	of	60-120	minutes	after	a	1	 litre	luid	
load was proposed as the optimal duration for the 
pad test because of a consistently high bladder vol-
ume	[37].	Han	et	al	showed,	however,	that	a	1-hour	
pad	test	is	more	practical	[38].	In	children	a	2-hour	
ward pad test yielded 70% positive results for in-
continence	[39].	Richmond	et	al.	compared	two	ex-
ercise regimens with a 2-hour pad test and showed 
no	signiicant	differences	regarding	which	order	the	
exercises were performed	 [40].	Walters	et	al.	 per-
formed a 2-hour pad test with standard exercise 
in 40 women with SUI showing 78% positive tests 
(>1g pad gain) after 1 hour and 98% after the sec-
ond	hour	 [41].	Overall,	 the	 two-hour	 pad	 test	was	
found	to	be	superior	to	the	one-hour	one.	There	was	
no correlation between pad test results and the se-
verity	of	a	symptoms	score.

These tests were developed to diagnose and measure 
urine loss in a situation as close as possible to stan-
dard	daily	 life	of	 the	patient.	The	 longer	observation	
period	usually	requires	a	less	structured	procedure.

1. 12-HOUR PAD TEST

a) Quantiication:

Hellstrom	 et	 al.	 demonstrated	 in	 30	 children	 with	
incontinence a positive 12-hour home pad test in 
68%.	When	a	standard	luid	load	(13	ml/kg)	was	in-
stituted in 20 children, the frequency of the positive 
test	increased	to	80%	[39].

2. 24-HOUR PAD TEST

a) Quantiication

Lose	et	al.	found	a	90%	correlation	of	a	24-hour	pad	
test with a history of stress incontinence in 31 wom-
en	[21].	This	was	better	than	the	results	of	a	1-hour	
test.	Thirteen	of	31	patients	were	found	to	be	conti-
nent after a 1-hour ward test in comparison to only 

3 with	 a	 24-hour	 home	 pad	 test.	 Mouritsen	 et	 al.	
showed that the 24-h home test was well tolerated 
and as good at detecting incontinence as a 48-h test 
[22].	Grifiths	et	al.	found	only	a	10%	false	negative	
rate of a 24-hour pad test in an elderly population 
[20].	 Using	 non-parametric	 coeficient	 of	 correla-
tion,	they	found	a	signiicant	difference	between	the	
1-hour	test	and	the	24	hour	test.	Lose	et	al.	 found	
that a 24h home test performed during daily activi-
ties was more sensitive that a 1-hour ward test with 
standardised	 bladder	 volume	 of	 200-300	 ml	 [21].	
High	luid	intake	did	not	change	the	results	of	a	24-h	
home	test,	but	a	low	luid	intake	reduced	a	positive	
test	by	56%	[42].	Ryhammer	et	al.	showed	that	24-h	
test is superior to subjective self-reported assess-
ment	of	urinary	incontinence	[43].

b) Reproducibility

Lose et al showed poor correlation in a test-retest 
study with a variation of more than 100% [21] although 
Groutz	et	al.	using	Lin’s	concordance	correlation	coef-
icient	(CCC),	found	the	24-h	test	to	be	very	reliable	
instrument	 [44].	 Increasing	 test	duration	 to	48	and	
72 hours slightly improved reliability but decreased 
patient	compliance.	(Table 5 )

The values for the pad test increase in asymptom-
atic	men	and	women	were	reported	by	Karantanis	
et	al	with	the	median	value	0.3g	(IQR	0.2	–	0.6;	95th	
centile	1.3g).	It	 is	surprising	that	the	loss	is	so	low	
and	the	same	for	men	and	women	[45].

c) Diagnosis

Matharu et al found women with urodynamic stress 
incontinence leaked more than women with detru-
sor overactivity but the amounts were not diagnostic 
for	 the	 individual	 abnormalities	 [33].	Pad	 test	 loss	
is unaffected by the degree of hypermobility how-
ever there is increased loss associated with urethral 
sphincter incompetence diagnosed by a vesical 
leak	point	pressure	less	than	60	cmH2O	[46].

d) Validity

Karantanis	 et	 al	 found	 the	 24-hour	 pad	 test	 was	
poorly correlated in women with urodynamic stress 
incontinence with incontinence episodes on a 3 day 
urinary	diary	(Kendall’s	corr	coeff	b	=	0.4)	and	the	
ICIQ-SF	 (r	 =	 0.4)	 [47].	 Singh	 et	 al.	 reported	 that	
fewer (52%) women after surgery were willing to 
complete	a	24	hour	pad	test	at	follow	up	[48].	

3. 48-HOUR PAD TEST

a) Quantiication

Jakobseny	 et	 al.	 showed	 that	 48-hour	 pad	 test	 re-
lects	everyday	incontinence	in	81%	of	patients	[17].	
No	statistical	analysis	data	were	given.	Ekelund	et	al.,	
found patients own weighing correlate well to control 
weighing	at	the	clinic	in	48-h	pad	test	(r=0.99)	[49].

Nygaard and Zmolek in 14 continent women showed 
a mean pad weight, attributed to sweat for all exer-

IV. HOME BASED PAD TESTING
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cise	sessions	of	3.19	+	3.16	g	(the	Kendall	coeficient	
of concordance	of	the	test-retest	reliability	was	0.96)	
but there was a lot of variation between patients 
[53] (Table 6 ).	Pyridium	staining	was	not	helpful	 in	
increasing	 speciicity.	 Similar	 results	 with	 Pyridium	
were	 reported	 by	Wall	 et	 al.	 in	 a	 1-hour	 ward	 test	
[14].	In	his	study	(n=18)	the	Pyridium	test	was	100%	
positive in patients with SUI but had false positive 
results	in	normal	women	(52%).

Mean pad weight loss due to evaporation or leakage 
(was	calculated	to	be	1.003	g,	and	ranged	from	-6.5	
to	 +3.85	 g	 (SD	1.85	 g)	 [9].	 Lose	 et	 al.	 showed	 no	
evidence of evaporation over 7 days if the pad was 
stored	in	a	plastic	bag	[21].	Versi	et	al.	showed	pads	
wetted with saline showed no difference in weight 
after 1 week and less than 10% weight loss after 8 
weeks	[51].	Twelve	pads	were	weighed	by	the	patient	
and	a	healthcare	worker	with	a	coeficient	of	variance	
=1.55%	with	a	mean	deviation	of	49%.

4. COMMENTS

Pad tests can either be used as a qualitative diag-
nostic tool to diagnose urinary incontinence and as 
a	quantitative	 test	 to	 grade	 its	 severity.	Pad	 test	 is	
unable to distinguish among different types of in-
continence such as stress, urgency or mixed urinary 
incontinence.	 The	 ICS	 deinition	 of	 urinary	 incon-
tinence (the complaint of any involuntary leakage 
of urine) does not describe how the diagnosis is 
made but clearly refers to a patient’s complaint that 
excludes urodynamics and rather points at the pa-
tient	perception	of	 the	condition.	Following	 this	 line	
of thought, research in this area has moved away 
from the evaluation of diagnostic accuracy of pad 
test versus a urodynamic diagnosis of UI and en-
tered	 the	 more	 interesting	 ield	 of	 the	 relationship	
between	 the	patient	perception	of	UI	and	pad	 test.	
Franco	 and	 co-workers	 in	 London,	 UK	 tested	 the	
correlation between different questionnaires for UI 

Table 6. Pad-weight gain (g) in normal women

Author Time No Mean (g) Range (g) SD SEM Note 

Hahn & Fall 1991 (52) 20 min 10 0.0     

Nygaard & Zmolek, 1995 (53)
 

39.5 
min 

14
 

3.19
 

0.1-12.4
 

3.16
  

Exercise
 

Versi & Cardozo 1986 (54) 1h 90 0.39 0-1.15  0.04  

Sutherst et al. 1981 (55) 1h 50 0.26 0-2.1 0.36   

Walsh & Mills, 1981 (9) 2h 6 1.2 0.1-4.0 1.35  Daily 
activity 

Lose et al. 1989 (21) 24h 46 4.0 0-10    

Jorgensen et al. 1987 (16) 24h 23 4.0 0-10    

Mouritsen et al. 1989 (22) 24h 25 2.6 0-7    

Karantanis et al. 2003 (45) 24h 120 0.3 0-1.3    

Versi et al. 1996 (51) 48h 15 7.13  4.32   

Table 5. test-retest correlation

Author Test Correlation coeficient Symptoms 

Klarskov & Hald 1984 (24) 1-h 0.96 SUI&UUI 

Lose et al 1986 (12) 1-h 0.68 SUI & MIX 

Fantl et al. 1987 (27) 1-h (vol) 0.97 SUI 

Fantl et al. 1987 (27) 1-h (vol) 0.84 SUI & UUI 

Lose et al. 1988 (28) 45-m (vol) 0.97 SUI & MIX 

Victor et al. 1987 (50) 24-h 0.66 SUI 

Lose et al. 1989 (21) 24-h 0.82 LUTS 

Mouritsen et al. 1989 (22) 24-h 0.87 MIX 

Versi et al. (1996) (51) 24-h 0.9 LUTS 

Groutz et al. (2000) (44) 24-h 0.89 LUTS 

Victor et al. 1987 (50) 48-h 0.9 SUI 

Versi et al. (1996) (51) 48-h 0.94 LUTS 

Groutz et al. (2000) (44) 48-h 0.95 LUTS 
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and 1-hour pad test showing that only the ICIQ-SF 
reached	 statistical	 signiicance	 with	 a	 Kendall’s	 tb	
of	0.177	and	a	P	value	of	0.037	while	no	signiicant	
correlation was found for a 0 to 10 VAS score, a pa-
tient-based 3-point symptom severity scale, Stamey 
grade, Urogenital Distress Inventory and the Inconti-
nence	Impact	Questionnaire	(IIQ-7)	[56].	In	another	
study from Wijma and co-workers, the diagnostic ac-
curacy of pad test for self-reported symptoms of UI 
was evaluated during pregnancy and after childbirth 
and the authors conclude that the diagnostic value 
of pad testing has no clinical relevance in this setting 
[57].	A	similar	analysis,	performed	in	a	male	popula-
tion undergoing sling surgery for post-radical prosta-
tectomy incontinence suggested a good correlation 
between ICIQ-SF and the Patient Global Perception 
of	Improvement	(PGPI)	with	a	24-hour	pad	test	[58].	

Studies from the Urinary Incontinence Treatment 
Network in US investigated the relation between dif-
ferent measures of incontinence severity and showed 
how pad weight from a 24-hour test had a good cor-
relation with the incontinence episode frequency 
derived from a 3-day bladder diary (Spearman cor-
relation	 coeficient	 0.61	 but	 a	 much	 lower	 degree	
of correlation was found with questionnaires such 
as the Medical, Epidemiological, and Social Aspect 
of	Aging	 (r=0.33),	 the	Urogenital	Distress	 Inventory	
(r=0.17)	and	the	Incontinence	Impact	Questionnaire	
(r=0.34)	[59].	In	the	same	study,	the	use	of	pad	test-
ing as a prognostic parameter for treatment outcome 
was investigated but 24-hour pad testing showed no 
prognostic value for treatment failure in a study of 
Burch colposuspension versus autologous rectus 
fascia	sling	 [60].	An	 interesting	 result	was	obtained	
in a predominantely female population of patients 
receiving neuromodulation for refractory urgency in-
continence in which a 24-hour pad test performed af-
ter the initial test stimulation was able to predict long 
term	 satisfaction	 in	 this	 dificult	 patient	 population	
[61].	In	this,	as	in	other	studies,	the	number	of	pads	
used per day proved to be an unreliable measure of 
urinary	incontinence	[62].

A couple of important methodological issues have 
been	raised	concerning	the	use	of	pad	testing.	Khan	
& Chien eloquently pointed out that test-retest com-
parison should include methods of blinding and use 
of an appropriate index of degree of agreement which 
is	the	intra-class	correlation	coeficient.	In	most	of	the	
literature	 this	was	not	 implemented	 [63].	Kromann-
Andersen	et	al.	argued	that	with	considerable	inter-	
and intra-individual variation of urine loss, the corre-
lation of test/retest results may be overestimated and 
suggested different trials for small, modest and large 
leakage	 in	 large	numbers	of	patients	 [64].	This	 trial	
has	not	been	carried	out.

A recent Health Technology Assessment of pad 
testing concluded that although high sensitivity and 
speciicity	 for	 the	 diagnosis	 of	 UI	 was	 reported	 in 
some	studies,	it	was	dificult	to	draw	any	conclusions	

about the diagnostic accuracy for SUI because of 
the	differences	existing	in	pad	test	methodology.	The	
number of studies comparing the same pad tests 
with	adequate	reporting	is	insuficient	and	no	formal	
pooling	of	published	data	could	be	performed	[65].

5. ROLE OF THE INVESTIGATION

The test has been standardised by ICS in 1988 for 
quantiication	of	 urine	 loss	and	suggested	uses	 for	
assessment and comparison of treatment results 
for different types of urinary incontinence in different 
centres.	Also,	 the	AUA	 report	on	Surgical	Manage-
ment of Female Stress Urinary Incontinence includes 
a pad test (pretreatment evaluation) as a standard 
of	 eficiency	 for	 clinical	 trials	 [66].	The	Urodynamic	
Society	included	a	pad	test	in	a	Standards	of	Eficacy	
for Evaluation of Treatment Outcomes in Urinary In-
continence	[67].	No	suggestion	was	made	in	the	last	
two	reports	of	which	test	to	use.

o  The 1-hour pad test is not very accurate unless a 
ixed	bladder	volume	is	applied.

o  Set exercises during the test improve test-retest 
reliability.

o  The sequence of exercises has little effect on 
test	results.

o		A	pad	weight	gain	>1	g	suggests	a	positive	1h	test.	

o  A 24 hour test correlates well with symptoms of 
incontinence.

o  A 24-hour test has good reproducibility but poorer 
compliance.

o	A	pad	weight	gain	>1.3g	=	positive	24	h	test.

o		A	test	lasting	longer	than	24	h	has	little	advantage.

o  A pad test cannot distinguish between urodynamic 
stress	incontinence	and	detrusor	overactivity.

o  The pad test is an optional investigative tool in the 
routine evaluation of urinary incontinence (Level 
of Evidence 3, Grade of Recommendation C )

o  Pad test is a useful outcome measure in clinical 
trials	and	research	studies.	(Level of Evidence 3, 
Grade of Recommendation C )

The	following	standards	are	suggested:

o		20	min	-	1	h	ward/ofice	test	with	ixed	bladder	vol-
ume	(pad	weight	gain	≥	1g	=	positive	test)	(Level 
of Evidence 3, Grade of Recommendation C )

o  24 h home pad test during daily activity (pad 
weight	gain	≥	1.3g/24h	=	positive	test)	(Level of 
Evidence 3, Grade of Recommendation C )

V. CONCLUSIONS

VI. CONSENSUS STATEMENTS
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o		Proper	validation	analysis	using	the	coeficient	of	
variability 

o  Evaluation of the ability to detect all the spectrum 
of urinary incontinence (from mild to severe)

o  Sensitivity to change in time of incontinence sta-
tus for 24 hour pad tests

o  Validity of pad tests with other measures of in-
continence such as urinary diaries and symptom 
questionnaires.

Neurophysiological investigations of muscles 
and nerves in the perineum and pelvis originated 
over 60 years ago, and have evolved with de-
velopments	 in	 general	 clinical	 neurophysiology.	
The data from these investigations can assist 
clinicians in diagnosing neurological disease or 
injury,	and	are	applicable	in	research.	Compared	
to neurophysiological testing of the limbs and 
trunk, pelvic neurophysiological testing is rela-
tively limited because of the restrictions imposed 
by	pelvic	neuroanatomy.

This text details the investigations, their applica-
tions and limitations, enabling investigator and clini-
cians to make a well informed decision regarding 
the	use	of	these	tests.

The present text is based on the previous chapter 
on clinical neurophysiology prepared for the Inter-
national Consultations on Incontinence [1], which 
has been updated by a literature search in Medline 
using key words incontinence, clinical neurophysi-
ology,	electromyography,	relex,	evoked	potentials.

1.  CLASSIFICATION OF CLINICAL NEURO -
PHYSIOLOGICAL TESTS

Although different types of tests may be included 
under the term “neurophysiological”, it is particu-
larly the electrophysiological tests that shall be dis-
cussed	in	the	present	text.

Electrophysiological tests are an extension of the 
clinical examination, and a functional anatomical 
approach	 to	 classiication	makes	most	 sense.	 For	
the purpose of this categorisation, the nervous sys-

tem is divided into the somatic and the autonomic 
nervous	 systems.	 The	 somatic	 nervous	 system	
provides motor innervation to the skeletal muscles 
and joints, and sensory innervation from skin and 
muscle	 spindles.	 The	 autonomic	 nervous	 system	
provides motor innervation to the viscera and other 
end-organs	not	under	voluntary	control	(e.g.,	sweat	
glands).	Its	sensory	ibres	are	referred	to	as	viscer-
al	 afferents.	 Both	 systems	 have	 central	 pathways	
(neurons participating in spinal cord and supraspi-
nal control) and peripheral nerves (those going to 
and	from	end-organs).

Thus,	electrophysiological	tests	can	be	divided	into:	
a) somatic motor system tests (EMG, terminal mo-
tor latency measurements/ motor nerve conduction 
studies, and motor evoked potentials (MEP)); b) 
somatosensory system tests (sensory neurography, 
somatosensory	evoked	potentials	(SEP));	c)	relex-
es; and d) the autonomic nervous system tests (for 
sympathetic	or	parasympathetic	ibres).

Electrophysiological tests may also be categorised 
“technically” into those which “just” record some bio-
electrical	 activity	 (for	 instance:	electromyography),	
and those which record some biological response to 
stimulation (these may be subsumed under the term 
“conduction	tests”).

2.  BIOLOGICAL CORRELATES OF ELECTRO -
PHYSIOLOGICAL TESTS

a)  Conduction Tests: Nerve Conduction, Evoked 
Potential and Relex Studies 

The electrophysiological responses obtained on 
stimulation are compound action potentials and re-
late to populations of biological units (neurons, ax-
ons,	motor	units,	muscle	ibres,	etc.).	Latency	and	
amplitude are commonly measured parameters of 
responses	during	neurophysiological	 testing.	 If	 the	
onset of the potential is measured, the latency of 
a compound potential represents the fastest con-
duction	 through	 a	 particular	 neural	 channel.	As	 a	
general rule, latency measurements are not mark-
edly affected by technical factors, but provide little 
information	about	 the	 loss	of	biological	units	 (e.g.,	
motor	neurons	or	axons).	The	amplitude	of	the	com-
pound potential correlates with the number of acti-
vated	biological	units.	In	theory,	the	amplitudes	are	
the more relevant physiological parameter, as they 
relect	the	functional	or	structural	 loss	of	biological	
units.	Unfortunately,	amplitudes	are	also	strongly	in-
luenced	by	many	poorly	controllable	technical	fac-
tors.	Measurements	of	latencies	and	amplitudes	of	
evoked	 potentials	 and	 relex	 responses,	 including	
sympathetic skin responses, relate not only to con-
duction in peripheral and central neural pathways, 
but	also	to	trans-synaptic	transmission.	

b) Electromyography (EMG)

Knowledge	 of	 the	 structure	 and	 function	 of	
the motor unit (Figure E 1 ) is fundamental to 

VII. FUTURE RESEARCH AREAS

VIII. REFERENCES (SEE AT THE END 
OF THE CHAPTER)

E. NEUROPHYSIOLOGY 

I. INTRODUCTION
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understanding	 the	 application	 of	 EMG.	 Motor	
neurons, which innervate striated muscle, lie in 
the anterior horn of the spinal cord and are called 
“lower	 motor	 neurons”.	 (Neurons	 that	 innervate	
the sphincters lie in Onuf’s nucleus in the sacral 
spinal cord; they are somewhat smaller than those 
innervating	 skeletal	 limb	 and	 trunk	 muscles).	
Within the muscle, the motor axon branches to in-
nervate a certain number of muscle fibres, which 
are	 scattered	 throughout	 the	muscle.	All	muscle	
fibres innervated by one lower motor neuron are 
activated simultaneously; all these constituents 
together	are	 called	 “motor	 unit”.	The	 innervation	
of muscle fibres is such that it is unlikely that mus-
cle fibres that are part of the same motor unit will 
be	adjacent	to	one	another.

It is difficult to estimate the number of muscle 
fibres	 innervated	 by	 a	 single	 axon	 (i.e.,	 the	 “in-
nervation ratio”) or the number of motor units 
supplying a muscle, by clinically available neuro-
physiological	techniques.

3.  GENERAL METHODOLOGICAL CONSID -
ERATIONS 

To date, there are no universally accepted stan-
dards for conducting individual uro-genital-anal 
neurophysiological tests, but the variations of test-
ing	in	different	laboratories	are	minor.	

There are technical standards on equipment safety; 
standardisation of concentric needle EMG and pe-
nilo/clitoro-cavernosal	testing	has	been	proposed.

a) Equipment 

Clinical neurophysiological tests are conducted with 
complex electronic instruments and various devices 
that	 come	 into	 contact	 with	 the	 patient.	 Alhough	
this equipment is mostly standard, some specially 
constructed electrodes or stimulating devices have 
been devised to conform to uro-genito-anal anato-

my.	As	long	as	the	standards	of	electrical	safety	are	
adhered	to,	the	risk	to	patients	is	negligible.

The common form of neurophysiological testing 
is	 electrophysiological.	Surface	electrodes,	which	
are applied to skin or mucosal surfaces, or needle 
electrodes are used for electrical stimulation and 
to	record	bioelectrical	activity.	The	important	neu-
rophysiological difference between surface and 
needle electrodes is their selectivity, and the prac-
tical	 difference	 is	 their	 invasiveness.	 The	 choice	
and application of electrodes is guided by the need 
for	 selective	 recording	 or	 stimulation.	 Less	 com-
monly, special devices are used for magnetic and 
mechanical	stimulation.

Stimulation	 Parameters.	 The	 electrical	 stimu-
lus should be specified and characterised both 
in	 technical	 (e.g.,	 rectangular	 pulse,	 0.2	ms,	 15	
mA)	 and	 physiological	 terms	 (e.g.,	 3-times	 sen-
sory	threshold).	A	stimulus	with	defined	technical	
parameters may have variable biological effects 
because of the variable influences of electrode 
condition,	contact,	tissue	conductivity	etc.	Supra-
maximal stimulation is preferred to elicit a com-
pound muscle action potential (CMAP) or sensory 
nerve	action	potential.	Supramaximal	stimuli	yield	
responses with the largest amplitude and short-
est latency, and are the least variable and most 
reproducible.	The	sites	at	which	stimulation	elec-
trodes are applied should be described using 
anatomical	terms.

b) Recording

1. APPARATUS SETTINGS

For recording, the apparatus settings (gain, sweep 
speed) have to be adapted to the known range of 
amplitudes, latencies, and duration of the response 
and it has to be appropriately displayed for analy-
sis.	Particularly important is the frequency setting 

Figure E 1: Schematic representation of a motor unit. The alpha motor neuron with its cell body, its myelin -
ated axon and the peripheral nerve endings is shown. The muscle ibres innervated by this alpha motor 
neuron are shown in white. (Note that the muscle ibres from one motor unit are intermingled with motor 
ibres from other motor units). 
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of	 filters:	 for	 surface	 electrode	 recordings	 it	 is	
typically	 2	 Hz	 –	 1	 kHz;	 for	 concentric	 needle	
EMG	recordings,	it	is	5	Hz	–	10	kHz.	

Placement of electrodes on the scalp for evoked po-
tential	recordings	is	deined	according	to	the	10-20	
International	EEG	System.

2. REPRODUCIBILITY AND RELIABILITY

Any potential elicited by stimulation should be 
reproducible; therefore, as a rule, at least two 
consecutive recording procedures need to be per-
formed.	To	improve	the	signal-to-noise	ratio	some	
small	amplitude	responses	need	to	be	averaged.	
Therefore, many repetitions of stimulation/record-
ing	 need	 to	 be	 done	 (typically	 100-200).	 Even	
such an averaged recording needs to be repeat-
ed	 at	 least	 twice.	 CMAPs	 (i.e.,	 M-waves),	 MEP,	
sacral reflexes and sympathetic skin responses 
(SSR)	are	recognisable	after	single	stimuli.	How-
ever, as a rule, several responses are recorded 
to	 demonstrate	 reproducibility.	 In	 contrast,	 other	
responses	 (e.g.,	 SSR)	 show	 marked	 fatigability	
with	stimulus	repetition.

3. WAVEFORM ANALYSIS 

For a particular stimulation procedure, the shape, 
latency, and amplitude of the recorded poten-
tials	 are	 analysed.	 Morphologically,	 a	 particular	
response (or part of it) needs to be recognised 
as	 present	 or	 absent.	 The	 shape	 of	 potentials	
is important to accurately determine the latency 
and	amplitude	of	 the	response.	The	onset	of	 the	
response (for M-waves, MEP and sacral reflex 
testing) or the individual peaks of the potentials 
(for	SEP)	are	used	to	determine	the	latency.	The	
amplitudes are analysed relative to the baseline 
or	“peak	to	peak”.

1. SOMATIC MOTOR SYSTEM TESTS

a) Electromyography (EMG)

The term “EMG” is often used for several different 
procedures, the common denominator of which is 
the	 recording	 of	 bioelectrical	 activity	 from	muscle.	
The term applies particularly to recordings from stri-
ated	muscles.

EMG is used a) “just” to record muscle activity (as 
for instance in combined sphincter EMG and pres-
sure-low	 study)	 and	 b)	 to	 differentiate	 between	
normal, denervated, reinnervated, and myopathic 
muscle.	For	a)	see	below	–	“Kinesiological	EMG”.

Although EMG abnormalities are detected as a 
result of a host of different lesions and diseases, 
there are in principle only two standard manifesta-
tions	 which	 can	 occur:	 a)	 disease	 of	 the	 muscle	

ibres	 themselves	 (“myogenic”	 changes),	 and	 b)	
changes in their innervation (“neuropathic” chang-
es).	 Myogenic	 changes	 may	 result	 from	 muscle	
disease,	 probably	 also	 from	 direct	 trauma	 (e.g.,	
the	 anal	 sphincter	 tear	 during	 vaginal	 delivery).	
Neurogenic changes may be attributable to injury 
at any level along the lower motor neuron supply-
ing the external anal sphincter, extending from 
the motor neuron body, sacral nerve roots to the 
small	branches	within	the	external	sphincter.	In	the	
pelvic	loor	muscles,	only	neurogenic	changes	are	
well	recognised	and	routinely	evaluated.	

The EMG signal may be further used to indicate 
that muscle has been activated through its motor 
nerve, either by stimulation applied to motor path-
ways (M-wave, MEP) or to sensory pathways (re-
lex	response).

1.  GENERAL TECHNIQUE FOR NEEDLE EMG IN PELVIC 
FLOOR STRIATED MUSCLES

All tests requiring needle electrodes are invasive 
and some pain is inevitable, even with the use of lo-
cal	anaesthetics.	Local	anaesthesia	 is	 infrequently	
used	 for	 needle	 EMG	 examination.	 Intramuscular	
electrodes need to be appropriately placed in the 
target	muscle.

The	pelvic	loor	and	perineal	muscles	can	be	exam-
ined, including the levator ani, the bulbocavernosus 
muscle and the striated anal and urethral sphincter 
muscle.	 Proper	 placement	 of	 needle	 examination	
requires	some	practice.	As	a	rule,	several	sites	from	
one or more skin penetrations are sampled, which 
is	dificult	in	small	muscles.

The audio output from the loudspeaker of the EMG 
apparatus helps in assessment of the quality of 
recording as well as in recognition of electrophysi-
ological	phenomena.

2. CONCENTRIC NEEDLE EMG (CNEMG)

The examination is conducted with a single use, 
disposable	 electrode.	 The	 commonly	 used	 ampli-
ier	 ilter	 settings	 for	CNEMG	are	 5	Hz	 –	 10	 kHz,	
and	need	 to	be	deined	 if	MUP	parameters	are	 to	
be	measured,	as	are	ilter	settings	employed	during	
data	acquisition.	

The concentric needle electrode consists of a 
central insulated platinum wire inserted through 
a steel cannula and the tip ground to give an el-
liptical area which can record spike or near activ-
ity	from	about	20	muscle	fibres	[2].	The	number	
of motor units recorded therefore depends both 
upon the local arrangement of motor units within 
the muscle fascicle and the level of contraction 
of	the	muscle.	

CNEMG can provide information on a) insertion ac-
tivity, b) abnormal spontaneous activity (Figure E 
2),	c)	MUPs,	and	d)	interference	pattern	(IP).

II. CLINICAL NEUROPHYSIOLOGICAL 
TESTS
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In normal muscle, needle movement elicits a short 
burst of “insertion activity,” which is due to mechani-
cal	stimulation	of	excitable	muscle	cell	membranes.	
This is recorded at a gain setting of 50 µV per divi-
sion (sweep speed 5 – 10 ms/division), which is also 
used	to	record	spontaneous	activity.	Absence	of	in-
sertion activity with an appropriately placed needle 
electrode usually means a complete denervation 
atrophy	of	the	examined	muscle.	

The amount of recruitable motor units during vol-
untary	and	relex	activation	can	also	be	estimated.	
Normally, MUPs should intermingle to produce an 
“interference” pattern on the oscilloscope during 
muscle	contraction,	and	during	a	strong	cough.	 In	
addition, the number of continuously active MUPs 
during relaxation [3], MUP variability as well as 
MUP	recruitment	on	relex	and	voluntary	activation	
can	be	observed	[4].

MUPs (and occasionally encountered end-plate 
activity) are recordable in normal resting sphinc-
ter	 muscles	 in	 a	 relaxed	 subject.	 This	 is	 in	 con-
trast to limb muscles where relaxation is associ-
ated	 with	 “electrical	 silence”	 by	 EMG.	 In	 addition	
to	 continuously	 iring	 motor	 units,	 new	MUPs	 are	
recruited	 voluntarily	 and	 relexly	 in	 the	 sphincters.	
It has been shown that the two MUP populations 
differ	 in	 their	 characteristics:	 relexly	 or	 voluntarily	
activated “high-threshold MUPs” being larger than 
continuously	 active	 “low-threshold	 MUPs”.	 As	 a	
consequence, standardised level of activity at which 
a template based multi-MUP analysis obtains 3-5 
MUPs	on	a	 single	muscle	 site	was	suggested	 [5].	
In partially denervated sphincter muscle there is 
–	by	deinition	–	a	 loss	of	motor	units	 (MUs).	This	
can be estimated during relaxation by counting the 

number	of	continuously	iring	 low-threshold	MUPs.	
In patients with cauda equina or conus medullaris 
lesions,	fewer	MUPs	ire	continuously	during	relax-
ation	 [6],	 probably	 due	 to	 partial	 axonal	 loss.	The	
main	 obstacle	 to	 qualiied	 assessment	 of	 reduced	
number of activated MUs and activation of MUs at 
increased	iring	rates	(as	occurs	in	limb	muscles)	is	
a lack of concomitant measurement of level of con-
traction of the examined muscle (this can be readily 
assessed	when	studying	limb	muscles).

There are two approaches to analysing the bioelec-
trical	activity	of	motor	units:	either	analysis	of	 indi-
vidual motor unit potentials (MUPs), or analysis of 
the	 overall	 activity	 of	 intermingled	MUPs.	 (This	 is	
the	so	called	 “interference	pattern”	–	 IP.	Exploring	
different sites of the activated muscle with a needle 
electrode provides “samples” of intermingled motor 
unit	potentials	(IP	epochs),	which	can	be	analysed).	

Generally three different techniques of MUP analy-
sis (manual-MUP, single-MUP and multi-MUP) and 
1 technique of IP analysis (turn/amplitude – T/A) are 
available	on	advanced	EMG	systems	[6].

It is easy to grasp the “motor unit potential analysis”, 
as it is simply a measurement (by different methods) 
of	 the	 “parameters”	 of	 single	 individual	 MUPs	 (ie.	
its	 amplitude,	 duration,	 number	 of	 phases…).	 The	
changes in MUP parameters furthermore are “direct” 
results of understandable physiological changes, 
and	are	thus	“meaningful”	to	the	interpreter.

The changes in IP parameters are, however, less 
readily	 grasped.	These	 are:	 numbers	 of	 turns	 per	
second (any peak or trough of the signal where the 
activity	changes	by	more	than	100	μV);	amplitude/

Figure E 2: Concentric needle EMG recording from right bulbocavernosus muscle of a 49-years old male 
with urinary incontinence diagnosed as possible Multiple system atrophy. Pathological spontaneous ac -
tivity (a burst of positive sharp waves) is shown.
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turn (change in volts between two turns); number 
of short segments (parts of signal that has “sharp” 
activity) percent activity (percent of epoch with 
sharp activity); envelope (peak to trough amplitude 
exceeded	by	1%	of	peaks/troughs).	These	param-
eters relate both to MUP parameters and to the ac-
tivation	level	of	the	muscle.	Recorded	data	are	log	
transformed	and	linear	regression	lines	are	created.	
Amplitude/turn, and number of turns/second data 
from normal subjects can be used to create upper 
and	 lower	 boundaries	 (95	%	 conidence	 intervals)	
for	assembly	of	future	data	from	individual	patients.	
Individual data create a scatter plot (“cloud”) that 
compares	to	the	normative	boundaries.	( Figure E 
3).	It	has	been	asserted	that	this	approach	does	not	
require a standardised muscle contraction, but the 

shape of the “cloud” is dependent on the strength 
of	muscle	 contraction.	Therefore	 it	 has	 been	 sug-
gested to standardise the method by measuring 
pressure	exerted	by	the	contracting	sphincter	[7].

Both the template based multi-MUP analysis of MUP 
and T/A analysis of IP are fast (5-10 and 2-3 min-
utes per muscle, respectively), easy to apply, and, 
technically,	represent	clinically	useful	techniques.	

•  CNEMG Findings Due to Denervation and 
Reinnervation

After complete denervation, all motor unit activity 
ceases.	 In	 a	 denervated	 muscle,	 complete	 “elec-
trical	 silence”	 is	 noted	 in	 the	 irst	 days	 after	 such	
an	 event.	 The	 diagnosis	 of	 complete	 denervation	

Figure E 3: Comparison of normal (above) and pathological (below) motor unit potentials (MUPs) sampled 
by multi-MUP analysis from the right halves of the subcutaneous parts of the external anal sphincter (EAS) 
muscles. To the right logarithm (amplitude) vs. duration plots of the MUPs are shown; the inner rectangle 
presents normative range for mean values, and the outer rectangle for “outliers”. Below the MUP samples 
values are tabulated. Three plots on the bottom were obtained by turn/amplitude analysis in the cauda 
equina patient. Delineated areas (“clouds”) present the normative range, and dots individual IP samples. 
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is	 conirmed	 by	 the	 absence	 of	 muscle	 response	
during	electrical	stimulation.	Because	motor	axons	
take days to degenerate after injury, this proof is not 
available for up to 5-7 days after a denervation in-
jury.	However,	it	is	rarely	necessary	to	demonstrate	
complete denervation in the acute stage because 
the	clinical	condition	is	usually	obvious.	Denervated	
muscle	 ibres	 become	 hyperexcitable	 and	 start	 to	
ire	 spontaneously	 giving	 rise	 to	 abnormal	 spon-
taneous activity, but these may take up to three 
weeks	 to	appear.	The	 “insertion	activity”	 becomes	
prolonged	and	short	biphasic	spikes	(ibrillation	po-
tentials) and biphasic potentials with prominent pos-
itive	delections	(positive	sharp	waves)	appear	(Fig-
ure E 2 ).	Thus,	concentric	needle	EMG	(CNEMG)	
correlates of denervation are pathologically pro-
longed insertion activity and pathological spontane-
ous	activity.	Completely	denervated	muscle	may	be	
reinnervated by axonal regrowth from the proximal 
nerve	stump	with	few	muscle	ibres	constituting	“na-
scent”	motor	units.	These	are	short,	bi-	and	tripha-
sic, soon becoming polyphasic, serrated and with 
prolonged	duration.	In	partially	denervated	muscle,	
collateral	reinnervation	takes	place.	Surviving	motor	
axons will sprout and grow out to reinnervate those 
muscle	ibres	that	have	lost	their	nerve	supply.	This	
results in a change in the arrangement of muscle 
ibres	within	the	unit.	Whereas	in	healthy	muscle,	it	
is	unusual	for	two	adjacent	muscle	ibres	to	be	part	
of the same motor unit, following reinnervation, sev-
eral	muscle	ibres	belonging	to	the	same	motor	unit	
come	to	be	adjacent	 to	one	another.	CNEMG	cor-
relates are changes in MUPs (duration, amplitude, 
number	of	phases,	turns,	etc).

Early in the process of reinnervation, the newly out-
grown	motor	sprouts	are	thin.	Therefore,	they	con-
duct slowly such that the time taken for excitatory 
impulses to spread through the axonal tree is ab-
normally	 prolonged.	Moreover,	 the	 neuromuscular	
transmission is unstable due to immaturity of the 
motor	end-plates.	The	CNEMG	correlate	is	instabil-
ity	of	long-duration	complex	potentials.

In partially denervated muscle, some MUPs remain 
and mingle eventually with abnormal spontaneous 
activity.	Changes	due	to	collateral	reinnervation	are	
relected	 by:	 prolongation	 of	 the	 waveform	 of	 the	
MUP (Figure E 3 ) which may have small, late com-
ponents	 (“satellite	potentials”).	MUPs	show	 “insta-
bility” due to insecure transmission in newly formed 
axon	 sprouts	 and	 end-plates.	 This	 “instability	 of	
potentials” (meaning both “jitter” and “blocking” of 
individual components in a complex potential) is not 
routinely	assessed	during	sphincter	EMG.	Nonethe-
less, it can be a helpful parameter, and may be eval-
uated not only by SFEMG, as originally described 
(8), but also by CNEMG, if a low frequency cut-off 
ilter	of	0.5	(up	to	2)	kHz	is	used	along	with	a	trigger	
–	delay	unit.	In	skeletal	muscle,	the	diameter	of	re-
innervating axonal sprouts and conduction velocity 
increase with time, thereby improving synchrony of 

activation	in	the	reinnervated	motor	unit.	Thus	MUP	
amplitude increases while MUP duration reverts 
towards	 normal.	 However,	 in	 degenerative	 neuro-
logical diseases (such as multiple system atrophy), 
long duration motor units are a prominent feature 
of	anal	sphincter	reinnervation	[9].	It	is	important	to	
note that in patients with more severe neurogenic 
lesions,	reinnervation	may	be	ineficient	resulting	in	
MUP	with	 parameters	 below	 conidence	 limits	 de-
scribing	size	(area,	duration)	[10].

The changes in MUP parameters (along with 
changed number of MUPs and changes in activa-
tion frequency of MUPs) will be reflected also in 
IP	parameters.

Abnormalities of parameters evaluated by needle 
EMG	are	in	principle	non-speciic,	 i.e.	most	abnor-
malities can occur both in neuropathic or myopathic 
conditions.	 It	 is	 the	overall	clinical	picture	 that	dic-
tates	interpretation	of	results.	It	has	been	suggested	
that the combination of MUP thickness and number 
of turns might be even more accurate [11] than pre-
viously suggested combination of MUP area, dura-
tion,	and	number	of	turns	[12].

• CNEMG of the External Anal Sphincter

The external anal sphincter (EAS) is the most 
practical indicator muscle for sacral myotomes be-
cause it is easy to access, has enough muscle bulk 
for exact EMG analysis, and its examination is not 
too	uncomfortable.	

The needle electrode is inserted into the subcutane-
ous	EAS	muscle	about	1	cm	from	the	anal	oriice,	to	
a depth of a 3-6 mm under the non-keratinised epi-
thelium.	For	the	deeper	part	of	the	EAS	muscle	1-3	
cm	deep	insertions	are	made	at	the	anal	oriice,	at	
an	angle	of	about	30°	to	the	anal	canal	axis	[13].	In	
most patients only examination of the subcutaneous 
EAS	muscle	is	necessary.	Separate	examinations	of	
the	 left	and	right	EAS	muscles	are	recommended.	
The needle is inserted into the middle of the ante-
rior and posterior halves of each side (“quadrants”) 
of	the	EAS	muscle.	After	 insertion	 in	two	positions	
on each side the electrode is turned backwards and 
forwards	in	a	systematic	manner.	At	least	4	sites	in	
each of the subcutaneous and/or the deeper EAS 
muscle	are	thus	analysed	[13,	14].

Use of quantitative MUP and IP analyses of the EAS 
is further facilitated by the availability of normative 
values [15] that can be introduced into the EMG sys-
tems’	 software.	 It	 has	 been	 shown	 that	 normative	
data	are	not	signiicantly	affected	by	age,	gender	[15],	
number of uncomplicated vaginal deliveries [16], mild 
chronic constipation [17] and the part of EAS muscle 
(i.e.	subcutaneous	or	deeper)	examined	[16].

Intramuscular electrode insertion into other perineal 
muscles	and	pelvic	loor	muscles	is	not	standardised	
and	is	described	in	textbooks	and	primary	literature.
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3. SINGLE FIBRE EMG (SFEMG)

The SFEMG electrode has similar external propor-
tions to a concentric needle electrode, but with a 
smaller	 recording	 surface.	 It	 will	 pick	 up	 activity	
from within a hemispherical muscle volume 300 
µm in diameter, much smaller than the volume of 
2-3 mm diameter from which a concentric needle 
electrode	records	[2].	Because	of	the	arrangement	
of	muscle	ibres	in	a	normal	motor	unit,	a	SFEMG	
needle	 will	 record	 only	 1-3	 single	 muscle	 ibres	
from	the	same	motor	unit.

The	 SFEMG	 parameter	 that	 relects	 motor	 unit	
morphology	is	ibre	density,	which	is	deined	as	the	
mean	number	of	muscle	ibres	belonging	 to	an	 in-
dividual	motor	unit	per	detection	site.	To	assemble	
these data, recordings from 20 different intramuscu-
lar	detection	sites	are	necessary	[8].

SFEMG recording needles are very expensive, and 
disposable	needles	are	not	available.

4. KINESIOLOGICAL  EMG 

Kinesiological	 EMG	 is	 used	 to	 assess	 patterns	 of	
individual	 muscle	 activity/inactivity	 during	 deined	
manoeuvres (Figure E 4 ), typically during urodynam-
ics.	As	such,	 the	speciic	 interpretation	of	electrical	
activity within a muscle is based on its presence or 
absence,	rather	than	the	type	of	activity.	Technical	is-
sues will be dealt here; the relevance for diagnostics 
will	be	discussed	in	the	Chapter	on	dynamic	testing.

Although either standard EMG equipment or EMG 
facilities contained within urodynamic systems can 
be used, the better visual and audio control pro-
vided by standard EMG equipment facilitate optimal 
electrode	 placement	 and	 improve	 recordings	 [18].	
When using surface electrodes there are problems 
related	to	validity	of	signal	(e.g.,	artefacts,	contami-
nation	from	other	muscles).	The	quality	of	the	EMG	
recorded from the external urethral sphincter (EUS) 
muscle is improved by a catheter-mounted surface 
electrode	device	that	applies	mild	suction	[19].	With	
intramuscular electrodes, the procedure is more in-

vasive, and there are questions as to whether the 
whole	muscle	in	large	pelvic	loor	muscles	is	prop-
erly	 represented	 by	 the	 sampled	muscle	 portions.	
Intramuscular	electrodes	should	ideally	be	ine	wire	
electrodes, as they do not dislodge, and no pain is 
induced	with	muscle	contraction.

The kinesiological sphincter EMG recordings in 
health	show	continuous	activity	of	MUPs	at	rest.	It	
can be recorded in many but not all detection sites 
of	 the	 levator	 ani	 muscle.	 The	 urethral	 and	 anal	
sphincter	 as	well	 as	 the	 other	 pelvic	 loor	muscu-
lature	 (e.g.	 pubococcigei)	 can	 be	 voluntarily	 acti-
vated	 typically	 for	 less	 than	 1	minute	 [20].	 Timely	
activation of the levator ani muscle has been dem-
onstrated to be an important aspect of stable blad-
der neck support; its activation precedes activity of 
other	muscles	in	the	cough	relex	[21].	A	consistent	
contraction	 sequence	 of	 the	 supericial	 and	 deep	
pelvic	loor	muscles	is	found	in	continent	but	not	in	
incontinent	women	[22].

Sphincter activity during voiding is characterised 
by the cessation of all EMG activity prior to detru-
sor	contraction.	Needle	electrodes	are	more	useful	
than perineal patch electrodes to demonstrate MU 
quiescence	during	voiding	 [23].	A	recent	study	us-
ing	perineal	surface	patch	electrodes	conirmed	that	
these	electrodes	are	inappropriate	[24].	

Pathological incoordination of the detrusor and 
sphincter	 is	called	detrusor	sphincter	dyssynergia.	
In selected patients with neurogenic detrusor over-
activity EMG of the EUS muscle can be also used to 
demonstrate	the	onset	of	detrusor	contractions	[20].

Apart from polygraph urodynamic recordings to 
assess detrusor-sphincter coordination, the di-
agnostic usefulness of kinesiologic EMG has not 
been	established.

• Surface Electromyography Using Noninvasive 
Electrode Arrays

Recently, surface EMG recording using noninvasive 
electrode	 arrays	 and	 multichannel	 EMG	 ampliiers	

Figure E 4: Kinesiological EMG recording from the urethral sphincter muscle of a healthy 53 years old conti -
nent female. Recruitment of motor units on relex manoeuvres and on a command to contract is shown; regu-
lar continuous activity of motor units represents “tonic activity”. (Recorded with concentric needle electrode).
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was	introduced	to	the	sphincter	and	pelvic	loor	mus-
cles	(eg,	 the	EAS	and	puborectalis).	Using	 this	ap-
proach, investigators can localise muscle innervation 
zones	and	asymmetry	in	muscle	innervation	[25]	and	
analyse discharge patterns of MUPs and propaga-
tion	velocities	along	the	muscle	ibres	[26].	Although	
observations in normal and pathological conditions 
have been published [27], the clinical value of these 
methods in diagnosing neurogenic sacral disorders 
has	not	yet	been	demonstrated.

5. CLINICAL  APPLICATION  OF EMG

• Neurogenic Conditions

Trauma, surgery, and neurological disease have all 
been	 implicated	 in	 denervation	 of	 pelvic	 loor	 and	
perineal	muscles	 and	 pelvic	 organs.	 In	 a	 series	 of	
194 consecutive patients referred for electrodiagnos-
tic evaluation, quantitative needle EMG of the EAS 
muscles supported a diagnosis of a cauda equina or 
conus medullaris lesion in 36 patients, a lesion of the 
EAS muscle in 6, a pudendal nerve lesion in 2, and 
a	sacral	plexus	lesion	in	1	patient.	Furthermore,	neu-
ropathic	 indings	 in	 the	 EAS	 were	 compatible	 with	
a diagnosis of multisystem atrophy in 11, and were 
most probably caused by severe polyneuropathy in 2 
patients.	In	another	11	patients,	the	aetiology	of	the	
pathological	indings	could	not	be	established	at	time	
of	electrodiagnostic	testing	[28].

Lesions of the cauda equina or conus medullaris 
commonly	 cause	 pelvic	 loor	 dysfunction.	 These	
have mainly been a consequence of neural com-
pression within the spinal canal caused by inter-
vertebral disc herniation, spinal fractures, epidural 
haematomas, and, intraspinal tumours; or a result 
of	 spinal	 surgery,	mainly	 on	 lumbar	 discs	 [29,	 30].	
Electrodiagnostic tests are also useful in the assess-
ment of neurogenic lesions in children with spinal 
dysraphism	 [31].	After	 detailed	 clinical	 examination	
of the lumbosacral segments (with particular empha-
sis on perianal sensation), neurophysiological testing 
assesses the severity of the lesion and may clarify 
the	diagnosis.	 In	 the	authors’	 series,	 10	percent	 of	
patients with cauda equina lesions reported normal 
perianal	sensation	 [32].	Electrodiagnostic	 tests	 that	
need to be considered are bilateral needle EMG of 
the EAS muscle and the bulbocavernosus muscle in 
subacute situations; and electrophysiologic evalu-
ation	of	 the	bulbocavernosus	 relex	 [33]	 (when	 this	
is	 absent	 or	 equivocal	 clinically)	 [34].	 Detection	 of	
spontaneous denervation activity by needle EMG 
is common from approximately 3 weeks to several 
months after injury, and the bulbocavernosus mus-
cle	is	particularly	helpful	in	this	respect.	Later,	MUP	
analysis becomes more important for demonstrating 
reinnervation.	The	bulbocavernosus	 relex	 is	useful	
for	assessing	the	integrity	of	the	sacral	relex	arc	in	
subjects with cauda equina or conus medullaris le-
sions	[34].	Most	of	these	lesions	cause	partial	dener-
vation; a traumatic lesion to the lumbosacral spine 
or pelvis is probably the only acquired condition in 

which complete denervation of the perineal muscles 
can	be	observed	[35,	36,	37].

Following a cauda equina or a conus medullaris le-
sion,	the	MUP	of	pelvic	loor	and	perineal	muscles	
are prolonged and polyphasic, of increased ampli-
tude,	 area,	 number	 of	 turns	 [6].	 Surgical	 dissec-
tions can also affect the innervation of the sphinc-
ter and lead to loss of motor units and reinnervation 
of	 those	surviving	 [38].	After	pelvic	 trauma,	gross	
changes of denervation and reinnervation may be 
detected	 in	pelvic	loor	muscles.	The	bulbocaver-
nosus muscle is particularly useful in suspected re-
cent minor partial denervation as it lacks on-going 
activity	of	 low-threshold	MU	during	 relaxation.	 (In	
women	the	muscle	is	thin).

Neuropathic changes can also be recorded in 
sphincter muscles of patients with multiple system 
atrophy	 (MSA)	 [39].	 MSA	 is	 a	 progressive	 neuro-
degenerative disease, which can be mistaken for 
Parkinson’s	disease	(PD).	Urinary	incontinence	and	
erectile dysfunction occur, often some years before 
the	 onset	 of	 obvious	 neurological	 features	 [40].	
Sphincter EMG has been used in distinguishing 
MSA	 from	 Parkinson’s	 disease.	 EMG	 is	 probably	
not helpful to distinguish MSA from the later stages 
of Parkinson’s disease and from progressive supra-
nuclear	 palsy.	 Sphincter	 EMG	 may	 not	 be	 sensi-
tive in the early phase of the disease [41, 42], and 
is	 not	 speciic	 after	 5	 years	 of	 parkinsonism	 [43].	
Among 30 patients with a pathological diagnosis 
of multisystem atrophy, 24 had abnormal, 5 had a 
borderline, and only 1 had a normal sphincter EMG 
[44].	Some	studies	have	 failed	 to	demonstrate	 the	
effectiveness of MUP analysis in sphincter muscles 
[45, 46], probably because of the exclusion of late 
components	from	MUP	duration	[9].	Extensive	dis-
cussion	on	the	subject	can	be	found	elsewhere	[47].	
The changes of chronic reinnervation may also be 
found in progressive supranuclear palsy [48, 49] 
and in Machado–Joseph disease [50] in which neu-
ronal loss in Onuf’s nucleus has also been demon-
strated	histologically	[51].

In patients with acute idiopathic autonomic neurop-
athy and lower urinary tract (LUT) dysfunction the 
EMG of external sphincter muscles was reported 
as	normal	[52].

• Changes in Primary Muscle Disease

In skeletal muscle, the “typical” features of a my-
opathy are small, low amplitude polyphasic units 
recruited	 on	 mild	 effort.	 There	 are	 few	 reports	 of	
pelvic	loor	muscle	EMG	 in	generalised	myopathy.	
In a nulliparous woman with limb-girdle muscular 
dystrophy, histology revealed involvement of pelvic 
loor	 muscles,	 but	 concentric	 needle	 EMG	 of	 the	
urethral	sphincter	was	normal	[53].	Myopathic	EMG	
changes were observed in the puborectalis and the 
EAS in patients with myotonic dystrophy [54] but not 
in	another	group	of	patients	with	myopathy	[55].
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• Stress Incontinence

Pelvic	loor	muscle	denervation	has	been	implicated	
in the pathophysiology of urodynamic stress inconti-
nence	(USI)	[56].	EMG	techniques	have	been	used	
to identify sphincter injury after childbirth and to 
evaluate	women	with	USI.	Stress	incontinence	and	
genitourinary prolapse were associated with partial 
denervation	 of	 the	 pelvic	 loor	 [57].	 The	 changes	
were most marked in women who were incontinent 
after delivery, who had a prolonged second stage 
of	labour,	and	had	given	birth	to	heavier	babies.	In	
a recent study, nearly all EMG parameters showed 
signiicant	 differences	 between	 continent	 and	 SUI	
women consistent with better motor unit recruitment 
in	continent	women.	Continent	women	had	 larger-
amplitude, longer-duration MUPs with increased 
turns and better MUP recruitment during bladder 
illing	(P	<	0.05)	[58].

Myogenic	histological	changes	 in	pelvic	loor	mus-
cles after vaginal delivery were also reported [59], 
with	 some	 EMG	 support	 by	 another	 group	 [60].	
Myopathic	 EMG	 changes	 (i.e.	 short,	 small	MUPs)	
may,	however,	be	a	consequence	of	deicient	rein-
nervation	[35].	There	were	claims	urethral	sphincter	
EMG can assist in selecting the type of surgery for 
patients	with	intrinsic	sphincter	deiciency	[59].

Although CNEMG of the urethral sphincter seems the 
logical choice in patients with urinary incontinence of 
possibly neurological origin, only a small amount of 
pathological muscle tissue remains in many inconti-
nent parous women, which makes EMG of the mus-
cle	 impractical	 [38].	CNEMG	indings	 generally	will	
not	affect	therapeutic	considerations	[61].

• Idiopathic Faecal Incontinence

“Idiopathic” faecal incontinence refers to patients in 
whom this symptom is not attributable to an underly-
ing disorder, but it has been often implied that it is 
a	neurogenic	condition.	Vaginal	delivery	has	been	
shown to cause structural sphincter defects; it may 
cause outright sphincter denervation in rare cases, 
but its more widespread implication in causing “idio-
pathic”	incontinence	is	controversial.	

CNEMG may be helpful in selected patients with fae-
cal	 incontinence	 if	 a	 speciic	 neurogenic	 condition	
(e.g.,	 trauma	or	disease	affecting	 the	conus,	sacral	
roots, sacral plexus or pudendal nerves) is suspect-
ed	on	clinical	grounds.	Turns/amplitude,	but	not	MUP	
analysis has been claimed to detect evidence of de-
nervation and subsequent reinnervation in postpar-
tum	women	with	mild	anal	incontinence	[62].

• Idiopathic Urinary Retention in Women

In the external urethral sphincter of young women 
with urinary retention (or obstructed voiding) com-
plex repetitive discharges in profuse amounts 
(against	 a	 background	 of	 iring	 motor	 units)	 have	
been	described,	suggesting	that	these	indings	are	
of	 pathogenic	 and	 of	 diagnostic	 signiicance.	 The	

external urethral sphincter was reported to be hy-
pertrophic.	A	percentage	of	these	women	were	hir-
sute	and	had	polycystic	ovaries	[63,	64].	The	pres-
ence of such activity in the needle EMG of the EUS 
of young women with non-obstructive urinary reten-
tion (Fowler’s syndrome) is the only predictor of the 
long-term success of therapeutic sacral neuromod-
ulation	[65].	The	cause	of	this	activity	is	unknown.	In	
some women it may be the expression of an occult 
generalised	dysautonomia	[66].

Repetitive discharges are, however, prone to de-
velop in chronically partially denervated sphincters, 
and are present even in a proportion of asymptom-
atic	women	 [67].	The	distinguishing	 feature	 of	 the	
spontaneous	 EMG	 activity	 deining	 the	 particular	
pathology in women with retention seems to be its 
abundance,	but	the	issue	remains	disputed.

• EMG in Urodynamic and Functional Anorectal 
Studies

In health, voiding is characterised by cessation of 
motor	unit	iring	in	the	urethral	sphincter	prior	to	de-
trusor contraction, as can be demonstrated by re-
cording	of	 “kinesiological	EMG”.	Bladder-sphincter	
coordination is impaired with lesions between the 
lower	 sacral	 segments	 and	 the	 upper	 pons.	 Con-
sequently, sphincter activity is not inhibited, and 
often	 increases	 before	 detrusor	 contraction	 (i.e.,	
‘detrusor-sphincter	 dyssynergia’).	 On	 the	 basis	 of	
the temporal relationship between urethral sphinc-
ter and detrusor contractions, three types of dys-
synergia	have	been	described	[68].

There are other clinical situations that mimic 
detrusor	 sphincter	 dyssynergia.	 Sphincter	 con-
traction or at least failure of relaxation during 
involuntary detrusor contractions can be seen 
in	 patients	 with	 Parkinson’s	 disease.	 The	 pel-
vic floor muscle contractions of the so-called 
non-neurogenic voiding dyssynergia may be a 
learned abnormal behaviour [69], and are a fea-
ture	of	dysfunctional	voiding	[64].	

The pubococcygeus in the healthy female reveals 
similar activity patterns to the urethral and anal 
sphincters	at	most	detection	sites:	continuous	ac-
tivity at rest, often some increase of activity dur-
ing	bladder	 illing,	and	 relex	 increases	 in	activity	
during any activation manoeuvre performed by the 
subject	such	as	talking,	deep	breathing,	coughing.	
The pubococcygeus relaxes during voiding; the 
muscles	on	either	side	act	in	unison	[20].	In	stress-
incontinent patients, the patterns of activation and 
the co-ordination between the two sides can be 
lost	 [70].	A	 delay	 in	muscle	 activation	 on	 cough-
ing has also been demonstrated, as compared to 
continent	women	[21].

Little is known about the complex activity patterns 
of	different	pelvic	loor	muscles	(the	urethral	sphinc-
ter, urethrovaginal sphincter, anal sphincter muscle, 
different parts of the levator ani) during different 
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manoeuvres.	 It	 is	 generally	 assumed	 that	 they	 all	
act in a co-ordinated fashion functionally as one 
muscle.	 However	 there	 are	 demonstrable	 differ-
ences between the intra- and peri-urethral sphincter 
in healthy females [71] and in activation of the leva-
tor	ani	and	the	urethral	sphincter	[72].	Co-ordinated	
behaviour	is	frequently	lost	in	abnormal	conditions.

Kinesiological	needle	EMG	analysis	of	the	urethra	with	
the patient at rest and coughing may predict the out-
come	after	certain	types	of	incontinence	surgery	[73].

Current concepts suggest that defecation requires 
increased rectal pressure co-ordinated with relax-
ation	 of	 the	 anal	 sphincters	 and	 pelvic	 loor	mus-
cles.	 Pelvic	 loor	 relaxation	 allows	 opening	 of	 the	
anorectal angle and perineal descent, facilitating 
faecal	 expulsion.	 During	 defaecation	 puborectalis	
activity is as a rule inhibited, but was unchanged in 
9	%	and	increased	in	25	%	of	healthy	subjects	[74].	
Thus, while “paradoxical” puborectalis contraction 
during	 defecation	 is	 used	 to	 diagnose	 pelvic	 loor	
dyssynergia in patients with typical symptoms, this 
inding	may	be	a	variation	of	the	normal.

b) Pudendal Nerve Conduction Tests

Measurement of motor conduction velocity is rou-
tinely used to evaluate limb motor nerves, dis-
tinguishing between a demyelinating and axonal 
neuropathy.	To	make	the	measurement	requires	ac-
cess to the nerve at two well-separated points and 
measurement of the distance between them, a re-
quirement	that	cannot	be	met	in	the	pelvis.	Another	
way to evaluate peripheral motor nerve function is 
the measurement of the motor latency of a muscle 
response,	 requiring	 only	 a	 single	 stimulation	 site.	
The muscle response is the compound muscle ac-
tion	potential	 (CMAP)	or	M-wave.	Because	 in	 limb	
nerves the site of stimulation to obtain only the mo-
tor latency (without measuring the actual conduction 
velocity) is as a rule placed distally on the nerve, it 
is	also	called	the	distal	(or	terminal)	latency.	For	the	
pudendal nerve the site of stimulation may be more 
or less “distally”, but the term distal or terminal has 
– in accordance to general clinical neurophysiology 
–	become	generally	used.	Distal	motor	latency	can	
be measured by recording with a concentric nee-
dle electrode from the bulbocavernosus, the EAS 
and the urethral sphincter muscles in response to 
bipolar surface stimulation placed in the perianal/
perineal region, or with selective needle stimulation 
of	the	pudendal	nerve	(branches)	in	the	perineum.	

The most widely employed technique to obtain pu-
dendal nerve terminal motor latency (PNTML) re-
lies on stimulation with a special surface electrode 
assembly	ixed	on	a	gloved	 index	inger,	known	as	
the	St	Mark’s	stimulator	[75].	It	consists	of	a	bipolar	
stimulating	electrode	on	 the	 tip	of	 the	gloved	inger	
with the recording electrode pair placed proximally 
on	the	base	of	the	inger.	The	inger	is	inserted	into	
the rectum or vagina and stimulation is applied close 

to	the	ischial	spine.	It	is	assumed	that,	using	this	ap-
proach, the pudendal nerve is stimulated close to the 
ischial spine, and that the response recorded is of 
the	EAS	muscle.	In	women,	intravaginal	stimulation	
and recording from the bulbocavernosus muscles 
has also been undertaken, with similar distal laten-
cies	[76].	However,	the	latency	of	such	a	response	is	
typically only around 2 msec, which seems unusually 
short compared with the perineal technique and with 
conduction	 in	 the	much	 thicker	motor	 ibers	 of	 pe-
ripheral	nerves	in	the	limbs.	It	seems	unlikely	that	the	
PNTML	using	 the	St.	Mark’s	electrode	really	evalu-
ates conduction along the last 8 cm of the pudendal 
nerve.	Stimulation	of	the	terminal	pudendal	branches	
or	pelvic	loor	muscles	near	their	motor	points	seems	
more likely, and this is supported by the much longer 
PNTML	(3.7	±	0.9	msec)	obtained	with	a	monopolar	
intrarectal	stimulation	electrode	[77].	

If a catheter-mounted electrode is used for recording, 
EMG responses from the striated muscle of the ure-
thral	sphincter	can	be	obtained.	Experts	differ	in	their	
estimation	of	validity	of	this	test.	A	prospective	evalu-
ation of anorectal physiologic tests in 90 patients 
with	faecal	incontinence	did	not	ind	that	PNTML	re-
sults	changed	treatment	decisions	[78].	 Indeed,	the	
American Gastroenterological Association statement 
indicated that “PNTML cannot be recommended for 
evaluation	of	patients	with	faecal	incontinence”	[79].	

c) Anterior Sacral Root (Cauda Equina) Stimulation 

Anterior root stimulation has been used to study 
conduction	of	the	sacral	nerve	roots.	Electrical	stim-
ulation with needle electrodes at vertebral laminae 
Th12-L1 elicit M-waves in the bulbocavernosus and 
EAS	muscle	[80].

Transcutaneous stimulation of deeply situated ner-
vous tissue became possible with development of 
special	 electrical	 and	 magnetic	 stimulators.	 When	
applied over the spine, these stimulators activate 
the	 roots	 as	 they	 exit	 the	 vertebral	 canal.	 Needle	
EMG rather than non-selective surface electrodes 
should	 be	 used	 to	 record	 pelvic	 loor	 and	 particu-
larly sphincter responses to electrical or magnetic 
stimulation	of	the	cauda	equina.	These	stimuli	non-
selectively depolarise underlying neural structures, 
thereby activating several muscles innervated by 
lumbosacral	segments	[81].	Lumbosacral	stimulation	
often evokes a large stimulus artifact that can be de-
creased by positioning the ground electrode between 
the	stimulating	and	 recording	electrodes	 [82].	 Inva-
sive percutaneous stimulation of individual roots in 
sacral foramina is used to identify patients with lower 
urinary and anorectal dysfunction who are likely to 
beneit	from	long-term	stimulation,	e.g.	with	the	Inter-
stim	 (Medtronic,	 Inc.,	Minneapolis,	USA).	Electrical	
stimulation of nerve roots at the level of the appro-
priate sacral foramina results in observable muscle 
contraction	in	the	foot	and	perineum.	These	respons-
es	can	be	identiied	as	MEP	or	relex	responses	on	
the	 basis	 of	 their	 latency.	 Selective	 stimulation	 of	
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individual sacral roots is possible by appropriate po-
sitioning	of	surface	stimulating	electrodes	[83].

In conclusion, demonstrating the presence of a peri-
neal MEP on stimulation over lumbosacral spine may 
occasionally be helpful in patients without voluntarily 
activated	 muscles.	 It	 also	 identiies	 the	 particular	
nerve root before introducing therapeutic electrical 
stimulation.	However,	the	clinical	value	of	the	test	has	
yet to be established and there are no sensitivity and 
speciicity	data	on	test	results	in	individual	patients.

d) Motor Evoked Potentials 

Using magnetic or electric stimulation, it is possible 
to depolarise the motor cortex and record a re-
sponse	from	the	pelvic	loor.	Magnetic	cortical	stim-
ulation is better tolerated than electrical stimulation, 
which has been abandoned in awake subjects, but 
may	be	useful	for	intraoperative	monitoring.	

By performing the stimulation at two different sites 
(brain and spinal roots), it is possible to record three 
different	 conduction	 times:	 a	 total	 conduction	 time,	
a peripheral conduction time, and a central conduc-
tion time (Figure E5 ).	 The	 total	 conduction	 time	
corresponds to the transit time from brain to target 
muscle.	The	peripheral	conduction	time	is	the	transit	
time	from	sacral	roots	to	the	muscle.	The	central	con-
duction time is obtained by subtracting the periph-
eral	conduction	time	from	the	total	conduction	time.	
The total conduction time can be measured both at 
rest	and	during	a	facilitation	procedure.	MEPs	from	
the EAS, the urethral sphincter, the bulbocaverno-
sus muscle, and the levator ani muscle have been 
reported, but normative values have only been ob-
tained (for transcranial magnetic stimulation) for the 
urethral sphincter and the puborectal muscle in adult 
women	 [84].	A	 central	 conduction	 time	 of	 15	 to	 16	
msec without and 13 to 14 msec with facilitation is 
obtained	for	pelvic	loor	and	sphincter	muscles	[85,	
86,	87].	The	necessity	to	use	concentric	needle	EMG	
for	recording	has	been	reconirmed	[88].

Substantially longer central conduction times have 
been found in patients with multiple sclerosis and 
spinal cord lesions as compared to healthy controls 
[87,	88,	89].	However	all	patients	 in	 this	study	had	
clinically	 recognisable	 cord	 disease.	 Nevertheless,	
MEPs may be useful in patients with unclear local-
ization	of	spinal	lesions	[87].

Conceptually, MEP may help to differentiate be-
tween	involvement	of	motor	and	sensory	pathways.	
However, the clinical utility of these measurements 
is	not	established.	MEP	have	opened	an	avenue	of	
research	on	excitability	of	motor	cortex.	It	has	been	
demonstrated that in comparison to the motor area 
for hand muscles the anal sphincter motor cortex has 
less	intracortical	inhibition	[90].

2. SENSORY SYSTEM TESTS

There are several methods of sensory testing for 
the	perineum,	the	genitourinary	and	anorectal	tract.	

Clinical testing includes perineal and external genital 
skin sensation for light touch and pinprick, and sen-
sation	of	bladder	illing	during	cystometry.	Anorectal	
sensory testing can be clinically assessed through 
rating	 of	 applied	 stimuli.	 More	 objective	 sensory	
testing can be performed with quantitative sensory 
testing	 (QST),	which	assesses	sensory	perception.	
For evaluation of the integrity of sensory pathways 
sensory neurography, and somatosensory evoked 
potentials	(SEP)	can	be	used.

a) Sensory Measurements During Cystometry

During routine cystometry bladder sensation is as-
sessed	by	recording	irst	sensation	of	bladder	illing,	
irst	desire	to	void	and	strong	desire	to	void.

Although not strictly a neurophysiologic test, mea-
surement of electrical thresholds adds clinically 
non-obtainable information on sensory function of 
the	 lower	 urinary	 tract	 [91].	 Bladder	 and	 urethral	
sensory thresholds have also been measured us-
ing electrical stimulation [91], and mechanical trac-
tion	on	the	bladder	trigone	[92].	Electrical	currents	

Figure E 5: MEPs recorded by concentric needle 
in the external urethral sphincter of a 51-year-old-
woman. Cortical (a), thoracic (b), and sacral (c) 
stimulation. Central motor conduction time (CMCT) 
is calculated as cortical - lumbar latency (** = 10.6 
ms). Cauda equina motor conduction time is calcu -
lated as lumbar - sacral latency (* = 4.3 ms). (From 
(Brostrom et al., 2003a), with permission).
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are applied to the bladder, urethra or genital skin 
using	 catheter-mounted	 or	 surface	 electrodes.	
High-frequency	stimulation	(>	20	Hz),	with	a	stimu-
lus	 duration	 of	 0.5	 or	 1	msec	 is	 used	 because	 it	
is	more	easily	perceived	in	the	lower	urinary	tract.	
Measurement of sensory thresholds with such 
stimulation is reproducible, and normative data 
have	been	published	[91].	To	date	it	has	been	used	
in	only	a	few	conditions	(e.g.,	painful	bladder	syn-
drome)	 [93].	 There	 is	 no	 established	 clinical	 use	
for any of these tests other than simple reporting 
of	sensation	during	cystometry.

In addition, palmar SSR and perineal surface EMG 
recordings can be used for more objectively demon-
strating	sensations	during	cystometry.	The	activity	of	
both	appears	and	increases	in	parallel	with	the	irst	
sensation	of	bladder	illing,	and	with	 the	irst	desire	
to	void,	respectively	[94].	Further	studies	using	these	
methods	are	needed	to	establish	their	clinical	utility.

b) Assessment of Anorectal Sensation

Rectal sensation is assessed by progressively dis-
tending a balloon manually or by a barostat while 
measuring	thresholds	for	irst	perception,	desire	to	
defecate,	 and	 severe	 discomfort.	 The	 intensity	 of	
perception during rectal distension can be recorded 
by a visual analogue scale during phasic disten-
sions	of	graded	intensity	[95].	The	rate	and	pattern	
of distension affect rectal perception and internal 
sphincter	relaxation	[96].

Anal sensation can be assessed by determining 
the perception threshold to an electrical stimulus 
or	temperature	change	in	the	anal	canal.	Electri-
cal	 testing	 does	 not	 activate	mucosal	 receptors.	
Temperature perception on the proximal anal ca-
nal has been found to be reduced in patients with 
passive anal incontinence compared to those with 
urgency	incontinence	[97].

c) Quantitative Sensory Testing

Quantitative sensory testing (QST) of the uro-
genitoanal system should provide more objec-
tive and reproducible data than routine clinical 
testing.	 QST	 sensory	 modalities	 applied	 to	 the	
evaluation of urogenital function include vibra-
tion [98], temperature [99], and electrical current 
[100].	There	is	no	commonly	accepted,	detailed,	
standardised test, and the specificity and sen-
sitivity	of	 the	 tests	are	not	known.	The	 relation-
ship of cutaneous quantitative sensory tests to 
bladder and urethral sensation and function is 
unknown.	 The	 physiological,	 psychophysiologi-
cal and methodological issues and controversies 
will	not	be	addressed	in	this	chapter.	

d) Sensory Neurography

Nerve conduction velocities of the dorsal nerve 
of the penis can be calculated by placing a pair 
of stimulating electrodes across the glans and a 

pair of recording electrodes across the base of 
penis.	A	nerve	action	potential	can	be	 recorded	
with	amplitude	of	about	10	µV.	It	can	also	be	re-
corded by stimulating trans-rectally or transperi-
neally.	 There	 is	 no	 known	 association	 between	
penile sensory neuropathy and bladder/sphinc-
ter	dysfunction.

A few studies have recorded activity in sacral roots 
during	electrical	stimulation.	Intraoperatively,	when	
the sacral roots are exposed, compound sensory 
action potentials on stimulation of dorsal penile 
and	clitoral	nerve	may	be	recorded	directly	 [101].	
This helps to preserve roots mediating perineal 
sensation in spastic children undergoing dorsal rhi-
zotomy,	and	reduce	the	incidence	of	postoperative	
voiding	dysfunction	 [102].	These	 tests	are	 limited	
to	their	very	speciic	intraoperative	indications.	

e) Somatosensory Evoked Potentials (SEP)

Somatosensory evoked potentials are elec-
tric waveforms of biological origin elicited by 
stimulation of a sensory nerve (or a sensory 
innervated	 skin	 area	 –	 dermatome).	 The	 most	
commonly performed tests in the urogenitoanal 
region are pudendal somatosensory evoked po-
tentials (SEP), which assesses conduction in 
large fibre pathways between the site of nerve 
stimulation	and	 the	parietal	sensory	cortex.	Po-
tentials can also be measured at the spinal level 
(spinal	SEP).	Visceral	 (thin)	 fibre	 pathways	 are	
assessed by recording SEPs while stimulating 
the proximal urethra and bladder, although this 
is technically not depolarisation of nerves, but a 
mesh	of	afferents.

1. PUDENDAL SOMATOSENSORY EVOKED POTENTIALS 

• Cerebral Pudendal SEP

On electrical stimulation of the dorsal penile/clitoral 
or	perineal	nerve,	a	cerebral	SEP	can	be	recorded.	
(Figure E 6 ) This SEP is as a rule of highest ampli-
tude	at	the	central	recording	site	(Cz	-	2	cm	:	Fz	of	
the International 10-20 EEG System) and is highly 
reproducible.	The	irst	positive	peak	at	about	40	ms	
(called	 P40)	 is	 usually	 clearly	 deined	 in	 healthy	
subjects using a stimulus 2-4 times stronger than 
the	sensory	threshold	[103].	The	presence	and	am-
plitude of subsequent negative and positive waves 
are	 quite	 variable	 between	 subjects.	 Classically	
described pudendal SEP techniques stimulate both 
dorsal penile/clitoral nerves, thus reducing the sen-
sitivity	of	the	test.

However, techniques of pudendal SEP that isolate 
each dorsal penile/clitoral nerve may be more sen-
sitive	for	identifying	pathology	[104].

Pudendal SEPs have been advocated in patients 
with	neurogenic	bladder	dysfunction,	e.g.	in	multi-
ple	sclerosis	[105].	However,	even	in	patients	with	
multiple sclerosis and bladder symptoms, the tibial 
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cerebral SEP was more often abnormal than the 
pudendal	 SEP.	 The	 combination	 of	 an	 abnormal	
pudendal SEP with a normal tibial SEP suggests 
isolated	 conus	 involvement	 [106].	 The	 pudendal	
SEP was less useful than neurological examina-
tion for identifying neurological disease in patients 
with	uro-genital	symptoms	[107].	Following	spinal	
cord injury, tibial and pudendal SEPs may be of 
some value for predicting recovery in bladder con-
trol	[108].	Cerebral	SEP	during	penile/clitoral	stim-
ulation	may	be	useful	for	intraoperative	monitoring.	
Pudendal SEP were used to study the mechanism 
of	sacral	neuromodulation	[109].

• Spinal Pudendal SEP

Stimulating the dorsal penile nerve and recording 
with surface electrodes at the level of the Th12-L2 
vertebrae (and the S1, Th6 or iliac spine as refer-
ence) reveals the postsynaptic segmental spinal 
cord	 activity	 (the	 spinal	 SEP).	 Unfortunately,	 this	
spinal	SEP	may	be	dificult	to	record	even	in	normal	
(and	particularly	in	obese)	subjects.

3. SACRAL REFLEXES

Clinically,	 two	relexes	are	commonly	elicited	 in	 the	
lower	 sacral	 segments:	 [1]	 the	 penilo-	 or	 clitoro-
cavernosus	(i.e.	bulbocavernosus)	relex;	and	[2]	the	
anal	 relex	 [110].	To	 elicit	 sacral	 relexes,	 electrical	
[111-118], mechanical [115, 116, 119] or magnetic 
[120]	 stimulation	 can	 be	 used.	 Whereas	 the	 latter	
two modalities have only been applied to the penis 
[117-119], clitoris, and the suprapubic area [115], 
electrical	 stimuli	 can	be	applied	 to	various	sites:	 to	
the dorsal penile or clitoral nerve; perianally; and, us-

ing a catheter-mounted ring electrode, to the bladder 
neck/proximal	urethra	[121].

a) Sacral Relex on Electrical Stimulation

Electrical stimulation of the dorsal penile or clitoral 
nerve	elicits	(somato-somatic)	sacral	relexes	in	peri-
neal	muscles	with	 a	 typical	 latency	 approx.	 33	ms	
(29.9	±	5.7	msec	 in	one	study	 in	men)	 [117],	 tradi-
tionally	 called	 the	 bulbocavernosus	 relex	 (Figure 
E 6).	 In	 addition	 to	 single-pulse	 electrical	 stimula-
tion, two identical electrical pulses separated by a 
3-msec	interval	can	be	used	(i.e.,	double-pulse	elec-
trical	stimulation)	[117,	118].	Double-pulse	electrical	
stimulation	is	more	eficient	in	eliciting	sacral	relexes	
[117].	Stimulation	of	the	perianal	skin,	bladder	neck	
or	proximal	urethra	elicits	sacral	relexes	with	laten-
cies	above	50	ms.	This	 latency	 is	 longer	compared	
to responses conveyed by the pudendal nerve, sug-
gesting that the afferent limb for these responses 
involves	 visceral	 afferent	 ibres	 accompanying	 the	
pelvic nerves, which are thinly myelinated and have 
a slower conduction velocity than the thicker puden-
dal	afferents.	With	visceral	denervation	(e.g.	follow-
ing	radical	hysterectomy)	the	viscerosomatic	relexes	
(from both bladder and urethral stimulation) may be 
lost while the bulbocavernosus (penilo-/clitoro-caver-
nosus)	relex	 is	preserved.	Loss	of	bladder-urethral	
relex	 with	 preservation	 of	 bladder-anal	 relex	 has	
been described with urethral afferent injury after re-
current	urethral	surgeries	[122].

The	 longer	 latency	anal	 relex	 (the	 contraction	of	
the EAS on stimulation of the perianal region) is 
quite variable thus limiting its usefulness as a di-
agnostic	tool.

Figure E 6: SEPs (traces on the left) and sacral relexes (traces on the right) in a healthy woman. Cerebral 
SEPs are recorded from Cz - 2 cm; sacral relexes from the anal sphincter. The dorsal clitoral nerve is being 
stimulated with rectangular electrical pulses at 2 Hz. Stimulation and recording is performed with surface 
electrodes. The cerebral SEP and sacral relex are recorded simultaneously. In the upper row the stimula-
tion is just above sensory threshold, in the middle row the stimulation is 1.5, and in the lower row at 2-times 
sensory threshold (pulse duration 0.2 ms; two consecutive averages of 128 responses are superimposed).
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On perianal stimulation, a short latency response 
can also be recorded, as a result of depolarisation 
of motor branches to the EAS, possibly involving 
antidromic travelling of the depolarisation, with “re-
turning” of the depolarisation orthodromically to the 
sphincter	at	a	branching	point	of	the	motor	axon.

EMG	recording	of	the	sacral	relex	has	been	shown	
to be more reliable than the clinically assessed re-
sponse	 (e.g.	 observing	and	palpating	 the	contrac-
tion)	 in	males	and	particularly	 in	 females	 [123].	 In	
men, value of 40, 36 and 36 msec have been sug-
gested as the upper limit of normal for the short-
est	 latency	 obtained	 on	 eliciting	 a	 series	 of	 relex	
responses using single, double and mechanical 
stimulation,	respectively	[117].

In men with cauda equina lesions penilo-caverno-
sus	 relex	 could	 not	 be	 elicited	 in	 64%,	 47%	 and	
47% of patients on single electrical, double electri-
cal,	and	mechanical	stimulation,	respectively.	Mea-
surement	 of	 the	 relex	 latency	 increased	 the	 sen-
sitivity to record abnormalities for 17%, 36%, and 
34%,	respectively.	Furthermore,	it	has	been	shown	
that	sacral	relex	measurement	increase	sensitivity	
of quantitative EMG of the EAS muscles from 73% 
to 81-83% using the different stimulation techniques 
mentioned	[118].

Sacral	 relex	 testing	 has	 been	 studied	 extensively	
and is used in many laboratories in everyday practice 
to demonstrate objectively the integrity of the S2-S4 
relex	arc.	The	sacral	relex	evoked	on	dorsal	penile	
or clitoral nerve stimulation (the bulbocavernosus or 
penilo-/clitoro-cavernosus	relex)	was	shown	to	be	a	
complex	 response,	 often	 forming	 two	 components.	
The	irst	component	with	a	typical	latency	of	about	33	
ms, is the response that has been most often called 
the	bulbocavernosus	relex.	It	is	stable,	does	not	ha-
bituate, and has other attributes of an oligosynaptic 
relex	 response	 [112].	 The	 second	 component	 has	
latency	similar	to	the	sacral	relexes	evoked	by	stim-
ulation perianally or from the proximal urethra, and 
is	not	always	demonstrable	as	a	discreet	response.	
In	 those	 subjects	 in	 whom	 the	 irst	 relex	 compo-
nent	 is	 dificult	 to	 elicit,	 stimulation	 strength	 should	
be increased, but preferably double electrical stimuli 
should	be	used.	A	complete	relex	arc	lesion	should	
not be inferred by absence of a response if only sin-
gle	pulse	is	used	for	stimulation.

During	voiding	sacral	 relexes	are	un-elicitable	but	
in the presence of spinal cord lesions such as my-
elodysplasia	this	normal	suppression	is	lost.

Sacral	 relex	 responses	 recorded	 with	 needle	 or	
wire electrodes can be analysed separately for 
each side from the EAS or bulbocavernosus mus-
cle.	 Using	 unilateral	 dorsal	 penile	 nerve	 blocks,	
the existence of two unilateral BCR arcs has been 
demonstrated.	Thus	by	detection	 from	the	 left	and	
right bulbocavernosus (and also the EAS) muscles 
separate	testing	of	right	and	left	relex	arcs	can	be	

performed.	Some	authors	reported	that	the	sensitiv-
ity of the test can be increased by use of the inter-
side	 latency	 difference	 (normative	 limits:	 <	 3	ms),	
but	 inding	could	not	be	conirmed	by	others	 (nor-
mative	limits:	<	7.2	ms)	[117].	In	cases	of	unilateral	
(sacral plexopathy, pudendal neuropathy) or asym-
metrical	lesions	(cauda	equina),	a	healthy	relex	arc	
may obscure a pathological one on clinical elicita-
tion, but not on neurophysiological measurements 
of	the	sacral	relexes.

As	 described	 above,	 penilo-cavernosus	 relexes	
were absent in 47-64%, and delayed in additional 
17-19%	 of	 patients	 with	 conus/cauda	 lesions.	 Of	
these patients 47% were incontinent for urine and 
47%	of	faeces.	However,	a	relex	with	a	normal	la-
tency does not exclude the possibility of an axonal 
lesion	 in	 its	 relex	arc,	as	demonstrated	by	patho-
logic quantitative EMG of the EAS in 79-86% of 
patients	 with	 conus/cauda	 lesions	 [118].	 Further-
more,	 much	 delayed	 sacral	 relex	 responses	 are	
compatible with normal bladder and sexual func-
tion as found in patients with hereditary motor and 
sensory	demyelinating	neuropathy.	 In	a	proportion	
of women with non-neurogenic sacral dysfunction 
clitoro-cavernosus	relex	latencies	were	found	to	be	
much longer compared to those obtained in women 
with	intact	sacral	function	[124].

Sacral	 relex	 recording	 is	suggested	as	a	comple-
mentary	test	to	CNEMG	examination	of	pelvic	loor	
muscles in patients with suspected peripheral ner-
vous	lesions	[4].

In addition to latency, a number of other param-
eters can also be measured using electrical, but 
not	 mechanical	 stimulation.	 These	 are	 the	 sen-
sory	 threshold	 (i.e.,	 the	 stimulus	 strength	 (mA)	
at which subjects feels stimulation), and reflex 
threshold	 (i.e.,	 the	 stimulus	 strength	 (mA)	 at	
which the reproducible penilo/clitoro-cavernosus 
reflex	 appears	 on	 the	 screen).	 They	 evaluate	
lower sacral sensory pathways, and excitation 
level	 of	 the	 sacral	 reflex	 pathway,	 respectively.	
Although for men normative data for these pa-
rameters are available [117], their utility in clinical 
situation	remains	unclear.	

Continuous	intraoperative	recording	of	sacral	relex	
responses on penis/clitoris stimulation is feasible if 
double	pulses	or	a	train	of	stimuli	are	used	[125].

b) Sacral Relex on Mechanical Stimulation

Mechanical stimulation has been used to elicit BCR 
in	both	sexes	and	found	to	be	a	robust	 technique.	
Either	 a	 standard	 relex	 hammer	 or	 a	 customised	
electromechanical	 hammer	 can	 be	 used.	 Using	 a	
relex	hammer,	the	stimulus	is	applied	to	a	wooden	
spatula placed on the glans penis or clitoris [117, 
118].	Such	stimulation	is	painless	and	can	be	used	
in	children	[119].	The	latency	of	the	BCR	elicited	me-
chanically is comparable to the electrically elicited 
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relex	in	the	same	patients,	but	depends	on	the	elec-
tromechanical	device	used	[117,	119].

4. AUTONOMICAL FUNCTION TESTS

Most uro-neurophysiological methods discussed so 
far	assess	myelinated	ibres,	but	not	the	autonomic	
nervous system, especially the parasympathetic 
component, which is most relevant for pelvic organ 
functions.	 Methods	 for	 evaluating	 the	 autonomic	
nerves innervating the pelvic viscera are not avail-
able.	Cystometry	indirectly	evaluates	the	parasym-
pathetic	innervation	to	the	bladder.	However,	from	a	
clinical neurophysiological point of view direct elec-
trophysiological	testing	would	be	desirable.

a) Tests in Generalised Autonomic Neuropathy

Cardiovascular autonomic function tests are use-
ful for identifying generalised autonomic dysfunc-
tion in patients with bladder or gastrointestinal 
motility	disturbances.	

In	cases	when	a	general	involvement	of	thin	ibres	
is expected, an indirect way to examine autonomic 
ibres	is	to	assess	thin	sensory	ibre	function.	Thin	
visceral	sensory	ibres	are	tested	by	stimulating	the	
proximal urethra or bladder, and by recording sacral 
relex	responses	or	cerebral	SEP.

b) Dartos relex

In men, another approach to test lumbosacral sym-
pathetic function is by neurophysiological measure-
ment	of	the	dartos	relex	obtained	by	electrical	cu-
taneous	stimulation	of	the	thigh.	The	dartos	muscle	
is a sympathetically innervated dermal layer within 
the scrotum, distinct from the somatically innervat-
ed	cremasteric	muscle.	A	reliable	and	reproducible	
dartos	relex	(i.e.,	scrotal	skin	contraction)	with	a	la-
tency of about 5 seconds has been demonstrated in 
healthy	men	[126].

c) Smooth Muscle Electromyography

Technical problems have so far limited smooth mus-
cle electromyography of the detrusor muscle, and 
of	genital	smooth	muscle.	There	 is	no	evidence	to	
prove the clinical utility of these tests in the evalua-
tion	of	urinary	tract	function.

d) Sympathetic Skin Response (SSR)

The sympathetic nervous system mediates sweat 
gland	activity	in	the	skin.	Changes	in	sweat	gland	ac-
tivity	lead	to	changes	in	skin	resistance.	On	noxious	
stimulation (such as a sudden noise, electrical pulse, 
etc.)	 a	 potential	 shift	 can	be	 recorded	with	 surface	
electrodes from the skin of the palms and the soles, 
and has been reported to be a useful parameter in 
assessment of neuropathy involving non-myelinated 
nerve	ibres.	The	response,	known	as	the	SSR,	can	
also	be	 recorded	 from	perineal	 skin	and	 the	penis.	
Similarly, the SSR can be recorded from the genital 
region	 in	women	 [127].	The	SSR	 is	a	 relex,	which 

consists	 of	 myelinated	 sensory	 ibres,	 a	 complex	
central integrative mechanism and a sympathetic 
efferent limb with postganglionic nonmyelinated C 
ibres.	SSR	 is	 the	only	electrophysiological	method	
directly	 testing	sympathetic	ibres.	Limited	 literature	
exists regarding the relationship between SSR re-
sults	and	bladder	dysfunction.	A	correlation	has	been	
shown between the absence of the SSR response 
in the foot and bladder neck dyssynergia following 
spinal	cord	injury	[108].	Recording	from	the	perineal	
region assesses sympathetic nerve function within 
the	thoracolumbar	cord	[128].	

Only complete absence of response can be regard-
ed	as	abnormal.	Its	utility	in	evaluating	bladder	and	
urethral	dysfunction	is	not	established.

Evidence-based medicine is founded on the as-
sessment	of	evidence	for	and	against	the	eficacy	of	
particular	types	of	therapeutic	intervention.	Clinical	
neurophysiology testing should thus demonstrate 
evidence that testing improves outcome (through 
treatment choice and patient selection), which 
would	provide	a	strong	basis	for	 its	use.	However,	
testing and therapeutic intervention are different 
concepts, and neurophysiological testing has an-
other important objective, which is not applicable 
to interventions and lies outside the scope of evi-
dence-based	medicine.	It	is	to	generate	knowledge	
about the situation to be treated in a given patient, 
so that the practitioner can formulate rational treat-
ment options based on evidence that is, he or she 
can	practice	“evidence-based	medicine”.

To judge the importance of this second objective dif-
ferent	criteria	are	needed.	Particularly	in	the	referral	
setting, the physician is confronted with complicated 
cases in which the underlying pathophysiology is 
quite uncertain, and what is required is to identify all 
the	 factors	 that	may	be	 contributing.	Neurophysiol-
ogy is helpful in assessment of neurogenic dys-
function because it contributes to “evidence-based 
medicine”,	whether	or	not	 there	 is	narrowly-deined	
“evidence”	that	it	improves	outcomes.

Of course, it remains true that we should seek evi-
dence of the conventional kind for and against test-
ing.	Any	test	should	be	subjected	to	three	questions:	

1.	Does	the	test	have	good	technical	performance?	

2.		Does	the	test	have	good	diagnostic	performance,	
ideally against a “gold standard” measure? 

3.		Does	the	test	have	good	therapeutic	performance,	
that is, does the use of the test alter clinical manage-
ment, does the use of the test improve outcome?

Clinical diagnosis requires that measures obtained 
in individual patients be compared to population 

III. EVIDENCE BASED USE OF CLINI -
CAL NEUROPHYSIOLOGICAL TESTS 
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norms with the intent of determining whether they 
are	“normal”	or	“abnormal”.	Data	can	be	classiied	as	
“abnormal” only with the understanding that they are 
compared	 to	 a	 sample	 from	 the	 normal	 population.	
Predictive statements are made possible by the use 
of	tolerance	limits.	For	most	clinical	neurophysiologi-
cal tests, one-tailed tolerance limits are recommend-
ed.	For	any	given	limit	of	normality,	there	is	a	certain	
probability of falsely interpreting values (obtaining 
false-positives	or	false-negatives).	Further	confound-
ing these issues is the practice of applying multiple 
criteria	 of	 abnormality.	 But	 ultimately,	 the	 adequacy	
of any given normal limit in discriminating between 
normal and abnormal must be supported by appropri-
ate clinical or clinico-pathological correlations; for uro-
neurophysiological	techniques,	such	data	are	scarce.

1.  USEFULNESS OF CLINICAL NEUROPHYSI -
OLOGICAL TESTS IN EVALUATION OF IN -
DIVIDUAL PATIENTS

Whenever pathophysiology is uncertain or unpredict-
able, and especially if irreversible treatment is nec-
essary or contemplated, it seems logical to gather 
quantitative knowledge of the dysfunction in order 
to	make	a	rational	treatment	choice.	In	most	patient	
groups with neurogenic incontinence, the patho-
physiology is unpredictable and comprehensive uro-
dynamic evaluation is essential in order to practice 
knowledge-based	 medicine.	 In	 selected	 patients	
from these groups, clinical neurophysiological test-
ing will clarify issues related to the neural control of 
lower urinary tract, relevant for understanding patho-
physiology.	Most	patients,	however,	will	not	require	a	
precise	deinition	of	the	neurological	lesion.

As is generally true for electrophysiological tests, 
uroneurophysiological examinations are particular-
ly useful for substantiating the clinical diagnosis of 
a	peripheral	nerve	lesion.	The	potential	usefulness	
of testing in an individual patient needs to be ana-
lysed	in	the	overall	clinical	setting.	The	indications	
for testing are guided primarily by expert opinion, 
not	 on	 deinitely	 established	 criteria	 derived	 from	
controlled	studies.

In the incontinent patient without other signs or symp-
toms of a neurological condition, neurophysiologi-
cal	 testing	 is	generally	unnecessary.	 In	patients	with	
stress/urge, or mixed urinary incontinence electro-
physiological	testing	is	as	a	rule	non-contributory	[61].

2.  USEFULNESS OF CLINICAL NEUROPHYSI -
OLOGICAL TESTS IN RESEARCH

Uro-neurophysiological techniques have been most 
often applied in research, for instance to elucidate 
the	innervation	of	pelvic	loor	muscles;	to	study	the	
physiology of contraction of sphincter muscle, to 
describe	activation	patterns	of	pelvic	loor	muscles.	
Suggestions	of	 increased	eficacy	of	sacral	neuro-
stimulation with the use of neurophysiological tests 
have	 been	 made	 [129].	 As	 understanding	 patho-
physiology and neural control is essential in the 

application of more sophisticated therapeutic meth-
ods, such as electrical stimulation techniques, there 
seems to be a continuing place for clinical neuro-
physiology in research on neurogenic urinary and 
anorectal	dysfunction	and	their	therapy.

1.  CLINICAL NEUROPHYSIOLOGICAL TESTING

The information gained by clinical examination and 
urodynamic testing may be enhanced by uroneuro-
physiological tests in selected patient groups with 
suspected neurogenic urinary incontinence with le-
sions	within	 the	nervous	 relex	arcs	of	sacral	seg-
ments	2	–	5.	Concentric	needle	EMG	 to	diagnose	
denervation	and	reinervation	of	pelvic	loor	and	per-
ineal	muscles,	 and	 sacral	 relex	 testing	 to	 assess	
the	continuity	of	the	sacral	relex	arc,	are	the	recom-
mended	 tests.	 (Level of Evidence: 2b; Grade of 
Recommendation: B )

Clinical neurophysiological testing should be per-
formed in accredited laboratories, by trained and 
certiied	staff,	with	formal	control	of	the	quality	of	the	
results.	Ideally,	the	uroneurophysiologist	should	be	
in	liaison	with	general	clinical	neurophysiologists.

It seems optimal to create interdisciplinary programs 
between urology, urogynaecology, proctology, and 
neurology	departments.	Organisation	of	such	teams	
in	tertiary	medical	centres	should	be	encouraged.

2. TECHNICAL STANDARDS

Even in the more widely used “general” clinical 
neurophysiology there is no universal standardi-
sation	of	tests.	This	is	mainly	due	to	different	his-
torical backgrounds of testing developed in differ-
ent	 countries.	The	need	 to	 standardise	methods	
is,	however,	recognised.

Proposals for standardisation for external anal 
sphincter CNEMG [4] and the bulbocavernosus 
(penilo/clitoro-cavernosus) reflex [117] have been 
made,	and	seem	to	be	widely	adopted.	(Level of 
Evidence: 2b, Grade of Recommendation: B )

3. FUTURE RESEARCH AREAS

Clinical neurophysiological methods should be 
further	used	 to	better	deine	 the	neural	 control	 in	
lower urinary tract function, demonstrating both the 
nervous system’s “hardware” (integrity of anatomy) 
as well as “software” (level of activity, excitation 
thresholds) for co-ordinated urinary storage and 
voiding, in physiological and in pathological condi-
tions.	In	particular,	there	is	the	opportunity	to	bet-
ter	deine	neurophysiological	changes	induced	by	
therapeutic	electrostimulation.

There is the challenge to develop tests to assess 
directly	the	sacral	parasympathetic	system.

IV. CONSENSUS STATEMENT
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“Urinalysis is a fundamental test that should be per-
formed	in	all	urological	patients”	[1].	In	patients	with	
urinary incontinence, urinalysis is not a diagnostic 
test for the condition, but it is rather used to screen 
for	 haematuria,	 glucosuria,	 pyuria	 and	bacteriuria.	
Even in the absence of controlled studies, there is 
general	 expert	 consensus	 that	 the	 beneits	 of	 uri-
nalysis	 clearly	 outweigh	 the	 costs	 involved	 [2].	 A	
positive urinalysis will prompt infection treatment 
and/or the use of additional tests such as endos-
copy	and	urinary	tract	imaging.	In	the	evaluation	of	
urinary incontinence in the female, urinalysis is rec-
ommended since 60% of women develop urgency 
symptoms	at	the	time	of	urinary	tract	infection	(UTI).	
Pyuria was found to be common among incontinent 
but	 otherwise	 asymptomatic,	 female	 patients.	 Py-
uria was not necessarily associated with UTI, the 
signiicance	of	 sterile	pyuria	 in	 the	elderly	popula-
tion	is	still	unclear	[3].

A Norwegian survey of general practitioners’ 
management of female urinary incontinence 
suggested that urinalysis is the most frequently 
performed test (73%) and is far more frequent 
than	gynaecological	 examination	 (54%)	 [4].	An-
other survey suggested that urinalysis is one of 
the three-part assessment of UI together with 
patient	history	and	physical	examination	[5].The	
same apply, according to Stricker, for patient se-
lection	for	collagen	implant	[6].	A	minority	of	the	
reviewed papers suggested that urine culture 
should be carried out together with urinalysis [3, 
7].	 Urinalysis	 is	 also	 considered	 of	 importance	
in the evaluation of nursing home residents who 
are incontinent [8], in peri- and postmenopausal 
women [9], in older women reporting urinary in-
continence	 [10].	 Belmin	 et	 al,	 suggested	 than	
significant urine samples can even be obtained 
from disposable pads in elderly incontinent 
women	 [11,	 12].	 It	 is	 recommended	 that	 geriat-
ric incontinent patients undergo history, physical 
examination, tests of lower urinary tract function 
and	urinalysis.	The	latter	test	is	proposed	to	rule	
out	 the	 presence	 of	 UTI	 [12].	 The	 clinical	 rele-
vance of asymptomatic bacteriuria in the elderly 
is	 controversial.	Although	DuBeau	 and	Resnick	
suggest the use of urinalysis in the diagnostic 
algorithm to identify asymptomatic bacteriuria in 
incontinent residents of nursing homes [13], oth-
ers consider that the condition does not require 
any	treatment	[11].

1. CONSENSUS STATEMENT

•		It	is	considered	standard	practice	to	perform	a	uri-
nalysis either by using a dipstick test or examining 

the	spun	sediment.	(Level of Evidence 3, Grade 
of Recommendation C )

•		lf	 a	 dipstick	 test	 is	 used,	 it	 is	 recommended	
chosing of a “multiproperty” strip that includes 
testing for haematuria, proteinuria, glucose and 
ketones, leukocytes esterase (indicating the 
presence of leukocytes in the urine) and nitrite 
tests	 (suggesting	 bacteriuria).	 (Level of Evi -
dence 3, Grade of Recommendation C )

2. FUTURE RESEARCH AREAS

•		Needed	to	screen	analysis	of	urinalysis	in	the	di-
agnosis and treatment of UI, MUI and SUI

3. REFERENCES (SEE AT THE END OF THE 
CHAPTER)

The prevalence of renal damage or of biochemical 
abnormalities in the general population of patients 
with urinary incontinence is very low, but there are 
subgroups of patients where the prevalence can 
be	 higher	 (e.g.,	 neurogenic	 incontinence,	 over-
flow	 incontinence).	 The	 routine	 use	 of	 a	 battery	
of common chemical and/or haematological tests 
in patients with urinary incontinence appears to 
be a prudent rule of good clinical practice in the 
following	situations:

a) chronic retention with incontinence 

b) neurogenic LUT dysfunction

c) when surgery is contemplated 

d) when there is a clinical suspicion

e)  sodium plasma concentration may be reduced in 
patients	on	desmopressin.

Special tests such as measurement of anti di-
uretic hormone (ADH) and atrial natriuretic poly-
peptide have proven useful in research of enure-
sis	in	childhood	and	nocturia	in	the	elderly	[1,	2].	
Changes in the circadian rhythm of these, and 
probably also other hormones regulating the re-
nal excretion of water, will in the future contrib-
ute	to	a	better	understanding	of	pathophysiology.	
Synthetic ADH analogues have already come into 
clinical use for the treatment of nocturnal enure-
sis.	However,	 the	clinical	 value	of	 these	specific	
tests	remains	to	be	established.

Since the last report of the International Consultation 
on Incontinence in 2008, several papers have been 
published based on the analysis of sample of tissues 
coming from patients with stress urinary incontinence 

F. OTHER INVESTIGATIONS

I. URINALYSIS

II. BLOOD TESTS

III. TISSUE ANALYSIS
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(SUI) and/or pelvic organ prolapse aiming at evalu-
ating	 the	molecular	bases	of	 these	conditions.	The	
main targets of both preclinical and clinical research 
have	been	the	pelvic	loor-supporting	tissues	and	the	
role of steroid hormones, with some intriguing link-
ages	between	the	two	lines	of	research.

Pelvic	loor-supporting	tissues	are	composed	main-
ly	 of	 connective	 tissue	 in	 which	 ibrous	 elements	
such	as	collagen	and	elastic	ibres	and	visco-elastic	
matrix based on proteoglycans are the predominant 
components	 of	 the	 so	 called	 extracellular	 matrix.	
Extracellular matrix is a complex network of numer-
ous	macromolecules	 that	 fulill	 a	 large	 number	 of	
mechanical,	 chemical	 and	 biological	 functions	 [1].	
While	 collagens	 and	 elastin	 ibres	 confer	 strength	
and elasticity to tissues, respectively, structural pro-
teoglycans	allow	tissue	cohesiveness.	Speciically,	
collagen is the most prevalent component, with type 
I	ibres	usually	well	organised	and	associated	with	
ligamentous tissue, while type III collagen is more 
common in the loose areolar tissue, which makes 
up the vaginal wall adventitia and surrounds the pel-
vic	 organs	 [2].	According	 to	 the	molecular	weight,	
indeed, proteoglycans are distinguished into large 
molecules (aggrecan, versican and perlecan) and 
small	molecules,	such	as	decorin,	ibromodulin,	big-
lycan,	lumican	and	chondroadherin	[3].

The organised structure of the matrix is due to a 
clear balance between the production of the dif-
ferent	 constituents	 and	 their	 breakdown.	 There	
are	 many	 proteolytic	 enzymes	 capable	 of	 de-
grading the elements of the extracellular matrix, 
falling	 into	 into	 three	 groups:	 the	 serine	 prote-
ases, the cysteine proteases, and matrix metal-
loproteinases	(MMPs)	[4].

Several authors evaluated the expression of the dif-
ferent proteins as well as of their precursors and 
fragments	of	degradation.	With	regards	to	the	me-
tabolism of collagen, some studies seem to indicate 
that women with SUI have a reduced total collagen 
content in the skin and urogenital tissue [5-7], while 
other studies reported higher total collagen concen-
tration and higher levels of mRNAs for type I and 
type III collagen in paraurethral connective tissue 
[8].	 Chen	 et	 al.,	 evaluating	 cultures	 of	 ibroblasts	
taken from endopelvic fascia and skin biopsies in 
14 patients with stress urinary incontinence and 12 
controls, showed that the overall collagen synthesis 
and	 the	 ratio	of	 type	 III	and	 type	 I	ibres	were	not	
signiicantly	 different	 between	 ibroblasts	 obtained	
from women with or without SUI [4], indicating that 
alteration in the collagen synthesis might not be in-
volved	in	SUI.

On the other hand, a few studies reported change 
in	 the	 relative	percentages	of	 the	different	 ibres,	
with a decrease in type I and increase in type III 
ones	[9,	10].	 In	women	with	SUI,	Skorupski	et	al.	
evaluated the transcription factor Sp1-binding site 

in the gene encoding a-1 chain of type I collagen, 
and suggested that the observed G-T polymor-
phism	is	a	risk	factor	for	incontinence	[11].	Again	at	
molecular level, some studies evaluated the cycle 
regulatory proteins in patients with pelvic organ 
prolapse,	showing	controversial	results.	Some	pa-
pers reported reduced expression of proteins such 
as p53 and p21 which normally cause cycle G1 ar-
rest suggesting an increase in proliferation capaci-
ties	 for	 ibroblasts	 derived	 from	 human	 cardinal	
ligaments	of	patients	with	prolapse	[2].

Other authors evaluated markers of collagen 
degradation.	Specifically,	Edwall	et	al.	evaluated	
markers of collagen synthesis and breakdown 
such as the carboxy-terminal propeptide of type I 
procollagen (PICP), the carboxy-terminal telopep-
tide of type I collagen (ICTP), and the amino-ter-
minal propeptide of procollagen III (PIIINP) in uro-
genital tissue homogenates and peripheral serum 
from 71 patients with SUI and 31 healthy control 
women	 [12].	After	 adjusting	 for	 age,	BMI,	 parity,	
and hormonal status, the patients with SUI had 
significantly lower serum concentrations of PICP 
and significantly lower tissue concentrations of 
PIIINP and ICTP than the controls, suggesting re-
ducing breakdown in the presence of unchanged 
synthesis of type I collagen and, regarding type III 
collagen, a potential reduction in either synthesis 
or breakdown, the second being considered more 
probable	[12].	These	data	may	lead	to	the	hypoth-
esis that SUI might be associated with impaired 
degradation of collagen, leading to reduced turn-
over and accumulation of aging collagen, nega-
tively affecting the strength and elasticity of uro-
genital	 tissue.	 Further	 studies	 on	 transforming	
growth	 factor-β	 (TGF-β)	 identified	 the	molecular	
basis of such mechanism, suggesting that over-
expression	of	TGF-β	might	trigger	the	accumula-
tion of aging collagen, inhibiting the expression of 
collagenases and increasing the production of the 
tissue	 inhibitor	 metalloproteinase	 [13-15].	 More-
over, some genes, such as those of the Homebox 
A (HOXA) family, encoding transcription factors 
that regulate mammalian embryonic growth and 
development of the urogenital tract, have been 
shown to be underexpressed in patients with pel-
vic organ prolapse, suggesting a further molecu-
lar	basis	for	the	alterations	in	collagens	[16].

Some other studies investigated the role of protein-
ases that may degrade elements of the extracel-
lular	matrix.	Chen	et	 al.,	 evaluating	 full-thickness	
peri-urethral vaginal wall tissues from patients with 
SUI or prolapsed and matched control women, 
found	 signiicant	 decrease	 in	 mRNA	 and	 protein	
expressions of alpha-1 antitrypsin (ATT), a neu-
trophil elastase inhibitor in tissues from affected 
women, while no difference was found in neutro-
phil	 elastase	 and	 cathepsin	 K	 expressions	 [17].	
Similarly,	Gabriel	 et	 al.	 studied	 the	 expression	 of	
different MMPs in 17 women with prolapsed and 
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18 control, identifying higher expression of MMP2 
in	 patients	 with	 prolapse	 [18].	 These	 studies	 al-
lowed	 to	 hypothesize	 that	 altered	 catabolism	 of	
some components of the extracellular matrix might 
contribute to the connective tissue alterations ob-
served	in	pelvic	loor	dysfunction.

Other studies were focused on the expres-
sion	of	small	proteoglycans.	Wen	et	al.	studied	
mRNA and protein levels of biglycan, decorin, 
and fibromodulin in vaginal wall tissue from 
women with SUI and menstrual-cycle matched 
continent	 women	 [1].	 Specifically,	 the	 authors	
demonstrated that the mRNA expression of fi-
bromodulin was significantly lower in patients 
in the proliferative phase compared to controls, 
while decorin mRNA expression was higher 
both in the proliferative and secretory phases in 
the patients with SUI, supporting the hypothesis 
that the expression of such small proteoglycans 
was hormonally modulated and may contribute 
to the altered pelvic floor connective tissues of 
women	with	SUI	[1].

Oestrogens interact with specific receptors 
which, when activated by the ligand, have con-
formational change, dimerisation and recruit-
ment of co-factors, once translocated into the 
nucleus, these promote the expression of region 
of oestrogen-responsive genes, called the oes-
trogen response elements, leading to the syn-
thesis	 of	 proteins	 [19].	More	 recently,	 selective	
modulators of oestrogens receptors have been 
identified, that act modulating the activity of the 
receptors, working as agonists, partial agonists, 
or antagonists in a tissue-dependent manner 
[20].	 Studies	 on	 these	 molecules	 supported	 a	
new role of oestrogens in SUI and pelvic organ 
prolapse.	Specifically,	in	a	randomized	controlled	
trial testing one of these molecules (levormeloxi-
fene)	 as	 osteoporosis	 treatment,	 a	 3.4-fold	 in-
crease in the reporting of pelvic organ prolapse 
and an almost 5-fold increase in the reporting of 
urinary	 incontinence	 have	 been	 observed	 [21].	
To explain such effect, the expression of more 
than 500 proteins have been studied in the rat 
model, showing that oestradiol induced the ex-
pression of metalloproteinase 7 and 14, reduced 
the expression of their inhibitors such as TIMP-3, 
while selective modulators of oestrogens recep-
tors such as raloxifene had minimal effects on 
metalloproteinase 7, and maintained or restored 
expression of the mRNA for tissue inhibitor of 
metalloproteinases-3 (TIMP-3) and other compo-
nents of the extracellular matrix, such as glypi-
can,	and	biglycan	 [19].	Although	 the	 role	of	 se-
lective oestrogen-receptor modulators (SERMs) 
in the expression of the component of extracel-
lular matrix has to be further clarified, these find-
ings support the hypothesis that the increased 
occurrence of urinary incontinence and pelvic 

organ prolapse observed with oestrogen therapy 
and SERMs such as levormeloxifene may be re-
lated to changes in expression of genes regu-
lating collagen turnover that ultimately weaken 
the normal structural integrity and support for the 
genitourinary	system	[19].

1. CONSENSUS STATEMENT

•		To	date,	all	 these	 tissue	analyses	are	not	part	of	
the everyday clinical practice

2. FUTURE RESEARCH AREAS

•		The	relationship	between	tissue	composition	and	
risk of UI and POP

•		The	relationship	between	tissue	composition	and	
treatment outcome in patients with UI and POP

3.  REFERENCES (SEE AT THE END OF THE 
CHAPTER)

Clinical research involving diagnostic accuracy 
and clinical benefit of imaging studies and other 
diagnostic	 tests	 is	 particularly	 difficult.	 Recom-
mendation of a diagnostic test is based upon the 
evidence that the outcome of it provides valuable 
information for patient management and this of-
ten	 involves	 evaluating	 the	 outcome	 of	 surgery.	
Implementation of good clinical research in this 
area remains difficult and sometimes lacks ad-
equate	 founding.	 We	 acknowledge	 that	 only	 a	
few of the imaging techniques and other inves-
tigations we reviewed in the current chapter 
have been properly evaluated with respect to 
reproducibility, specificity, sensitivity and predic-
tive value in connection with the diagnosis and 
management	 of	 urinary	 incontinence.	 Neverthe-
less, we acknowledge the great amount of work 
performed in the last four years and the continu-
ous	advancement	 in	 this	 field.	The	use	of	 imag-
ing and other investigations, described in this 
chapter, remains mostly based on expert opinion, 
common sense, availability and local expertise, 
rather	than	on	evidence	based	clinical	research.	
The diagnostic tests we considered can be sub-
divided into safety tests, tests with specific and 
selected	indications,	investigational	tests.

Safety tests - Intended to protect patients’ health, 
they are indicated in all patients complaining of 
urinary	incontinence.	They	include	urinalysis	and	
measurement	of	post-void	residual	urine.	While	a	
consensus is easily achieved for urinalysis, the 
clinical benefit and cost-effectiveness of PVR 

G. CONCLUSIONS
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measurement in the primary evaluation of urinary 
incontinence needs to be confirmed in prospec-
tive	studies.

Tests	with	specific	and	selected	 indications.	Up-
per urinary tract imaging (as well as renal func-
tion assessment) may be indicated in cases of 
neurogenic urinary incontinence with risk of renal 
damage, chronic retention with incontinence, in-
continence associated with severe genitourinary 
prolapse and suspicion of extraurethral incon-
tinence.	 No	 other	 imaging	 technique	 is	 recom-
mended in the primary evaluation of uncompli-
cated urinary incontinence and/or pelvic organ 
prolapse.	Cystourethrography	remains	a	reason-
able option only in the preoperative evaluation of 
complicated	 and/or	 recurrent	 cases.	 Video	 uro-
dynamics, is the gold standard in the evaluation 
of neurogenic incontinence, particularly in the 
paediatric population, although the clinical ben-
efit	of	it	remains	unclear.	In	female	urinary	incon-
tinence videourodynamics is not recommended 
except	 under	 specific	 complex	 circumstances.	
MRI remains the gold standard for the diagnosis 
of urethral diverticula although ultrasonography 
is	 a	 good	 alternative	 option.	 Lumbosacral	 spine	
X-rays have specific indications in children with 
suspect neurogenic incontinence without gluteo-
sacral	 stigmata.	 Imaging	 of	 the	 CNS	 should	 be	
considered when a neurological disorder is sus-
pected on the basis of clinical, imaging and neu-
rophysiological	findings.	Urethrocystoscopy	is	in-
dicated in cases of incontinence with microscopic 
haematuria, in the evaluation of recurrent or iat-
rogenic cases, in the evaluation of vesico-vaginal 
fistula	and	extra-urethral	urinary	incontinence.

Endoanal ultrasound and endocoil MRI are the 
gold standard for the evaluation of anal sphinc-
ter disorders, dynamic X-ray imaging remains the 
standard	for	evaluating	rectal	prolapse.

Investigational tests

Pelvic floor ultrasound is widely used as an ad-
junct to physical examination in patients with 
urinary incontinence and/or pelvic organ pro-
lapse.	Although	the	technique	is	rapidly	evolving	
and much progress has been made in clinical 
research in this field, ultrasonography remains 
optional as evidence of its clinical benefit is not 
there	yet.

MRI of the pelvic floor is rapidly gaining popu-
larity in the evaluation of enteroceles and in the 
morphological analysis of pelvic floor muscles al-
though evidence of its clinical benefit is still lack-
ing.	Both	ultrasonography	and	MRI	are	the	most	
rapidly evolving techniques and hold promises 
for	potential	future	clinical	applications.	

Research in this area is also performed to im-
prove our understanding of the pathophysiol-
ogy of continence disorders and pelvic organ 
prolapse.	 Functional	 neuroimaging	 continues	 to	
provide new insight regarding functional anat-
omy of CNS related to vesicourethral function 
and	dysfunction.	The	content	of	the	draft	reflects	
the composition of the Committee is made up of 
clinicians with a particular interest in a specific 
area	of	imaging	and	neurophysiology.	The	chap-
ter certainly reveals the enthusiasm the authors 
poured in clinical research into this area but we 
believe that the methodology implemented by the 
Consultation is the best guarantee of a balanced 
opinion	 and	 evidence	 based	 recommendations.	
We hope that this chapter will stimulate clinical 
research in this field and will inspire those in-
volved in the management of continence disor-
ders	and	pelvic	organ	prolapse.	

Neurophysiological testing should be part of 
the armamentarium available in the manage-
ment of neurogenic incontinence and the es-
tablishment of good collaboration with neuro-
physiologists	is	recommended.
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The function of the lower urinary tract (LUT) is to 
store and periodically release urine, and is depen-
dent on the activity of smooth and striated muscles 
in	the	bladder,	urethra,	and	pelvic	loor.	These	struc-
tures form a functional unit, which is controlled by a 
complex interplay between the central and periph-
eral nervous systems and local regulatory factors 
[Andersson, 1993; de Groat and Yoshimura, 2001; 
Andersson and Wein, 2004; see, Andersson and 
Michel.,	 2011].	 Malfunction	 at	 various	 levels	 may	
result in bladder control disorders, which roughly 
can	be	classiied	as	disturbances	of	 illing/storage	
or	disturbances	of	voiding/emptying.	Failure	to	store	
urine may lead to various forms of incontinence 
(mainly urgency and stress incontinence), and fail-
ure to empty can lead to urinary retention, which 
may	result	in	overlow	incontinence.	A	disturbed	ill-
ing/storage	 function	 can,	 at	 least	 theoretically,	 be	
improved by agents decreasing detrusor activity, in-
creasing	bladder	capacity,	and/or	 increasing	outlet	
resistance	[Wein,	2012].

Many drugs have been tried, but the results are of-
ten disappointing, partly due to poor treatment ef-
icacy	and/or	side	effects.	The	development	of	phar-
macologic treatment of the different forms of urinary 

incontinence has been slow, but several promising 
targets	 and	 drug	 principles	 have	 been	 identiied	
[Andersson	 2007;	 2011c;	 Colli	 et	 al.,	 2007;	Atha-
nasopoulos	and	Cruz,	2011].

In this report, we update the recommendations 
from the 2008 International Consensus meeting 
[Andersson	et	al.,	2009].	The	most	relevant	infor-
mation obtained since the last meeting is briefly 
reviewed	 and	 summarised.	 Agents	 specifically	
used for treatment of urinary tract infections and 
interstitial	 cystitis,	 have	 not	 been	 included.	 Our	
clinical drug recommendations are based on eval-
uations	made	using	a	modification	of	 the	Oxford	
system (Table 1 ).	 The	 terminology	 used	 is	 that	
recommended by the International Continence 
Society	(ICS)	[Abrams	et	al.,	2002].

The review undertook a comprehensive search 
of all major literature databases and the abstract 
books from several major conferences: American 
Urological Association, ICS, European Association 
of Urology, International Urogynaecological Asso-
ciation, International Consultation of Incontinence 
and	Societe	 Internationale	 d’Urologie.	There	were	
no restrictions on the inclusion of publications by 

A. Introduction

I. PUBLICATION SEARCHES

Levels of evidence

Level 1: Systematic reviews, meta-analyses, good quality randomized 
controlled clinical trials (RCTs)
Level 2: RCTs, good quality prospective cohort studies
Level 3: Case-control studies, case series
Level 4: Expert opinion 

Grades of recommendation  

Grade A:  Based on level 1 evidence (highly recommended)
Grade B:  Consistent level 2 or 3 evidence  (recommended)
Grade C:  Level 4 studies or ”majority evidence”(optional)
Grade	D:			Evidence	inconsistent/inconclusive	(no	recommendation	possible)	or	the	evidence	indicates	that	

the drug should not be recommended

Table 1. ICI assessments 2008: Oxford guidelines (modiied)
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language; publications in languages other than 
English	were	translated	into	English.

In	the	adult	individual,	the	normal	micturition	relex	
is mediated by a spinobulbospinal pathway, which 
passes through relay centers in the brain (Fig -
ures1-4 ).	 In	 infants,	 the	 central	 pathways	 seem	
to be organized as on-off switching circuits, but 
after the age of four to six years, voiding is initi-
ated voluntarily by the cerebral cortex [de Groat et 
al.,	 1999;	 Beckel	 and	Holstege,	 2011].	 Studies	 in	
humans	 and	 animals	 have	 identiied	 areas	 in	 the	
brainstem and diencephalon (Figure 5 ) that are 
speciically	implicated	in	micturition	control,	includ-
ing Barrington’s nucleus or the pontine micturition 
center (PMC) in the dorsomedial pontine tegmen-
tum	[Fowler	et	al.,	2008].	These	structures	directly	
excite bladder motoneurons and indirectly inhibit 
urethral sphincter motoneurons via inhibitory inter-
neurons	 in	 the	medial	 sacral	 cord.	The	 periaque-
ductal	grey	(PAG)	receives	bladder	illing	informa-
tion, and the pre-optic area of the hypothalamus 
is	probably	 involved	 in	 the	 initiation	of	micturition.	
According to PET-scan and functional imaging 
studies in humans, these supraspinal regions are 
active	during	micturition	[Blok	et	al.,	1998;	Nour	et	
al.,	2000;	Athwal	et	al.,	2001;	Grifiths	et	al.,	2007;	
2008;	Hruz	et	al.,	2008;	Mehnert	et	al.,	2008;	Tadic	
et	al.,	2008;	Grifiths,	2011].

Bladder emptying and urine storage involve a 
complex pattern of efferent and afferent signalling 
in parasympathetic , sympathetic, somatic, and 
sensory	 nerves.	 These	 nerves	 are	 parts	 of	 relex	
pathways, which either keep the bladder in a non-
contracted state, enabling urine storage at low 
intravesical pressure, or which initiate micturition 
by	 relaxing	 the	outlow	 region	and	contracting	 the	
bladder	 smooth	muscle.	 Contraction	 of	 the	 detru-
sor	 smooth	 muscle	 and	 relaxation	 of	 the	 outlow	
region result from activation of parasympathetic 
neurones located in the sacral parasympathetic nu-
cleus	(SPN)	in	the	spinal	cord	at	the	level	of	S2-S4	
[de	Groat	et	al.,	1993;	Beckel	and	Holstege,	2011].	
The postganglionic neurones in the pelvic nerve 
mediate the excitatory input to the human detrusor 
smooth muscle by releasing acetylcholine (ACh) 
acting	on	muscarinic	 receptors.	However,	an	atro-
pine-resistant component has been demonstrated, 
particularly in functionally and morphologically al-
tered	human	bladder	tissue	(see	below).	The	pelvic	
nerve	 also	 conveys	 parasympathetic	 ibres	 to	 the	
outlow	 region	and	 the	urethra.	These	ibres	exert	
an	 inhibitory	 effect	 and	 thereby	 relax	 the	 outlow	
region.	This	 is	mediated	partly	by	 release	of	nitric	
oxide	 [Andersson	 and	 Persson,	 1993],	 although	
other transmitters might be involved [Bridgewater 
and	Brading,	1993;	Hashimoto	et	al.,	1993;	Werk-
ström	et	al.,	1995].

II. CENTRAL NERVOUS CONTROL

III. PERIPHERAL NERVOUS CONTROL 

Figure 1 : Components of the micturition relex.
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Figure 2 : Activity in the micturition relex during storage. The pontine micturition center is inhibited by 
impulses from the prefrontal cortex, afferent impulses unable to initiate micturition. Activities in the hypo -
gastric and pudendal nerves keep the bladder relaxed and the outlow region contracted.

Figure 3 : Activity in the micturition relex during voluntary voiding. The inhibitory impulses from the pre-
frontal cortex pontine micturition center are removed and afferent impulses are able to initiate micturition. 
Activities in the hypogastric and pudendal nerves are inhibited, the outlow region is relaxed, and the blad-
der is contracted by the activity in the pelvic nerve.
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Most of the sympathetic  innervation of the blad-
der and urethra originates from the intermediolat-
eral nuclei in the thoraco-lumbar region (T10-L2) of 
the	spinal	 cord	 [Beckel	and	Holstege,	2011].	The	
axons travel either through the inferior mesenteric 
ganglia and the hypogastric nerve, or pass through 
the	paravertebral	chain	and	enter	the	pelvic	nerve.	
Thus, sympathetic signals are conveyed in both 
the hypogastric and pelvic nerves [Lincoln and 
Burnstock,	1993].

The predominant effects of the sympathetic inner-
vation of the lower urinary tract are inhibition of 
the parasympathetic pathways at spinal and gan-
glion levels (demonstrated in animals), and me-
diation of contraction of the bladder base and the 
urethra [shown in animals and man, see Anders-
son,	 1993].	However,	 the	 adrenergic	 innervation	
of the bladder body is believed to inactivate the 
contractile	 mechanisms	 in	 the	 detrusor	 directly.	
Noradrenaline	 (norepinephrine)	 is	 released	 in	
response to electrical stimulation of detrusor tis-
sues in vitro, and the normal response of detru-
sor tissues to released noradrenaline is relaxation 
[Andersson,	1993].

The somatic  innervation of the urethral rhabdo-
sphincter and of some perineal muscles (for exam-

Figure 4 : Detrusor overactivity. Despite the inhibitory impulses from the prefrontal to the cortex pontine 
micturition center the enhanced (?) afferent impulses are able to initiate micturition.

Figure 5:  Simpliied model of the supraspinal con-
trol system of micturition. Secondary bladder affer -
ents synapse in the Periaqueductal Gray  (PAG) and 
are relayed to the Insula (RI), forming the substrate 
for sensation. Insula representation may have slight 
right-sided predominance. The Anterior Cingulate 
Gyrus (ACG) is responsible for monitoring, arousal, 
and efferent output to the PAG and the Pontine Mic -
turition Center (PMC). The prefrontal cortex (PFC) 
is involved in voluntary decision about voiding and 
generates efferent signals to control ACG and ulti -
mately PMC. PMC provides motor output to cause 
voiding. Modiied from Grifiths and Tadic, Neurou-
rol Urodyn, 2008;27:466-474
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seem	to	be	the	case	[Hyman	et	al.,	2001;	Digesu	
et	 al.,	 2003;	Hashim	and	Abrams,	 2004;	Aschke-
nazi	et	al.,	2007].	DO/OAB	can	occur	as	a	 result	
of sensitization of afferent nerve terminals in the 
bladder or outlet region, changes of the bladder 
smooth muscle secondary to denervation, or con-
sequent upon damage to the central nervous sys-
tem	(CNS)	inhibitory	pathways,	as	can	be	seen	in	
various neurological disorders, such as multiple 
sclerosis, cerebrovascular disease, Parkinson’s 
disease, brain tumors, and spinal cord injury [An-
dersson	 and	 Pehrson,	 2003;	 Ouslander,	 2004;	
Banakhar	 et	 al.,	 2012;	 Wein	 and	 Dmochowski,	
2012].	Urinary	retention	and	overlow	incontinence	
can be observed in patients with urethral outlet ob-
struction	 (e.g.	 prostate	 enlargement),	 decreased	
detrusor	contractility,	or	both),	neural	injury,	and/or	
diseases	that	damage	nerves	(e.g.	diabetes	melli-
tus), or in those who are taking drugs that depress 
the neural control of the bladder or bladder smooth 
muscle	directly	[Wein,	2011].

Normal	 bladder	 contraction	 in	 humans	 is	 medi-
ated mainly through stimulation of muscarinic 
receptors in the detrusor muscle [Andersson and 
Wein,	 2004]	 (Figure 6 ).	Atropine	 resistance,	 i.e.	
contraction of isolated bladder muscle in response 
to electrical nerve stimulation after pretreatment 
with atropine, has been demonstrated in most an-
imal species, but seems to be of little importance 
in normal human bladder muscle [Andersson, 
1993;	Bayliss	et	al.,	1999].	However,	atropine-re-
sistant	 (non-adrenergic,	 non-cholinergic:	 NANC)	
contractions have been reported in normal human 
detrusor and may be caused mainly by adenosine 
triphosphate (ATP) [Andersson, 1993; Bayliss et 
al.,	1999,	Andersson	and	Wein,	2004;	Kennedy	et	
al.,	2007].	ATP	acts	on	two	families	of	purinergic	
receptors: an ion channel family (P2X) and a G-
protein-coupled	 receptor	 family	 (P2Y)	 [Ford	 and	
Cockayne,	2011].	Seven	P2X	subtypes	and	eight	
P2Y	 subtypes	 have	 been	 identified.	 In	 several	
species (rabbit, cat, rat, and human), various stud-
ies suggested that multiple purinergic excitatory 
receptors are present in the bladder [de Groat 
and	Yoshimura,	2001;	Ford	and	Cockayne,	2011].	
Immunohistochemical experiments with specific 
antibodies for different P2X receptors showed 
that P2X1 receptors are the dominant subtype in 
membranes of rat detrusor muscle and vascular 
smooth	muscle	 in	 the	 bladder.	 Excitatory	 recep-
tors for ATP are present in parasympathetic gan-
glia, afferent nerve terminals, and urothelial cells 
[de	Groat	and	Yoshimura,	2001].	P2X3	receptors,	
which have been identified in small-diameter af-
ferent neurons in dorsal root ganglia, have also 
been detected immunohistochemically in the wall 
of the bladder and ureter in a suburothelial plexus 

IV. PATHOGENESIS OF BLADDER 
CONTROL DISORDERS 

V. BLADDER CONTRACTION

ple compressor urethrae and urethrovaginal sphinc-
ter), is provided by the pudendal nerve [Beckel and 
Holstege,	2011].	These	ibers	originate	from	sphinc-
ter motor neurons located in the ventral horn of the 
sacral spinal cord (levels S2-S4) in a region called 
Onuf´s	(Onufrowicz’s)	nucleus).

Most of the sensory  innervation of the bladder 
and urethra reaches the spinal cord via the pelvic 
nerve	and	dorsal	root	ganglia	[Kanai	and	Anders-
son,	 2010].	 In	 addition,	 some	 afferents	 travel	 in	
the	hypogastric	nerve.	The	sensory	nerves	of	the	
striated muscle in the rhabdosphincter travel in 
the pudendal nerve to the sacral region of the spi-
nal	cord	[Lincoln	and	Burnstock,	1993].	The	most	
important afferents for the micturition process are 
myelinated	 Aδ-fibres	 and	 unmyelinated	 C-fibres	
travelling in the pelvic nerve to the sacral spinal 
cord, conveying information from receptors in the 
bladder	wall	 to	the	spinal	cord.	The	Aδ-fibres	re-
spond to passive distension and active contrac-
tion, thus conveying information about bladder 
filling	 [Janig	 and	Morrison,	 1986].	 C-fibres	 have	
a high mechanical threshold and respond primar-
ily to chemical irritation of the bladder mucosa 
[Habler	et	al.,	1990]	or	cold	[Fall	et	al.,	1990].	Fol-
lowing chemical irritation, the C-fibre afferents ex-
hibit spontaneous firing when the bladder is emp-
ty and increased firing during bladder distension 
[Habler	 et	 al.,	 1990].	 These	 fibres	 are	 normally	
inactive	and	are	therefore	termed	”silent	fibres”.

As pointed out previously, bladder control disor-
ders can be divided into two general categories: 
disorders	of	 filling/storage	and	disorders	of	void-
ing	 [Wein,	 2012].	 Storage	 problems	 can	 occur	
as a result of weakness or anatomical defects in 
the urethral outlet, causing stress urinary inconti-
nence.	Failure	to	store	also	occurs	if	the	bladder	
is	overactive,	as	in	the	overactive	bladder	(OAB)	
syndrome.	The	prevalence	varies	with	the	criteria	
used	 for	 diagnosis,	 but	 according	 to	 Irwin	 et	 al.	
[2006],	using	 the	 ICS	definition	of	2002	 [Abrams	
et	 al.,	 2002],	 the	 overall	 prevalence	 of	 OAB,	
based on computer assisted telephone interviews 
(the	 EPIC	 study)	 was	 11.8%;	 rates	 were	 similar	
in men and women and increased with age [Ir-
win	et	al.,	2006].	A	similar	study	based	on	a	cross	
Canada telephone survey found the prevalence 
of	OAB	to	be	13	%	in	men	and	14.7%	in	women	
[Herschorn	et	al.,	2008].	 In	a	Finnish	study,	 tak-
ing into account bother, the prevalence of clini-
cally	meaningful	OAB	was	was	much	 lower	 than	
reported	in	these	studies	[Vaughan	et	al.,	2011].

OAB	 (symptomatic	 diagnosis)	 is	 often	 assumed	
to	 be	 caused	 by	 detrusor	 overactivity	 (DO;	 uro-
dynamic diagnosis), even if this does not always 
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of	afferent	nerves.	In	P2X3	knockout	mice,	affer-
ent activity induced by bladder distension was 
significantly	reduced	[Cockayne	et	al.,	2000;	Ford	
et	al.,	2006;	Ruggieri	et	al.,	2006;	Ford	and	Cock-
eyne,	 2011].	These	 data	 indicate	 that	 purinergic	
receptors are involved in mechanosensory signal-
ing	in	the	nonprimate	mammalian	bladder.

A significant degree of atropine resistance 
may	 exist	 in	 morphologically	 and/or	 function-
ally changed bladders, and has been reported 
to	occur	in	hypertrophic	bladders	[Sjögren	et	al.,	
1982],	interstitial	cystitis	[Palea	et	al.,	1993],	neu-
rogenic	 bladders	 [Wammack	 et	 al.,	 1995],	 and	
in	 the	 aging	 bladder	 [Yoshida	 et	 al.,	 2001].	The	
importance	of	 the	NANC	component	 to	detrusor	
contraction in vivo, normally, and in different mic-
turition disorders, remains to be established [An-
dersson,	2006].	

The neurotransmitter ACh acts on two classes 
of receptors, the nicotinic and the muscarinic re-
ceptors.	While	 the	 former	play	a	 role	 in	 the	sig-

nal transduction between neurones or between 
neurones	and	skeletal	muscle	 (e.g.	 in	 the	distal	
urethra), the signal transduction between para-
sympathetic nerves and smooth muscle of the 
detrusor involves muscarinic receptors [Abrams 
and	 Andersson,	 2007].	 Importantly,	 the	 endog-
enous muscarinic receptor agonist ACh is not 
necessarily derived only from parasympathetic 
nerves in the urinary bladder, but can also be 
formed and released non-neuronally by the uro-
thelium	[Bschleiper	et	al.,	2007;	Mansfield	et	al.,	
2005;	Zarghooni	et	al.,	2007,	Andersson,	2011].	
Five	subtypes	of	muscarinic	receptors	have	been	
cloned in humans and other mammalian spe-
cies,	 which	 are	 designated	M1-5	 [Caulfield	 and	
Birdsall	1998].	Based	upon	structural	criteria	and	
shared preferred signal transduction pathways, 
the subtypes can be grouped into M1, M3 and 
M5	on	the	one	hand	and	the	subtypes	M2	and	M4	
on	the	other.	The	former	prototypically	couple	via	
pertussis toxin-insensitive Gq proteins to stimula-
tion of a phospholipase C followed by elevation 
of intracellular calcium and activation of a pro-
tein kinase C, whereas the latter prototypically 
couple via pertussis toxin-sensitive Gi proteins 

Figure 6: Muscarinic M3 receptor-mediated detrusor activation. Calcium inlux and activation of the Rhoki-
nase system are the main pathways mediating activation of the contractile system in the detrusor.

VI. MUSCARINIC RECEPTORS
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to inhibition of adenylyl cyclase and modulation 
of several ion channels [Caulfield and Birdsall 
1998].	While	sensitive	molecular	techniques	such	
as reverse transcriptase polymerase chain reac-
tion	can	detect	mRNA	for	all	five	subtypes	in	the	
mammalian	bladder	[Abrams	et	al.,	2006:	Hegde,	
2006],	 studies	 at	 the	 protein	 level,	 e.g.	 based	
upon radioligand binding, have typically detected 
only M2 and M3 receptors, with the former domi-
nating	quantitatively	[Abrams	et	al.,	2006:	Hegde,	
2006,	Andersson,	2011].	Inhibitory	pre-junctional	
muscarinic receptors have been classified as M2 
in the rabbit and rat, and M4 in the guinea-pig, rat 
and	human	[d´Agostini	et	al.,	2000;	see	Anders-
son,	2011]	bladder.	These	receptors	appear	to	be	
of the M1 subtype in the rat and rabbit urinary 
bladder, but have also been detected in human 
bladders.	The	muscarinic	 facilitatory	mechanism	
seems to be upregulated (M3 receptors) in over-
active bladders from chronic spinal cord tran-
sected	rats.

Apparently, most muscarinic receptors in the 
bladder are found on the smooth muscle cells of 
the	 detrusor.	 While	 the	 detrusor	 expresses	 far	
more M2 than M3 receptors, it appears that detru-
sor contraction under physiological conditions is 
largely if not exclusively mediated by the M3 re-
ceptor	[Hegde	et	al.,	1997;	Chess-Williams	et	al.,	
2001;	 Fetscher	 et	 al.,	 2002;	Kories	 et	 al.,	 2003;	
Schneider	et	al.,	2004a,	b].	Studies	 in	knock-out	
mice	confirm	this	conclusion	[Matsui	et	al.,	2000;	
2002;	 Stengel	 et	 al.,	 2002;	 Ehlert	 et	 al.,	 2007].	
Under physiological conditions M2 receptor-
selective stimulation causes little contraction 
[Schneider	 et	 al.,	 2005a],	 but	 rather	 appears	 to	
act	mainly	by	inhibiting	β-adrenoceptor-mediated	
detrusor	relaxation	[Hegde	et	al.,	1997;	Ehlert	et	
al.,	 2007;	 Matsui	 et	 al.,	 2003].	 It	 has	 been	 pro-
posed that M2 receptors can also directly elicit 
bladder contraction under pathological condi-
tions	[Braverman	et	al.,	1998;	2002;	2003;	2006;	
Pontari	et	al.,	2003]	,	but	such	observations	have	
not been confirmed by other investigators using 
distinct methodological approaches [Schneider et 
al.,	2005a;	b].

Based upon the prototypical signalling pathway of 
M3	receptors	 [Cauldfield	and	Birdsall,	1998]	and	
the presence of phospholipase C stimulation by 
muscarinic	agonists	 in	 the	bladder	 [Kories	et	al.,	
2003;	 Schneider	 et	 al.,	 2005a]	 it	 had	 originally	
been believed that muscarinic receptor-mediated 
contraction is largely mediated by an activation 
of	 phospholipase	 C	 [Ouslander,	 2004].	 While	
some earlier data had supported this concept, it 
now appears clear that, at least in rat, mice and 
humans, muscarinic receptor-mediated bladder 
contraction occurs largely independent of phos-
pholipase	C	 [Schneider	et	al.,	2004;	Wegener	et	
al.,	2004;	Frazier	et	al.,	2007].	Rather,	alternative	

signalling pathways such as opening of L-type 
calcium channels and activation of a rho-kinase 
(Figure 6 ) appear to contribute to muscarinic 
receptor-mediated bladder contraction in a major 
way	[Frazier	et	al.,	2008].	More	recently,	musca-
rinic receptors have also been identified in the 
urothelium	 [Chess-Williams,	 2002;	 Kumar	 et	 al.,	
2005].	Similarly	to	the	findings	in	bladder	smooth	
muscle, the muscarinic receptors in the urotheli-
um mainly belong to the M2 and M3 subtype, with 
the former dominating quantitatively [Mansfield 
et	 al.,	 2005;	Bschleiper	 et	 al.,	 2007].	At	 present	
the functional role of muscarinic receptors in the 
urothelium	has	largely	been	studied	indirectly,	i.e.	
by investigating the effects of urothelium removal 
or	of	administration	of	pharmacological	inhibitors.	
These data indicate that muscarinic stimulation of 
the urothelium causes release of an as yet un-
identified factor which inhibits detrusor contrac-
tion	 [Hawthorn	 et	 al.,	 2000;	Wuest	 et	 al.,	 2005;	
Sadananda	et	al.,	2008].	Some	data	indicate	that	
muscarinic receptors in the urothelium may partly 
act	 by	 releasing	 nitric	 oxide	 (NO)	 [Andersson	 et	
al.,	2008a].	Muscarinic	receptor	blockade	in	uro-
thelial cells may also reduce ATP release induced 
by	 strech	 [Young	 et	 al.,	 2012].	 Thus,	 it	 appears	
that muscarinic receptors in the urothelium also 
contribute to the regulation of overall bladder 
function but their specific roles in health and dis-
ease	have	not	been	fully	established.	

Assuming an involvement of muscarinic recep-
tors in physiological voiding contractions of the 
bladder, numerous studies have explored wheth-
er an overactivity of the muscarinic system may 
play	a	causative	role	in	bladder	dysfunction.	This	
could	 involve,	 e.g.,	 an	 enhanced	 expression	 of	
such	receptors	and/or	an	increased	functional	re-
sponsiveness.	In	vitro,	an	increased	sensitivity	to	
muscarinic receptor stimulation was found in both 
idiopathic and neurogenic overactive human de-
trusors	[Stevens	et	al.	2006].	However,	according	
to	Michel	and	Barendrecht	[2008]	the	overall	bal-
ance of available studies suggests that the mus-
carinic receptor system is not hyperactive under 
conditions	 of	 DO	 and,	 if	 anything,	 can	 be	 even	
hypoactive	[Michel	and	Barendrecht,	2008].	This	
does	not	exclude	a	contribution	to	DO	of	ACh	and	
muscarinic receptor stimulation during bladder 
filling	(see	below).	It	appears	that	the	contribution	
of muscarinic mechanisms to the overall regula-
tion of bladder contractility decreases in favour of 
non-cholinergic mechanisms under pathological 
conditions	 [Yoshida	 et	 al.,	 2001;	 2008;	 Rapp	 et	
al.,	 2005].	 These	 observations	 may	 help	 to	 ex-
plain the moderate efficacy of muscarinic recep-
tor antagonists relative to placebo in controlled 
clinical	studies	[Herbison	et	al.,	2003;	Chapple	et	
al.,	 2005;	 2008;	Novara	et	 al.,	 2008;	Shamliyan	
et	al.,	2008].
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It	 has	 been	 estimated	 that	 more	 than	 50	 million	
people in the developed world are affected by uri-
nary incontinence, and an abundance of drugs has 
been used for treatment (Table 2 ).	Helfand	and	co-
workers	 showed	 that	 in	 a	 cohort	 of	 7,244,501	pa-
tients	over	45	years	with	an	OAB	diagnosis,	24.4%	
of these were treated mainly with antimuscarinic 
agents;	75.6%	went	untreated.	Only	25.6%	of	those	
treated	were	men.	[Helfand	et	al.,	2009].	As	under-
lined by several other subcommittees, drugs may 
be	eficacious	 in	 some	patients,	 but	 they	 do	 have	
side	effects,	and	frequently	are	not	continued	indei-
nitely.	Hence	it	would	be	worth	considering	them	as	
an	adjunct	to	conservative	therapy.

• Mechanism of action

Antimuscarinics block, more or less selective-
ly, muscarinic receptors irrespective of loca-
tion [Abrams and Andersson, 2007; Andersson 
2011b]	 (Figure 7 ).	 The	 common	 view	 is	 that	 in	
OAB/DO,	 the	 drugs	 act	 by	 blocking	 the	 musca-

rinic receptors on the detrusor muscle, which are 
stimulated by ACh, released from activated cho-
linergic	 (parasympathetic)	 nerves.	Thereby,	 they	
decrease	 the	 ability	 of	 the	 bladder	 to	 contract.	
However,	antimuscarinic	drugs	act	mainly	during	
the storage phase, decreasing urgency and in-
creasing bladder capacity, and during this phase, 
there is normally no parasympathetic input to the 
lower	urinary	tract	[Andersson,	2004,	2007].	Fur-
thermore, antimuscarinics are usually competi-
tive	antagonists.	This	implies	that	when	there	is	a	
massive release of ACh, as during micturition, the 
effects of the drugs should be decreased, other-
wise the reduced ability of the detrusor to contract 
would	eventually	lead	to	urinary	retention.	Unde-
niably, high doses of antimuscarinics can produce 
urinary retention in humans, but in the dose range 
used	for	beneficial	effects	in	OAB/DO	(Figure 8 ), 
there is little evidence for a significant reduction 
of	 the	 voiding	 contraction	 [Finney	 et	 al.,	 2006].	
However,	 there	 is	 good	 experimental	 evidence	
that the drugs act during the storage phase by 
decreasing the activity in afferent nerves (both C- 
and	Aδ	 -fibres)	 from	 the	bladder	 [De	Laet	et	al.,	
2006;	Ijima	et	al.,	2007]	(Figure 9 ).

As mentioned previously, muscarinic receptors are 
found on bladder urothelial cells where their density 
can	be	even	higher	than	in	detrusor	muscle.	The	role	
of the urothelium in bladder activation has attract-
ed much interest [Andersson, 2002; Birder and de 
Groat,	2007],	but	whether	 the	muscarinic	 receptors	

 B. Drugs used for treatment of
overactive bladder symptoms/

detrusor overactivity

I. ANTIMUSCARINIC
(ANTICHOLINERGIC) DRUGS

Figure 7: Important sites of action of antimuscarinics.
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     Leve l of eviden ce  Grade o f recommendation
Antimuscarinic dr ugs 
Atropine, hyoscyamine    3    C 
Darifenacin     1    A 
Fesoterodine     1    A 
Imidafenacin    1   B 
Propantheline     2    B 
Solifenacin     1                 A 
Tolterodine     1   A 
Trospium     1    A 
 
Drugs w ith mi xed actions 
Oxybutynin    1    A 
Propiverine     1   A 
Flavoxate     2    D 
 Drugs acting  on membrane cha nnels  
Calcium antagonists    2    D 
K-Channel openers    2    D 
 
Antidepr essants  
Imipramine     3    C 
Duloxetine     2    C 
 
Alpha-AR antagon ists 
Alfuzosin     3    C 
Doxazosin     3    C 
Prazosin      3    C 
Terazosin     3    C 
Tamsulosin    3   C 
Silodosin     3   C 
Naftopidil     3   C  

 Beta-AR antagon ists  
Terbutaline (beta 2)    3    C 
Salbutamol (beta 2)   3    C 
Mirabegron (beta 3)    1   B 
 
PDE-5 Inh ib itors+ 
(Sildenail, Taladail, Vardenail)   1    B 
 
COX-inh ib itors 
Indomethacin     2    C 
Flurbiprofen     2    C 
 
Toxins 
Botulinum toxin (neurogenic)***   1    A 
Botulinum toxin (idiopathic)***   1    B 
Capsaicin (neurogenic)**    2     C 
Resiniferatoxin (neurogenic)**   2     C 
 
Other dr ugs 
Baclofen*     3    C 
 
Horm ones 
Estrogen     2    C 
Desmopressin#     1    A 
 

Table 2. Drugs used in the treatment of LUTS/OAB/ DO. Assessments according to the Oxford system 
(modified)

+(male LUTS/OAB); * intrathecal; ** intravesical; *** bladder wall; #nocturia (nocturnal polyuria), caution hyponatremia, 
especially in the elderly!
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on	urothelial	 cells	 can	 inluence	micturition	has	not	
yet	been	established.	Yoshida	and	colleagues	[2004;	
2006;	2008]	found	that	there	is	basal	ACh	release	in	
human	bladder.	This	 release	was	resistant	 to	 tetro-
dotoxin and much diminished when the urothelium 
was removed; thus, the released ACh was probably 
of non-neuronal origin and, at least partly, generated 
by	the	urothelium.	There	is	also	indirect	clinical	evi-
dence	for	release	of	ACh	during	bladder	illing.	Smith	
and	co-workers	[1974]	found	that	in	patients	with	re-
cent spinal-cord injury, inhibition of ACh breakdown 
by use of cholinesterase inhibitors could increase 
resting tone and induce rhythmic contractions in the 
bladder.	Yossepowitch	and	colleagues	[2001]	 inhib-
ited ACh breakdown with edrophonium in a series 
of patients with disturbed voiding or urinary inconti-
nence.	They	found	a	signiicant	change	in	sensation	
and	decreased	bladder	capacity,	induction	or	amplii-
cation	of	involuntary	detrusor	contractions,	or	signii-
cantly	decreased	detrusor	compliance	in	78%	of	the	
patients with the symptom pattern of overactive blad-
der,	 but	 in	 no	 patients	 without	 speciic	 complaints	
suggesting	 DO.	 Thus,	 during	 the	 storage	 phase,	
ACh and ATP may be released from both neuronal 
and non-neuronal sources (eg, the urothelium) and 
directly or indirectly (by increasing detrusor smooth 
muscle tone) excite afferent nerves in the suburothe-
lium	and	within	the	detrusor.	These	mechanisms	may	
be	important	in	the	pathophysiology	of	OAB/DO	and	
represent	possible	targets	for	antimuscarinic	drugs.

• Pharmacologic properties

Generally, antimuscarinics can be divided into ter-
tiary and quaternary amines [Guay, 2003, Abrams 
and	Andersson,	 2007].	They	differ	with	 regards	 to	
lipophilicity, molecular charge, and even molecular 
size, tertiary compounds generally having higher 
lipophilicity and molecular charge than quaternary 
agents.	 Atropine,	 darifenacin,	 fesoterodine	 (and	
its	 active	 metabolite	 5-hydroxymethyl-tolterodine),	
oxybutynin, propiverine, solifenacin, and toltero-
dine,	 are	 tertiary	 amines.	 They	 are	 generally	 well	

absorbed from the gastrointestinal tract and should 
theoretically	be	able	to	pass	 into	the	CNS,	depen-
dent	on	their	individual	physicochemical	properties.	
High	 lipophilicity,	 small	 molecular	 size,	 and	 less	
charge will increase the possibilities to pass the 
blood brain barrier, but in some cases, such as dari-
fenacin, that is compensated by active transport out 
of	the	CNS	by	the	product	of	the	MDR1	gene.	Qua-
ternary ammonium compounds, like propantheline 
and trospium, are not well absorbed, pass into the 
CNS	to	a	limited	extent,	and	have	a	low	incidence	
of	CNS	side	effects	[Guay	2003].	They	still	produce	
well-known peripheral antimuscarinic side effects, 
such as accommodation paralysis, constipation, in-
creases	in	heart	rate,	and	dryness	of	mouth.

Many	antimuscarinics	are	metabolized	by	the	P450	
enzyme	 system	 to	 active	 and/or	 inactive	 metabo-
lites	 [Guay	 2003].	 The	 most	 commonly	 involved	
P450	 enzymes	 are	 CYP2D6,	 and	 CYP3A4.	 The	
metabolic conversion creates a risk for drug-drug 
interactions, resulting in either reduced (enzyme in-
duction) or increased (enzyme inhibition, substrate 
competition)	plasma	concentration/effect	of	the	an-
timuscarinic	and	/or	interacting	drug.	Antimuscarin-
ics secreted by the renal tubules (eg trospium) may 
theoretically be able to interfere with the elimination 
of	 other	 drugs	 using	 this	 mechanism.	 Some	 anti-
muscarinics and their active metabolites are excret-
ed in urine in amounts that may affect the mucosal 
muscarinic	receptors	from	the	luminal	side.	This	has	
not yet been demonstrated to imply superior clinical 
eficacy	[Andersson	et	al.,	2008b].

Figure 8: Rationale for use of antimuscarinics for 
treatment of OAB/DO. Blockade of muscarinic re -
ceptors at both detrusor and nondetrusor sites may 
prevent OAB symptoms and DO without depress-
ing the contraction during voiding. The «Therapeu -
tic window for OAB» can be obtained in most pa-
tients with recommended doses of antimuscarinics

Figure 9: Inluence of darifenacin on volume-relat-
ed nerve activity in Aδ afferents (A) and C afferents 
(B) in the rat pelvic nerve. From Iijima et al. Eur 
Urol. 2007 Sep;52(3):842
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Antimuscarinics are still the most widely used treat-
ment for urgency and urgency incontinence [Ander-
sson,	2004,	Andersson	et	al.,	2009].	However,	cur-
rently used drugs lack selectivity for the bladder, and 
effects on other organ systems may result in side 
effects,	which	limit	their	usefulness.	For	example,	all	
antimuscarinic drugs are contraindicated in untreat-
ed	narrow	angle	glaucoma.

Theoretically, drugs with selectivity for the bladder 
could be obtained, if the subtype(s) mediating blad-
der contraction, and those producing the main side 
effects	of	antimuscarinic	drugs,	were	different.	Unfor-
tunately,	this	does	not	seem	to	be	the	case.	One	way	
of avoiding many of the antimuscarinic side effects is 
to	administer	the	drugs	intravesically.	However,	this	
is	practical	only	in	a	limited	number	of	patients.

Several antimuscarinic drugs are and have been 
used	 for	 treatment	 of	OAB/DO.	For	 some	of	 them,	
documentation of effects is not based on randomized 
controlled trials (RCTs) satisfying currently required 
criteria, and some drugs can be considered as obso-
lete	(e.g.,	emepronium).	Information	on	these	drugs	
has not been included, but can be found elsewhere 
[Andersson,	1988;	Andersson	et	al.,	1999].

1.  ANTIMUSCARINICS WITH “SPECIFIC” 
ACTION

Below data on the different antimuscarinics are 
presented.	These	drugs	are	assumed	to	block	only	
muscarinic	receptors	(motivating	the	term	“speciic”).	
The amount of information for the individual drugs 
varies, and so does the degree of details from the 
different	studies	presented.	However,	the	information	
has	been	chosen	to	give	a	reasonable	eficacy	and	
adverse	effect	proile	of	each	individual	drug.
a) Atropine sulfate
Atropine (dl-hyoscyamine) is rarely used for treat-
ment	of	OAB/DO	because	of	its	systemic	side	effects,	
which	preclude	its	use	as	an	oral	tratment.	However,	
in	patients	with	neurogenic	DO,	intravesical	atropine	
may be effective for increasing bladder capacity with-
out causing any systemic adverse effects, as shown 
in	open	pilot	trials	[Ekström	et	al.,	1992;	Glickman	et	
al.,	1995;	Deaney	et	al.,	1998;	Enskat	et	al.,	2001;	
Fader	et	 al	 2007].	 It	 appears	 that	 intravesical	 atro-
pine may be as effective as intravesical oxybutynin 
in	patients	with	neurogenic	DO	[Fader	et	al.,	2007].	
The pharmacologically active antimuscarinic com-
ponent	of	atropine	is	l-hyoscyamine.
Assessment

Although still used, few clinical studies are available 
to evaluate the antimuscarinic activity of l-hyoscya-
mine	sulfate	[Muskat	et	al.,	1996].	For	assessment,	
see Table 2 .
b) Darifenacin hydrobromide

Darifenacin is a tertiary amine with moderate li-
pophilicity, well absorbed from the gastrointesti-

nal tract after oral administration, and extensively 
metabolised	 in	 the	 liver	 by	 the	 cytochrome	 P450	
isoforms CYP3A4 and CYP2D6, the latter saturat-
ing	within	the	therapeutic	range	[Skerjanec,	2006].	
UK-148,993,	 UK-73,689,	 and	 UK-88862	 are	 the	
three main circulating darifenacin metabolites of 
which	 only	UK-148,993	 is	 said	 to	 have	 signiicant	
anti-muscarinic	 activity.	 However,	 available	 infor-
mation suggests that various metabolites of darif-
enacin contribute little to its clinical effects [Michel 
and	Hegde,	 2006].	The	metabolism	of	 darifenacin	
by CYP3A4 suggests that co-administration of a 
potent	 inhibitor	of	 this	enzyme	(e.g.	ketoconazole)	
may lead to an increase in the circulating concen-
tration	of	darifenacin	[Kerbusch	et	al.,	2003].	

Darifenacin is a relatively selective muscarinic M3 re-
ceptor	 antagonist.	 In	 vitro,	 it	 is	 selective	 for	 human	
cloned muscarinic M3 receptors relative to M1, M2, 
M4	or	M5	receptors.	Theoretically,	drugs	with	selectiv-
ity for the M3 receptor can be expected to have clini-
cal	eficacy	in	OAB/DO	with	reduction	of	the	adverse	
events related to the blockade of other muscarinic 
receptor	 subtypes	 [Andersson,	2002].	However,	 the	
clinical	eficacy	and	adverse	effects	of	a	drug	are	de-
pendent	not	only	on	its	proile	of	receptor	afinity,	but	
also on its pharmacokinetics, and on the importance 
of	muscarinic	receptors	for	a	given	organ	function.

Darifenacin has been developed as a controlled-
release	formulation,	which	allows	once-daily	dosing.	
Recommended	dosages	are	7.5	and	15	mg	per	day.	
The clinical effectiveness of the drug has been docu-
mented	in	several	RCTs	[Haab	et	al.,	2004;	Cardozo	
and	Dixon	2005;	Steers	et	al.,	2005;	Chapple	et	al.,	
2005;	Foote	et	 al.,	 2005;	Hill	 et	 al.,	 2006;	Haab	et	
al.,	2006;	Zinner	et	al.,	2006,	Chapple	et	al.,	2007;	
Abrams	et	al.,	2008,	Chancellor	et	al.,	2008;	Dwyer	et	
al.,	2008;	for	reviews,	see	Guay,	2005;	Zinner,	2007;	
Novara	et	al.,	2008;	Chapple	et	al.,	2008].	Haab	et	al.	
[2004]	reported	a	multicentre,	double-blind,	placebo-
controlled,	 parallel-group	 study	 which	 enrolled	 561	
patients	(19−88	years;	85%	female)	with	OAB	symp-
toms for more than 6 months, and included some pa-
tients	with	prior	exposure	 to	antimuscarinic	agents.	
After washout and a 2-week placebo run-in, patients 
were	randomised	[1:4:2:3]to	once-daily	oral	darifena-
cin	 controlled-release	 tablets:	 3.75	 mg	 (n=53),	 7.5	
mg	(n=229)	or	15	mg	(n=115)	or	matching	placebo	
(n=164)	for	12	weeks.	Patients	recorded	daily	incon-
tinence episodes, micturition frequency, bladder ca-
pacity (mean volume voided), frequency of urgency, 
severity of urgency, incontinence episodes resulting 
in change of clothing or pads and nocturnal awak-
enings	due	to	OAB	using	an	electronic	diary	during	
weeks	2,	6	and	12	 (directly	preceding	clinic	visits).	
Tolerability data were evaluated from adverse event 
reports.	Darifenacin	7.5	mg	and	15	mg	had	a	rapid	
onset	 of	 effect,	 with	 signiicant	 improvement	 com-
pared with placebo being seen for most parameters 
at	 the	 irst	 clinic	 visit	 (week	2).	Darifenacin	7.5	mg	
and	 15	mg,	 respectively,	 was	 signiicantly	 superior	
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to placebo for (median) improvements in micturi-
tion	 frequency	 (7.5	mg:	 -1.6;	 15	mg:	 -1.7;	 placebo	
-0.8,	frequency	of	urgency	per	day	[-2.0;	-2.0;	-0.9],	
and number of incontinence episodes leading to a 
change	 in	 clothing	 or	 pads	 [-4.0;	 -4.7;	 -2.0].	There	
was	no	signiicant	reduction	in	nocturnal	awakenings	
due	to	OAB.The	most	common	adverse	events	were	
mild-to-moderate dry mouth and constipation with a 
CNS	and	cardiac	safety	proile	comparable	to	place-
bo.	No	patients	withdrew	from	the	study	as	a	result	of	
dry mouth and discontinuation related to constipation 
was	rare	(0.6%	placebo	versus	0.9%	darifenacin).

In	a	dose	 titration	study	on	395	OAB	patients,	da-
rifenacin,	allowing	 individualized	dosing	 (7.5	or	15	
mg), was found to be effective and well-tolerated 
[Steers	et	al.,	2005].	A	2-year	open	label	extension	
study	of	these	investigations	[i.e.,	Haab	et	al.,	2004;	
Steers	et	al.,	2005],	conirmed	a	favorable	eficacy,	
tolerability	and	safety	proile	[Haab	et	al.,	2006].	

A review of the pooled darifenacin data from the 
three phase III, multicentre, double blind clinical trials 
in	patients	with	OAB	was	reported	by	Chapple	et	al.	
[2005]	After	a	4-week	washout/run-in	period,	1,059	
adults	(85%	female)	with	symptoms	of	OAB	(urgency	
incontinence, urgency and frequency) for at least six 
months were randomized to once-daily oral treat-
ment	with	darifenacin:	7.5	mg	(n	=	337)	or	15	mg	(n	
=	334)	or	matching	placebo	(n	=	388)	for	12	weeks.	
Eficacy	was	evaluated	using	electronic	patient	dia-
ries that recorded incontinence episodes (including 
those resulting in a change of clothing or pads), fre-
quency and severity of urgency, micturition frequen-
cy,	and	bladder	capacity	(volume	voided).	Safety	was	
evaluated by analysis of treatment-related adverse 
events,	withdrawal	rates	and	laboratory	tests.	Rela-
tive to baseline, 12 weeks of treatment with darifena-
cin	resulted	in	a	dose-related	signiicant	reduction	in	
median number of incontinence episodes per week 
(7.5	mg,	 –8.8	 [–68.4%;	 placebo	 -54%,	 P<004];	 15	
mg,	 –10.6	 [–76.8%;	 placebo	 58%,	 p<0.001].	 Sig-
niicant	 decreases	 in	 the	 frequency	and	severity	 of	
urgency, micturition frequency, and number of incon-
tinence episodes resulting in a change of clothing 
or pads were also apparent, along with an increase 
in	bladder	 capacity.	Darifenacin	was	well	 tolerated.	
The most common treatment-related adverse events 
were dry mouth and constipation, although together 
these resulted in few discontinuations (darifenacin 
7.5	mg	 0.6%	 of	 patients;	 darifenacin	 15	mg	 2.1%;	
placebo	0.3%).	The	incidence	of	CNS	and	cardiovas-
cular	 adverse	events	were	 comparable	 to	 placebo.	
The	results	were	conirmed	in	other	RCTs,	including	
also a pooled analysis of three phase III studies in 
older	patients	(>65	years),	showing	that	darifenacin	
(7.5	and	15	mg)	had	an	excellent	eficacy,	tolerability	
and	safety	proile	 [Foote	et	al.,	2005,	Zinner	et	al.,	
2005;	Hill	et	al.	2006].

The time-to effect with darifenacin was analyzed in 
a	 pooled	 analysis	 of	 eficacy	 and	 safety	 data	 fom	

1,059	 patients	 participating	 in	 three	 double-blind	
12-week	 studies	 Khullar	 et	 al	 [2011].	 Darifenacin	
signiicantly	 improved	 all	OAB	 symptoms	 as	 early	
as	6	to	8	days.

One	 of	 the	 most	 noticeable	 clinical	 effects	 of	 an-
timuscarinics is their ability to reduce urgency and 
allow	patients	 to	postpone	micturition.	A	 study	was	
conducted to assess the effect of darifenacin, on the 
‘warning	time’	associated	with	urinary	urgency.	Warn-
ing	time	was	deined	as	the	time	from	the	irst	sen-
sation of urgency to the time of voluntary micturition 
or	incontinence.	This	was	a	multicenter,	randomized,	
double-blind, placebo-controlled study consisting of 
2 weeks’ washout, 2 weeks’ medication-free run-in 
and a 2-week treatment phase [Cardozo and Dixon, 
2005].	Warning	 time	was	 deined	 as	 the	 time	 from	
the	irst	sensation	of	urgency	to	voluntary	micturition	
or incontinence and was recorded via an electronic 
event recorder at baseline (visit 3) and study end 
(visit 4) during a 6-hour clinic-based monitoring peri-
od, with the subject instructed to delay micturition for 
as	long	as	possible.	During	each	monitoring	period,	
up	 to	 three	 urgency-void	 cycles	were	 recorded.	Of	
the 72 subjects who entered the study, 67 had warn-
ing time data recorded at both baseline and study 
end	and	were	included	in	the	primary	eficacy	analy-
sis	 (32	on	darifenacin,	35	on	placebo).	Darifenacin	
treatment	resulted	in	a	signiicant	(p<0.004)	increase	
in	mean	warning	time	with	a	median	increase	of	4.3	
minutes compared with placebo (darifenacin group 
from	4.4	to	1.8	minutes;	placebo	from	7.0	to	-1.0	min-
utes).	 Overall,	 47%	 of	 darifenacin-treated	 subjects	
compared	 with	 20%	 receiving	 placebo	 achieved	 a	
≥30%	 increase	 in	mean	warning	 time.	 There	 were	
methodological problems associated with this study; 
it utilized a dose of 30 mg (higher than the dose rec-
ommended for clinical use), the treatment period was 
short, it was conducted in a clinical-centred environ-
ment,	 the	methodology	 carried	 with	 it	 a	 signiicant	
potential training effect, and the placebo group had 
higher	baseline	values	than	the	treatment	group.	In	
another	warning	 time	study	 [Zinner	et	al.,	2006]	on	
445	OAB	patients,	darifenacin	treatment	(15	mg)	re-
sulted in numerical increases in warning time, how-
ever,	these	were	not	signiicant	compared	to	placebo.

Further	studies	have	demonstrated	that	darifenacin	
treatment is associated with clinically relevant im-
provements	on	health	related	quality	of	life	(HRQoL)	
in	patients	with	OAB	[Abrams	et	al.,	2008],	and	such	
improvements were sustained as shown in a two-
year	 extension	 study	 [Dwyer	 et	 al.,	 2008].	 It	 was	
shown that neither the positive effects on micturition 
variables,	 nor	 on	HRQoL	produced	by	 darifenacin	
(7.5	 and	 15	mg)	 were	 further	 enhanced	 by	 a	 be-
havioural	 modiication	 programme	 including	 timed	
voiding,	dietary	modiications	and	Kegel	exercises	
[Chancellor	et	al.,	2008].

Since darifenacin is a substrate for the P-glyco-
protein	 drug	 eflux	 transporter	 [Miller	 et	 al.,	 2011;	
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Chancellor	 et	 al.,	 2012],	 which	 is	 present	 both	 in	
the blood-brain and blood-ocular barriers, several 
clinical studies have been devoted to investigate 
possible	effect	of	darifenacin	on	cognition.	Neither	
in healthy volunteers (19-44 years) and healthy 
subjects	(>60	years),	nor	in	volunteers	65	years	or	
older,	 could	 any	 effect	 of	 darifenacin	 (3.75-15mg	
daily)	be	demonstrated,	compared	to	placebo	[Kay	
and	Wesnes,	2005;	Lipton	et	al.,	Kay	et	al.,	2006;	
Kay	and	Ebinger	2008;	Chancellor	et	al.,	2012].	

To	study	whether	darifenacin	had	any	effect	on	QT/
QTc	intervals	[Serra	et	al.,	2005]	performed	a	7-day,	
randomized,	parallel-group	study	(n	=	188)	in	healthy	
volunteers receiving once-daily darifenacin at steady-
state	 therapeutic	 (15	mg)	and	supratherapeutic	 (75	
mg) doses, alongside controls receiving placebo or 
moxiloxacin	(positive	control,	400	mg)	once	daily.	No	
signiicant	increase	in	QTcF	interval	could	be	demon-
strated	compared	with	placebo.	Mean	changes	from	
baseline at pharmacokinetic Tmax versus placebo 
were	–0.4	 and	–2.2	milliseconds	 in	 the	 darifenacin	
15mg	 and	 75	 mg	 groups,	 respectively,	 compared	
with	+11.6	milliseconds	in	the	moxiloxacin	group	(P	
<	.01).	The	conclusion	was	that	darifenacin	does	not	
prolong	the	QT/QTc	interval.

Darifenacin	 15	mg	per	 day	 given	 to	 healthy	 volun-
teers	 did	 not	 change	 heart	 rate	 signiicantly	 com-
pared	to	placebo	[Olshansky	et	al.,	2008].

Assessment

Darifenacin	has	a	well-documented	beneicial	effect	
in	 OAB/DO	 (Table 2 ), and tolerability and safety 
seems	acceptable.

c) Fesoterodine fumarate

Fesoterodine	 functions	as	an	orally	active	prodrug	
that	is	converted	to	the	active	metabolite	5-hydroxy-
methyltolterodine	 (5-HMT)	 by	 non-speciic	 ester-
ases	 [Michel,	 2008,	 Malhotra	 et	 al.,	 2009a].	 This	
compound, which is is chemically identical to the 
5-hydroxy	metabolite	of	tolterodine,	is	a	non-subtype	
selective	muscarinic	receptor	antagonist	[Ney	et	al.,	
2008].	All	of	the	effects	of	fesoterodine	in	man	are	
thought	to	be	mediated	via	5-HMT,	since	the	parent	
compound	remains	undetectable	upon	oral	dosing.	
5-HMT	is	metabolized	 in	 the	 liver,	but	a	signiicant	
part	of	5-HMT	is	excreted	renally	without	additional	
metabolism.	Since	the	renal	clearance	of	5-HMT	is	
about	250	mL/min,	with	>15%	of	 the	administered	
fesoterodine	 dose	 excreted	 as	 unchanged	 5-HM,	
this	 raises	 the	 possibility	 that	 5-HMT	 also	 could	
work from the luminal side of the bladder [Michel, 
2008].	The	bioavailability	of	fesoterodine,	averaging	
52%,	was	independent	of	food	intake	and	the	drug	
may be taken with or without a meal [Malhotra et 
al.,	 2009b].	 Peak	 plasma	 concentration	 of	 5-HMT	
is	reached	at	5	h	 following	oral	administration	and	
has	a	half-life	of	7–9	h	[Malhotra	et	al.,	2008].	The	
suggested	starting	dose,	4	mg/day,	can	be	used	in	

patients with moderately impaired renal or hepatic 
function due to the combination of renal excretion 
and	hepatic	metabolism	of	5-HMT	[Malhotra	et	al.,	
2009c;	de	Mey	et	al.,	2011].

The	clinical	eficacy	and	tolerability	of	fesoterodine	
have been documented in several RCTs [Chapple et 
al.,	2007;	Nitti	et	al.,	2007;	Dmochowski	et	al.,	2010;	
Herschhorn	et	al.,	2010;	Kaplan	et	al.,	2010;	Nitti	et	
al.,	2010;	see	Dell’Utri	et	al.,	2012].	In	a	multicenter,	
double-blind, double-dummy RCT with tolterodine 
ER, 1132 patients were enrolled and received treat-
ment	 [Chapple	et	al.,	2007].	The	 trial	showed	 that	
both the 4 and 8 mg doses of fesoterodine were 
effective	in	improving	symptoms	of	OAB,	with	the	8	
mg dose having a greater effect at the expense of a 
higher	rate	of	dry	mouth.	There	appeared	to	be	little	
difference between fesoterodine 4 mg and toltero-
dine	ER.	Only	one	subject	from	the	fesoterodine	8	
mg group and one subject from the tolterodine ER 
group	withdrew	 from	 the	 study	 due	 to	 dry	mouth.	
The	 dose-response	 relationship	 was	 conirmed	
in another study that pooled data from two phase 
III	RCTs	 [Khullar	 et	 al.,	 2008].	 Fesoterodine	 8	mg	
performed better than the 4 mg dose in improving 
urgency and urge UI as recorded by 3-day bladder 
diary,	offering	the	possibility	of	dose	titration.	

A head to head placebo controlled trial has been 
completed comparing fesoterodine 8mg to toltero-
dine	extended	release	4mg	and	placebo	[Herschorn	
et	al.,	2010].	The	study	randomized	1,590	patients	
to assess the primary outcome of reduced urgency 
incontinence	 episodes	 at	 12	 weeks.	 Fesoterodine	
produced	 statistically	 signiicant	 improvements	 in	
urgency incontinence episodes, complete dry rates 
(64.0%	vs.	57.2%,	p	=	0.015),	mean	voided	volume	
per	 void	 (+32.9	ml	 vs.	 +23.5	ml,	 p	 =	 0.005),	 and	
in patients’ assessments of bladder related prob-
lems	 as	measured	 by	 OAB	 questionnaire	 (except	
sleep domain), Patient Perception of Bladder Con-
dition	(40%	vs.	33%	with	>	2	point	improvement,	p	
<	0.001),	and	Urgency	Perception	Scale	 (46%	vs.	
40%	with	 improvement,	p	=	0.014)	compared	with	
tolterodine.	The	clinical	signiicance	of	these	statis-
tically	 signiicant	 indings	 is	 questionable	 as	 there	
was no difference between agents with respect to 
number of micturitions, urgency episodes, and fre-
quency-urgency	 sum	 per	 24	 hours.	 The	 improved	
eficacy	of	fesoterodine	came	at	the	cost	of	greater	
dry	mouth	(27.8%	vs.	16.4%),	headache	(5.6%	vs.	
3.4	%),	constipation	(5.4%	vs.	4.1%),	and	withdraw-
al	rates	(6%	vs.	4%).	Nonetheless,	this	irst	head	to	
head trial comparing two drugs in class supports the 
use	of	fesoterodine	8mg	for	additional	beneit	over	
tolterodine	ER	4	mg.	

Wyndaele	et	al.	[2009]	reported	the	irst	lexible-dose	
open-label fesoterodine trial, which was conducted 
at 80 different centres worldwide and comprised 
516	participants	(men	and	women)	>18	years	who	
self-reported	OAB	symptoms	for	at	 least	3	months	
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before screening and had been treated with either 
tolterodine or tolterodine ER within 2 years without 
symptom	 improvement.	Approximately	 50%	 opted	
for	dose	escalation	 to	8	mg	at	week	4.	Signiicant	
improvements from baseline to week 12 were ob-
served in micturitions, urgency urinary incontinence 
episodes, micturition-related urgency episodes and 
severe micturition-related urgency episodes per 24 
h.	Signiicant	improvements	from	baseline	were	ob-
served	 in	 QoL	 parameters.	 Dry	mouth	 (23%)	 and	
constipation	(5%)	were	the	most	common	adverse	
events;	no	safety	issues	were	identiied.

The	 largest	 double-blind,	 double-dummy,	 lexible-
dose fesoterodine RCT, which was conducted at 
210 different centres with a total of 2,417 patients 
enrolled,	was	performed	by	Kaplan	et	al.	[2010].	All	
patients were healthy, >18 years of age and self-
reported	 OAB	 symptoms	 for	 at	 least	 3	 months.	
The 960 patients who received fesoterodine 8 mg 
showed	 signiicantly	 greater	 mean	 improvements	
at	week	12	in	most	eficacy	parameters	(diary	vari-
ables) than those receiving either tolterodine ER or 
placebo; UUI and urgency episodes, micturition fre-
quency	and	MVV.	No	statistically	signiicant	chang-
es were shown in reduction of nocturnal micturitions 
compared with the tolterodine group, whereas when 
comparing the mean changes in nighttime micturi-
tion	with	the	placebo	group	a	signiicant	difference	
was	 found.	This	phase	 III	 study	conirmed	 the	su-
periority of fesoterodine 8 mg over tolterodine ER 
4 mg for improving of UUI and urgency episodes 
and 24-h micturitions but not for MVV and noctu-
ria.	 In	 another	 RCT	 of	 lexible-dose	 fesoterodine,	
Dmchowski	 et	 al.	 reported	 statistically	 signiicant	
improvements at week 12 in the mean number of 
micturition per 24 h and in both UUI and urgency 
episodes.	Between	groups,	difference	 in	nocturnal	
micturition	was	not	statistically	signiicant.

Nitti	et	al.	[2010]	determined	whether	the	presence	
of	DO	in	patients	with	OAB	and	urgency	urinary	in-
continence was a predictor of the response to treat-
ment with fesoterodine in a phase 2 randomized, 
multicentre,	placebo-controlled	trial.	They	conclud-
ed	 that	 regardless	 of	 the	 presence	of	DO,	 the	 re-
sponse to fesoterodine treatment was dose-propor-
tional	and	associated	with	signiicant	improvements	
in	OAB	symptoms,	 indicating	 that	 the	 response	 to	
OAB	pharmacotherapy	in	patients	with	UUI	was	in-
dependent	of	the	urodynamic	diagnosis	of	DO.

Kelleher	et	al.	[2008]	evaluated	the	effect	of	fesoter-
odine	 on	HRQoL	 in	 patients	 with	OAB	 syndrome.	
Pooled data from two randomized placebo-con-
trolled	phase	 III	 studies	Chapple	et	al.,	2007;	Nitti	
et	al.,	2007]	were	analysed.	Eligible	patients	were	
randomized to placebo or fesoterodine 4 or 8 mg 
for 12 weeks; one trial also included tolterodine ex-
tended	 release	 (tolterodine-ER)	 4	mg.	By	 the	end	
of treatment, all active-treatment groups had sig-
niicantly	improved	HRQoL	compared	with	those	on	

placebo.	In	a	post	hoc	analysis	of	data	pooled	from	
these	studies,	signiicant	 improvements	in	all	KHQ	
domains,	ICIQ-SF	scores,	and	bladder	related	prob-
lems were observed at months 12 and 24 compared 
to	 open	 label	 baseline	 [Kelleher	 et	 al.,	 2011].	The	
authors concluded that treatment satisfaction was 
high throughout the open-label treatment regard-
less	of	gender	and	age.

Malhotra	 et	 al.	 [2010]	 performed	 a	 thorough	 QT	
study to investigate the effects of fesoterodine on 
cardiac	 repolarization	 in	 a	 parallel-group	 study.	
Subjects were randomly assigned to receive dou-
ble-blind fesoterodine 4 mg, fesoterodine 28 mg, or 
placebo	 or	 open-label	moxiloxacin	 400	mg	 (posi-
tive	control)	for	3	days.	Electrocardiograms	(ECGs)	
were	obtained	on	Days	-1	(baseline),	1,	and	3.	The	
primary analysis was the time-averaged changes 
from	baseline	 for	Fridericia’s-corrected	QT	 interval	
(QTcF)	on	Day	3.	Among	261	subjects	randomized	
to	fesoterodine	4	mg	(n	=	64),	 fesoterodine	28	mg	
(n	=	68),	placebo	(n	=	65),	or	moxiloxacin	400	mg	
(n	=	64),	256	completed	 the	 trial.	The	results	 indi-
cated	 that	 fesoterodine	 is	not	associated	with	QTc	
prolongation or other ECG abnormalities at either 
therapeutic	or	supratherapeutic	doses.

Assessment

Fesoterodine	has	a	well-documented	beneicial	ef-
fect	in	OAB	(Table 2 ), and the adverse event pro-
ile	seems	acceptable.

d) Imidafenacin

Imidafenacin	 (KRP-197/ONO-8025,	 4-(2-meth-
yl-1H-imidazol-1-yl)-2,2-diphenylbutanamide)	 is	 an	
antagonist for the muscarinic ACh receptor with 
higher	 afinities	 for	M3	 and	M1	 receptors	 than	 for	
the	M2	receptor.	Metabolites	of	 imidafenacin	(M-2,	
M-4	and	M-9)	had	low	afinities	for	muscarinic	ACh	
receptor	subtypes	[Kobayashi,	Yageta	et	al.	2007].	
The drug blocks pre- as well as postjunctional 
muscarinic receptors and was shown to block both 
detrusor contractions and acetylcholine release 
[Murakami,	Yoshida	et	al.	2003].	The	receptor	bind-
ing	afinity	of	imidafenacin	in	vitro	was	found	to	be	
signiicantly	lower	in	the	bladder	than	submaxillary	
gland	 or	 colon	 [Yamada,	Seki	 et	 al.	 2011],	 and	 in	
rats orally administered imidafenacin distributes 
predominantly to the bladder and exerts more se-
lective and longer-lasting effect here than on other 
tissues.	Whether	 this	 can	be	 translated	 to	 the	hu-
man situation has to be established before claims of 
clinical	bladder	selectivity	can	be	made.	

Imidafenacin is well absorbed form the gastroin-
testinal tract and its absolute bioavailability in hu-
man	 is	 57.8%	 [Ohmori,	 Miura	 et	 al.	 2007;	 Ohno,	
Nakade	 et	 al.	 2008].	 It	 is	 rapidly	 absorbed	 with	
maximum plasma concentration occuring 1-3h af-
ter	oral	administration	[Ohno,	Nakade	et	al.	2008].	
Metabolites in the plasma are produced mainly by 
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irst-pass	 effects.	The	major	 enzymes	 responsible	
for the metabolism of the drug are CYP3A4 and 
UGT1A4.	The	oxidative	metabolism	 is	 reduced	by	
concomitant	administration	of	CYP3A4	inhibitors.	In	
contrast, imidafenacin and its metabolites have no 
inhibitory effect on the CYP-mediated metabolism of 
concomitant	drugs	[Kanayama,	Kanari	et	al.	2007].

Kitagawa	 et	 al.	 [Kitagawa,	 Kuribayashi	 et	 al.	
2011]	 reported	 that	 the	 subjective	 efficacy	 of	
imidafenacin was observed from 3 days after the 
commencement of administration and that mean 
total	OABSS	decreased	gradually	during	2	weeks	
after	administration.

A randomized, double-blind, placebo-controlled 
phase	 II	 dose-inding	 study	 in	 Japanese	 OAB	
patients	 was	 performed	 to	 evaluate	 the	 eficacy,	
safety/tolerability,	and	dose-response	 relationship	
of	 imidafenacin	 [Homma,	Yamaguchi	et	al.	2008].	
Overall,	 401	 patients	 were	 enrolled	 and	 random-
ized	for	treatment	with	0.1	mg	of	imidafenacin/day	
(99	patients),	0.2	mg	of	imidafenacin/day	[100],	0.5	
mg	of	 imidafenacin/day	 [101],	or	a	placebo	 [101].	
After 12 weeks of treatment, the number of inconti-
nence episodes was reduced in a dose-dependent 
manner,	 and	 a	 signiicant	 difference	 between	 the	
imidafenacin treatment and the placebo was ob-
served	(P	<	0.0001).	Compared	with	the	placebo,	
imidafenacin	 caused	 signiicant	 reductions	 in	 ur-
gency incontinence, voiding frequency, and urinary 
urgency,	and	a	signiicant	increase	in	the	urine	vol-
ume	voided	per	micturition.	Imidafenacin	was	also	
well	 tolerated.	The	 incidence	 of	 dry	mouth	 in	 the	
imidafenacin	groups	 increased	dose-dependently.	
Even though the percentage of patients receiving 
0.5	mg/day	who	discontinued	treatment	due	to	dry	
mouth	was	high	(8.9%),	the	percentages	in	the	0.1	
mg/day	 and	0.2	mg/day	 groups	 (1.0%	and	0.0%,	
respectively) were comparable with that in the pla-
cebo	group	(0.0%).

A randomized, double-blind, placebo- and propiv-
erine-controlled trial of 781 Japanese patients 
with	 OAB	 symptoms	 were	 conducted	 by	 Homma	
et	 al.[Homma	 and	 Yamaguchi	 2009].	 They	 were	
randomized to imidafenacin (324), propiverine 
[310],	or	a	placebo	[147].	After	12	weeks	of	treat-
ment,	a	signiicantly	 larger	 reduction	 in	 the	mean	
number of incontinence episodes was observed in 
the imidafenacin group than in the placebo group 
(P	 <	 0.0001).	 The	 non-inferiority	 of	 imidafenacin	
compared	with	 propiverine	was	 conirmed	 for	 the	
reduction	 in	 using	 incontinence	 episodes	 (P	 =	
0.0014,	non-inferiority	margin:	14.5%).	Imidafena-
cin	 was	well	 tolerated.	 The	 incidence	 of	 adverse	
events	 with	 imidafenacin	 was	 signiicantly	 lower	
than	with	propiverine	(P	=	0.0101).	Dry	mouth,	the	
most	 common	 adverse	 event,	 was	 signiicantly	
more common in the propiverine group than in 
the	imidafenacin	group.	There	were	no	signiicant	
increases in either the imidafenacin or placebo 

group	in	the	mean	QTc	interval,	whereas	there	was	
a	signiicant	 increase	 in	 the	mean	QTc	 interval	 in	
the	propiverine	group	(P	<	0.0001).	However,	there	
were no clinical arrhythmia and clinical arrhythmic 
events	in	any	of	the	treatment	groups.

The	 long-term	 safety,	 tolerability,	 and	 eficacy	 imi-
dafenacin	 was	 studied	 in	 Japanese	OAB	 patients	
[Homma	 and	 Yamaguchi	 2008],	 of	 whom	 478	 re-
ceived	 treatment	 and	 376	 completed	 a	 52-week	
program.	 Imidafenacin	 was	 well	 tolerated,	 the	
most common adverse event being a dry mouth 
(40.2%	 of	 the	 patients).	 Long-term	 treatment	 did	
not produce an increase in the frequency of ad-
verse	events	 compared	with	 short-term	 treatment.	
A	signiicant	eficacy	of	the	drug	was	observed	from	
week	 4	 through	week	 52.	After	 52	weeks,	 imidaf-
enacin produced mean changes from baseline in 
the	 number	 of	 incontinence	 episodes	 (-83.51%),	
urgency	 incontinence	 episodes	 (-84.21%),	 voiding	
frequency	 (-2.35	 micturitions/day),	 urgency	 epi-
sodes	(-70.53%),	and	volume	voided	per	micturition	
(28.99	mL).	There	were	also	signiicant	reductions	
from	 baseline	 in	 all	 domains	 of	 the	 King’s	 Health	
Questionnaire.	received	the	treatment	and	376	pa-
tients	completed	the	52-week	program.	Imidafena-
cin	had	no	 signiicant	 effects	on	 the	 corrected	QT	
interval, vital signs, results from laboratory tests, or 
post-void	residual	volume.

A	52-week	prospective,	open	randomized	compara-
tive	study	to	evaluate	the	eficacy	and	tolerability	of	
imidafenacin	 (0.2	 mg/day)	 and	 solifenacin	 (5	 mg/
day) was conducted in a total of 41 Japanese pa-
tients	 with	 untreated	 OAB	 [Zaitsu,	 Mikami	 et	 al.	
2011].	They	were	randomly	assigned	to	imidafena-
cin	 and	 solifenacin	 groups.	 There	 was	 no	 differ-
ence	in	OABSS	and	KHQ	scores	between	the	two	
groups, but the severity and incidence of adverse 
events caused by the drugs showed increased dif-
ferences	between	the	groups	with	time.	The	sever-
ity of dry mouth and the incidence of constipation 
were	 signiicantly	 lower	 in	 the	 imidafenacin	 group	
(P	=	0.0092	and	P	=	0.0013,	 resp.).	An	 important	
limitation	of	this	study	is	the	low	number	of	patients.	
Only	25	patients	(17	males	8	 females)	were	avail-
able	for	long-term	analysis.

Assessment.

Imidafenacin seems to be effective and to have an 
acceptable	tolerability.	However,	the	documentation	
is relatively scarce and the drug is not yet available 
in	the	Western	countries.

e) Propantheline bromide

Propantheline is a quaternary ammonium com-
pound, non-selective for muscarinic receptor sub-
types,	which	has	a	low	(5	to	10%)	and	individually	
varying	biological	availability.	It	is	metabolized	(me-
tabolites	inactive)	and	has	a	short	hallife	(less	than	
2	h)	 [Beermann	et	al.,	1972].	 It	 is	usually	given	 in	



640

a	dose	of	15	 to	30	mg	4	 times	daily,	but	 to	obtain	
an optimal effect, individual titration of the dose is 
necessary,	and	often	higher	dosages	are	required.	
Using this approach in 26 patients with detrusor 
overactivitycontractions	[Blaivas	et	al.,	1980]	 in	an	
open study obtained a complete clinical response in 
all patients but one, who did not tolerate more than 
propantheline	15	mg	four	times	daily.	The	range	of	
dosages	varied	from	7.5	to	60	mg	four	times	daily.	In	
contrast,	Thüroff	et	al.	[1991]	comparing	the	effects	
of	oxybutynin	5	mg	three	times	daily,	propantheline	
15	mg	three	times	daily,	and	placebo,	in	a	random-
ized, double-blind, multicenter trial on the treatment 
of frequency, urgency and incontinence related to 
DO	 (154	 patients),	 found	 no	 differences	 between	
the	 placebo	 and	 propantheline	 groups.	 In	 another	
randomized comparative trial with crossover design 
(23	women	with	 idiopathic	 DO),	 and	with	 dose	 ti-
tration,	 Holmes	 et	 al.	 [1991]	 found	 no	 differences	
in	eficacy	between	oxybutynin	and	propantheline.	
Controlled	 randomized	 trials	 (n=6)	 reviewed	 by	
Thüroff	et	al	[1998],	conirmed	a	positive,	but	vary-
ing,	response	to	the	drug.

Assessment

Although	 the	 effect	 of	 propantheline	 on	 OAB/DO	
has not been well documented in controlled trials 
satisfying standards of today, it can be considered 
effective, and may, in individually titrated doses, be 
clinically useful (Table 2 ).	 No	 new	 studies	 on	 the	
use	of	 this	drug	for	 treatment	of	OAB/DO	seem	to	
have	been	performed	during	the	last	decade.

f) Solifenacin succinate 

Solifenacin	 succinate	 (YM905)	 is	 a	 tertiary	 amine	
and well absorbed from the gastrointestinal tract 
(absolute	 bioavailability	 90%).	 The	 mean	 termi-
nal	 half-life	 is	 45-68	 hours	 [Kuipers	 et	 al.,	 2002;	
Smulders	et	 al.,	 2002;	 2004].	 It	 undergoes	 signii-
cant hepatic metabolism involving the cytochrome 
P450	 enzyme	 system	 (CYP3A4).	 In	 subjects	 who	
received a single oral dose of 10 mg solifenacin 
on day 7 of a 20-day regimen of ketoconazole ad-
ministration (200 mg) Cmax and AUC0-inf were 
increased	 by	 only	 approximately	 40%	 and	 56%,	
respectively	 [Swart	et	al.,	2006].	Solifenacin	has	a	
modest selectivity for M3 over M2 (and M1) recep-
tors	[Abrams	and	Andersson,	2007].	Supporting	an	
effect	on	sensory	function	by	solifenacin,	15	women	
with	DO	receiving	10	mg/day	of	the	drug	showed	an	
increase in the area under the bladder-volume sen-
sation	 curve	 [Lowenstein	 et	 al.,	 2011]	 Solifenacin	
also	increased	maximum	bladder	capacity,	a	inding	
in	agreement	with	other	studies	Tanaka	et	al.,	2010;	
Hsiao	et	al.,	2011].

Two large-scale phase 2 trials with parallel de-
signs, comprising men and women, were performed 
[Chapple	et	al.,	2004a,	Smith	et	al.,	2002].	The	irst	
dose-ranging	study	evaluated	solifenacin	2.5	mg,	5	
mg, 10 mg, and 20 mg and tolterodine (2 mg twice 

daily) in a multinational placebo-controlled study 
of	225	patients	with	urodynamically	 conirmed	DO	
[Chapple	et	al.,	2004a].	Patients	received	treatment	
for	4	weeks	followed	by	2	weeks	of	follow-up.	Inclu-
sion criteria for this and subsequent phase 3 studies 
of	patients	with	OAB	included	at	least	8	micturitions	
per 24 hours and either one episode of inconti-
nence or one episode of urgency daily as recorded 
in	 3-day	 micturition	 diaries.	 Micturition	 frequency,	
the	 primary	 eficacy	 variable,	 was	 statistically	 sig-
niicantly	 reduced	 in	 patients	 taking	 solifenacin	 5	
mg	 (-2.21),	10	mg	 (-2.47),	and	20	mg	 (-2.75),	but	
not	 in	patients	receiving	placebo	(-1.03)	or	 toltero-
dine	(-1.79).	This	effect	was	rapid	with	most	of	the	
effect observed at the earliest assessment visit, 2 
weeks	 after	 treatment	 initiation.	 In	 addition,	 there	
was numerically greater reductions in episodes of 
urgency and incontinence when compared with pla-
cebo.	Study	discontinuations	due	to	adverse	events	
were similar across treatment groups, albeit high-
est	in	the	20-mg	solifenacin	group.	As	the	5	mg	and	
10 mg doses caused lower rates of dry mouth than 
tolterodine,	and	superior	eficacy	outcomes	relative	
to placebo, these dosing strengths were selected 
for	further	evaluation	in	large-scale	phase	3	studies.	

The	 second	 dose-ranging	 study	 of	 solifenacin	 2.5	
mg to 20 mg was carried out in the United States 
(USA)	 [Smith	 et	 al.,	 2002].	This	 trial	 included	261	
evaluable men and women receiving solifenacin or 
placebo for 4 weeks followed by a 2-week follow-
up	 period.	 Micturition	 frequency	 was	 statistically	
signiicantly	reduced	relative	to	placebo	in	patients	
receiving	10	mg	and	20	mg	solifenacin.	The	number	
of micturitions per 24 hours showed reductions by 
day 7 and continued to decrease through day 28; 
day 7 was the earliest time point tested in solifena-
cin	trials	and	these	indings	demonstrate	eficacy	as	
early	as	one	week.	The	5	mg,	10	mg,	and	20	mg	
dosing	 groups	 experienced	 statistically	 signiicant	
increases in volume voided; the 10 mg solifenacin 
dose	was	associated	with	statistically	signiicant	re-
ductions	in	episodes	of	incontinence.	

In one of the early RCTs, a total of 1077 patients 
were	 randomized	 to	5	mg	solifenacin,	 10	mg	soli-
fenacin, tolterodine (2 mg twice daily), or placebo 
[Chapple	et	al.,	2004b].	It	should	be	noted	that	this	
study was powered only to compare active treat-
ments	 to	 placebo.	 Compared	 with	 placebo	 (-8%),	
mean	micturitions/24	 h	 were	 signiicantly	 reduced	
with	 solifenacin	 10	 mg	 (-20%),	 solifenacin	 5	 mg	
(-17%),	and	tolterodine	(-15%).	Solifenacin	was	well	
tolerated,	with	few	patients	discontinuing	treatment.	
Incidences	 of	 dry	mouth	were	 4.9%	with	 placebo,	
14.0%	with	solifenacin	5	mg,	21.3%	with	solifenacin	
10	mg,	and	18.6%	with	tolterodine	2	mg	twice	daily.	

Cardozo	 et	 al.	 [2004]	 randomized	 911	 patients	 to	
12-week	once	daily	treatment	with	solifenacin	5	mg,	
solifenacin	10	mg	or	placebo.	The	primary	eficacy	
variable was change from baseline to study end 
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point	in	mean	number	of	micturitions	per	24	hours.	
Secondary	eficacy	variables	included	changes	from	
baseline in mean number of urgency, nocturia and 
incontinence episodes per 24 hours, and mean vol-
ume	voided	per	micturition.	Compared	with	chang-
es	obtained	with	placebo	(-1.6),	the	number	of	mic-
turitions	per	24	hours	was	statistically	signiicantly	
decreased	with	solifenacin	5	mg	(-2.37)	and	10	mg	
(-2.81).	A	statistically	signiicant	decrease	was	ob-
served in the number of all incontinence episodes 
with	both	solifenacin	doses	 (5	mg:	 -1.63,	61%;	10	
mg:	-1.57,	52%),	but	not	with	placebo	(-1.25,	28%).	
Of	patients	reporting	incontinence	at	baseline,	50%	
achieved continence after treatment with solifena-
cin (based on a 3-day micturition diary, placebo re-
sponses	not	given).	Episodes	of	nocturia	were	sta-
tistically	signiicantly	decreased	 in	patients	 treated	
with	solifenacin	10	mg	versus	placebo.	Episodes	of	
urgency and mean volume voided per micturition 
were	statistically	signiicantly	reduced	with	solifena-
cin	5	mg	and	10	mg.	Treatment	with	solifenacin	was	
well	 tolerated.	 Dry	mouth,	mostly	mild	 in	 severity,	
was	reported	in	7.7%	of	patients	receiving	solifena-
cin	5	mg	and	23%	receiving	solifenacin	10	mg	(vs	
2.3%	with	placebo).	A	40-week	 follow	up	of	 these	
studies	[i.e.,	Chapple	et	al.,	2004b	and	Cardozo	et	
al.,	2004]	demonstrated	that	the	favourable	proile,	
both	in	terms	of	eficacy	and	tolerability	was	main-
tained	over	the	study	period	[Haab	et	al.,	2005].

The	STAR	trial	 [Chapple	et	al.,	2005;	2007]	was	a	
prospective, double blind, double-dummy, two-arm, 
parallel-group, 12-week study was conducted to 
compare	the	eficacy	and	safety	of	solifenacin	5	or	
10	mg	and	TOLT-ER	4	mg	once	daily	 in	OAB	pa-
tients.	 The	 primary	 effect	 variable	 was	micturition	
frequency.	After	4	weeks	of	treatment	patients	had	
the option to request a dose increase, but were 
dummied throughout as approved product labelling 
only	 allowed	an	 increase	 for	 those	on	 solifenacin.	
The	results	showed	that	solifenacin,	with	a	lexible	
dosing regimen, was “non-inferior” to tolterodine 
concerning the primary effect variable, micturition 
freqency.	 However,	 solifenacin	 showed	 signiicant	
greater	eficacy	to	tolterodine	in	decreasing	urgen-
cy	episodes	(-2.85	vs	-2.42),	incontinence	(-1.60	vs	
-.83),	 urgency	 incontinence	 (-1.42	 vs	 -0.83),	 and	
pad	usage	(-1.72	vs	-1.19).	More	solifenacin	treated	
patients	 became	 continent	 by	 study	 endpoint	 (59	
vs	49%)	and	reported	 improvements	 in	perception	
of	bladder	condition	(-1.51	vs	-1.33)	assessments.	
However,	 this	 was	 accompanied	 by	 an	 adverse	
event incidence which was greater with solifenacin 
than	 with	 tolterodine.	 Dry	mouth	 and	 constipation	
(mild + moderate + severe) were the most common 
(solifenacin	30	and	6.4%,	tolterodine	23	and	2.5%).	
The majority of side effects were mild to moderate in 
nature, and discontinuations were comparable and 
low	(5.9	and	7.3%)	in	both	groups.

Luo	et	al.	[2012]	performed	a	systematic	review	and	
meta-analysis of solifenacin RCTs and provided a 

comprehensive	assessment	 regarding	 the	eficacy	
and	safety	of	 the	drug.	Their	 results	which	 largley	
conirmed	 what	 could	 be	 deduced	 from	 previo-
uly published information, indicated that solifenacin 
could	signiicantly	decrease	the	number	of	urgency	
episodes per 24 h, micturitions per 24 h, inconti-
nence episodes per 24 h, nighttime micturitions 
per 24 h, and UUI episodes per 24 h, and improve 
volume voided per micturitions compared with the 
placebo	or	tolterodine	treatment.

A number of studies and reviews have further docu-
mented	 the	 effects	 of	 solifenacin	 [Cardozo	 et	 al.,	
2006;	Chapple	et	al.,	2006;	2007;	Maniscalco	et	al.,	
2006,	see	also	Chapple	et	al.,	2008;	Novara	et	al.,	
2008;	Toglia	et	al.,	2009;	Vardy	et	al.,	2009;	Serels	
et	 al.,	 2010;	 Luo	 et	 al.,	 2012],	 including	men	with	
OAB	without	 bladder	 outlet	 obstruction	 [Kaplan	 et	
al.,	2010;]	In	a	pooled	analysis	of	four	RCTs,	Abrams	
and	Swift	 (2005)	demonstrated	positive	effects	on	
urgency,	frequency	and	nocturia	symptoms	in	OAB	
dry	 patients.	 In	 an	 analysis	 of	 four	 phase	 III	 clini-
cal	trials,	Brubaker	and	FitzGerald	[2007]	conirmed	
a	 signiicant	 effect	 of	 solifenacin	 5	 and	 10	mg	 on	
nocturia	in	patients	with	OAB	(reductions	of	nocturia	
episodes	with	5	mg:	-0.6,	p<0.025;	with	10	mg:	-0.6,	
p<0.001vs	placebo:	-0,4)	but	without	nocturnal	poly-
uria.	A	positive	 impact	on	nocturia	and	sleep	qual-
ity	in	patients	with	OAB	treated	with	solifenacin	has	
also	 been	 reported	 in	 other	 studies	 [Takao	 et	 al.,	
2011;	Yokoyama	et	al.,	2011]	Kelleher	et	al.	[2006]	
and	Staskin	and	Te	[2006]	presented	data	showing	
eficacy	in	patients	with	mixed	incontinence.	

A	pooled	analysis	of	four	studies	conirmed	the	ef-
icacy	 and	 tolerability	 of	 solifenacin	 5	 and	 10	 mg	
in	 elderly	 (>	 65	 years)	 patients,	 and	 also	 showed	
a high level of persistence in a 40 week extension 
trial	[Wagg	et	al.,	2005].	Post-hoc	analysis	of	two12-
week,	 open	 lable,	 lexible-dosing	 studies	 on	 2645	
patients	over	65	years	of	age	with	OAB,	 revealed	
that solifenacin was associated with improvements 
in measures assessing patients’ perception of their 
bladder problems, symptom bother, and aspects of 
health-related	quality	of	life	[Capo	et	al.,	2011].	So-
lifenacin	was	equally	well	tolerated	in	younger	(<65	
years)	 and	 older	 (>65	 years)	 patients	 [Herschorn	
et	al.,	2001].	An	exploratory	pilot	study	with	single	
doses of solifenacin 10 mg to 12 elderly volunteers 
suggested no clear propensity to impair cognitive 
functions	[Wesnes	et	al.,	2009].	

Improvement	 of	QoL	 by	 solifenacin	 treatment	 has	
been	 documented	 in	 several	 studies	 [Kelleher	 et	
al.,	 2005;	Garely	 et	 al.,	 2006].	 In	 30	 patients	with	
mutiple	sclerosis,	van	Rey	and	Heesakkers	 [2011]	
improved	 OAB	 symptoms	 as	 well	 as	 neurogenic	
disease-speciic	QoL	measures.	

Information on solifenacin treatment in children 
is	 scarce.	 In	a	prospective	open	 label	 study	 in	72	
children (27 with neurogenic bladders) Bolduc et 
al.[2010]	 improved	 urodynamic	 capacity	 and	 im-
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proved	 continence.Chart	 review	 of	 138	 children	
with	therapy	resistant	OAB	treated	with	solifenacin	
increased mean voided volume and improved conti-
nence	[Hoebeke	et	al.,	2009]	

In female volunteers, aged 19 to 79 years, the effect 
of	 10	mg	 and	 30	mg	 solifenacin	 on	 the	QT	 inter-
val was evaluated at the time of peak solifenacin 
plasma concentration in a multi-dose, randomized, 
double-blind, placebo and positive-controlled (moxi-
loxacin	400	mg)	trial.	The	QT	interval	prolonging	ef-
fect appeared greater for the 30 mg (8 msec, 4, 13: 
90%CI)	compared	to	the	10	mg	(2	msec,	-3,	6)	dose	
of	solifenacin.	Although	the	effect	of	the	highest	soli-
fenacin dose (three times the maximum therapeutic 
dose) studied did not appear as large as that of the 
positive	control	moxiloxacin	at	its	therapeutic	dose,	
the	conidence	intervals	overlapped.	This	study	was	
not designed to draw direct statistical conclusions 
between	the	drugs	or	the	dose	levels.

Michel	et	al.	[2008]	studied	cardiovascular	safety	
and overall tolerability of solifenacin in routine 
clinical use in a 12-week, open-label, post-mar-
keting	 surveillance	 study.	 They	 concluded	 that	
“in	real-life	conditions,	 i.e.	with	 inclusion	of	 large	
numbers of patients with cardiovascular co-mor-
bidities and taking comedications, therapeutically 
effective doses of solifenacin did not increase 
heart	rate	or	blood	pressure”.

Assessment

Solifenacin	has	a	well-documented	beneicial	effect	
in	OAB/DO	(Table 2 ),	and	the	adverse	event	proile	
seems	acceptable.

g) Tolterodine tartrate

Tolterodine is is a tertiary amine, rapidly absorbed 
and	extensive	metabolized	by	the	cytochrome	P450	
system	 (CYP	 2D6).	 The	 major	 active	 5-hydroxy-
methyl	metabolite	(5-HMT)	has	a	similar	pharmaco-
logical	proile	as	the	mother	compound	[Nilvebrant	
et	 al.,	 1997],	 and	 signiicantly	 contributes	 to	 the	
therapeutic	effect	of	tolterodine	[Brynne	et	al.,	1997;	
Brynne	 et	 al.,	 1998].	 Both	 tolterodine	 and	 5-HMT	
have plasma half-lifes of 2-3 h, but the effects on 
the bladder seem to be more long-lasting than could 
be	expected	from	the	pharmacokinetic	data.	Urinary	
excretion	of	 tolterodine	accounted	 for	<1-2.4	%	of	
the	 dose;	 5	 –	 14%	 of	 5-HMT	 is	 eliminated	 in	 the	
urine	[Brynne	et	al.,	1997].	Whether	or	not	the	total	
antimuscarinic activity of unchanged tolterodine and 
5-HMT	excreted	in	urine	is	suficient	to	exert	any	ef-
fect on the mucosal signaling mechanisms has not 
been	established.	However,	the	preliminary	studies	
by	Kim	et	al.	 [2005]	and	Chuang	et	al.,	 [2008],	do	
not	support	such	an	effect.	

The relatively low lipophilicity of tolterodine and 
even	 lesser	one	of	5-HMT,	 implies	 limited	propen-
sity	 to	penetrate	 into	 the	CNS,	which	may	explain	
a	low	incidence	of	cognitive	side	effects	[Hills	et	al.,	

1998,	Clemett	et	al.,	2001;	Salvatore	et	al.,	2008].	
However,	tolterodine	may	disturb	sleep	in	subjects	
unable	to	form	the	even	less	lipophilic	5-HMT	due	to	
a	low	activity	of	CYP	2D6	[Diefenbach	et	al.,	2008].

Tolterodine has no selectivity for muscarinic recep-
tor subtypes, but is claimed to have functional selec-
tivity for the bladder over the salivary glands [Stahl 
et	al.,	1995;	Nilvebrant	et	al.	1997b].	In	healthy	vol-
unteers,	orally	given	tolterodine	in	a	high	dose	(6.4	
mg) had a powerful inhibitory effect on micturition 
and also reduced stimulated salivation 1 hour after 
administration	of	the	drug	[Stahl	et	al.,	1995].	How-
ever,	5	hours	after	administration,	the	effects	on	the	
urinary bladder were maintained, whereas no sig-
niicant	effects	on	salivation	could	be	demonstrated.	

Animal experiments have suggested that antimus-
carinics may affect signaling from the bladder [An-
dersson,	 2011b].	 Cirirming	 data	 in	 humans	 were	
found	by	Vijaya	et	al.	[2012].	In	a	randomized,	place-
bo-controlled study, they evaluated the effect of tolt-
erodine on urethral and bladder afferent nerves in 
women	with	DO	in	comparison	to	placebo,	by	study-
ing the changes in the current perception threshold 
(CPT).	 They	 found	 a	 signiicantly	 increased	 CPT	
value	at	5	(described	as	urgency)	and	250	Hz	upon	
both urethral and bladder stimulation after 1 week 
of	treatment.	When	compared	with	placebo,	women	
taking	 tolterodine	had	signiicantly	 increased	blad-
der	CPT	values	at	5	Hz	(P-value	<0.05).

Tolterodine is available as immediate-release 
(TOLT-IR;	1	or	2	mg;	twice	daily	dosing)	and	extend-
ed-release	(TOLT-ER)	forms	(2	or	4	mg;	once	daily	
dosing).	The	ER	 form	 seems	 to	 have	 advantages	
over	the	IR	form	in	terms	of	both	eficacy	and	toler-
ability	[Van	Kerrebroeck	et	al.	2001].	

Several randomised, double blind, placebo-con-
trolled	 studies	 on	 patients	 with	 OAB/DO	 (both	 id-
iopathic	and	neurogenic	DO),	have	documented	a	
signiicant	 reduction	 in	 micturition	 frequency	 and	
number	of	incontinence	episodes	[Hills	et	al.,	1998;	
Clemett	et	al.,	2001;	Salvatore	et	al.,	2008].	Com-
parative	 RCTs	 such	 as	 the	 OBJECT	 (Overactive	
Bladder: Judging Effective Control and Treatment), 
and	the	OPERA	(Overactive	Bladder;	Performance	
of Extended Release Agents) studies have further 
supported	its	effectiveness.	

The	OBJECT	trial	compared	oxybutynin	ER	(OXY-
ER)	 10	 mg	 once	 daily	 with	 TOLT-IR	 2	 mg	 twice	
daily	[Appell	et	al.,	2001]	in	a	12-week	randomized,	
double blind, parallel-group study including 378 pa-
tients	with	OAB.	Participants	had	between	7	and	50	
episodes of urgency incontinence per week and 10 
or	more	voids	in	24	hours.	The	outcome	measures	
were the number of episodes of urgency inconti-
nence, total incontinence, and micturition frequen-
cy	 at	 12	weeks	 adjusted	 for	 baseline.	At	 the	 end	
of	the	study,	OXY-ER	was	found	to	be	signiicantly	
more	 effective	 than	 TOLT-IR	 in	 each	 of	 the	main	
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outcome measures adjusted for baseline (see also 
below:	 oxybutynin	 chloride).	 Dry	mouth,	 the	most	
common	adverse	event,	was	reported	by	33%	and	
28%	of	 participants	 taking	OXY-ER	and	TOLT-IR,	
respectively.	Rates	of	central	nervous	system	and	
other adverse events were low and similar in both 
groups.	The	authors	 concluded	 that	OXY-ER	was	
more	effective	 than	TOLT-IR	and	 that	 the	 rates	of	
dry mouth and other adverse events were similar in 
both	treatment	groups.

In	the	OPERA	study	[Diokno	et	al.,	2003],	OXY-ER	
at	10	mg/d	or	TOLT-ER	at	4	mg/d	were	given	for	12	
weeks to women with 21 to 60 urgency incontinence 
episodes per week and an average of 10 or more 
voids	per	24	hours.	Episodes	of	 incontinence	 (pri-
mary end point), total (urgency and non urgency) in-
continence, and micturition were recorded in seven 
24-hour urinary diaries at baseline and at weeks 2, 
4,	 8	 and	 12	 and	 compared.	Adverse	 events	were	
also	 evaluated.	 Improvements	 in	 weekly	 urgency	
incontinence episodes were similar for the 790 
women	who	received	OXY-ER	(n=391)	or	TOLT-ER	
(n=399).	 OXY-ER	 was	 signiicantly	 more	 effective	
than	TOLT-ER	in	reducing	micturition	frequency,	and	
23.0%	of	women	 taking	OXY-ER	 reported	 no	 epi-
sodes	of	urinary	incontinence	compared	with	16.8%	
of	women	taking	TOLT-ER.	Dry	mouth,	usually	mild,	
was	more	 common	with	OXY-ER.	Adverse	 events	
were generally mild and occurred at low rates, with 
both groups having similar discontinuation of treat-
ment	due	to	adverse	events.	The	conclusions	were	
that reductions in weekly urgency incontinence 
and total incontinence episodes were similar with 
the	 two	drugs.	Dry	mouth	was	more	common	with	
OXY-ER,	but	tolerability	was	otherwise	comparable;	
including adverse events involving the central ner-
vous	system.	

In the ACET (Antimuscarinic Clinical Effectiveness 
Trial)	[Sussman	and	Garely,	2002]	study,	which	con-
sisted	of	two	trials,	patients	with	OAB	were	random-
ized to 8 weeks of open-label treatment with either 2 
mg	or	4	mg	of	once-daily	TOLT-ER	(study	one)	and	
to	5	mg	or	10	mg	of	OXY-ER	(study	two).	A	total	of	
1289	patients	were	included.	Fewer	patients	prema-
turely	withdrew	from	the	trial	in	the	TOLT-ER	4	mg	
group	 (12%)	 than	 either	 the	OXY-ER	5	mg	 (19%)	
or	OXY-ER	10	mg	groups	 (21%).	More	patients	 in	
the	OXY-ER	10	mg	group	than	the	TOLT-ER	4	mg	
group	 withdrew	 because	 of	 poor	 tolerability	 (13%	
vs.	6%).	After	8	weeks,	70%	of	patients	in	the	TOLT-
ER 4 mg group perceived an improved bladder con-
dition,	 compared	 with	 60%	 in	 the	 TOLT-ER	 2	 mg	
group,	 59%	 in	 the	OXY-ER	 5	mg	 group	 and	 60%	
in	the	OXY-ER	10	mg	group.	Dry	mouth	was	dose-
dependent with both agents, although differences 
between	doses	reached	statistical	signiicance	only	
in	 the	oxybutynin	 trial	 (OXY-ER	5	mg	vs.	OXY-ER	
10	mg;	 p=0.05).	 Patients	 treated	 with	 TOLT-ER	 4	
mg	 reported	 a	 signiicantly	 lower	 severity	 of	 dry	
mouth	compared	with	OXY-ER	10	mg.	The	conclu-

sion	that	the	indings	suggest	improved	clinical	efi-
cacy	of	TOLT-ER	(4	mg)	than	of	OXY-ER	(10	mg)	is	
weakened	by	the	the	open	label	design	of	the	study.

Zinner	 et	 al.	 [2002]	 evaluated	 the	 eficacy,	 safety,	
and	tolerability	of	TOLT-ER	in	older	(>	or	=65)	and	
younger	 (<65)	 OAB	 patients,	 in	 a	 12-week	 RCT	
including	 1015	 patients	with	 urgency	 incontinence	
and	 urinary	 frequency.	 Patients	 were	 randomized	
to	 treatment	 with	 TOLT-ER	 4	 mg	 once	 daily	 (n	 =	
507)	 or	 placebo	 (n	 =	 508)	 for	 12	weeks.	Eficacy,	
measured with micturition charts (incontinence epi-
sodes, micturitions, volume voided per micturition) 
and subjective patient assessments, safety, and tol-
erability endpoints were evaluated, relative to pla-
cebo.	Compared	with	placebo,	signiicant	improve-
ments	 in	micturition	 chart	 variables	with	TOLT-ER	
showed	no	age-related	differences.	Dry	mouth	 (of	
any severity) was the most common adverse event 
in	both	 the	TOLT-ER	and	placebo	treatment	arms,	
irrespective	of	age	(<65:	ER	22.7%,	placebo	8.1%;	
>	or	=65:	ER	24.3%,	placebo	7.2%).	A	few	patients	
(<	2%)	experienced	 severe	dry	mouth.	No	 central	
nervous system (cognitive functions were not spe-
ciically	studied),	visual,	cardiac	(per	electrocardio-
gram), or laboratory safety concerns were noted in 
this	study.	Withdrawal	rates	due	to	adverse	events	
on	TOLT-ER	4	mg	qd	were	comparable	 in	 the	 two	
age	cohorts	(<65:	5.5%;	>	or	=65:	5.1%).	

The	 central	 symptom	 in	 the	OAB	 syndrome	 is	 ur-
gency.	Freeman	et	al.	[2003]	presented	a	secondary	
analysis of a double-blind, placebo-controlled study 
evaluating	the	effect	of	once-daily	TOLT-ER	on	uri-
nary	 urgency	 in	 patients	 with	 OAB.	 Patients	 with	
urinary frequency (eight or more micturitions per 24 
hours)	and	urgency	incontinence	(ive	or	more	epi-
sodes per week) were randomized to oral treatment 
with	TOLT-ER	4	mg	once	daily	(n=398)	or	placebo	
(n=374)	 for	 12	 weeks.	 Eficacy	 was	 assessed	 by	
use	 of	 patient	 perception	 evaluations.	 Of	 patients	
treated	with	TOLT-ER,	44%	 reported	 improved	ur-
gency	symptoms	(compared	with	32%	for	placebo),	
and	 62%	 reported	 improved	 bladder	 symptoms	
(placebo,	 48%).	The	proportion	of	 patients	unable	
to hold urine upon experiencing urgency was de-
creased	by	58%	with	TOLT-ER,	compared	with	32%	
with	placebo	(P<.001).	

In the IMprovement in Patients: Assessing symp-
tomatic Control with Tolterodine ER (IMPACT) study 
[Elinoff	et	al.,	2005],	the	eficacy	of	TOLT-ER	for	pa-
tients’	most	bothersome	OAB	symptom	was	investi-
gated	in	an	open	label,	primary	care	setting.	Patients	
with	OAB	symptoms	for	>3	months	received	TOLT-
ER	 (4	mg	 once	 daily)	 for	 12	weeks.	 By	week	 12,	
there	were	 signiicant	 reductions	 in	 patients’	most	
bothersome symptom: incontinence, urgency epi-
sodes,	nocturnal	and	daytime	frequency.	The	most	
common	 adverse	 events	 were	 dry	 mouth	 (10%)	
and	constipation	(4%),	and	it	was	concluded	that	in	
primary	care	practice,	bothersome	OAB	symptoms	
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can	be	effectively	and	safely	treated	with	TOLT-ER,	
even	in	patients	with	comorbid	conditions.

Various	 aspects	 of	 the	 eficacy	 and	 tolerability	 of	
tolterodine have been further documented in a num-
ber	of	RCTs	[Dmochowski	et	al.,	2007a;	2007;	Ba-
rucha	et	al.,	2008;	Choo	et	al.,	2008;	Coyne	et	al.,	
2008;	Rogers	et	al.,	2008;	Rovner	et	al.,	2008a;	see	
further:	Novara	et	 al,	 2008,	Chapple	et	 al.,	 2008].	
Importantly,	the	QTc	effects	of	tolterodine	were	de-
termined	in	a	crossover-designed	QT	study	of	rec-
ommended (2 mg twice daily) and supratherapeutic 
(4	mg	twice	daily)	doses	of	tolterodine,	moxiloxacin	
(400	mg	once	daily),	and	placebo	was	performed.	
No	subject	receiving	tolterodine	exceeded	the	clini-
cally	relevant	thresholds	of	500	ms	absolute	QTc	or	
60ms change from baseline, and it was concluded 
that	tolterodine	does	not	have	a	clinically	signiicant	
effect	on	QT	interval	[Malhotra	et	al.,	2007].

Olshansky	 et	 al.	 [2008]	 compared	 the	 effects	 on	
heart	rate	of	TOLT-ER	4	mg/day	with	those	of	darif-
enacin	15	mg/day	in	healthy	volunteers.	They	found	
that	tolterodine,	but	not	darifenacin,	signiicantly	in-
creased	mean	heart	rate	per	24	hours.	The	propor-
tion	of	subjects	with	an	increase	>5	beats/min	was	
signiicantly	 greater	 in	 those	 receiving	 TOLT-ER	
(25%	than	with	darifenacin	(8.9%).	

Hsiao	 et	 al.	 [2011]	 compared	 the	 urodynamic	 ef-
fects,	therapeutic	eficacy	and	safety	of	solifenacin	
[5	mg]	 versus	 tolterodine	ER	 [4	mg]	 treatment	 in-
women	 with	 the	 OAB	 syndrome.	 Both	 solifenacin	
and tolterodine had similar urodynamic effects, 
therapeutic	eficacy	and	adverse	events,	however,	
tolterodine had a greater effect in increasing heart 
rate	than	solifenacin.

In	 a	 prospective,	 open	 study,	 Song	 et	 al.	 [2006]	
compared	the	effects	of	bladder	training	and/or	tolt-
erodine	as	irst	line	treatment	in	female	patients	with	
OAB.	One	hundred	and	thirty-nine	female	patients	
with	OAB	were	randomized	to	treatment	with	blad-
der training (BT), tolterodine (2 mg twice daily) or 
both	for	12	weeks.	All	treatments	were	eficacious,	
however, combination therapy was the most effec-
tive.	Mattiasson	et	al.	[2003]	compared	the	eficacy	
of	tolterodine	2	mg	twice	daily	plus	simpliied	blad-
der training (BT) with tolterodine alone in patients 
with	OAB	in	a	multicenter	single	blind	study.	At	the	
end of the study the median percentage reduction 
in voiding frequency was greater with tolterodine 
+	 BT	 than	 with	 tolterodine	 alone	 (33%	 vs.	 25%;	
p<0.001),	while	the	median	percentage	increase	in	
volume	voided	per	 void	was	31%	with	 tolterodine	
+	 BT	 and	 20%	 with	 tolterodine	 alone	 (p<0.001).	
There	 was	 a	 median	 of	 81%	 fewer	 incontinence	
episodes than at baseline with tolterodine alone, 
which	was	not	signiicantly	different	 from	that	with	
tolterodine	+	BT	(-87%).	It	was	concluded	that	the	
effectiveness of tolterodine 2mg twice daily can 
be	 augmented	 by	 a	 simpliied	 BT	 regimen.	 How-
ever,	Millard	et	al.	[2004]	investigated	whether	the	

combination	of	tolterodine	plus	a	simple	pelvic	loor	
muscle exercise program would provide improved 
treatment	beneits	compared	with	tolterodine	alone	
in	 480	 patients	with	OAB.	Tolterodine	 therapy	 for	
24	 weeks	 resulted	 in	 signiicant	 improvement	 in	
urgency, frequency, and incontinence, however, no 
additional	 beneit	 was	 demonstrated	 for	 a	 simple	
pelvic	loor	muscle	exercise	program.	In	a	16-week,	
multicenter, open label study tolterodine extended 
release plus behavioral intervention resulted in 
high treatment satisfaction and improved bladder 
diary variables in patients who had previously been 
treated	 and	 were	 dissatisied	 with	 tolterodine	 or	
other	antimuscarinics	[Klutke	et	al.,	2009].	

Abrams	 et	 al.	 [2006]	 studied	 the	 safety	 and	 toler-
ability	of	tolterodine	for	the	treatment	of	OAB	symp-
toms	in	men	with	BOO.	They	found	that	tolterodine	
did not adversely affect urinary function in these 
men.	 Urinary	 low	 rate	 was	 unaltered,	 and	 there	
was no evidence of clinically meaningful changes 
in	voiding	pressure	and	PVR	or	urinary	retention.	It	
was suggested that antimuscarinics can be safely 
administered	 in	men	with	BOO.	Lee	et	 al.	 [	 2008]	
reviewed	 the	safety	and	eficacy	of	antimuscarinic	
agents	in	treating	men	with	BOO	and	OAB	and	em-
phasized	 their	 safety	and	eficacy.	They	also	 con-
cluded that combination therapy of antimuscarinic 
and	α1-AR	antagonists	improves	the	symptoms	ef-
fectively without increasing the incidence of acute 
urinary	retention.

The	beneicial	effect	of	TOLT-ER	in	men	with	benign	
prostatic enlargement (BPE) and LUTS, including 
OAB,	 has	 been	well	 documented.	 Both	 as	mono-
therapy,	but	 in	particularly	 in	combination	with	α1-
adenoceptor	(AR)	antagonist,	TOLT-ER	was	found	
effective	 [Kaplan	et	 al.,	 2006;	Höfner	et	 al.,	 2007;	
Kaplan	 et	 al.,	 2008a;	 2008b;	Rovner	 et	 al.,	 2008;	
Roehrborn	et	al.,	2008].	This	effect	was	obtained	ir-
respective of prostate size, and was not associated 
with increased incidence of acute urinary retention 
(AUR)	 [Roehrborn	et	 al.,	 2008].	A	 large,	 26-week,	
multicenter, randomized, double-blind, placebo-
controlled, three-period crossover study enrolled 
women	aged	≥	18	years	 that	were	diagnosed	with	
OAB	 and	 reported	 ≥	 8	micturitions/24	 hr	 and	 ≥	 4	
urgency	 episodes/week	 on	 5-day	 bladder	 diary	 at	
baseline	[Marencak	et	al.2011].	Subjects	were	ran-
domized to 1 of 10 treatment sequences and re-
ceived	 three	 of	 ive	 treatments,	 each	 for	 4	weeks	
with 4-week washout periods: standard-dose pre-
gabalin/tolterodine	ER	 (150	mg	 twice	daily	 [BID]/4	
mg	once	daily	[QD],	n=102),	pregabalin	alone	(150	
mg	BID,	 n=105),	 tolterodine	ER	 alone	 (4	mg	QD,	
n=104),	low-dose	pregabalin/tolterodine	ER	(75	mg	
BID/2	mg	QD,	n=105),	and	placebo	(n=103).	Sub-
jects	 completed	 5-day	 diaries	 at	 the	 end	 of	 treat-
ment	 and	 washout	 periods.	 The	 primary	 endpoint	
was change from baseline to week 4 in mean void-
ed	volume	(MVV)	per	micturition.	Baseline-adjusted	
changes	 in	 MVV	 were	 signiicantly	 greater	 after	
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treatment	 with	 standard-dose	 pregabalin/toltero-
dine	ER	(39.5	ml)	versus	tolterodine	ER	alone	(15.5	
ml;	P<0.0001),	and	with	pregabalin	alone	(27.4	ml)	
versus	 tolterodine	 ER	 alone	 (P=0.005)	 and	 pla-
cebo	(11.9	ml;	P=0.0006).	Treatments	were	gener-
ally well tolerated; discontinuation rates due to ad-
verse	events	were	4%,	2%,	5%,	0%,	and	1%	with	
standard-	and	 low-dose	pregabalin/tolterodine	ER,	
pregabalin,tolterodine ER, and placebo, respective-
ly.	See	further	section	on	Combinations].	

Assessment

Both the IR and ER forms of tolterodine have a well-
documented	 effect	 in	OAB/DO	 (Table 2 ), and are 
well	tolerated.

h) Trospium chloride

Trospium is a quaternary ammonium compound 
with	a	biological	availability	less	than	10%	[Fusgen	
and	 Hauri,	 2000;	 Doroshyenko	 et	 al.,	 2005].	 The	
drug has a plasma half-life of approximately 20 h, 
and	 is	 mainly	 (60%	 of	 the	 dose	 absorbed)	 elimi-
nated	 unchanged	 in	 the	 urine.	 The	 concentration	
obtained in urine seems to be enough to affect the 
mucosal	signaling	system	in	a	rat	model	[Kim	et	al.,	
2006].	Whether	or	not	 it	 contributes	 to	 the	clinical	
eficacy	of	the	drug	remains	to	be	established.

Trospium is not metabolized by the cytochrome 
P450	 enzyme	 system	 [Beckmann-Knopp	 et	 al.,	
1999;	Doroshyenko	et	al.,	 2005].	 It	 is	expected	 to	
cross the blood-brain to a limited extent since it is a 
substrate	for	the	drug-eflux	transporter	P-glycopro-
tein, which restricts its entry into the brain [Gever et 
al.,	2009].	This	was	demonstrated	by	Staskin	et	al.	
[2010],	showing	that	trospium	chloride	levels	in	CSF	
samples were undetectable on Day 10 at steady-
state peak plasma concentration concurrent with 
measureable	 peak	 plasma	 values.	 Clinically,	 tros-
pium seems to have no negative cognitive effects 
[Fusgen	 and	 Hauri,	 2000;	 Todorova	 et	 al.,	 2001;	
Widemann	et	al.,	2002;	Staskin	et	al.,	2010;	Chan-
cellor	et	al.,	2012].

Trospium has no selectivity for muscarinic recep-
tor	 subtypes.	 In	 isolated	detrusor	muscle,	 it	was	
more potent than oxybutynin and tolterodine to 
antagonize carbachol-induced contractions [Uck-
ert	et	al.,	2000].

Several RCTs have documented positive effects of 
trospium	both	 in	neurogenic	 [Stöhrer,	et	al.,	1991;	
Madersbacher	 et	 al.,	 1995;	 Menarini	 et	 al.,	 2006]	
and	non-neurogenic	DO	 [Allousi	et	al.,	1998;	Car-
dozo	et	al.,	2000;	Junemann	et	al.,	2000;	Halaska	
et	al.,	2003;	Zinner	et	al.,	2004a;	Rudy	et	al.,	2006;	
Staskin	et	al.,	2007;	Dmochowski	et	al.,	2008].	In	a	
placebo-controlled, double blind study on patients 
with	with	neurogenic	DO	 [Stöhrer	et	al,	1991],	 the	
drug was given twice daily in a dose of 20 mg over 
a	3-week	period.	 It	 increased	maximum	cystomet-
ric capacity, decreased maximal detrusor pressure 

and increased compliance in the treatment group, 
whereas no effects were noted in the placebo 
group.	 Side	 effects	 were	 few	 and	 comparable	 in	
both	groups.	In	another	RCT	including	patients	with	
spinal	 cord	 injuries	 and	 neurogenic	 DO,	 trospium	
and oxybutynin were equieffective; however, tros-
pium seemed to have fewer side effects [Maders-
bacher	et	al.,	1995].

The effect of trospium in urgency incontinence has 
been	 documented	 in	 several	 RCTs.	Allousi	 et	 al.	
[1998]	compared	the	effects	of	the	drug	with	those	
of placebo in 309 patients in a urodynamic study of 
3	weeks	duration.	Trospium	20	mg	was	given	twice	
daily.	Signiicant	increases	were	noted	in	volume	at	
irst	 involuntary	contraction	and	in	maximum	blad-
der	capacity.	Cardozo	et	al.	[2000]	investigated	208	
patients	with	DO,	who	were	 treated	with	 trospium	
20	mg	twice	daily	for	two	weeks.	Also	in	this	study,	
signiicant	 increases	 were	 found	 in	mean	 volume	
at	 irst	 unstable	 contraction	 (from	 233	 to	 299	ml;	
placebo	 254	 to	 255	ml)	 and	 in	maximum	bladder	
capacity	 (from	329	to	356	ml;	placebo	345	 to	335	
ml)	 in	 the	 trospium	 treated	 group.	 Trospium	 was	
well tolerated with similar frequency of adverse 
effects	 as	 in	 the	 placebo	 group.	 Jünemann	 et	 al.	
[2000]	 compared	 trospium	20	mg	 twice	daily	with	
tolterodine 2 mg twice daily in a placebo-controlled 
double-blind study on 232 patients with urodynami-
cally	proven	DO,	urgency	incontinence	without	de-
monstrable	 DO,	 or	 mixed	 incontinence.	 Trospium	
reduced the frequency of micturition, which was the 
primary endpoint, more than tolterodine and pla-
cebo, and also reduced the number of incontinence 
episodes	 more	 than	 the	 comparators.	 Dry	 mouth	
was comparable in the trospium and tolterodine 
groups	(7	and	9%,	respectively).

Halaska	et	al.	 [2003]	studied	the	tolerability	and	ef-
icacy	of	 trospium	chloride	 in	doses	of	20	mg	twice	
daily for long-term therapy in patients with urgency 
syndrome.	The	trial	comprised	a	total	of	358	patients	
with	 urgency	 syndrome	 or	 urgency	 incontinence.	
After randomisation in the ratio of 3:1, participants 
were	 treated	 continuously	 for	 52	weeks	with	 either	
trospium chloride (20 mg twice daily) or oxybutynin 
(5	mg	twice	daily).	Urodynamic	measurements	were	
performed	at	the	beginning,	and	at	26	and	52	weeks	
to determine the maximal cystometric bladder capac-
ity.	Analysis	of	the	micturition	diary	clearly	indicated	
a reduction of the micturition frequency, incontinence 
frequency, and a reduction of the number of urgency 
episodes	in	both	treatment	groups.	Mean	maximum	
cystometric bladder capacity increased during treat-
ment with trospium chloride by 92 ml after 26 weeks 
and	115	ml	after	52	weeks	(P=0.001).	Further	com-
parison with oxybutynin did not reveal any statistical-
ly	signiicant	differences	in	urodynamic	variables	be-
tween	the	drugs.	Adverse	events	occurred	in	65%	of	
the	patients	treated	with	trospium	and	77%	of	those	
treated	with	oxybutynin.	The	main	symptom	encoun-
tered in both treatment groups was dryness of the 
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mouth.	An	overall	assessment	for	each	of	the	drugs	
revealed	 a	 comparable	 eficacy	 level	 and	 a	 better	
beneit-risk	ratio	for	trospium	than	for	oxybutynin	due	
to	better	tolerability.

Zinner	et	al.	[2004]	treated	523	patients	with	symp-
toms	associated	with	OAB	and	urgency	incontinence	
with 20 mg trospium twice daily or placebo in a 12-
week, multicenter, parallel, double-blind, placebo 
controlled	trial.	Dual	primary	end	points	were	change	
in average number of toilet voids and change in ur-
gency	incontinent	episodes	per	24	hours.	Secondary	
eficacy	variables	were	change	in	average	of	volume	
per void, voiding urgency severity, urinations during 
day and night, time to onset of action and change 
in	 Incontinence	 Impact	Questionnaire.	By	week	12,	
trospium	signiicantly	decreased	average	frequency	
of	 toilet	voids	per	24	hours	 (-2.37)	and	urgency	 in-
continent	episodes	59%	compared	to	placebo	(-1.29;	
44%).	 It	signiicantly	 increased	average	volume	per	
void	 (32	ml;	placebo:	7.7)	ml,	and	decreased	aver-
age	 urgency	 severity	 and	 daytime	 frequency.	 All	
effects occurred by week 1 and all were sustained 
throughout	the	study.	Nocturnal	frequency	decreased	
signiicantly	by	week	4	 (-0.43;	placebo:	0.17)	 -	and	
Incontinence	Impact	Questionnaire	scores	improved	
at	week	12.	Trospium	was	well	 tolerated.	The	most	
common	 side	 effects	 were	 dry	mouth	 (21.8%;	 pla-
cebo	6.5%),	constipation	(9.5%;	placebo	3.8%)	and	
headache	(6.5%;	placebo	4.6%).	In	a	large	US	mul-
ticenter	trial	with	the	same	design,	and	including	658	
patients	with	OAB,	Rudy	et	al.	[2006]	conirmed	the	
data	by	Zinner	et	al	 [2004],	both	with	respect	to	ef-
icacy	and	adverse	effects.	

Dose	escalation	seems	 to	 improve	 therapeutic	efi-
cacy.	In	a	12-week,	randomised,	double-blind,	phase	
IIIb	 study	 including	 1658	 patients	 with	 urinary	 fre-
quency plus urgency incontinence received trospium 
chloride	15	mg	TID	(n	=	828)	or	2.5	mg	oxybutynin	
hydrochloride	TID	(n	=	830).	After	four	weeks,	daily	
doses	 were	 doubled	 and	 not	 readjusted	 in	 29.2%	
(242/828)	of	patients	 in	 the	 trospium	group,	and	 in	
23.3%	 (193/830)	 in	 the	 oxybuytnin	 group,	 until	 the	
end	of	 treatment.	At	study	end,	 there	were	no	rele-
vant differences between the “dose adjustment” sub-
groups and the respective “no dose adjustment” sub-
groups	(trospium:	P	=	0.249;	oxybutynin:	P	=	0.349).	
After dose escalation, worsening of dry mouth was 
higher in both dose adjusted subgroups compared 
to the respective “no dose adjustment” subgroups 
(P	<	 0.001).	Worsening	 of	 dry	mouth	was	 lower	 in	
the trospium groups than in the oxybutynin groups 
[Bödeker	et	al.,	2010].

An extended release formulation of trospium allow-
ing once daily dosing, has been introduced [Silver 
et	al.,	2010],	and	and	its	effects	tested	in	controlled	
trials	[Staskin	et	al.,	2008;	Dmochowski	et	al.,	2008;	
Chancellor	 et	 al.,	 2010;	 MacDiarmid	 et	 al.,	 2011;	
Sand	et	al.,	2011a;	b;	c;	Zinner	et	al.,	2011].	These	
studies	demonstrated	similar	eficacy	as	found	with	

previous formulations, but include experiences in 
e.g.,	 elderly	 patients	 (>75	 years),	 obese	 patients,	
and in patients who use multiple concomitant 
medications.	 The	most	 frequent	 side	 effects	 were	
dry	mouth	 (12.9%	 ;	 placebo	4.6)	 and	 constipation	
(7.5%;	placebo	1.8)	[Dmochowski	et	al.,	2008].

Intravesical application of trospium may be an in-
teresting	alternative.	Frölich	et	al.	[1998]	performed	
a randomised, single-blind, placebo-controlled, mo-
no-centre clinical trial in 84 patients with urgency 
or	urgency	incontinence.	Compared	to	placebo,	in-
travesical	trospium	produced	a	signiicant	increase	
in maximum bladder capacity and a decrease of 
detrusor pressure accompanied by an increase of 
residual	 urine.	 There	 was	 an	 improvement	 in	 un-
inhibited	 bladder	 contractions.	 No	 adverse	 events	
were	 reported.	 Interestingly,	 intravesical	 trospium	
does	not	seem	to	be	absorbed	[Walter	et	al.,	1999],	
thus offering an opportunity for treatment with mini-
mal	systemic	antimuscuscarinic	effects.

Assessment

Trospium	has	a	well-documented	effect	 in	OAB/
DO,	 and	 tolerability	 and	 safety	 seems	 accept-
able (Table 2 ).

2.  ANTIMUSCARINICS WITH “MIXED” 
ACTION

Some	 drugs	 used	 for	 treatment	 of	 the	 OABsyn-
drome/DO	have	been	shown	to	have	more	than	one	
mechanism	of	action.	They	all	have	a	more	or	less	
pronounced antimuscarinic effect and, in addition, 
an	 often	 poorly	 deined	 “direct”	 action	 on	 bladder	
muscle.	 For	 several	 of	 these	 drugs,	 the	 antimus-
carinic effects can be demonstrated at much lower 
drug concentrations than the direct action, which 
may involve blockade of voltage operated Ca2+ 
channels.	Most	probably,	the	clinical	effects	of	these	
drugs can be explained mainly by an antimuscarinic 
action.	 Among	 the	 drugs	 with	 mixed	 actions	 was	
terodiline, which was withdrawn from the market 
because it was suspected to cause polymorphic 
ventricular tachycardia (torsade de pointes) in some 
patients	[Connolly	et	al.,	1991;	Stewart	et	al.,	1992].

a) Oxybutynin chloride

Oxybutynin	is	a	tertiary	amine	that	is	well	absorbed,	
and undergoes extensive upper gastrointestinal and 
irst-pass	 hepatic	 metabolism	 via	 the	 cytochrome	
P-450	system	(CYP3A4)	 into	multiple	metabolites.	
The	 primary	 metabolite,	 N-desethyloxybutynin	
(DEO)	has	pharmacological	properties	similar	to	the	
parent	compound	[Waldeck	et	al.,	1997],	but	occurs	
in much higher concentrations after oral administra-
tion	 [Hughes	 et	 al.,	 1992].	 It	 has	 been	 implicated	
as the major cause of the troublesome side effect 
of dry mouth associated with the administration of 
oxybutynin.	It	seems	reasonable	to	assume	that	the	
effect of oral oxybutynin to a large extent is exert-
ed	by	 the	metabolite.	The	occurrence	of	an	active	
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metabolite may also explain the lack of correlation 
between plasma concentration of oxybutynin itself 
and side effects in geriatric patients reported by 
Ouslander	et	al.	[1988].	The	plasma	half-life	of	the	
oxybutynin is approximately 2 hours, but with wide 
interindividual	variation	 [Hughes	et	al.,	1992;	Dou-
champs	et	al,	1988].

Oxybutynin	has	several	pharmacological	effects	in	
vitro,	 some	of	which	 seem	dificult	 to	 relate	 to	 its	
effectiveness	in	the	treatment	of	DO.	It	has	both	an	
antimuscarinic and a direct muscle relaxant effect, 
and,	in	addition,	local	anesthetic	actions.	The	latter	
effect may be of importance when the drug is ad-
ministered intravesically, but probably plays no role 
when	it	is	given	orally.	In	vitro,	oxybutynin	was	500	
times weaker as a smooth muscle relaxant than as 
an	antimuscarinic	agent	[Kachur	et	al.,	1988].	Most	
probably, when given systemically, oxybutynin acts 
mainly	as	an	antimuscarinic	drug.	Oxybutynin	has	
a	 high	 afinity	 for	 muscarinic	 receptors	 in	 human	
bladder tissue and effectively blocks carbachol-
induced	contractions	[Waldeck	et	al.,	1997;	Nilve-
brant	 et	 al.,	 1988].	The	 drug	was	 shown	 to	 have	
slightly	 higher	 afinity	 for	 muscarinic	 M1	 and	 M3	
receptors	than	for	M2	receptors	[Nilvebrant	et	al.,	
1986;	Norhona-Blob	 et	 al.,	 1991],	 but	 the	 clinical	
signiicance	of	this	is	unclear.	

The immediate release (IR) form of oxybutynin 
(OXY-IR)	is	recognized	for	 its	eficacy	and	most	of	
the newer anti-muscarinic agents have been com-
pared	 to	 it	 once	 eficacy	 over	 placebo	 has	 been	
determined.	 In	 general,	 the	 new	 formulations	 of	
oxybutynin and other anti-muscarinic agents offer 
patients	eficacy	roughly	equivalent	to	that	of	OXY-
IR, and the advantage of the newer formulations lies 
in improved dosing schedules and side-effect pro-
ile	 [Appell	et	al.,	2001;	Diokno	et	al.,	2003;	Dmo-
chowski	et	al.,	2002].	An	extended	release	oxybu-
tynin	(OXY-ER)	once	daily	oral	 formulation	and	an	
oxybutynin	transdermal	delivery	system	(OXY-TDS)	
are	available.	OXY-TDS	offers	a	twice-weekly	dos-
ing regimen and the potential for improved patient 
compliance	 and	 tolerability.	Some	of	 the	 available	
formulations of oybutynin were overviewed by Mc-
Crery	and	Appell	[2006].

Immediate-release	 oxybutynin	 (OXY-IR).	 Several	
controlled	 studies	 have	 have	 shown	 that	 OXY-IR	
is	effective	 in	controlling	DO,	 including	neurogenic	
DO	 [Yarker	 et	 al.,	 1995;	Andersson	 and	Chapple,	
2001].	The	recommended	oral	dose	of	the	IR	form	
is	5	mg	three	times	daily	or	four	times	daily,	even	if	
lower	doses	have	been	used.	Thüroff	et	al.	 [1998]	
summarized	15	randomized	controlled	studies	on	a	
total	 of	 476	 patients	 treated	 with	 oxybutynin.	 The	
mean decrease in incontinence was recorded as 
52%	and	 the	mean	 reduction	 in	 frequency	 per	 24	
h	was	 33%	 (data	 on	 placebo	 not	 presented).	The	
overall ”subjective improvement” rate was reported 
as	74	%	(range	61%	-	100%).	The	mean	percent	of	
patients reporting an adverse effect was 70 (range 

17%	-	93%).	Oxybutynin,	7.5	to	15	mg/day,	signii-
cantly improved quality of life of patients suffering 
from overactive bladder in a large open multicenter 
trial.	 In	 this	 study,	 patients´	 compliance	 was	 97%	
and side effects, mainly dry mouth, were reported 
by	only	8%	of	the	patients	[Amarenco	et	al.,	1998].	
In	 nursing	 home	 residents	 (n=75),	 Ouslander	 et	
al.	 [1995]	 found	that	oxybutynin	did	not	add	to	the	
clinical effectiveness of prompted voiding in a pla-
cebo-controlled,	 double	 blind,	 cross-over	 trial.	 On	
the other hand, in another controlled trial in elderly 
subjects	 (n=57),	 oxybutynin	 with	 bladder	 training	
was found to be superior to bladder training alone 
[Szonyi	et	al.,	1995].

Several open studies in patients with spinal cord in-
juries have suggested that oxybutynin, given orally 
or	intravesically,	can	be	of	therapeutic	beneit	[Szol-
lar	et	al.,	1996;	Kim	et	al.,	1996].

The	 therapeutic	 effect	 of	 OXY-IR	 on	 DO	 is	 asso-
ciated with a high incidence of side effects (up to 
80%	with	 oral	 administration).	 These	 are	 typically	
antimuscarinic in nature (dry mouth, constipation, 
drowsiness, blurred vision) and are often dose-lim-
iting	[Baigrie	et	al.,	1988;	Jonville	et	al.,	1992].	The	
effects on the electrocardiogram of oxybutynin were 
studied in elderly patients with urinary incontinence 
[Hussain	 et	 al.,	 1998];	 no	 changes	were	 found.	 It	
cannot be excluded that the commonly recommend-
ed	 dose	 5	mg	 x	 3	 is	 unnecessarily	 high	 in	 some	
patients,	and	that	a	starting	dose	of	2.5	mg	x	2	with	
following dose-titration would reduce the number of 
adverse	effects	[Amarenco	et	al.,	1998].

Extended release oxybutynin (OXY-ER). This for-
mulation was developed to decrease liver metabo-
lite	formation	of	desethyloxybutynin	(DEO)	with	the	
presumption that it would result in decreased side 
effects, especially dry mouth, and improve patient 
compliance with remaining on oxybutynin therapy 
[see	Arisco	et	al.,	2009].	The	formulation	utilizes	an	
osmotic system to release the drug at a controlled 
rate over 24 hours distally primarily into the large 
intestine	 where	 absorption	 is	 not	 subject	 to	 irst-
pass	metabolism	in	the	liver.	This	reduction	in	me-
tabolism is meant to improve the rate of dry mouth 
complaints	when	compared	to	OXY-IR.	DEO	is	still	
formed	 through	 the	hepatic	cytochrome	P-450	en-
zymes, but clinical trials have indeed demonstrated 
improved	 dry	mouth	 rates	 compared	 with	 OXY-IR	
[Appell	 et	 al.,	 2003].	 Salivary	 output	 studies	 have	
also	 been	 interesting.	Two	hours	 after	 administra-
tion	 of	 OXY-IR	 or	 TOLT-IR,	 salivary	 production	
decreased markedly and then gradually returned 
to	normal.	With	OXY-ER,	however,	 salivary	output	
was maintained at predose levels throughout the 
day	[Chancellor	et	al.,	2001].

The	effects	of	OXY-ER	have	been	well	documented	
[Siddiqui	et	al.,	2004].	In	the	OBJECT	study	[Appell	
et	 al.,	 2001],	 the	 eficacy	 and	 tolerability	 of	 10	mg	
OXY-ER	was	compared	to	a	twice	daily	2	mg	dose	
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of	TOLT-IR.	OXY-ER	was	statistically	more	effective	
than	the	TOLT-IR	in	weekly	urgency	incontinence	ep-
isodes	(OXY-ER	from	25.6	to	6.1%;	TOLT-IR	24.1	to	
7.8),	total	incontinence	(OXY-ER	from	28.6	to	7.1%;	
TOLT-IR	27.0	to	9.3),	and	frequency	(OXY-ER	from	
91.8	to	67.1%;	TOLT-IR	91.6	to	71.5)	and	both	medi-
cations	were	equally	well	tolerated.	The	basic	study	
was	 repeated	 as	 the	OPERA	 study	 [Diokno	 et	 al.,	
2003]	with	the	difference	that	this	study	was	a	direct	
comparison	of	the	two	extended-release	forms,	OXY-
ER	 (10	 mg)	 and	 TOLT-ER	 (4	 mg)	 and	 the	 results	
were	quite	different.	 In	 this	study	 there	was	no	sig-
niicant	difference	in	eficacy	for	the	primary	endpoint	
of	 urgency	 incontinence,	 however,	TOLT-ER	had	 a	
statistically	 lower	 incidence	 of	 dry	mouth.	 OXY-ER	
was	only	statistically	better	at	10	mg	than	TOLT-ER	
4	mg	in	the	reduction	of	the	rate	of	urinary	frequency.	
These studies made it clear that in comparative stud-
ies IR entities of one drug should no longer be com-
pared	with	ER	entities	of	the	other.	

Greater reductions in urgency and total inconti-
nence have been reported in patients treated in 
dose-escalation	 studies	with	OXY-ER.	 In	 two	 ran-
domized	 studies,	 the	 eficacy	 and	 tolerability	 of	
OXY-ER	were	compared	with	OXY-IR.	In	the	1999	
study	 [Anderson	 et	 al.,	 1999],	 105	 patients	 with	
urgency or mixed incontinence were randomized 
to	receive	5-30	mg	OXY-ER	once	daily	or	5	mg	of	
OXY-IR	 1-4	 times/day.	 Dose	 titrations	 began	 at	 5	
mg and the dose was increased every 4-7 days until 
one	of	 three	endpoints	was	achieved.	These	were	
1) the patient reported no urgency incontinence dur-
ing	 the	inal	 two	days	of	 the	dosing	period;	2)	 the	
maximum tolerable dose was reached; the maxi-
mum	allowable	dose	(30	mg	for	OXY-ER	or	20	mg	
for	 OXY-IR)	 was	 reached.	 The	 mean	 percentage	
reduction in weekly urgency and total incontinence 
episodes	was	statistically	similar	between	OXY-ER	
and	OXY-IR	but	dry	mouth	was	reported	statistically	
more	often	with	OXY-IR.	In	the	2000	study	[Versi	et	
al.,	2000],	226	patients	were	randomized	between	
OXY-ER	and	OXY-IR	with	weekly	 increments	 of	 5	
mg	daily	 up	 to	20	mg	daily.	As	 in	 the	1999	study,	
OXY-ER	 again	 achieved	 a	 >80%	 reduction	 in	 ur-
gency and total incontinence episodes and a sig-
niicant	percentage	of	patients	became	dry.	A	nega-
tive aspect of these studies is that there were no 
naïve patients included, as all patients were known 
responders	 to	 oxybutynin.	 Similar	 eficacy	 results	
have	 been	 achieved,	 however,	 with	 OXY-ER	 in	 a	
treatment-naïve	population	[Gleason	et	al.,	1999].

In an RCT comparing different daily doses of oxybu-
tynin	(5,	10	and	15	mg),	Corcos	et	al.	 [2006]	found	
a	signiicant	dose-response	relationship	for	both	ur-
gency	 incontinence	 episodes	 and	 dry	 mouth.	 The	
greatest	satisfaction	was	with	15	mg	oxybutynin/day.

In	 a	 multicentre,	 prospective,	 observational,	 lexi-
ble-dosing	Korean	study,	Yoo	et	al.	 [2012]	 investi-
gate the prescription pattern and dose distribution 

of	OXY-ER	in	patients	the	OAB	syndrome	in	actual	
clinical	 practice.	 The	 dosage	 of	 for	 each	 patient	
was	adjusted	after	discussions	of	eficacy	and	toler-
ability between doctor and patient, over a 12 week 
treatment	period.	Eficacy	was	measured	by	admin-
istering	 the	Primary	OAB	Symptom	Questionnaire	
(POSQ)	before	and	after	 treatment.	Patients	were	
also administered, the patient perception of treat-
ment	beneit	(PPTB)	questionnaire	at	the	end	of	the	
study.	 Of	 the	 809	 patients	 enrolled,	 590	 (73.2%)	
continued	 to	 take	 study	medication	 for	 12	weeks.	
Most	patients	were	prescribed	5–10	mg	⁄	day	oxybu-
tynin ER as both starting and maintenance doses, 
with	a	dose	escalation	rate	of	only	14.9%.	All	OAB	
symptoms	evaluated	by	the	POSQ	were	improved;	
94.1%	of	patients	reported	beneits	from	treatment	
and	89.3%	were	satisied.

Transdermal oxybutynin (OXY-TDS). Transder-
mal delivery also alters oxybutynin metabolism re-
ducing	DEO	production	 to	 an	 even	 greater	 extent	
than	OXY-ER.	A	study	[Davila	et	al.,	2001]	compar-
ing	OXY-TDS	with	OXY-IR	demonstrated	a	statisti-
cally equivalent reduction in daily incontinent epi-
sodes	(from	7.3	to	2.3:	66%	for	OXY-TDS,	and	7.4	
to	2.6:	72%	for	OXY-IR),	but	much	 less	dry	mouth	
(38%	for	OXY-TDS	and	94%	for	OXY-IR).	In	another	
study	 [Dmochowski	 et	 al.,	 2002]	 the	 3.9-mg	 daily	
dose	 patch	 signiicantly	 (vs	 placebo)	 reduced	 the	
mean number of daily incontinence episodes (from 
4.7	 to	1.9;	placebo	from5.0	 to	2.9),	while	reducing	
average	daily	urinary	frequency	conirmed	by	an	in-
creased	average	 voided	 volume	 (from	165	 to	 198	
ml;	placebo	from	175	to	182	ml).	Furthermore,	dry	
mouth	rate	was	similar	to	placebo	(7%	vs	8.3%).	In	
a	 third	 study	 [Dmochowski	 et	 al.,	 2003]	OXY-TDS	
was	compared	not	only	to	placebo	but	to	TOLT-ER.	
Both	 drugs	 equivalently	 and	 signiicantly	 reduced	
daily incontinence episodes and increased the av-
erage	voided	volume,	but	TOLT-ER	was	associated	
with	a	signiicantly	higher	rate	of	antimuscarinic	ad-
verse	events.	The	primary	adverse	event	for	OXY-
TDS	 was	 application	 site	 reaction	 pruritis	 in	 14%	
and	erythema	 in	 8.3%	with	nearly	 9%	 feeling	 that	
the reactions were severe enough to withdraw from 
the	study,	despite	the	lack	of	systemic	problems.

The pharmacokinetics and adverse effect dynam-
ics	 of	 OXY-TDS	 (3.9	 mg/day)	 and	 OXY-ER	 (10	
mg/day)	 were	 compared	 in	 healthy	 subjects	 in	 a	
randomized,	2-way	crossover	study	[Appell	et	al.,	
2003].	Multiple	blood	and	saliva	samples	were	col-
lected and pharmacokinetic parameters and total 
salivary	output	were	assessed.	OXY-TDS	adminis-
tration resulted in greater systemic availability and 
minimal	metabolism	to	DEO	compared	to	OXY-ER	
which	 resulted	 in	 greater	 salivary	 output	 in	OXY-
TDS patients and less dry mouth symptomatology 
than	when	taking	OXY-ER.	

Dmochowski	et	al.	[2005]	analyzing	the	combined	
results of two RCTs concluded that transdermal 



649

oxybutynin	was	 shown	 to	be	eficacious	and	well	
tolerated.	 The	 most	 common	 sytemic	 side	 effect	
was	dry	mouth	(7.0	%	vs	placebo	5.3%).	Applica-
tion	site	erythema	occurred	 in	7%	and	pruritus	 in	
16.1	%.	Also	Cartwright	 and	Cardozo	 [2006],	 re-
viewing published and presented data concluded 
that transdermal oxybutynin has a good balance 
between	 eficacy	 and	 tolerability	 with	 a	 rate	 of	
systemic antimuscarinic side effects lower that 
with	 oral	 antimuscarinics	 –	 however,	 this	 beneit	
was	offset	 by	 the	 rate	 of	 local	 skin	 reaction.	The	
reviews	of	Sahai	et	al.	[2008]	and	Staskin	and	Sal-
vatore	[2010]	largely	conirmed	these	conclusions,	
which also have been supported by further studies 
[Cartwright	et	al.,	2011].

Oxybutynin topical gel. 	 Given	 the	 eficacy	 and	
tolerability of the transdermal application, limited 
only by skin site reactions, a gel formulation was 
developed.	oxybutynin	 topical	gel	 (OTG)	was	ap-
proved	by	the	US	FDA	in	January	2009.	OTG	is	ap-
plied once daily to the abdomen, thigh, shoulder, or 
upper	arm	area	[Staskin	et	al.,	2009].	The	1	gram	
application dose delivers approximately 4 mg of 
drug to the circulation with stable plasma concen-
trations	 and	 a	 “favorable”	 N-desethyloxybutynin	
metabolite: oxybutynin ratio believed to minimizing 
antimuscarinic side effects [Staskin and Robinson, 
2009].	 In	 a	 multicenter	 RCT,	 789	 patients	 (89%	
women) with urgency-predominant incontinence 
were	 assigned	 to	OTG	 or	 placebo	 once	 daily	 for	
12	weeks	[Staskin	et	al.,	2009].	The	mean	number	
of urgeny episodes, as recorded by 3-day voiding 
diary,	was	 reduced	 by	 3.0	 episodes	 per	 day	 ver-
sus	 2.5	 in	 the	 placebo	 arm	 (P	 <0.0001).	 Urinary	
frequency	decreased	by	2.7	episodes	per	day	and	
voided	 volume	 increased	 by	 21	 mL	 (versus	 2.0	
episodes	 [P	 =	 0.0017]	 and	 3.8	mL	 [P	 =	 0.0018],	
respectively,	in	the	placebo	group).	Dry	mouth	was	
reported	 in	 6.9%	 of	 the	 treatment	 group	 versus	
2.8%	 of	 the	 placebo	 group.	 Skin	 reaction	 at	 the	
application	site	was	reported	in	5.4%	of	the	treat-
ment	group	versus	1.0%	in	the	placebo	arm.	It	was	
felt that improved skin tolerability of the gel over 
the	 OXY	 transdermal	 patch	 delivery	 system	 was	
secondary	to	lack	of	adhesive	and	skin	occlusion.	
The gel dries rapidly upon application and leaves 
no residue; person-to-person transference via skin 
contact is largely eliminated if clothing is worn over 
the	application	site	[Dmochowski	et	al.,	2011].	The	
evolution of the transdermal gel allows greater 
patient	tolerability	and	improved	compliance.	This	
was	conirmed	by	Sand	et	al.	[2012]	showing	that	
in	704	women	with	OAB	OTG	signiicantly	reduced	
the number (mean ± standard deviation) of daily 
incontinence	episodes	(OTG,	-3.0	±	2.8	episodes;	
placebo,	-2.5	±	3.0	episodes),	reduced	urinary	fre-
quency, increased voided volume, and improved 
select health-related quality-of-life domains vs 
placebo.	Dry	mouth	was	the	only	drug-related	ad-
verse	event	signiicantly	more	common	with	OTG	
(7.4%)	than	with	placebo	(2.8%).

Other administration forms.  Rectal administration 
[Collas	and	Malone-Lee,	1997]	was	reported	to	have	
fewer	adverse	effects	than	the	conventional	tablets.	

Administered intravesically, oxybutynin has in sev-
eral studies been demonstrated to increase bladder 
capacity and produce clinical improvement with few 
side effects, both in neurogenic and in other types of 
DO,	and	both	in	children	and	adults	[Lose	and	Nor-
gaard,	2001;	Fader	et	al.,	2007;	George	et	al.,	2007;	
Guerra	et	al.,	2008],	although	adverse	effects	may	
occur	[Kasabian	et	al.,	1994;	Palmer	et	al.,	1997].

Effects on cognition. Several studies have docu-
mented the possibility that oxybutynin may have 
negative effects on cognitive functions, particularly 
in the elderly population but also in children [see, 
e.g.,	Kay	et	al.,	2006;	Klausner	al	Steers,	2007;	Kay	
and	Ebinger,	2008].	This	factor	should	be	taken	into	
consideration	when	prescribing	the	drug.

Assessment.

Oxybutynin	has	a	well-documented	eficacy	 in	 the	
treatment	 of	 OAB/DO	 (Table 2 ).	 Despite	 the	 ad-
verse	 effect	 proile,	 it	 is	 still	 an	 established	 thera-
peutic	option.

b) Propiverine hydrochloride

Several aspects of the preclinical, pharmacokinetic, 
and clinical effects of propiverine have been reviewed 
by	Madersbacher	and	Murz	[2001].	The	drug	is	rapid-
ly	absorbed	(tmax	2	h),	but	has	a	high	irst	pass	me-
tabolism,	and	its	biological	availability	is	about	50%.	
Propiverine	is	an	inducer	of	hepatic	cytochrome	P450	
enzymes in rats in doses about 100-times above the 
therapeutic	doses	in	man	[Walter	et	al.,	2003].	Sever-
al active metabolites are formed which quantitatively 
and qualitatively differ from the mother compound 
[Haustein	et	al.,	1988;	Muller	et	al.,	1993;	Wuest	et	
al.,	2006;	Zhu	et	al.,	2008;	Sugiyama	et	al.,	2008].	
Most probable these metabolites contribute to the 
clinical effects of the drug, but their individual contri-
butions	have	not	been	clariied	 [Michel	and	Hegde,	
2006].	The	half-life	of	propiverine	itself	is	about	11-14	
h.	An	extended	release	preparation	was	shown	to	be	
effective	 [Junemann	et	al.,	2006;	May	et	al.,	2008].	
Oral	absorption	of	propiverine	is	sitedependent	and	
inluenced	 by	 dosage	 form	 and	 circadiantime–	 de-
pendent	elimination	processes	[May	et	al.,	2008].

Propiverine has combined antimuscarinic and cal-
cium	antagonistic	actions	[Haruno,	1992;	Tokuno	et	
al.,	1993].	The	importance	of	the	calcium	antagonis-
tic	component	for	the	drug´s	clinical	effects	has	not	
been	established.	Propiverine	has	no	selectivity	for	
muscarinic	receptor	subtypes.	The	effects	of	propiv-
erine on cardiac ion channels and action potentials 
were	investigated	by	Christ	et	al.,	[2008].	Propiver-
ine blocked in a concentration-dependent manner 
HERG	channels	expressed	in	HEK293	cells,	as	well	
as	 native	 I(Kr)	 current	 in	 ventricular	 myocytes	 of	
guinea	pig.	However,	action	potential	duration	was	
not prolonged in guinea-pig and human ventricular 
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tissue, and the investigators concluded that their 
results did not provide evidence for an enhanced 
cardiovascular	safety	risk	with	the	drug	.	

Propiverine	has	been	shown	to	have	beneicial	ef-
fects	 in	patients	with	DO	 in	several	 investigations.	
Thüroff	et	al	[1998]	collected	9	randomized	studies	
on	a	total	of	230	patients,	and	found	a	17%	reduc-
tion in micturitions per 24 hours, a 64 ml increase 
in	 bladder	 capacity,	 and	 a	 77%	 (range	 33-80%)	
subjective	 improvement.	 Side	 effects	 were	 found	
in	14	%	(range	8-42%).	In	patients	with	neurogenic	
DO,	 controlled	 clinical	 trials	 have	 demonstrated	
propiverine´s	 superiority	 over	 placebo	 [Stöhrer	
et	 al.,	 1999].	 Propiverine	 also	 increased	 bladder	
capacity and decreased maximum detrusor con-
tractions.	 Controlled	 trials	 comparing	 propiverine,	
lavoxate	 and	placebo	 [Wehnert	 et	 al.,	 1989],	 and	
propiverine, oxybutynin and placebo [Wehnert et 
al.,	 1992;	 Madersbacher	 et	 al.,	 1999],	 have	 con-
irmed	 the	 eficacy	 of	 propiverine,	 and	 suggested	
that	 the	 drug	 may	 have	 equal	 eficacy	 and	 fewer	
side	effects	than	oxybutynin.	In	a	comparative	RCT	
including	131	patients	with	neurogenic	DO,	propiv-
erine	and	oxybutynin	were	compared	[Stöhrer	et	al.,	
2007].	The	drugs	were	found	to	be	equally	effective	
in increasing bladder capacity and lowering bladder 
pressure.	 Propiverine	 caused	 a	 signiicantly	 lower	
frequency	of	dry	mouth	than	oxybutynin.

Also in children and adolescents with neurogenic 
DO,	 propiverine	was	 found	 to	 be	 effective	 [Schul-
te-Baukloh	et	al.,	2006;	Grigoleit	et	al.,	2006],	with	
a	 low	 incidence	 rate	 of	 adverse	 events:	 <1.5%	
[Grigoleit	et	al.,	2006].	A	randomized,	double-blind,	
placebo-controlled trial with parallel-group design in 
children	aged	5–10	yr	was	performed	by	Marschall-
Kehrel	et	al.	[2009].	Of	171	randomized	children,	87	
were	treated	with	propiverine	and	84	with	placebo.	
Decrease in voiding frequency per day was the pri-
mary	 eficacy	 parameter;	 secondary	 endpoints	 in-
cluded	 voided	 volume	and	 incontinence	episodes.	
There	 was	 a	 signiicant	 decrease	 in	 voiding	 fre-
quency	 episodes	 for	 propiverine	 versus	 placebo.	
Superiority could also be demonstrated for voided 
volume	and	incontinence	episodes	per	day.	Propiv-
erine	was	well-tolerated:	23%	of	 side-effects	were	
reported	for	propiverine	and	20%	for	placebo.	

In a randomised, double-blind, multicentre clini-
cal	 trial,	 patients	with	 idiopathic	 DO	were	 treated	
with	15	mg	propiverine	 twice	daily	or	2	mg	TOLT-
IR twice daily over a period of 28 days [Junemann 
et	 al.,	 2005].	 The	 maximum	 cystometric	 capacity	
was determined at baseline and after 4 weeks of 
therapy.	 The	 difference	 of	 both	 values	 was	 used	
as	 the	 primary	 endpoint.	 Secondary	 endpoints	
were voided volume per micturition, evaluation of 
eficacy	(by	the	investigator),	tolerability,	post	void	
residual	urine,	and	quality	of	life.	It	was	found	that	
the mean maximum cystometric capacity increased 
signiicantly	(p	<	0.01)	in	both	groups.	The	volume	

at	irst	urgency	and	the	frequency/volume	chart	pa-
rameters also showed relevant improvements dur-
ing	 treatment.	 The	 most	 common	 adverse	 event,	
dry mouth, occurred in 20 patients in the propiv-
erine group and in 19 patients in the tolterodine 
group.	The	 scores	 for	 the	 quality	 of	 life	 improved	
comparably	in	both	groups.	

Madersbacher	et	al.	[1999]	compared	the	tolerabil-
ity	 and	eficacy	of	 propiverine	 (15	mg	 three	 times	
daily)	 oxybutynin	 (5	 mg	 twice	 daily)	 and	 placebo	
in 366 patients with urgency and urgency inconti-
nence in a randomized, double-blind placebo-con-
trolled	clinical	 trial.	Urodynamic	eficacy	of	propiv-
erine was judged similar to that of oxybutynin, but 
the incidence of dry mouth and the severity of dry 
mouth were judged less with propiverine than with 
oxybutynin.	 Dorschner	 et	 al.	 [2000]	 investigated	
in a double-blind, multicentre, placebo-controlled, 
randomized	 study,	 the	 eficacy	 and	 cardiac	 safety	
of propiverine in 98 elderly patients (mean age 
68 years), suffering from urgency, urgency incon-
tinence	 or	mixed	 urgency-stress	 incontinence.	Af-
ter a 2-week placebo run-in period, the patients 
received	 propiverine	 (15	mg	 three	 times	 daily)	 or	
placebo	 (three	 times	daily)	 for	 4	weeks.	Propiver-
ine	 caused	 a	 signiicant	 reduction	 of	 the	 micturi-
tion	 frequency	 (from	 8.7	 to	 6.5)	 and	 a	 signiicant	
decrease	 in	episodes	of	 incontinence	 (from	0.9	 to	
0.3	per	day).	The	incidence	of	adverse	events	was	
very	 low	 (2%	dryness	 of	 the	mouth	 under	 propiv-
erine	 –	 2	 out	 of	 49	 patients).	 Resting	 and	 ambu-
latory	 electrocardiograms	 indicated	 no	 signiicant	
changes.	 The	 cardiac	 safety	 of	 propiverine	 was	
further	studied	by	Donath	et	al.	[2011]	in	two	com-
prehensively designed mono-centric ECG studies 
(including 24 healthy females, followed by a sec-
ond study on 24 male patients with coronary heart 
disease	(CHD)	and	a	pathological	Pardee-Q-wave	
in	the	ECG).	Both	studies	were	placebo-controlled	
and	 compared	 the	 effects	 of	 single	 (30	mg	 s.i.d.)	
and	 multiple	 dosing	 (15	 mg	 t.i.d.)	 of	 propiverine	
hydrochloride in a crossover design over 6 and 13 
days,	respectively.,	They	were	performed	to	investi-
gate	the	inluence	of	propiverine	hydrochloride	and	
its	main	metabolite	propiverine-N-oxide	on	cardiac	
function	with	 regard	 to	QTc	prolongation,	QTc	dis-
persion	and	T-wave	shape.	No	negative	effects	on	
cardiac	safety	could	be	demonstrated.

Abrams	et	al.	[2006]	compared	the	effects	of	propiv-
erine and oxybutynin on ambulatory urodynamic 
monitoring (AUM) parameters, safety, and tolerabil-
ity	in	OAB	patients.	Patients	(n=77)	received	two	of	
the following treatments during two 2-week periods: 
propiverine	 20	 mg	 once	 daily,	 propiverine	 15	 mg	
three	times	daily,	oxybutynin	5	mg	three	times	daily,	
and	placebo.	They	found	that	oxybutynin	15	mg	was	
more effective than propiverine 20 mg in reducing 
symptomatic and asymptomatic involuntary detru-
sor	contractions	in	ambulatory	patients.	Oxybutynin	
had a higher rate of dry mouth, and propiverine had 
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a more pronounced effect on gastrointestinal, car-
diovascular,	and	visual	function.

Yamaguchi	et	al.	[2008]	performed	a	multicentre,	
12-week, double-blind phase III trial in Japanese 
men	 and	 women	 with	 OAB	 (1593	 patients	 were	
randomized	 and	 1584	 were	 treated),	 compar-
ing	 solifenacin	 5	 or	 10	 mg,	 propiverine	 20	 mg,	
and	placebo.	Changes	at	 endpoint	 in	 number	 of	
voids/24	 hours,	 urgency,	 incontinence,	 urgency	
incontinence and nocturia episodes, volume 
voided/void,	restoration	of	continence	and	quality	
of	life	(QoL)	were	examined.	It	was	found	that	at	
endpoint, there were greater reductions in mean 
(SD)	 voids/24	hours	with	all	 drug	 regimens	 than	
with	placebo.	All	 active	 treatments	 improved	 the	
volume	 voided	 and	 QoL	 vs	 placebo;	 solifenacin	
10 mg reduced nocturia episodes and signifi-
cantly improved urgency episodes and volume 
voided	 vs	 propiverine	 20	 mg,	 and	 solifenacin	 5	
mg	 caused	 less	 dry	 mouth.	 Solifenacin	 10	 mg	
caused more dry mouth and constipation than 
propiverine	20	mg.	Wada	et	al.	 [2011]	performed	
a prospective nonrandomized crossover study 
of	 female	 OAB	 patients,	 assigned	 alternately	 to	
treatment with propiverine (20 mg) for 8 weeks 
then	solifenacin(5	mg)	for	8	weeks	or	solifenacin	
for	8	weeks	then	propiverine	for	8	weeks.	At	base-
line, 8th week and 16th week, symptoms were as-
sessed using overactive bladder symptom score 
(OABSS).	 Of	 the	 121	 patients	 enrolled	 83	 were	
analysed.	 Both	 drugs	 were	 effective.	 Urgency	
was further improved after switching from propiv-
erine to solifenacin, but not after switching from 
solifenacin	to	propiverine.	Solifenacin	was	better	
tolerated	than	propiverine.

In another multicentre, prospective, parallel, dou-
bleblind,	placebo-controlled	trial,	Lee	et	al.	[2009]	
studied	the	effects	of	30	mg	propiverine/day	in	264	
OAB	patients	(mean	age	52.2	years),	221	of	whom	
had	 eficacy	 data	 available	 from	 baseline	 and	 at	
least	one	on-treatment	visit	with	>75	compliance.	
The	 study	 was	 focused	 on	 improving	 urgency.	
Overall,	 among	 patients	 treated	with	 propiverine,	
39%	rated	their	treatment	as	providing	‘much	ben-
eit’,	 compared	 with	 15	 %	 in	 the	 placebo	 group.	
Adverse	 events	 reported	 by	 32	 (22.5%)	 and	 10	
(12.7%)	 patients	 in	 the	 propiverine	 and	 placebo	
group	were	all	tolerable.

Masumori	et	al.	[2011]	examined	prospectively	the	
eficacy	and	safety	of	propiverine	 in	patients	with	
overactive	 bladder	 (OAB)	 symptoms	 who	 poorly	
responded to previous treatment with solifenacin, 
tolterodine	or	imidafenacin.	Of	73	patients	enrolled	
(29 males and 44 females, median age 71 years), 
52	completed	the	protocol	treatment.	The	OABSS	
was	 signiicantly	 improved	 by	 propiverine	 treat-
ment.	 The	 scores	 of	 OAB	 symptoms	 (nighttime	
frequency, urgency and urge incontinence) except 
daytime	frequency	also	 improved	signiicantly.	No	

increase	in	PVR	was	observed.	The	most	frequent	
adverse	event	was	dry	mouth	(13.7%),	followed	by	
constipation	(6.8%).	

In	a	non-controlled	study	in	patients	with	wet	OAB	
the	eficacy	of	propiverine	on	symptoms	and	quality	
of	life	was	conirmed	[Komatsu	et	al.	2009].	

Assessment

Propiverine	 has	 a	 documented	 beneicial	 effect	 in	
the	treatment	of	OAB/DO	(Table 2 ), and seems to 
have	an	acceptable	side	effect	proile.

c) Flavoxate hydrochloride

Flavoxate	 is	often	discussed	as	a	drug	with	mixed	
actions, however, its main mechanism of action may 
not	 be	 antimuscarinic.Flavoxate	 is	 well	 absorbed,	
and oral bioavailability appeared to be close to 
100%	 [Guay,	 2003].	 The	 drug	 is	 extensively	 me-
tabolized	and	plasma	half-life	was	found	to	be	3.5	h	
[Sheu	et	al.,	2001].	Its	main	metabolite	(3-methylla-
vone-8-carboxylic	acid,	MFCA)	has	been	shown	to	
have	low	pharmacological	activity	[Cazzulani	et	al.,	
1988;	Caine	et	al.,	1991].	The	main	mechanism	of	
lavoxate’s	effect	on	smooth	muscle	has	not	been	
established.	The	drug	has	been	 found	 to	possess	
a moderate calcium antagonistic activity, to have 
the ability to inhibit phosphodiesterase, and to have 
local anesthetic properties; no antimuscarinic ef-
fect	 was	 found	 [Guarneri	 et	 al.,	 1994].	 Uckert	 et	
al.	 [2000],	 on	 the	 other	 hand,	 found	 that	 in	 strips	
of	 human	 bladder,	 the	 potency	 of	 lavoxate	 to	 re-
verse contraction induced by muscarinic receptor 
stimulation	 and	 by	 electrical	 ield	 stimulation	 was	
comparable, It has been suggested that pertussis 
toxin-sensitive G-proteins in the brain are involved 
in	the	lavoxate-induced	suppression	of	the	micturi-
tion	 relex,	 since	 intracerebroventricularly	 or	 intra-
thecally	 administered	 lavoxate	 abolished	 isovolu-
metric rhytmic bladder contractions in anesthetized 
rats	[Oka	et	al.,	1996].	

The	clinical	effects	of	lavoxate	in	patients	with	DO	
and frequency, urgency and incontinence have 
been studied in both open and controlled investiga-
tions, but with varying rates of success [Ruffman, 
1988].	Stanton	 [1973]	compared	emepronium	bro-
mide	 and	 lavoxate	 in	 a	 double-blind,	 cross-over	
study of patients with detrusor overactivity and re-
ported	improvement	rates	of	83%	and	66%	after	la-
voxate or emepronium bromide, respectively, both 
administered	 as	 200	mg	 3	 times	 daily.	 In	 another	
double-blind,	cross-over	study	comparing	lavoxate	
1200	mg/day	 with	 that	 of	 oxybutynin	 15	mg	 daily	
in 41 women with idiopathic motor or sensory ur-
gency, and utilising both clinical and urodynamic 
criteria,	Milani	et	al.	[1993]	found	both	drugs	effec-
tive.	 No	 difference	 in	 eficacy	was	 found	 between	
them,	 but	 lavoxate	 had	 fewer	 and	milder	 side	 ef-
fects.	Other	investigators,	comparing	the	effects	of	
lavoxate	with	those	of	placebo,	have	not	been	able	
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to	show	any	beneicial	effect	of	lavoxate	at	dosages	
up	to	400	mg	three	times	daily	[Briggs	et	al.,	1980;	
Chapple	et	al.,	1990;	Dahm	et	al.,	1995].	In	general,	
few side effects have been reported during treat-
ment	with	lavoxate.	On	the	other	hand	its	eficacy,	
compared to other therapeutic alternatives, is not 
well documented (Table 2 ).

• Assessment

No	RCTs	seem	to	have	been	performed	with	lavox-
ate	 during	 the	 last	 decade.	 The	 scarcity	 of	 docu-
mented	 clinical	 eficacy	 should	 be	 considered	 be-
fore	using	the	drug.

3. CLINICAL USE OF ANTIMUSCARINICS

The	 clinical	 relevance	 of	 eficacy	 of	 antimuscarin-
ic	 drugs	 relative	 to	 placebo	 has	 been	 questioned.	
Herbison	et	al.	[2003]	stated	in	a	widely	discussed	
article:	 “Anticholinergics	 produce	 signiicant	 im-
provements in overactive bladder symptoms com-
pared	with	placebo.	The	beneits	are,	 however,	 of	
limited	 clinical	 signiicance”	 Large	 meta-analyses	
of studies performed with the currently most widely 
used	drugs	[Chapple	et	al.,	2005;	2008;	Novara	et	
al.,	2008],	clearly	show	that	antimuscarinics	are	of	
signiicant	 clinical	 beneit.	Novara	et	 al.	 [2008]	 re-
viewed	50	RCTs	and	3	pooled	analyses,	which	they	
considered	 of	 good	 methodological	 quality.	 They	
concluded that still more clinical studies are needed 
to	decide	which	of	the	drugs	should	be	used	as	irst-,	
second-,	or	third-line	treatment.	Reviewing	informa-
tion from more than 12,000 references, Chapple et 
al.	[2008],	based	their	conclusions	(“antimuscarinics	
are	eficacious,	safe,	and	well	tolerated	treatments”)	
on	73	RCTs	selected	for	their	meta-analysis.	It	was	
recommended	 that	since	 the	proiles	of	each	drug	
(see below) and dosage differ, these factors should 
be	considered	in	making	treatment	choices.

The durability of the effects of antimuscarinics is not 
known and the relapse rate of symptoms after dis-
continuation of treatment has not been systematically 
studied.	 In	 173	women	with	OAB	 symptoms	 for	 >6	
months,	Lee	et	al.[2011]	studied	in	a	prospective,	ran-
domized, open-label, trial what happened 3 months 
after the patients had been successfully treated for 1, 
3,	or	6-months.	The	 relapse	 rate	was	62%,	and	 the	
request	for	treatment	was	65	%,	indiretly	suggesting	
an	eficacy	of	 treatment.	None	of	 the	antimuscarinic	
drugs in common clinical use (darifenacin, fesotero-
dine, imidafenacin, oxybutynin, propiverine, solif-
enacin,	tolterodine	or	trospium)	is	ideal	as	a	irst-line	
treatment	for	all	OAB/DO	patients.	Optimal	treatment	
should	 be	 individualized,	 implying	 that	 the	 patient´s	
co-morbidities and concomitant medications, and the 
pharmacological	proiles	of	the	different	drugs,	should	
be	taken	into	consideration	[Chapple	et	al.,	2008].

To compare the effects of different antimuscarinic 
drugs	for	OAB	symptoms,	Madhuvrata	et	al.	[2012]	
analyzed 86 trials, 70 with parallel and 16 with cross-

over	designs	(31,249	adults).	They	concluded	that	
when the prescribing choice is between oral imme-
diate release oxybutynin or tolterodine, tolterodine 
might	 be	 preferred	 for	 reduced	 risk	 of	 dry	mouth.	
ER preparations of oxybutynin or tolterodine might 
be preferred to immediate release preparations be-
cause	 there	 is	 less	 risk	 of	 dry	mouth.	 Comparing	
solifenacin and immediate release tolterodine, so-
lifenacin	might	be	preferred	 for	better	eficacy	and	
less	risk	of	dry	mouth.	Fesoterodine	might	be	pre-
ferred	over	ER	tolterodine	for	superior	eficacy,	but	
has higher risk of withdrawal due to adverse events 
and	higher	risk	of	dry	mouth.

Several studies have documented that the persistence 
with prescribed antimuscarinic therapy for overactive 
bladder	is	low	[Kelleher	et	al.,	2005;	Basra	et	al.,2008;	
Sears	et	al;	Wagg	et	al.,	2012].	The	most	common	
causes	seem	to	be	 lack	of	eficacy	and	adverse	ef-
fects.	However,	 there	 is	 some	evidence	 suggesting	
that the tolerability of the different antimuscarinics 
may	differ.	Wagg	et	al.	 [2012]	analysed	prescription	
data for patients receiving antimuscarinics for treat-
ment	of	the	OAB	syndrome	over	a	12-month	period.	
At 12 months, they found that the proportions of pa-
tients still on their original treatment were: solifenacin 
35%,	 tolterodine	ER	28%,	 propiverine	 27%,	 oxybu-
tynin	 ER	 26%,	 trospium	 26%,	 tolterodine	 IR	 24%,	
oxybutynin	 IR	22%,	darifenacin	17%,	and	lavoxate	
14%.	 The	 longest	 mean	 persistence	 was	 reported	
for	 solifenacin	 (187	days	 versus	77	−	 157	days	 for	
the	other	treatments).	Gomes	et	al.	[2012]	compared	
the persistence of oxybutynin or tolterodine therapy 
among older patients newly prescribed one of these 
drugs.	This	was	a	retrospective	cohort	study	of	Ontar-
ians	aged	66	years	and	older.	Persistence	with	treat-
ment	was	deined	on	the	basis	of	reills	for	the	drug	
within	a	grace	period	equal	to	50%	of	the	prescription	
duration.	The	authors	identiied	31,996	patients	newly	
treated	with	oxybutynin	and	24,855	newly	treated	with	
tolterodine.	After	2	years	of	follow-up,	persistence	on	
oxybutynin	 (9.4%)	 was	 signiicantly	 lower	 than	 that	
on	tolterodine	(13.6%,	p < 0.0001).	The	median	time	
to discontinuation of oxybutynin and tolterodine was 
68	and	128	days,	 respectively.	Kessler	et	al.	 [2011]	
analyzed	69	trials	enrolling	26,229	patients	with	OAB	
with the aim was to compare adverse events of anti-
muscarinics using a network meta-analytic approach 
that overcomes shortcomings of conventional analy-
ses.	They	found	similar	overall	adverse	event	proiles	
for darifenacin, fesoterodine, transdermal oxybutynin, 
propiverine, solifenacin, tolterodine, and trospium 
chloride, but not for oxybutynin orally administered 
when currently used starting dosages were com-
pared.	They	concluded	that	most	currently	used	anti-
muscarinics	seem	to	be	equivalent	irst	choice	drugs	
to	start	the	treatment	of	OAB,	except	for	oral	oxybu-
tynin	dosages	of	≥	10	mg/day,	which	may	have	more	
unfavorable	adverse	event	proiles.

Even if the use of antimuscarinics are associated 
with many adverse effects, they are generally 
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considered	 to	 be	 ‘safe’	 drugs.	 However,	 among	
the more serious concerns related to their use is 
the risk of cardiac adverse effects, particularly 
QT	 prolongation	 and	 induction	 of	 polymorphic	
ventricular tachycardia (torsade de pointes), and 
increases	 in	heart	 rate	 (HR)	 [Andersson	and	Ol-
shansky,	 2007;	Andersson	et	 al.,	 2011].	QT	pro-
longation and its consequences are not related 
to blockade of muscarinic receptors, but rather 
linked to inhibition of the hERG potassium chan-
nel	 in	 the	 heart.	 However,	 the	 experiences	 with	
terodiline, an antimuscarinic drug that caused tor-
sade	de	pointes	in	patients	[Connolly	et	al.,	1991;	
Stewart	et	al.,	1992],	have	placed	the	whole	drug	
class	under	scrutiny.	

The parasympathetic actions on the heart (Figure 
10) opposes the excitatory actions of the sympa-
thetic nervous system, and slows the heart rate 
(Figure 11 ).	 An	 elevated	 resting	 HR	 has	 been	
linked to overall increased morbidity and mortal-
ity, particularly in patients with cardiovascular dis-
eases.	 The	 prevalence	 of	 CV	 comorbidities	 was	
found	 to	 be	 signiicantly	 higher	 in	 patients	 with	
than	without	OAB	[Andersson	et	al.,	2010].	Since	
mean	changes	in	HR	reported	in	population	stud-
ies might not be applicable to an individual patient, 
and particularly in patients at risk of cardiac dis-
ease,	 even	 moderate	 increases	 in	 HR	 might	 be	
harmful.	 The	 potential	 of	 the	 different	 antimus-

carinic	agents	 to	 increase	HR	and/or	prolong	 the	
QT	time	has	not	been	extensively	explored	for	all	
agents	 in	clinical	use.	Differences	between	drugs	
cannot be excluded, but risk assessments based 
on	available	evidence	are	not	possible.

1. CALCIUM ANTAGONISTS

Calcium channels play an important role in the regu-
lation of free intracellular calcium concentrations 
and thereby contribute to the regulation of smooth 
muscle	 tone	 [Berridge,	 2008]	Two	major	 groups	 of	
calcium channels include the voltage-gated [Cat-
erall	 et	 al.,	 2003]	 and	 the	 store-operated	 channels	
[Leung	et	al.,	2008].	While	both	can	contribute	to	the	
maintenance of smooth tone in general, store-op-
erated calcium channels apparently contribute only 
to a limited if any extent to the regulation of bladder 
smooth	muscle	tone	[Schneider	et	al.,	2004	a;	b].	On	
the other hand, various types of voltage-operated 
calcium channels have been implicated in the reg-
ulation	 of	 bladder	 smooth	muscle	 including	Q-type	
[Frew	and	Lundy,	1995]	and	L-type	channels	[Wuest	
et	 al.,	 2007].	The	 latter	 appears	 to	 be	 of	 particular	
importance as inhibitors of L-type channels have re-
peatedly been shown to inhibit bladder contraction in 

II. DRUGS ACTING ON MEMBRANE 
CHANNELS

Figure 10 : Cardiac control via the autonomic nervous system. Acetylcholine, released from parasympa -
thetic nerve terminals activate muscarinic receptors that mediate decrease in heart rate, decrease in force 
of contraction, and decrease in conduction velocity.
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vitro with tissue from multiple mammalian species, 
including	humans	[Frazier	et	al.,	2008].	However,	the	
relative importance of L-type channels may be some-
what less in humans than in other mammalian spe-
cies	[Wuest	et	al.,	2007].	In	conirmation	of	the	role	
of L-type calcium channels, it has been shown that 
knock-out mice lacking a crucial subunit of this chan-
nel exhibit a markedly impaired bladder contractility 
[Wegener	et	al.,	2004].

While these in vitro data suggest a possible role for 
calcium channel inhibitors, particularly those of L-
type	 channels,	 in	 the	 treatment	 of	DO	and	 inconti-
nence, only limited clinical studies are available in 
this	regard.	One	urodynamic	study	compared	the	ef-
fects of intravesical installation of the calcium chan-
nel inhibitor verapamil, the muscarinic receptor an-
tagonists oxybutynin and trospium and placebo to 
patients	with	urgency	or	urgency	incontinence.	While	
the	two	muscarinic	receptor	antagonists	signiicantly	
increased bladder capacity, verapamil treatment 
was not associated with relevant changes in blad-
der	function	[Fröhlich	et	al.,	1998].	In	a	clinical	study	
of limited size the calcium channel inhibitor nimodip-
ine	(30	mg	per	day)	did	not	signiicantly	improve	the	
number of incontinence episodes as compared to 
placebo	[Naglie	et	al.,	2002].	Larger	studies	with	clin-
ical endpoints related to effects of calcium channel 
inhibitors have not been reported in incontinent pa-
tients	(based	upon	a	Medline	search	using	the	MeSH	
terms “calcium channel blockers” and “urinary incon-
tinence”).	Moreover,	it	should	be	noted	that	despite	a	

long-standing and wide-spread use of calcium chan-
nel inhibitors in the treatment of cardiovascular dis-
ease, there are no major reports on impaired bladder 
contractility	as	a	side	effect	of	such	 treatment.	The	
reasons for the discrepancy between the promising 
in vitro and the lack of clinical data are not fully clear, 
but it may relate to pharmacokinetic properties of the 
currently	used	drugs	which	may	 insuficiently	either	
reach or penetrate bladder tissue in therapeutically 
administered	doses.	At	 present,	 there	 is	 no	 clinical	
evidence to support a possible use of calcium chan-
nel inhibitors in the treatment of bladder dysfunction 
(Table 2 ).	No	new	information	has	been	added	since	
the	assessment	in	2008	[Andersson	et	al.,	2009].

2. POTASSIUM CHANNEL OPENERS

In a similar fashion to calcium channels, potassium 
channels also contribute to the membrane potential 
of smooth muscle cells and hence to the regulation of 
smooth	muscle	tone.	Numerous	types	of	potassium	
channels	 exist	 [Gutman	et	 al.,	 2003;	Petkov	 et	 al.,	
2012].	With	regard	 to	bladder	 function,	ATP-depen-
dent	(KATP)	and	big	calcium-activated	(BKCa)	chan-
nels	have	been	studied	most	intensively.	The	BKCa	
channels also appear to be important physiologically 
as their activation can cause hyperpolarization of 
bladder smooth muscle cells and by this mecha-
nism they can contribute to the relaxation of blad-
der	smooth	muscle	by,	e.g.,	β-adrenoceptor	agonists	
[Frazier	et	al.,	2008].	Openers	of	both	KATP	[Howe	
et	al.,	1995;	Hu	et	al.,	1997;	Martin	et	al.,	1997]	and	

Figure 11: Autonomic receptors controlling heart rate. Acetylcholine, released form parasympathetic nerve 
terminals, activate muscarinic M2 receptors that mediate a decrease in heart rate. Inhibition of these re -
ceptors by antimuscarinics may increase heart rate.
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BKCa	channels	[Hu	et	al.,	1997;	Sheldon	et	al.,	1997]	
have been shown to induce bladder smooth muscle 
relaxation in various mammalian species, but the 
density of some types of potassium channels may 
differ	 markedly	 between	 species.	 Some	 potassium	
channel openers have also been shown to suppress 
non-voiding detrusor contractions in vivo in animal 
models	of	DO	[Howe	et	al.,	1995;	Martin	et	al.,	1997;	
Tanaka	et	al.,	2003]	and	this	also	includes	activators	
of	the	KCNQ	type	of	potassium	channels	[Streng	et	
al.,	2004].	Although	potassium	channel	openers	are	
believed to mainly act directly on smooth muscle 
cells	[Gopalakrishnan	and	Shieh,	2004;	Petkov	et	al.,	
2012],	 they	may	also	at	 least	 in	part	affect	bladder	
function by modulating the activity of afferent neu-
rones	[Tanaka	et	al.,	2003].	

While the above data demonstrate the potential of 
potassium channel openers to inhibit non-voiding 
detrusor contractions, these channels are expressed 
not	only	in	bladder,	but	also	e.g.	in	vascular	smooth	
muscle.	Therefore,	potassium	channel	openers	may	
also affect cardiovascular function, and in effective 
doses	may	considerably	lower	blood	pressure	[Howe	
et	 al.,	 1995;	Shieh	 et	 al.,	 2007].	While	 some	 com-
pounds of this class have a certain degree of selec-
tivity for the bladder as compared to the cardiovas-
cular system, it remains unclear whether the degree 
of	 selectivity	 offers	 a	 suficiently	 large	 therapeutic	
window	for	clinical	use.	This	consideration	has	led	to	
a considerable hesitancy to study potassium channel 
openers	in	OAB	patients.	Nevertheless,	one	random-
ized,	 placebo-controlled	 clinical	 study	on	 the	KATP	
opener	ZD0947	has	been	 reported	 [Chapple	et	al.,	
2006].	While	ZD0947	at	the	chosen	dose	did	not	low-
er blood pressure or cause adverse events typical 
for a vasodilating drug, it also failed to achieve su-
periority	relative	to	placebo	for	the	treatment	of	OAB	
symptoms.	Therefore,	 despite	 promising	 preclinical	
eficacy	data,	potassium	channel	openers	at	present	
are not a therapeutic option and may never become 
one due to a lack of selectivity for bladder over car-
diovascular tissues (Table 2 ).

Another way to use potassium channels to normalize 
bladder	function	was	suggested	by	Christ	et	al.	[2001]	
in	a	rat	model	of	detrusor	hyperactivity.	They	injected	
“naked”	hSlo/pcDNA3	(maxiK	channel)	into	the	blad-
der	and	found	a	signiicant	amelioration	of	the	hyper-
activity.	As	to	whether	this	principle	can	be	therapeuti-
cally	useful	in	man	is	currently	under	investigation.

It	 is	well	 documented	 that	 α1-AR	 antagonists	 can	
ameliorate lower urinary tract symptoms in men 
[Andersson,	 2002;	 McVary	 et	 al.,	 2011;	 Oelke	 et	
al.,	201l;	Lepor	et	al.,	2012].	Currently	used	α1-AR	
antagonists are considered effective for treatment 
of both storage and voiding symptoms in men with 

LUTS	associated	with	or	suggestive	of	BPH	[Lepor	
et	 al.,	 2012].	However,	 in	 a	 study	where	 tamsulo-
sin was given alone, or together with tolterodine, 
to	 patients	 with	 male	 LUTS	 and	 OAB	 symptoms,	
monotherapy	with	 the	 drug	was	 not	 effective	 [Ka-
plan	et	al.,	2006].	 In	an	RCT	from	Korea,	doxazo-
sin monotherapy resulted in only minimal effects 
in IPSS storage subscore, urgency episodes and 
no improvement in the patient perception of blad-
der	condition	(PPBC)	[Lee	et	al.,	2011].	Thus,	there	
is	 no	 convincing	 evidence	 that	 α-AR	 antagonists,	
given as monotherapy, are effective in patients with 
storage	symptoms	only.	

A	pivotal	question	 is	 if	better	eficacy	and/or	 toler-
ability can be obtained by highly subtype selective 
drugs	 than	 with	 the	 commonly	 used	 alternatives.	
α1-ARs	include	three	receptor	subtypes,	α1A,	α1B,	
and	 α1D,	 that	 are	 structurally	 and	 pharmacologi-
cally distinct and have different tissue distributions 
[Andersson	 and	Gratzke,	 2007].	 α1A-ARs	 are	 the	
predominant subtype in the human prostate, where 
they	mediate	 smooth	muscle	 contraction.	A	 fourth	
subtype,	 α1L,	 also	 present	 in	 human	 prostate,	 is	
derived	from	the	same	gene	as	α1A,	but	α1L-	and	
α1A-receptors	have	different	pharmacologic	proper-
ties	and	bind	some	α-AR	antagonists	with	different	
afinities.	 The	 precise	 structural	 relationship	 be-
tween	the	two	subtypes	remains	to	be	elucidated.

Selectivity	 for	 α1B-AR	has	 been	 considered	 disad-
vantageous from a cardiovascular point of view [Sch-
winn	 et	 al,,	 2004;	 Schwinn	 and	 Roehrborn,	 2008].	
Kojima	et	al.	[2008)]	studied	the	expression	of	α1-AR	
in	the	transitional	zone	of	prostates	from	55	patients	
with	BPH,	comparing	patients	treated	with	tamsulo-
sin	presumed	 to	block	α1A-ARs	and	naftopidil	pre-
sumed	 to	 block	 α1D-ARs.	 However,	 the	 selectivity	
of	naftopidil	for	α1D-	vs	α1A-ARs	is	modest	[Take	et	
al.,	1998]	and	its	use	as	a	tool	to	separate	between	
α1-AR	 subtypes	 is	 questionable.	Nevertheless,	 the	
tamsulosin	and	naftopidil	groups	were	classiied	as	
α1A-AR	dominant	(22	and	12	patients)	and	α1D-AR	
dominant	 (11	and	16,	 respectively).	The	eficacy	of	
tamsulosin and naftopidil differed depending on the 
dominant	 expression	 of	 the	 α1-AR	 subtype	 in	 the	
prostate.	Tamsulosin	was	more	effective	 in	patients	
with	 dominant	 expression	 of	 the	 α1A-AR	 subtype,	
whereas naftopidil was more effective in those with 
dominant	 expression	 of	 the	 α1D-AR	 subtype.	 In	
another study, the same group assessed whether 
there was a direct correlation between the prostatic 
expression	 of	 α1-AR	 subtype	 mRNA	 and	 severity	
of	LUTS	or	bladder	outlet	obstruction	[Kojima	et	al.,	
2010].	They	found	no	direct	correlation	between	the	
expression	of	α1-AR	subtype	mRNA	in	the	prostate	
and	severity	of	LUTS	or	BOO,	although	there	was	a	
signiicant	regression	of	this	expression	with	patient	
age.	Kojima	et	al.	[2010]	concluded	that	the	expres-
sion	 level	 of	 α1-AR	 subtype	mRNA	 in	 the	 prostate	
could	 be	 a	 predictor	 of	 the	 eficacy	 of	 subtype	 se-
lective	α1-AR	antagonists	in	patients	with	BPH,	and	

III. α-ADRENOCEPTOR (AR)
ANTAGONISTS
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suggested that genetic differences were responsible 
for	the	diverse	responses	to	the	drugs.	

Silodosin	 (KD-3213),	 which	 has	 a	 high	 selectivity	
for	α1A-ARs	[Tatemichi	et	al.,	2006a;	b;	Lepor	and	
Hill,	2010;	Yoshida	et	al.,	2011],	had	clinically	good	
effects on both voiding and storage symptoms in 
men	with	BPH	[Kawabe	et	al.,	2005;	Yoshida	et	al.,	
2007;	Marks	et	al.,	2009a,b;	Chapple	et	al.,	2010;	
Morganroth	 et	 al.,	 2010;	 Yoshida	 et	 al.,	 2011].	
Chapple	et	al.	[2010]	conducted	a	multicenter	dou-
ble-blind, placebo- and active-controlled parallel 
group study comparing silodosin, tamsulosin, and 
placebo.	A	 total	 of	 1228	men	 ≥50	 yr	 of	 age	 with	
an International Prostate Symptom Score (IPSS) 
≥13	and	a	urine	maximum	low	rate	(Qmax)	>4	and	
≤15ml/s	were	selected	at	72	sites	 in	11	European	
countries.	 The	 patients	 were	 entered	 into	 a	 2-wk	
wash-out	and	a	4-wk	placebo	run-in	period.	A	total	
of	955	patients	were	randomized	(2:2:1)	to	silodo-
sin	 8	mg	 (n=381),	 tamsulosin	 0.4	mg	 (n=384),	 or	
placebo	(n=190)	once	daily	for	12	wk.	Its	overall	ef-
icacy	was	not	inferior	to	tamsulosin.	Only	silodosin	
showed	a	signiicant	effect	on	nocturia	over	place-
bo.	There	was	no	signiicant	difference	between	the	
two	 α1-AR	 antagonists	 and	 the	 placebo	 in	 terms	
of	 Qmax.	 There	 was	 also	 no	 difference	 between	
the	 two	 α-AR	 antagonists	 for	 the	QoL	 parameter,	
whereas	both	were	better	than	the	placebo.	Active	
treatments were well tolerated, and discontinuation 
rates due to adverse events were low in all groups 
(2.1%,1.0%,	 and	 1.6%	with	 silodosin,	 tamsulosin,	
and	 placebo,	 respectively).The	most	 frequent	 ad-
verse event with silodosin was a reduced or absent 
ejaculation	 during	 orgasm	 (14%),	 a	 reversible	 ef-
fect as a consequence of the potent and selective 
α1A-AR	antagonism	of	the	drug.	The	incidence	was	
higher	 than	 that	 observed	 with	 tamsulosin	 (2%);	
however,	 only	 1.3%	 of	 silodosin-treated	 patients	
discontinued	 treatment	due	 to	 this	adverse	event.	
Silodosin	 treatment	 improved	DO	and	obstruction	
grade by decreasing detrusor opening pressure, 
detrusor	pressure	at	Qmax,	bladder	outlet	obstruc-
tion	 index	and	Schafer´s	 obstruction	 class	 signii-
cantly	[Yamanishi	et	al.,	2009].	In	a	different	open,	
nonblinded prospective study silodosin 8 mg lead 
to	a	signiicant	increase	in	bladder	capacity	at	irst	
desire	 to	 void	with	 no	 signiicant	 change	 in	maxi-
mum	 cystometric	 capacity.	 In	 the	 voiding	 phase	
mean	 detrusor	 pressure	 at	 maximum	 low	 signii-
cantly decreased, mean bladder outlet obstruction 
index	decreased	signiicantly	and	obstruction	grade	
as assessed by the Schaefer nomogram improved 
signiicantly	[Matsukawa	et	al.,	2009].

It	 thus	 seems	 that	 selective	 blockade	 of	 α1A-ARs	
is a clinically effective approach, and silodosin is 
an effective and well-tolerated treatment for the re-
lief of both voiding and storage symptoms in male 
patients with LUTS, even if treatment is associated 
with	a	high	incidence	of	ejaculatory	dysfunction.	

Interest	 has	 also	 been	 focussed	 on	 the	 α1-ARs	
(α1D),	 speciically	 in	 the	 bladder	 [Schwinn	 et	 al.,	
2004;	 Schwinn	 and	 Roehrborn,	 2008],	 assuming	
that these receptors were responsible for storage 
symptoms.	However,	the	inter-relationship	between	
the	α1D-ARs	in	the	human	detrusor	smooth	muscle	
and	 the	 pathophysiology	 of	 LUTS	 is	 unclear.	Naf-
topidil	was	shown	to	signiicantly	improve	the	OAB	
symptom	score	[Sakai	et	al.,	2011]	and	urgency	epi-
sodes	[Yokoyama	et	al.,	2009].	Ikemoto	et	al.	[2003]	
gave tamsulosin and naftopidil to 96 patients with 
BPH	 for	 8	 weeks	 in	 a	 crossover	 study.	 Whereas	
naftopidil monotherapy decreased the I-PSS for 
storage symptoms, tamsulosin monotherapy de-
creased	the	I-PSS	for	voiding	symptoms.	However,	
this difference (which was suggested to depend on 
differences	 in	afinity	 for	α1-AR	subtypes	between	
the drugs) could not be reproduced in a random-
ized head to head comparison between the drugs 
[Gotoh	et	 al,	 2005].	Based	on	available	 evidence,	
it	therefore	cannot	be	concluded	that	the	α1D-ARs	
on the detrusor smooth muscle are the main thera-
peutic	target.	However,	α1D-ARs	may	have	effects	
on different locations in the bladder beside the de-
trusor smooth muscle: the detrusor vasculature, 
the urothelium, and the afferent and efferent nerve 
terminals and intramural ganglia [Andersson and 
Gratzke,	2007].	The	importance	and	functional	role	
of	this	observation	remain	to	be	established.	

In	females,	treatment	with	OAB,	α1-AR	antagonists	
seem	to	be	ineffective.	In	an	RCT,	comprising	364	
women	with	OAB,	no	effect	of	tamsulosin	vs	place-
bo	could	be	demonstrated	[Robinson	et	al.,	2007].	
On	 the	 other	 hand,	 voiding	 symptoms	 in	 women	
with	 functional	outlow	obstruction,	or	LUTS,	were	
treated	 (with	modest	 success)	with	 an	α1-AR	an-
tagonist	 [Kessler	 et	 al.,	 2006,	 Low	 et	 al.,	 2008].	
It should be remembered that in women, these 
drugs may produce stress incontinence [Dwyer and 
Teele,	1992].

In	patients	with	neurogenic	DO,	treatment	with	a1-
AR antagonists was moderately successful [Abrams 
et	al.,	2003].

In isolated human bladder, non-subtype selective 
β-AR	agonists	like	isoprenaline	have	a	pronounced	
inhibitory effect, and administration of such drugs 
can increase bladder capacity in man [Andersson, 
1993].	However,	 the	β-ARs	of	 the	human	bladder	
were shown to have functional characteristics typi-
cal	 of	 neither	 β1-,	 nor	 β2-	ARs,	 since	 they	 could	
be blocked by propranolol, but not by practolol or 
metoprolol	 (β1)	 or	 butoxamine	 (β2)	 [Nergard	 et	
al.,	1977;	Larsen,	1979].	On	the	other	hand,	early	
receptor binding studies using subtype selective 
ligands,	 suggested	 that	 the	 β-ARs	 of	 the	 human	
detrusor	 are	 primarily	 of	 β2	 subtype	 [Andersson	

IV. β-ADRENOCEPTOR AGONISTS
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1993],	and	favourable	effects	on	DO	were	reported	
in	open	studies	with	selective	β2-AR	agonists	such	
as	terbutaline	[Lindholm	and	Lose,	1986].	In	a	dou-
ble-blind	investigation	clenbuterol	0.01	mg	3	times	
daily was shown to have a good therapeutic effect 
in	15	of	20	women	with	DO	 [Gruneberger,	1984].	
Other	 investigators,	however,	have	not	been	able	
to	show	that	non-subtype	selective	β-ARs	agonists	
represent an effective therapeutic principle in el-
derly	 patients	 with	 DO	 [Castleden	 and	 Morgan,	
1980],	 or	 in	 young	 patients	 with	 myelodysplasia	
and	DO	[Naglo	et	al,	1981].	

However,	 three	 subtypes	 (β1,	 β2,	 and	 β3)	 have	
been identified in the detrusor of most species, 
including humans [Andersson and Arner, 2004; 
Michel	 and	 Vrydag,	 2006].	Also	 the	 human	 uro-
thelium	contains	all	 three	 receptor	subtypes	 [Ot-
suka	 et	 al.,	 2008].	 Studies,	 using	 real-time	 RT-
PCR, have revealed a predominant expression of 
β3-AR	mRNA	in	human	detrusor	muscle	[Nomiya	
and Yamaguchi, 2003; Michel and Vrydag, 2006, , 
Igawa	et	al.,	2010]	and	the	functional	evidence	for	
an important role in both normal and neurogenic 
bladders	 is	 convincing	 [Fujumura	 et	 al.,	 1999;	
Igawa	et	al.,	1999;	Takeda	et	al.,	1999;	Morita	et	
al.,	 2000;	 Igawa	 et	 al.,	 2001;	 2010;	Biers	 et	 al.,	
2006;	 Michel	 and	 Vrydag,	 2006;	 Badawi	 et	 al.,	

2007;	Leon	et	al.,	2008].	The	human	detrusor	also	
contains	β2-ARs,	and	most	probably	both	recep-
tors are involved in the physiological effects (re-
laxation) of noradrenaline in this structure [Ander-
sson and Arner 2004; Michel and Vrydag, 2006; 
Igawa	et	al.,	2010].	

The	generally	accepted	mechanism	by	which	β-ARs	
induce detrusor relaxation in most species, is ac-
tivation of adenylyl cyclase with the subsequent 
formation of cAMP (Figures 12 and 13 ).	However,	
there	is	evidence	suggesting	that	in	the	bladder	K+	
channels,	particularly	BKCa	channels,	may	be	more	
important	 in	β-AR	mediated	 relaxation	 than	 cAMP	
[Hudman	et	al.,	2000;	Frazier	et	al.,	2005;	Uchida	et	
al.,	2005;	Frazier	et	al.,	2008].	Aizawa	et	al.	[2010]	
showed	 that	 the	β3-AR	agonist,	CL316,243,	could	
inhibit	 illing-induced	 activity	 in	 mechanosensitive	
Aδ-ibers,	 but	 not	 in	C-iber	 primary	 bladder	 affer-
ents	of	the	rat	bladder.	However,	the	drug	was	able	
to	inhibit	prostaglandin	(PG)	E2-induced	C-iber	me-
diated	hyperactivity.

Since	β-ARs	are	present	 in	 the	urothelium,	 their	
possible role in bladder relaxation has been in-
vestigated	 [Murakami	et	al.,	2007;	Otsuka	et	al.,	
2008].	Murakami	et	al.	[2007]	found	that	the	relax-
ation responses of the detrusor were not influenced 

Figure 12 : During bladder illing, there is normally no parasympathetic nervous outlow to the bladder and 
no release of acetylcholine (ACh). The sympathetic nervous system is active and releases noradrenaline 
(NA) that via β3 adrenoceptors stimulates adenylyl cyclase (AC) and generation of cyclic AMP (cAMP) 
which mediates relaxation of the bladder. In addition, β3-adrenoceptor stimulation activate K+ channels, 
stimulating outlow of K+, which causes hyperpolarisation and inhibition of Ca2+ inlow.
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by	 the	 urothelium.	 However,	 isoprenaline	 was	
more potent at inhibiting carbachol contractions 
in the presence of the urothelium than in its ab-
sence.	It	was	suggested	that	this	might	reflect	the	
release	of	an	inhibitory	factor	from	the	urothelium.	
Further	support	 for	 this	hypothesis	was	given	by	
Otsuka	 et	 al.	 [2008].	 However,	 to	 what	 extent	 a	
urothelial signaling pathway contributes in vitro 
and	 in	 vivo	 to	 the	 relaxant	 effects	 of	 β-AR	 ago-
nists	in	general,	and	β3-AR	agonists	specifically,	
remains	to	be	elucidated.

The	in	vivo	effects	of	β3-AR	agonists	on	bladder	
function have been studied in several animal mod-
els.	 It	has	been	shown	that	compared	with	other	
agents	 (including	 antimuscarinics),	 β3-AR	 ago-
nists increase bladder capacity with no change in 
micturition	pressure	and	the	residual	volume	[Fu-
jimura	et	al.,	1999;	Woods	et	al.,	2001;	Takeda	et	
al.,	2002;	Kaidoh	et	al.,	2002;	Igawa	et	al.,	2010].	
For	 example,	 Hicks	 et	 al.	 [2007]	 studied	 the	 ef-
fects	of	the	selective	β3-AR	agonist,	GW427353,	
in the anesthetized dog and found that the drug 
evoked an increase in bladder capacity under 
conditions of acid evoked bladder hyperactivity, 
without	affecting	voiding.

A	number	of	β3-AR	selective	agonists	are	current-
ly	being	evaluated	as	potential	treatment	for	OAB	
in	humans	including	GW427353	(solabegron)	and	
YM178	 (mirabegron)	 [Colli	 et	 al.,	 2007;	 Igawa	
et	 al.,	 2010;	Saito	 et	 al.,	 2011;	Tyagi	 and	Tyagi,	
2011]	(Figure 14 ).	

Mirabegron.	 Takusagawa	 et	 al.	 [2012]	 found	 that	
mirabegron was rapidly absorbed after oral ad-
ministration.	It	circulates	in	the	plasma	as	the	un-
changed form, its glucuronic acid conjugates and 
other	metabolites.	Of	the	administered	dose,	55%	
is excreted in urine, mainly as the unchanged form, 
and	34%	is	recovered	in	feces,	almost	entirely	as	
the	 unchanged	 form.	 Mirabegron	 is	 highly	 lipo-
philic and is metabolized in the liver via multiple 
pathways,	 mainly	 by	 cytochrome	 P450	 3A4	 and	
2D6	 (CYP2D6)	 [van	 Gelederen	 et	 al.,	 2009].	 In	
a Phase I pharmacokinetic study, sixteen healthy 
volunteers, phenotyped as either poor or extensive 
metabolizers of CYP2D6 were enrolled The volun-
teers received a 160 mg single oral dose after over-
night	fasting.	Poor	metabolizers	excreted	a	slightly	
higher	urinary	fraction	of	mirabegron	(15.4±4.2%)	
than	extensive	metabolizers	(11.7±3.0%).	Tmax	in	
both extensive and poor metabolizers was about 

Figure 13: During voiding, the parasympathetic system is activated, releasing acetylcholine (ACh) which 
causes bladder contraction, directly via muscarinic M3 receptor stimulation, and indirectly by inhibition 
of adenylyl cyclase (AC) via stimulation of muscarinic M2 receptors. The sympathetic nerve activity is 
turned off. In vivo exogenous stimulation of the β3-adrenoceptors by β3-adrenoceptor agonists  is not 
suficient to inhibit the muscarinic receptor mediated activation, which implies that the voiding contrac-
tion is not compromised.
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2	hours	and	the	terminal	elimination	half-life	(t1/2)	
approximately	23-25	hours.

Chapple	 et	 al.	 [2008]	 reported	 the	 results	 of	 a	
phase	IIA	trial	of	mirabegron	in	patients	with	OAB.	
The Blossom trial, conducted in several European 
countries,	was	a	proof	of	concept	study.	It	enrolled	
314	 patients	 with	 OAB	 symptoms	 -	 262	 patients	
were randomly assigned to 4 groups: placebo, mi-
rabegron	100	mg	bid,	mirabegron	150	mg	bid,	and	
tolterodine	4	mg	qd	for	a	4-week	treatment	period.	
The	primary	endpoint	was	eficacy,	and	the	prima-
ry	 eficacy	 variable	 was	 the	 change	 in	 the	mean	
number of micturitions per 24 hours as recorded 
on	a	 frequency/volume	chart.	 In	both	mirabegron	
groups	signiicant	improvements	in	the	mean	num-
ber of micturitions per 24 hours were found com-
pared	 with	 the	 placebo	 group	 (−2.19	 and	 −2.21	
vs.	−1.18,	respectively).	Mean	volume	voided	was	
dose-dependently increased in the mirabegron 
groups,	 and	 the	 change	 reached	 signiicance	 in	
the	mirabegron	150	mg	group.	Urgency	episodes	
per	24	hours	decreased	signiicantly	in	both	mira-
begron	groups	compared	with	 the	placebo	group.	
No	severe	adverse	events	were	reported	and	treat-
ment	was	generally	well	 tolerated.	A	small,	mean	
increase	in	pulse	rate	with	mirabegron	150	mg	(5	
beats per minute) was demonstrated, but this was 
not	associated	with	a	clinically	signiicant	increase 

in adverse events such as tachycardia and palpita-
tions.	This	successful	phase	IIA	trial	was	followed	
by	 a	 phase	 IIB	 trial	 in	 OAB	 patients	 carried	 out	
in	Europe	 [Chapple	et	al.,	2010].	This	 trial	was	a	
dose-ranging study of once-daily mirabegron (an 
extended release formula of mirabegron) with mul-
tiple	 arms	 (placebo,	mirabegron	 25	mg,	 100	mg,	
150	mg,	and	200	mg	qd,	for	a	12-week	treatment	
period), and the primary endpoint was to evalu-
ate	 the	 dose-response	 relationship	 on	 eficacy.	
The mean number of micturitions per 24 hours 
decreased dose-dependently, and the decreases 
were	 statistically	 signiicant	 with	 mirabegron	 50	
mg,	150,	and	200	mg	compared	with	placebo.	The	
mean volume voided per micturition increased 
dose-dependently,	and	the	increases	were	signii-
cant	 with	 mirabegron	 50	 mg	 and	 more.	 Adverse	
events	were	experienced	by	45.2%	of	the	patients	-	
the incidence of adverse events was similar among 
all	 treatment	 groups	 (placebo	 43.2%	 vs.	 mirabe-
gron	43.8-47.9%).	The	overall	discontinuation	rate	
owing	to	adverse	events	was	3.2%	(placebo	3.0%	
vs.	 mirabegron	 2.4-5.3%).	 The	 most	 commonly	
reported adverse events considered treatment-
related was gastrointestinal disorders, including 
constipation,	 dry	 mouth,	 dyspepsia,	 and	 nausea.	
There	was	no	patient-reported	acute	retention.	No	
signiicant	difference	in	ECG	parameters	between	

Figure 14: The β3-adrenoceptor is the predominating β-adrenoceptor subtype in the bladder. Stimulation 
by highly selective β3-adrenoceptor agonists like mirabegron and solabegron may inhibit symptoms of 
overactive bladder without affecting the ability to empty the bladder.
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the	 groups	 was	 demonstrated.	 However,	 a	 small	
but	signiicant	increase	in	mean	pulse	rate was ob-
served	after	mirabegron	100	mg	and	200	mg	(1.6	
and	4.1	beats	per	minute,	 respectively),	although	
this was not in associated with an increase in car-
diovascular	adverse	events.

Nitti	et	al.	[2011]	reported	on	a	phase	III	multicentre,	
randomized, double-blind, parallel-group,placebo-
controlled	 trial	 of	 mirabegron	 in	 North	 America.	
They	enrolled	1328	patients	≥18	years	with	OAB	
symptoms	for	≥3	months.	Patients	who	completed	
a	2-week,	single-blind,	placebo	run-in	and	had	≥8	
micturitions/24	 h	 and	 ≥3	 urgency	 episodes/72	 h	
(with or without incontinence) during a 3-day mic-
turition diary period, were randomized to receive 
placebo,	or	mirabegron	50	or	100	mg	once	daily	
for	12	weeks.	Co-primary	endpoints	were	change	
from baseline to final visit (study end) in the mean 
number	of	incontinence	episodes/24	h	and	mictu-
ritions/24	 h.	 Efficacy	was	 assessed	 according	 to	
patient micturition diaries and safety assessments 
included	 adverse	 event	 (AE)	 reporting.	 Patients	
were randomized and received study drug (pla-
cebo:	n=453;	mirabegron	50	mg:	n=442;	mirabe-
gron	100	mg:	n=433).	Mean	age	was	60.1	years,	
74.3%	were	 female,	 29.7%	 had	 urgency	 inconti-
nence,	 38.1%	 had	mixed	 stress/urgency	 inconti-
nence	 with	 urgency	 predominant	 and	 32.2%had	
frequency	without	 incontinence.	At	 the	 final	 visit,	
mirabegron	 50	 and	 100	 mg	 showed	 statistically	
significant improvements in the co-primary effica-
cy	endpoints	and	mean	volume	voided/micturition	
compared	 with	 placebo.	 Statistically	 significant	
benefits were achieved at the first-measured time 
point	of	Week	4.	The	incidence	of	AEs	was	similar	
across	 the	 placebo	 and	 mirabegron	 50	 and	 100	
mg	groups	 (50.1,	 51.6	 and	 46.9%,	 respectively).	
The	 most	 common	 (≥3%)	 AEs	 in	 any	 treatment	
group	were	hypertension	 (6.6,	 6.1	and	4.9%,	 re-
spectively),	 urinary	 tract	 infection	 (1.8,	 2.7	 and	
3.7%),	 headache	 (2.0,	 3.2	 and	 3.0%)	 and	 naso-
pharyngitis	(2.9,	3.4	and	2.5%).

Khullar	et	al.	[2011]	performed	a	similarly	designed	
study i Europe and Australia, enrolling 1978 pa-
tients, which included a fourth arm in which tolt-
erodine	SR	4	mg	was	used	as	a	comparator.	Like	
the	American	study,	Khullar	et	al.	[2011]	found	that	
mirabegron	 caused	 a	 statistically	 signiicant	 im-
provements from baseline compared with placebo 
in the number of urgency incontinence episodes 
and	 number	 of	 micturions	 per	 24	 hours.	 Mirabe-
grom	50	and	100	mg	was	numerically	superior	 to	
tolterodine	 in	 these	 two	 key	OAB	 symptoms,	 but	
the	study	was	not	powered	for	further	analysis.	Mi-
rabegrom	 50	 and	 100	mg	was	well	 tolerated,	 no	
differences being found between the placebo arm 
and	the	two	mirabegron	arms.	In	particular,	the	in-
cidence	of	 hypertension	or	UTI	were	 identical.	 In	
contrast with tolterodine, no increased dry mouth 
incidence	was	observed	with	mirabegron.

Mirabegron has been shown to be effective in the 
treatment	of	the	OAB	syndrome	and	has	been	ap-
proved	 for	 clinical	use	on	 this	 indication	 in	Japan.	
The Japanese label contains a warning: “Avoid ad-
ministration	 to	patients	of	 reproductive	age”.	Mira-
begron is currently under consideration for approval 
in	Europe	(EMA).	In	the	US,	the	drug	was	approved	
in	June	2012.

A positive effects of solabegron in patients with the 
OAB	 syndrome	 has	 also	 been	 documented	 in	 an	
RCT	[Ohlstein	et	al.,	2012].

Drugs stimulating the generation of cAMP are 
known to relax smooth muscles, including the de-
trusor [Andersson, 1999; Andersson and Wein, 
2004].	It	is	also	well	established	that	drugs	acting	
through	the	NO/cGMP	system	can	relax	the	smooth	
muscle	 of	 the	 bladder	 outlow	 region	 [Andersson	
and	Arner,	2004].	Use	of	PDE	inhibitors	to	enhance	
the presumed cAMP- and cGMP-mediated relax-
ation of LUT smooth muscles (detrusor prostate, 
urethra) should then be a logical approach [Ander-
sson	et	al.,	1997;	2007;	2011].	There	are	presently	
11 families of PDEs, some of which preferentially 
hydrolyse	 either	 cAMP	 or	 cGMP	 [Uckert	 et	 al.,	
2006]	(Figure 15 ).

As a basis for PDE inhibitor treatment of LUTS, Uck-
ert	et	al.	[2006]	investigated	human	bladder	tissue,	
revealing	messenger	RNA	for	PDEs	1A,	1B,	2A,	4A,	
4B,	5A,	7A,	8A,	and	9A;	most	of	these	PDEs	prefer-
ably	inhibit	the	breakdown	of	cAMP.	In	vitro,	human	
detrusor muscle responded poorly to sodium nitro-
prusside, and to agents acting via the cGMP system 
[Truss	et	al.,	2000].	However,	signiicant	relaxation	
of human detrusor muscle, paralleled by increases 
in cyclic nucleotide levels, was induced by papav-
erine,	vinpocetine	(a	low	afinity	inhibitor	of	PDE	1),	
and forskolin (stimulating the generation of cAMP), 
suggesting that the cAMP pathway and PDE 1 
may be important in regulation of detrusor smooth 
muscle	 tone	 [Truss	et	al.,	 2001].	Signiicant	dose-
dependent relaxations were also induced by human 
cAMP	analogs	[Truss	et	al.,	2001].	With	these	stud-
ies	as	a	background,	Truss	et	al.	presented	prelimi-
nary clinical data with vinpocetine in patients with 
urgency/urgency	 incontinence	 or	 low	 compliance	
bladders, and not responding to standard antimus-
carinic	therapy	[Truss	et	al.,	2000].	This	initial	open	
pilot study suggested a possible role for vinpocetine 
in	the	treatment	of	OAB.	However,	the	results	of	a	
larger	RCT	in	patients	with	DO	showed	that	vinpo-
cetine	 only	 showed	 statistically	 signiicant	 results	
for	one	parameter	[Truss	et	al.,	2001].	Studies	with	
other PDE 1 inhibitors than vinpocetin (which may 
not be an optimal drug for elucidation the principle) 
do	not	seem	to	have	been	performed.

V. PHOSPHODIESTERASE (PDE) 
INHIBITORS
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PDE 4 (which also preferably hydrolyses cAMP) has 
been implicated in the control of bladder smooth 
muscle	 tone.	PDE	4	 inhibitors	 reduced	 the	 in	vitro	
contractile	response	of	guinea	pig	[Longhurst	et	al.,	
1997]	and	rat	[Kaiho	et	al.,	2008]	bladder	strips,	and	
also suppressed rhythmic bladder contractions of 
the isolated guinea pig and rat bladder [Gillespie 
and	Drak.,	2004;	Nishiguchi	et	al.,	2007].	Previous	
experiences with selective PDE 4 inhibitors showed 
emesis to be a dose -limiting effect [Giembycz, 
2005].	If	this	side	action	can	be	avoided,	PDE	4	in-
hibition	seems	to	be	a	promising	approach.

Oger	 and	 co-workers	 showed	 that	 PDE5-inhibitor	
sildenail-induced	 relaxation	 of	 human	 detrusor	
smooth	muscle	 involved	 cGMP-,	 cAMP-	 and	 K(+)	
channel-dependent signalling pathways, with a 
minor	 contribution	 from	NO	 [Oger	et	 al.,	 2010].	 In	
combination	with	 the	α1-AR	antagonist	doxazosin,	
sildenail	 reduced	adrenergic	 tone	of	prostatic	and	
cavernosal smooth muscle and their combination 
provided	a	signiicant	beneit	when	targeting	relax-
ation	of	both	tissues	[Oger	et	al.,	2008].

In-vivo, several studies have indicated a role for 
PDE5-inhibitors	in	the	regulation	of	micturition	func-
tion.	Systemic	vardenail	reduced	both	non-voiding	
contractions	and	bladder	afferent	nerve	iring	in	un-
anesthetized, decerebrate, spinal cord injury rats, 
indicating	potential	mechanisms	by	which	PDE5-Is	
improve storage symptoms in SCI patients [Behr-
Roussel	 et	 al.,	 2010].	 The	 effect	 of	 vardenail	 on	

OAB-symptoms	could	be	related	to	a	cGMP-depen-
dent RhoA/ROCK	signaling	 inhibition,	as	shown	in	
spontaneously	 hypertensive	 rats	 (SHR)	 [Morelli	 et	
al.,	 2009a;	Morelli	 et	 al.,	 2009b].	 Using	 the	 same	
animal	model,	bladder	hypoxia	was	signiicantly	re-
duced	by	acute	vardenail	treatment	[Morelli	et	al.,	
2009b].	Thus,	besides	relaxing	muscular	wall,	PDE5	
inhibition may positively affect urinary bladder blood 
perfusion.	 In	the	same	respect,	 tadalil	was	shown	
to	increase	prostate	tissue	oxygenation	in	SHR	and	
human vesicular-deferential artery is characterized 
by	 a	 high	 expression	 and	 activity	 of	 PDE5,	which	
was	inhibited	by	tadalail	in	vitro;	these	results	sug-
gest another possible mechanism through which 
PDE5i	 exert	 beneicial	 effects	 on	 LUT	 symptoms	
[Morelli	et	al.,	2011].

NO	 has	 been	 demonstrated	 to	 be	 an	 important	
inhibitory neurotransmitter in the smooth muscle 
of the urethra and its relaxant effect is associated 
with increased levels of cyclic GMP [Andersson 
and	Arner,	2004].	However,	few	investigations	have	
addressed the cAMP- and cGMP-mediated signal 
transduction pathways and its key enzymes in the 
mammalian	urethra.	Morita	et	al.	examined	the	ef-
fects of isoproterenol, prostaglandin E1 and E2, and 
SNP	on	 the	contractile	 force	and	 tissue	content	of	
cAMP	and	cGMP	in	the	rabbit	urethra	[Morita	et	al.,	
1994].	They	concluded	that	both	cyclic	nucleotides	
can	 produce	 relaxation	 of	 the	 urethra.	Werkström	
et	al.[2006]	characterized	the	distribution	of	PDE	5,	
cGMP	and	PKG1	in	female	pig	and human urethra, 

Figure 15:  Families of phosphodiesterases (PDE). Inhibitors of both cyclic AMP and cyclic GMP may have 
inhibitory effects on bladder contraction. However, so far only inhibitors of PDE5 (inhibiting degradation 
of cyclic GMP) have been clinically useful for treatment of lower urinary symptoms in males.
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and evaluated the effect of pharmacological inhibi-
tion	 of	PDE-5	 in	 isolated	 smooth	muscle	 prepara-
tions.	After	stimulation	with	the	NO	donor,	DETA	NO-
NO-ate,	the	cGMP-immunoreactivity	(IR)	in	urethral	
and	vascular	smooth	muscles	increased.	There	was	
a wide distribution of cGMP- and vimentin-positive 
interstitial cells between pig urethral smooth muscle 
bundles.	 PDE-5	 IR	 could	 be	 demonstrated	 within	
the urethral and vascular smooth muscle cells, but 
also in vascular endothelial cells that expressed 
cGMP-IR.	 Nerve-induced	 relaxations	 of	 urethral	
preparations were enhanced at low concentrations 
of	sildenail,	vardenail	and	tadalail,	whereas	there	
were direct smooth muscle relaxant actions of the 
PDE-5	inhibitors	at	high	concentrations.	Fibbi	et	al.	
[2009]	 conirmed	 that	 the	 highest	 expression	 and	
biological	 activity	 of	 PDE5	 was	 found	 in	 bladder.	
However,	a	consistent	PDE5	expression	and	activ-
ity	was	also	found	in	prostatic	urethra.	 In	contrast,	
the	prostate	gland	showed	the	lowest	PDE5	abun-
dance and cultures derived from this tissue were 
less	sensitive	to	vardenail.	Using	a	different	animal	
model	associated	with	C-ibre	afferent	activation,	it	
was	shown	that	the	NO/cGMP	signalling	pathway	is	
involved	 in	 the	 regulation	 of	 the	micturition	 relex,	
with an action that seems more predominant on the 
sensory rather on the motor component of the mic-
turition	relex	[Caremel	et	al.,	2010].	

The observation that patients treated for erectile 
dysfunction	with	 PDE5	 inhibitors	 had	 an	 improve-
ment of their LUTS, has sparked a new interest in 
using these drugs also for treatment of LUTS and 
OAB.	After	 the	 report	 in	 an	 open	 study	 that	 treat-
ment	 with	 sildenail	 appeared	 to	 improve	 urinary	
symptom scores in men with ED and LUTS [Sairam 
et	al.,	2002],	this	observation	has	been	conirmed	in	
several	well	designed	and	conducted	RCTs.	

To date, 12 RCTs are available comparing the ef-
fect	 of	 PDE5	 inhibitors	 alone	 to	 placebo	 and	 the	
combination	 of	 alpha-blockers	 and	 PDE5	 inhibi-
tors	vs	alpha-blockers	alone	[Bechara	et	al.,	2008;	
Gacci	et	al.,	2011;	Kaplan	et	al.,	2007;	Liguori	et	
al.,	 2009;	 McVary	 et	 al.,	 2007a;	 b;	 Porst	 et	 al.,	
2009;	 2011;	 Roehrborn	 et	 al.,	 2008;	 Stief	 et	 al.,	
2008;	Tamimi	et	al.,	2010;	Tuncel	et	al.,	2010].	 In	
these	studies,	different	PDE5	inhibitors	and	differ-
ent	doses	were	administered.	

PDE5-inhibitors	 signiicantly	 improve	 IPSS	 and	
IIEF	 scores,	 but	 not	 Qmax	 when	 compared	 to	
placebo.	According	 to	 a	 recent	 meta-analysis	 by	
Gacci and co-workers, differences in IPSS score 
were	signiicantly	lower	in	older	and	obese	patients	
[Gacci	et	al.,	2011].	The	combination	of	PDE5-in-
hibitors	and	alpha-blockers	 lead	 to	signiicant	 im-
provements	of	the	IPSS	and	IIEF	score	as	well	as	
Qmax	when	compared	to	the	use	of	alpha-blockers	
alone.	Recently,	Dmochowski	showed	that	tadalail	
once	 daily	 for	 LUTS	 had	 no	 signiicant	 effect	 on	
bladder function as measured by detrusor pres-

sure	at	maximum	urinary	low	rate	or	such	as	maxi-
mum detrusor pressure and bladder outlet obstruc-
tion index while improving IPSS [Dmochowski et 
al.,	 2010].	 PDE5-inhibitors	were	 generally	 shown	
to	be	safe	and	well	tolerated.

The	mechanism	 behind	 the	 beneicial	 effect	 of	 the	
PDE	inhibitors	on	LUTS/OAB	and	their	site(s)	of	ac-
tion	largely	remain	to	be	elucidated.	If	the	site	of	ac-
tion	were	the	smooth	muscles	of	the	outlow	region	
(and	 the	effect	 relaxation),	an	 increase	 in	low	 rate	
should	be	expected.	In	none	of	the	trials	referred	to	
such	 an	 effect	was	 found.	 (However,	 see	Oelke	 et	
al.[2012]).	On	the	other	hand,	there	are	several	other	
structures in the LUT that may be involved, including 
those in the urothelial signaling pathway (urothelium, 
interstital	cells,	and	suburothelial	afferent	nerves).	In	
general, it is believed that major mechanisms con-
tributing	to	LUTS	include	reduced	nitric	oxide/cyclic	
guanosine monophosphate signaling pathway, in-
creased RhoA kinase pathway activity, autonomic 
overactivity, increased bladder afferent activity and 
pelvic	ischemia	[Andersson	et	al.,	2011].

In practical considerations it has to be mentioned 
that	 only	 tadalail	 has	 been	 recently	 approved	 for	
the the treatment of LUTS due to benign prostatic 
obstruction;	 long-term	 experience	 with	 PDE5	 in-
hibitors	in	patients	with	LUTS	is	still	lacking	[Oelke	
et	al.,	 2011].	 In	addition,	 insuficient	 information	 is	
available	 on	 the	 combination	 of	 PDE5	 inhibitors	
with	 other	 LUTS	medications	 such	 as	 5-alpha-re-
ductase-inhibitors.

Several antidepressants have been reported to 
have	 beneicial	 effects	 in	 patients	 with	 DO	 [Lose	
et	 al.,	 1989;	Martin	 and	 Schiff,	 1984].	 The	 use	 of	
antidepressants was shown to be an independent 
risk factor for lower urinary tract symptoms sugges-
tive of benign prostatic hyperplasia in a community 
based	 population	 of	 healthy	 aging	 men	 (Krimpen	
Study)	[Kok	et	al.,	2009].

1. IMIPRAMINE

Imipramine is the only drug that has been widely 
used	 clinically	 to	 treat	 this	 disorder.	 Imipramine	
has complex pharmacological effects, including 
marked systemic antimuscarinic actions [Baldes-
sarini,	1985]	and	blockade	of	 the	 reuptake	of	se-
rotonin	and	noradrenaline	[Maggi	et	al.,	1989],	but	
its	mode	of	action	in	DO	has	not	been	established	
[Hunsballe	and	Djurhuus,	2001].	Even	if	it	is	gener-
ally considered that imipramine is a useful drug in 
the	treatment	of	DO,	no	good	quality	RCTs	that	can	
document	 this	 have	 been	 retrieved.	 It	 has	 been	
known for a long time that imipramine can have 
favourable effects in the treatment of nocturnal 
enuresis in children with a success rate of 10-70 
%	in	controlled	 trials	 [Glazener	et	al.,	2003;	Hun-

VI. ANTIDEPRESSANTS
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sballe	 and	Djurhuus,	 2001].	 It	 is	well	 established	
that therapeutic doses of tricyclic antidepressants, 
including imipramine, may cause serious toxic ef-
fects on the cardiovascular system (orthostatic 
hypotension,	 ventricular	arrhythmias).	 Imipramine	
prolongs	QTc	 intervals	and	has	an	antiarrhythmic	
(and proarrhythmic) effect similar to that of quini-
dine	 [Bigger	 et	 al.,	 1977;	 Giardina	 et	 al.,	 1979].	
Children seem particularly sensitive to the cardio-
toxic action of tricyclic antidepressants [Baldessa-
rini,	1985].	The	risks	and	beneits	of	imipramine	in	
the treatment of voiding disorders do not seem to 
have	been	assessed.	Very	few	studies	have	have	
been	performed	during	the	last	decade	[Hunsballe	
and	Djurhuus,	2001;	Natalin	et	al.,	2009].	No	good	
quality RCTs have documented that the drug is ef-
fective	in	the	treatment	DO.	However,	a	beneicial	
effect has been documented in the treatment of 
nocturnal	enuresis.

A prospective (no controls) study the impact of 
the “three-drug therapy” (antimuscarinic, alpha-
blocker and tricyclic antidepressants) on the 
treatment	 of	 refractory	 detrusor	 overactivity	 (DO)	
showed	 a	 signiicant	 increase	 on	 bladder	 capac-
ity and decreases on urgency, urge-incontinence 
and	frequency.	Objective	urodynamic	data	as	well	
as	symptom	score	improved	signiicantly	with	triple	
therapy	[Natalin	et	al.,	2009].	

Selective serotonin-reuptake-inhibitors (SSRIs) 
have	been	tested	with	regard	to	their	effects	on	OAB	
symptoms.	Milnacipran	hydrochloride,	a	serotonin-
norepinephrine	reuptake	inhibitor	(SNRI),	or	parox-
etine hydrochloride, a selective serotonin reuptake 
inhibitor, were analyzed in a prospective open trial 
in	 neurogenic	 OAB-patients.	 Milnacipran	 reduced	
daytime urinary frequency, improved the quality of 
life index and increased bladder capacity as shown 
in	urodynamic	studies.	No	such	changes	were	not-
ed in the other categories of the lower urinary tract 
symptoms questionnaire or urodynamic studies, or 
in	the	paroxetine	group	[Sakakibara	et	al.,	2008].

2. DULOXETINE

Duloxetine hydrochloride is a combined norepi-
nephrine and serotonin reuptake inhibitor, which 
has	 been	 shown	 to	 signiicantly	 increase	 sphinc-
teric	muscle	activity	during	the	illing/storage	phase	
of micturition in the cat acetic acid model of irritated 
bladder	 function	 [Katoiasc	 et	 al.,	 2002;	 Thor	 and	
Katoiasc,	 1995].	 Bladder	 capacity	 was	 also	 in-
creased in this model, both effects mediated cen-
trally through both motor efferent and sensory affer-
ent	modulation	[Fraser	and	Chancellor,	2003].	In	a	
placebo-controlled	study,	the	drug	showed	eficacy	
in	patients	with	OAB	[Steers	et	al.,	2007].	The	num-
ber of micturition episodes, the primary outcome, 
was	reduced	by	2	in	the	duloxetine	arm	and	by	0.5	
in	 the	 placebo	 arm.	 Episodes	 of	 urgency	 inconti-
nence	 were	 also	 signiicantly	 reduced	 by	 dulox-
etine.	These	data	have	not	been	reproduced	so	far	

in	another	 trial.	However,	 the	high	withdrawal	 rate	
observed across all studies in which the drug was 
evaluated	fou	SUI,	affecting	20-40%	of	the	patients	
at	short-term	and	up	to	90%	in	long-term	studies,	do	
not	predict	clinical	utility	of	duloxetine	in	OAB.

Prostanoids (prostaglandins and thromboxanes) 
are	 synthesized	by	 cyclooxygenase	 (COX)	 from	a	
common	 precursor,	 arachidonic	 acid.	 Prostanoids	
may be involved in the control of bladder function 
under normal and pathological conditions, including 
DO	and	OAB.	Human	bladder	mucosa	has	the	abil-
ity	to	synthesize	eicosanoids	[Jeremy	et	al.,	1987],	
and these agents can be liberated from bladder 
muscle and mucosa in response to different types 
of	 trauma	 [Downie	and	Karmazyn,	1984;	Leslie	et	
al.,	1984].	Even	if	prostaglandins	cause	contraction	
of human bladder muscle, it is still unclear whether 
prostaglandins contribute to the pathogenesis of 
unstable	detrusor	contractions.	More	important	than	
direct effects on the bladder muscle may be sensi-
tization of sensory afferent nerves, increasing the 
afferent input produced by a given degree of blad-
der	illing.	Involuntary	bladder	contractions	can	then	
be	triggered	at	a	small	bladder	volume.	If	this	is	an	
important mechanism, treatment with prostaglandin 
synthesis inhibitors could be expected to be effec-
tive.	However,	clinical	evidence	for	this	is	scarce.

Cardozo	et	al.	performed	a	double-blind	controlled	
study	of	30	women	with	DO	using	 the	prostaglan-
din	synthesis	inhibitor	lurbiprofen	at	a	dosage	of	50	
mg	3	times	daily	[Cardozo	et	al.,	1980a].	The	drug	
was shown to have favourable effects, although it 
did	 not	 completely	 abolish	DO.	There	was	 a	 high	
incidence	 of	 side	 effects	 (43%)	 including	 nausea,	
vomiting,	headache	and	gastrointestinal	symptoms.	
Palmer	studied	the	effects	of	lurbiprofen	50	mg	x	4	
versus placebo in a double-blind, cross-over trial in 
37	patients	with	idiopathic	DO	(27%	of	the	patients	
did	 not	 complete	 the	 trial)	 [Palmer,	 1983].	 Active	
treatment	signiicantly	increased	maximum	contrac-
tile pressure, decreased the number of voids and 
decreased the number of urgent voids compared 
to	baseline.	 Indomethacin	50	 to	100	mg	daily	was	
reported to give symptomatic relief in patients with 
DO,	compared	with	bromocriptine	in	a	randomized,	
single-blind, cross-over study [Cardozo and Stan-
ton,	1980b].	The	incidence	of	side	effects	was	high,	
occurring	in	19	of	32	patients.

Although these early clinical studies with nonselec-
tive	 COX	 inhibitors	 showed	 some	 promise	 in	 the	
treatment of these disorders, the drugs were not fur-
ther developed for this indication mainly due to side 
effects.	The	 interest	 in	 the	use	of	selective	COX-2	
inhibitors was hampered by concerns about long-
term	cardiovascular	toxicity	with	these	drugs.

VII. CYCLOOXYGENASE (COX)
INHIBITORS
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Intravesical pharmacological therapy for LUTS stems 
from the fact that circumventing systemic administra-
tion of active compounds offers two potential advan-
tages.	 First,	 high	 concentrations	 of	 pharmacological	
agents can be given to the bladder tissue producing 
enhanced	 local	effects.	Second,	drugs	 inappropriate	
for systemic administration due to off target effects 
can	be	safely	used.	Attractive	as	it	may	be,	intravesi-
cal pharmacological therapy should still be considered 
as a second line treatment in patients refractory to oral 
therapy or patients who do not tolerate its systemic 
side	effects.	However,	this	statement	is	based	on	the	
assumption that intervention therapy should follow 
oral	 medication.	 Research	 aiming	 at	 deining	 if	 pa-
tients	subgroups	will	beneit	of	intravesical	therapy	as	
irst	line	is	clearly	necessary.	An	ongoing	trial	to	deine	
tolerability and cost effectiveness of daily antimusca-
rinic therapy versus a single intra-detrusor injection 
of	100U	of	BoNT/A	 for	 treatment	of	urgency	urinary	
incontinence is at this moment under way [Visco et 
al.,	2012].	
1. BOTULINUM TOXIN

a) Mechanism of action of BONT
Botulinum toxin (BonT) is a neurotoxin produced 
by Clostridium botulinum,	Of	 the	 seven	 subtypes	 of	
BONT,	 sub-type	A	 (BONT-A)	 has	 the	 longest	 dura-
tion of action, making it is the most relevant clinical-
ly.	BoNT/A	 is	available	 in	 three	different	commercial	
forms, with the proprietary names of Botox®, Dys-
port®,	 Xeomin®,	 and	 Prosigne.	 Although	 the	 toxin	
is the same, it is wrapped by different proteins which 

modify	 the	relative	potency	of	each	brand.	This	was	
the basis for the introduction of the non-proprietary 
names onabotulinum toxin A (onabotA), abobotulinum 
toxin A (abobotA) and incobotulinum toxin A (inco-
botA) for Botox®, Dysport® and Xeomin®, respec-
tively.	Prosigne	is	the	proprietary	name	of	a	BoNT/A	
produced in China, which currently does not have a 
known	 non-proprietary	 name.	 Although	 potency	 of	
each one is usually expressed in units (U) the doses 
are	 not	 inter-changeable.	 Clinical	 dose	 conversion	
studies	for	the	lower	urinary	tract	do	not	exist.	Avail-
able information indicates that onabotA is roughly 
three times more potent than abobotA and equivalent 
to	incobotA.	Nevertheless	these	equivalences	should	
be	approached	with	caution.	Comprehensive	reviews	
have	been	produced	during	the	last	few	years.	[Chap-
ple	 and	Patel.,	 2006;	Nitti,	 2006;	Patel	 et	 al.,	 2006;	
Dinis	et	al.,	2007;	Karsenty	et	al.,	2008;	Apostolidis	et	
al.,	2009;	Silva	and	Cruz,	2009;	Dowson	et	al.,	2010;	
Duthie	et	al.,	2011;	Mangera	et	al.,	2011].

Most of the information available about intravesical ap-
plication	of	BoNT/A	derives	 from	 the	use	of	onabotA	
(Botox®).	 However,	 in	 addition	 to	 sub-type	A,	 some	
studies have investigated the effect of detrusor in-
jection sub-type B, rimabotulinumtoxinB (proprietary 
names	being	Miobloc™	or	Neurobloc™	according	to	
countries).	For	further	details	see	section	9.1.13	below.

BoNT	consists	of	a	heavy	and	a	light	chain	linked	by	
a	disulphide	bond.	In	the	synaptic	cleft	the	toxin	binds	
to	synaptic	vesicle	protein	or	SV2	[Dong	et	al.,	2006]	
by the heavy chain before being internalized by the 
nerve terminal along with the recycling process of syn-
aptic vesicles (Figure 16 ).	The	 two	chains	are	 then	

VIII. TOXINS

Figure 16 : Mechanism of action of botulinum toxin (BoNT). BoNT consists of a heavy and a light chain linked 
by a disulphide bond. In the synaptic cleft the toxin binds to synaptic vesicle protein or SV2 by the heavy 
chain before being internalized by the nerve terminal along with the recycling process of synaptic vesicles. 
The two chains are then cleaved and the light chain passes into the cytosol, where it cleaves the attachment 
proteins involved with the mechanism of fusion of synaptic vesicles to the cytoplasmatic membrane neces-
sary for neurotransmitter release. Attachment protein (SNARE or soluble N-ethylmaleimidesensitive fusion at-
tachment protein receptor) include synaptosome associated protein 25 kD (SNAP 25), synaptobrevin (vesicle 
associated membrane protein -VAMP) and syntaxin. 
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cleaved and the light chain passes into the cytosol, 
where it cleaves the attachment proteins involved with 
the mechanism of fusion of synaptic vesicles to the 
cytoplasmatic membrane necessary for neurotrans-
mitter	release.	Attachment	protein	(SNARE	or	soluble	
N-ethylmaleimidesensitive	 fusion	 attachment	 protein	
receptor) include synaptosome associated protein 
25	kD	(SNAP	25),	synaptobrevin	(vesicle	associated	
membrane	 protein	 -VAMP)	 and	 syntaxin.	 BonT/A	
cleaves	SNAP	25	rendering	the	SNARE	complex	in-
active	[Humeau	et	al.,	2000;	Chancellor	et	al.,	2008].	
Subtype B, acts preferentially through the inactivation 
of	VAMP	[Humeau	et	al.,	2000].	

BonT/A	 application	 was	 extensively	 evaluated	 in	
striated	muscle.	 In	 this	 tissue	 paralysis	 occurs	 by	
prevention of acetycholine (ACh) release from cho-
linergic	motor	nerve	endings	[Humeau	et	al.,	2000].	
Accumulation of neurotransmitter containing synap-
tic vesicles is followed by terminal axonal degenera-
tion.	Striated	muscle	paralysis	recovers	within	2	to	
4	months	time.	During	this	time	axons	develope	lat-
eral sprouts and eventually regenerate completely 
[de	Paiva	et	al.,	1999].	

In	the	human	bladder	SV2	and	SNAP-25	expression	
has been demonstrated in parasympathetic, sympa-
thetic	and	sensory	ibers	[Coelho	et	al.,	2011].	Almost	
all parasympathetic nerves express the two proteins 
[Coelho	et	al.,	2011].	As	these	nerves	play	a	funda-
mental role for detrusor contraction during voiding, 
the blockade of ACh release is believed to play an 
essential role in detrusor hypo- or acontractility that 
follows	 BoNT/A	 injection	 in	 the	 bladder.	 In	 accor-
dance with this view, it was shown that in normal or 
SCI	animals	BoNTA	treatment	decreased	the	bladder	
contractions evoked by electrical stimulation of spi-
nal nerves without altering intrinsic contractions [Ike-
da	et	al.,	2012].	However	cholinergic	axon	sprouting	
concomitant with clinical remission could not been 
documented	in	the	detrusor	[Haferkamp	et	al.,	2004].	

Bladder sensory impairment is also expected to play 
an	important	role	 in	the	inal	effect	of	BoNT/A	blad-
der	 injection.	About	 half	 of	 the	 peptidergic	 sensory	
ibers	express	SV2	and	SNAP25	[Coelho	et	al,	2011].	
BoNT/A	inhibits	the	spinal	cord	release	of	glutamate,	
substance P (SP) and CGRP from sensory nerves 
[Purkiss	et	al.,	2000;	Aoki	et	al.,	2005;	Meng	et	al.,	
2007]	as	well	as	the	release	of	neuropeptides	at	the	
peripheral	extremities	[Rapp	et	al.,	2006;	Lucioni	et	
al,	BJU	Int,	2008].	BoNT/A	has	also	been	shown	to	
reduce the suburothelial immunoreactivity for TRPV1 
or	P2X3	[Apostolidis	et	al.,	2005].	Morenilla	Palao	et	
al.	[2004]	have	shown	that	BonT/A	impedes	TRPV1	
traficking	 from	 intracellular	 vesicles	 to	 the	 neuro-
nal membrane, a process that is also dependent on 
SNARE	proteins.	All	these	mechanisms	may	contrib-
ute	 to	 the	 recent	 observation	 that	BoNT/A	 reduces	
afferent	iring	from	bladder	afferents	and	antidromic	
release	 of	 neuropeptides	 [Ikeda	 et	 al.,	 2012].	 Al-
though	SV2	and	SNAP-25	immunoreactivity	has	not	
been	detected	in	urothelial	cells	[Coelho	et	al.,	2011],	

urothelial function seems also compromised after 
BoNT/A	administration.	BonT/A	has	been	shown	 to	
inhibit ATP release from urothelium in animal mod-
els	of	spinal	cord	injury	[Khera	et	al.,2004;	Smith	et	
al.,	2008].	Therefore,	it	is	not	surprising	that	admin-
istration	of	BoNT/A	to	inlamed	rat	bladders	reduces	
spinal c-fos counts at the L6 and S1 spinal cord seg-
ments	[Vemulakonda	et	al.,	2005].	

Cleaved,	 inactive	 SNAP-25	 appears	 rapidly	 after	
BoNT/A	 injection.	 In	 the	 guinea-pig	 a	 robust	 ex-
pression	 of	 cleaved	 SNAP	 25	 could	 be	 detected	
already at 12 hours and maximum intensity could 
be detected at 24 hours with little changes after-
wards.	In	guinea-pigs	cleaved	SNAP-25	expression	
was	restricted	to	nerve	ibers.	Almost	all	parasym-
pathetic	ibers,	either	preganglionic	and	postgangli-
onic were affected while less than half of the sen-
sory	ibers	express	 the	cleaved	protein	 [Coelho	et	
al.,	2012a;	b].	In	the	human	urinary	bladder	cleaved	
SNAP	25	could	be	detected	in	NDO	patients	up	to	
11	months	after	BoNT/A	injection.	[Schulte-Baukloh	
et	al.,	2007].	The	longer	duration	of	cleaved	SNAP	
25	 in	 the	 detrusor	 smooth	muscle	 than	 in	 striated	
muscles,	 has	 no	 irm	 explanation	 at	 the	 moment.	
However	the	longer	persistence	of	the	inactive	form	
of	SNAP-25	plus	 the	 involvement	of	pre	and	post-	
ganglionicparasympathetic neurons may contribute 
to	persistence	of	the	BoNT/A	effect	in	the	bladder.

Interstitial cells (ICs) in the suburothelium form a syn-
cytium through extensive coupling via the gap-junction 
protein connexin 43 and have close contacts with sen-
sory	nerves.	These	facts	led	to	the	hypothesis	that	ICs	
act as modulators of bladder behaviour [Wiseman et 
al.,	Apostolidis	et	al.,	2006].	However,	the	expression	
of	connexin	43	is	not	altered	by	BoNT/A	[Roosen	et	al,	
2009].	Hence,	at	the	moment	a	irm	evidence	for	the	
action	of	BoNT/A	on	ICs	is	scant.

BonT/A	 may	 decrease	 the	 levels	 of	 neurotrophic	
agents	in	the	bladder	tissue.	Levels	of	Nerve	Growth	
Factor	 (NGF)	 [Giannantoni	 et	 al.,;	 Liu	 et	 al.,	 2009]	
and	Brain-derived	Neurotrophic	Factor	(BDNF)	[Pin-
to	et	al.,	2010]	have	been	shown	to	decrease	in	the	
bladder	and/or	urine	following	BoNT/A	injections.	As	
both neurotrophins have paramount roles for growth, 
maintenance and plasticity of peptidergic sensory 
nerves,	 these	 indings	 may	 point	 toward	 another	
mechanism	whereby	BonT/A	acts	upon	the	bladder.

b) BoNT/A effects on bladder histology

There is no evidence that repeated injections of 
onabotA	 into	 the	 detrusor	muscle	 cause	 inlamma-
tory	iniltrates,	ibrotic	activity	or	apoptosis	within	the	
bladder	wall	[Comperat	et	al.,	2006,	Apostolidis	et	al.,	
2008,	Kessler	et	al.].	Rather	the	reverse,	one	study	
demonstrated	that	NDO	patients	treated	with	BonT/A	
had	less	ibrosis	than	nontreated	patients	[Compérat	
et	al.,	 2006].	The	presence	of	eosinophilic	 iniltrate	
was shown to increase in specimens of patients re-
ceiving	multiple	 treatments,	a	inding	 that	could	not	
be	fully	explained	[Apostolidis	et	al.,	2008].
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c) BoNT/A injection protocol
When	the	 treatment	was	irst	described	 in	1999	 for	
NDO	patients,	onabotA	was	diluted	in	normal	saline	
in	order	to	obtain	a	concentration	of	10	units/ml	[Sch-
urch	et	al.,	2000].	Under	visual	control	through	a	rigid	
cystoscope	and	a	 lexible	6	Fr	 injection	needle,	30	
injections of 1 ml (10 units of onabotA) were done in 
30 different bladder wall locations above the trigone 
to	 prevent	 vesico-urethral	 relux.	 Additional	 reine-
ments have been added to this technique along the 
following years, including the use of a local anaes-
thetic	agent	(4%	lidocaine)	and	a	lexible	cystoscope	
[Harper	et	al.,	2003].	The	recent	demonstration	that	
onabotA 200 U applied in 30 injections sites (1ml sa-
line each) above the trigone is preferable to 300 U in 
NDO	patients	(200	U	in	30	injections	sites	is	the	ap-
proved protocol by medical authorities) reduces the 
amount	of	onabotA	per	injection	site	to	6.66	U/ml.	For	
abobotA larger studies used a similar technique al-
beit the number of injections was only 20 [del Popolo 
et	al.,	2008;	Grise	et	al.,	2010].	The	number	of	units	
per injection site is obviously different taking in con-
sideration	 that	500-1000	U	are	used	 [del	Popolo	et	
al.,	2008].	The	volume	of	saline	at	each	injection	site	
is	commonly	1	ml	but	volumes	so	low	as	0.25	ml	per	
site	were	also	used	[Grise	et	al.,	2010].

The	effect	of	BONT/A	after	 increasing	the	dose	per	
injection site and decreasing the number of injected 
sites	 was	 investigated	 in	 one	 study.	 Patients	 were	
randomized to receive 300 U either in 10 or 30 sites 
[Karsenty	et	al.,	NAU,	2005].	The	authors	 reported	
that 10 site injection was quicker and less painful 
and	that	no	differences	in	eficacy	between	the	two	
procedures	could	be	detected	up	to	24	weeks.	In	ac-
cordance, it was found that patients receiving 300 U 
of onabotA distributed over 30 injection sites (30 ml 
of	luid	in	total)	or	the	same	dose	of	toxin	distributed	
over	10	injection	sites	(10	ml	of	luid	in	total)	had	a	
similar	distribution	of	the	luid,	as	determined	by	MRI.	
About	1/3	to	1/4	of	the	total	detrusor	volume	was	cov-
ered by the two protocols, respectively [Mehnert et 
al,	2009].

When	considering	IDO	or	BPS/IC	patients	the	most	
relevant aspects in the injection protocol is the 
smaller amount of toxin at each site, as most stud-
ies	 used	onabotA	100	or	 200	U	or	 abobotA	500	U	
[see	Mangera	et	al.,	2011,	Giannantoni	et	al.,	2012	
for	reviews].	Another	variable	at	stake	is	the	trigone	
injection.	 The	 suggested	 risks	 of	 injecting	 bladder	
trigone were never demonstrated, whether onabotA 
or	 abobotA	was	 used	 [Karsenty	 et	 al.,	 2007;	Citeri	
et	al.,	 2008;	Mascarenhas	et	al.,	 2008;	Pinto	et	al,	
2010).	A	few	studies	have,	therefore,	compared	trigo-
nal	vesus	trigonal	sparing	protocols	in	IDO	patients.	
A	recent	trial	randomised	22	IDO	patients	to	receive	
abobotA	500	U	administration	 in	20	 injections	 (1ml	
each)	sparing	 the	 trigone	against	15	off	 the	 trigone	
plus	 5	 injections	 in	 the	 trigone	 [Manecksha	 et	 al.,	
2011].	Mean	postvoid	residual	volumes	and	clean	in-
termittent self-catheterisation rates between the two 

groups	were	similar.	However	the	change	from	base-
line	of	 the	OABSS	score	was	greater	 in	the	trigone	
injected	group.

Another study compared 10 trigonal injections ver-
sus 40 detrusor or suburothelial injections of 100 U of 
onabotA	in	IDO	patients	[Kuo,	2007].	The	most	effec-
tive protocol was the 40 detrusor injections because 
it brought more robust symptomatic improvement 
which	 lasted	 longer.	The	 trigone	 injection	only	 pro-
tocol was the less effective and durable of the three, 
although	the	risk	of	urinary	retention	was	null	 [Kuo,	
2007].The	suburothelial	protocol	brought	 intermedi-
ate results, worse than the detrusor but better than 
the	 trigone	only	 technique	 [Kuo,	2007].	Pinto	et	al.	
[2010]	injected	100	U	distributed	by	10	sites	only	in	
the	 trigone	 in	26	women	with	BPS/IC:	No	cases	of	
voiding	 dysfunction	were	 observed.	 PVR	 remained	
normal and bladder contractility index was not 
changed	by	onabotA.	

Another variable of the injection technique is the 
volume	of	 the	saline	used	 to	 reconstitute	 the	 toxin.	
Most	studies	used	1.0	mL	per	 injection,	although	a	
few	used	0.5	mL	[Grosse	et	al.,	2005;	Schulte-Bauk-
loh	et	al.,	2005],	0.2	mL	[Kuo	et	al.,	2004],	0.25	ml	
[Grise	et	al.,	2010]	or	even	0.1	mL	per	injection	site	
[Rapp	et	al,	Urology,	2004].	In	a	recent	experimental	
study	the	amount	of	cleaved	SNAP-25	induced	by	a	
ixed	amount	of	onabotA	was	directly	related	with	the	
volume	 of	 the	 injection	 [Coelho	 et	 al.,	 2012].	Thus	
more controlled studies designed to compare differ-
ent number and locals of injection and the volume od 
each	injection	are	necessary.

BoNT/A	does	not	cross	 the	urothelium	 if	 instilled	 in	
the	bladder	 [Coelho	et	al.,	2012].	Onabot/A	 instilla-
tion in the bladder encapsulated in liposomes may 
eventually overcome the urothelial barrier and in-
duced	 distinctive	 bladder	 effects	 [Chuang	 et	 al.,	
2009].	 However	 this	 technology	 has	 not	 yet	 been	
tested	in	humans.	In	contrast,	electromotive	admin-
istration seems to overtake this problem, at least 
in	 children.	 In	15	children	with	NDO	due	 to	myelo-
meningocele,	 a	 10F	 indwelling	 catheter	 containing	
a silver spiral electrode was placed in the bladder, 
after providing a local transurethral anaesthesia with 
2%	lidocaine.	The	bladder	was	illed	with	saline	and	
10	U/kg	of	abobotA	was	added.	A	maximal	 current	
of	10	mA	(100	mA	increment/s)	for	15	minutes	was	
applied	 using	 abdominal	 pads	 [Kajbafzadeh	 et	 al.,	
2010].	 The	 urodynamic	 and	 symptomatic	 results	
were	excellent	(see	below).	Skin	erythema	and	burn-
ing sensation were de only side effects reported with 
this	method.	If	this	technique	can	be	applied	to	adults	
it	 is	not	known.	However,	 it	would	certainly	simplify	
BoNT/A	administration.

d) Effect of Bont/A on NDO adult patients

OnabotA	200	U	is	by	now	approved	by	FDA	and	by	
several	European	countries	to	treat	NDO	in	SCI	and	
MS	patients.	This	was	in	part	the	consequence	of	the	
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indings	of	 two	 large	pivotal	phase	3	studies	where	
eficacy	and	safety	of	onabot	A	in	about	700	patients	
with	 NDO	 was	 compared	 against	 placebo	 in	 pa-
tients	with	NDO	and	incontinence	caused	by	multiple	
sclerosis	 (EDSS	 ≤	 6.5)	 or	 spinal	 cord	 injury	 below	
T1	 [Cruz	et	al.,	2011;	Ginsberg	et	al.,	2012].	About	
60%	of	the	patients	were	taking	antimuscarinics	and	
maintained	the	same	dose	throughout	the	study.	Two	
doses, 200 and 300 U of onabotA were compared 
against	placebo.	Primary	outcome	measure	was	the	
change from baseline in week episodes of urinary 
incontinence	 at	week	 6	 after	 treatment.	Secondary	
outcome measures included the change from base-
line in maximum cystometric capacity, maximum de-
trusor	pressure	during	irst	involuntary	detrusor	con-
traction	and	quality	of	life	using	the	I-QOL	total	score.	
Both	studies	yielded	similar	indings.	In	the	irst	study	
[Cruz	et	al.,	2011]	onabotA	signiicantly	 reduced	UI	
and	 improved	 QOL	 in	 both	 MS	 and	 SCI	 patients,	
with no clinically relevant differences between the 
two	 doses.	At	week	 6	mean	 change	 from	baseline	
in	weekly	 incontinence	episodes	was	 -21.8	 in	ona-
botA	200U,	-19.4	with	300U	and	-13.2	with	placebo	
(p	<	0.01).	At	the	same	time	point	7.6%,	38.0%,	and	
39.6%	of	 patients	 in	 the	placebo,	 200U,	and	300U	
onabotutA	groups,	respectively,	were	fully	continent.	
The proportion of patients with no IDC was around 
60%	 after	 onabotA	 200	 and	 300	 groups	 but	 only	
17.4%	after	placebo.	In	the	second	study	[Ginsberg	
et	 al.,	 2012],	 onabotA	 resulted	 in	 a	 23,0%,	 26,7%	
and	27,4%	change	from	baseline	in	the	incontinence	
episodes in the placebo, and 200 and 300 groups, 
respectively.	Furthermore,	36%	and	41%	of	patients	
in the 200 and 300 U groups, respectively, achieved 
dry	status,	contrasting	with	10%	in	the	placebo	arm.	
In both studies, detrusor pressure and cystometric 
capacity	 increased	 signiicantly	 in	 the	 two	 onabotA	
groups, without clinically relevant differences be-
tween	the	two	doses	[Cruz	et	al.,	2011;	Ginsberg	et	
al.,	 2012].	Patients	 could	 request	 a	 retreatment	 12	
weeks	after	 initial	 treatment.	Median	time	for	saline	
treated	patients	was	about	90	days	days	and	250	to	
300 days for those treated with 200 or 300 onabotA, 
without differences between the two doses [Cruz et 
al.,	2011;	Ginsberg	et	al.,	2012].	No	diferences	were	
found between patients with SCI or MS in terms of 
clinical	response	to	onabotA	[Cruz	et	al.,	2011;	Gins-
berg	et	al.,	2012].

The most common adverse event was UTI [Cruz et 
al.,	 2011;	Ginsberg	 et	 al.,	 2012].	 In	 the	 SCI	 popu-
lation, the majority of which was performing CIC at 
baseline, the incidence was similar across all treat-
ment	groups	(around	50%).	In	the	MS	population,	it	
was	highest	in	the	onabotA	300	U	arm	(saline	32%,	
200U:	 58.5%,	 300U:	 70%)	 in	 the	 study	 by	Cruz	 et	
al.	[2011]	whereas	the	incidence	of	UTI	was	similar,	
around	50%,	after	200	and	300	onabotA	doses	in	the	
study	 by	 Ginsberg	 et	 al.,	 [2012].	 This	 was	 related	
with dose dependent incidence of de novo CIC in MS 
patients	 (12.2%	 after	 saline,	 29.5	 after	 200U,	 42.2	
after	300U	[Cruz	et	al.,	2011].	Ginsberg	et	al.	[2012]	

observed that the incidence of CIC in patients not 
catheterizing	at	baseline	was	dose	dependent,	10%	
on	placebo,	35%	on	200	U	and	42%	on	300	U,	and	
mainly	affected	MS	patients.	The	higher	incidence	of	
adverse events and the lack of clinically advantages 
of	300	U	led	to	the	approval	of	200	U	dose	in	NDO.

These	 pivotal	 phase	 3	 trials	 conirms	 observations	
coming	from	smaller	trials.	Schurch	et	al.,	[2005]	ran-
domized	59	NDO	patients	due	to	spinal	cord	injury	to	
received	onabotA	200	U,	300	U	or	placebo.	OnabotA	
treated	patients	had	a	signiicant	reduction	in	inconti-
nence episodes and amelioration of urodynamic pa-
rameters versus placebo, that were still sustained 6 
month	post-treatment.	 In	an	additional	subanalysis,	
onabotA also improved quality of life over placebo 
[Schurch	et	al.,	2007].	No	differences	between	ona-
botA	200	and	300	U	were	detected	[Schurch	et	al.,	
2005].	 A	 Canadian	 multicenter	 double-blind	 study	
[Herschorn	et	al.,	2011]	randomised	57	patients	with	
NDO	secondary	to	spinal	cord	injury	or	multiple	scle-
rosis and urinary incontinence despite current anti-
muscarinic treatment to onabotA 300 U (28) or pla-
cebo	 (29).	The	mean	daily	number	of	 incontinence	
episodes	was	signiicantly	lower	for	onabotA	than	for	
placebo	at	week	6	(1.31	vs	4.76,	p<0.0001).	This	ef-
fect	was	sustained	at	weeks	24	and	36.	onabotA	in-
duced improvements were also seen in urodynamic 
and quality of life parameters and were maintained 
up	to	week	36.

Although	 not	 oficially	 approved	 for	 NDO,	 abobotA	
has been the object of investigation in a few com-
parative	 clinical	 trials.	A	 small	 study	 randomized	 a	
total	 of	 31	NDO	 patients	 due	 to	 spinal	 cord	 injury,	
myelomeningocele, trauma at birth, multiple sclero-
sis and myelitis to intravesical injections of abobotA 
500	U	or	placebo	[Ehren	et	al.,	2007].	Patients	in	the	
abobotA	 arm	had	 a	 signiicantly	 higher	 cystometric	
capacity at 6 and 12 weeks, lower maximum detrusor 
pressure and episodes of urinary incontinence and 
less	 consumption	 of	 antimuscarinic	 drugs.	 Eficacy	
and safety of abototA were, additionally, investigated 
in	NDO	patients	that	had	abandoned	antimuscarinic	
therapy.	Two	doses,	500	U	 (n	=	39)	or	750	U	 (n	=	
38)	were	compared.	Complete	continence	at	day	30	
was	observed	in	22	patients	(56.4%)	and	28	patients	
(73.7%)	 receiving	500Uor	750U.	The	median	delay	
in	 the	reappearance	of	 leakages	was	168	days.	Al-
though there was a trend towards a greater improve-
ment	with	750	U,	no	statistically	signiicant	differenc-
es in terms of clinical and urodynamic variables and 
QoL	were	found	between	the	treatment	groups.	Tol-
erability	was	excellent	and	equivalent	for	both	doses.

The	 symptomatic	 improvement	 brought	 by	BoNT/A	
injection in the bladder does not coincide with the 
moment	 of	 injection.	 The	 onset	 of	 BoNT/A	 effect	
was evaluated in a small open-label prospective 
study	 that	 speciically	 investigated	 the	 chronology	
of	the	symptomatic	changes.	Some	improvement	in	
urgency, nocturia and frequency could already be 
demonstrated as soon as 2 days after neurotoxin 
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injection	in	NDO	patients	[Kalsi	et	al.,	2008].	In	SCI	
and MS patients treated with onabotA, 200 or 300U, 
signiicant	 decrease	 in	 the	 number	 of	 incontinence	
episodes	over	placebo	was	irst	detected	at	week	2	
after	injection	[Cruz	et	al.,	2011].	

A recent subanalysis of a phase 3 study showed that 
similar reductions in urinary incontinence episodes 
and proportion of patients fully dry were achieved, re-
gardless	of	antimuscarinic	use.	Moreover,	increment	
of maximal cystometric, decrease in detrusor pres-
sure, improvement in quality of and median time to 
patient request for re-treatment were similar in anti-
cholinergic	users	and	non-users	[Sievert	et	al.,	2012]	
These observations go along with those made Reitz 
et	al.	[2004]	and	Grosse	et	al.	[2005]	who	concluded	
that a substantial proportion of SCI patients could 
reduce or interrupt anti-muscarinic medication after 
BoNT/A	injection.

Multiple Sclerosis patients represent a particular sub-
group of patients in whom a careful analysis of the 
eficacy	and	safety	of	BoNT/A	additional	attention	if	
voluntary	voiding	is	present	before	treatment.	Cohort	
studies clearly suggest that using onabotA 300 U 
reduces	markedly	episodes	of	urinary	incontinence.	
Highly	signiicant	 improvements	 in	urgency,	 inconti-
nence episodes, frequency, nocturia and urodynamic 
parameters (bladder capacity, volume to detrusor 
overactivity and maximal detrusor pressure) were 
observed.	 However,	 most	 of	 the	 patients	 required	
CIC to empty the bladder after receiving onabotA 300 
U	[Kalsi	et	al.,	2007;	Khan	et	al.,	2011]	In	spite	of	this	
drawback, improvement in quality of life was quite re-
markable indicating that patients may prefer CIC to 
incontinence	[Kalsi	et	al.,	2007;	Khan	et	al.,	2011].	A	
subanalysis	of	the	large	pivotal	phase	3	study	for	154	
MS	patients	was	recently	reported	[Cruz	et	al.,	2011].	
Fifty	received	saline	injections,	51	onabotA	200U	and	
53	onabtA	300U.	Weekly	episodes	of	urinary	inconti-
nence	decreased	18.1,	24.4	and	25.9	at	week	6	after	
saline,	 200	U	 and	 300	U,	 respectively.	About	 40%	
of onabotA treated patients were dry at that visit, 
without	relevant	differences	between	the	two	doses.	
Quality	of	life	and	urodynamic	parameters	improved	
in both onabtA groups, also without relevant differ-
ences	between	200	and	300	U.	However,	there	was	
a dose dependent increase in post-void residual that 
led	 to	CIC	2.6%,	24.3%	and	37.5%	of	 the	patients	
after	saline,	200U	or	300U,	respectively	[Cruz	et	al.,	
2011].	Urinary	infections	were	also	higher	after	200	U	
(58.5%)	than	after	300	U	(70%).	Therefore	this	sub-
analysis indicates that 200 U should be preferred to 
300	U	in	for	MS	patients.	

Whether lower that 200 U onabotA can still be effec-
tive in controlling urinary incontinence in MS patients 
without impairing pretreatment voluntary voiding, it is 
yet	 unclear.	A	 pilot	 study	with	 12	MS	 patients	with	
a	mean	EDSS	of	5.0	(3.0-7.5)	treated	with	onabotA	
100 U seems to indicate that this is a valid alterna-
tive	 [Mehnert	 et	 al.,	 2010].	Daytime	 and	 night-time	
frequency,	 urgency	 and	 pad	 use	 signiicantly	 de-

creased	while	maximum	bladder	capacity	increased.	
Post-void residual volume increased moderately 
during the initial 12 weeks but no patients required 
CIC.	Median	time	to	re-injection	was	8	months.	So,	
additional	studies	speciically	designed	to	evaluated	
onabotA 100 U seems warranted in MS patients with 
voluntary	voiding.	

e) BONT/A and UTI in adult NDO patients 

UTI are one of the most frequent adverse event of 
BoNT/A	 injection.	 In	a	phase	3	 trial	 in	SCI	patients	
performing CIC, the incidence after saline or onabo-
tA	200	and	300	U	was	similar,	around	50%,	relecting	
the fact that most patients were on CIC across the 
three	groups	before	treatment.	In	the	MS	population,	
the incidence of UTI was highest in the onabotA 300 
U	arm	(saline	32%,	200U:	58.5%,	300U:	70%).	This	
was eventually related with a dose dependent in-
crease in post void residual and incidence of de novo 
CIC	 in	MS	patients	 receiving	onabotA	 (12.2%	after	
saline,	29.5	after	200U,	42.2	after	300U)	[Cruz	et	al.,	
2011].	In	a	similar	phase	3	trial,	Ginsberg	et	al.	[2012]	
found	 a	 similar	 incidence	 of	UTI,	 of	 about	 50%,	 in	
SCI and MS patients whether 200U or 300U were 
used.	Although	most	 of	 these	 infections	were	 non-
complicated, a careful exclusion of active UTI at the 
moment of injection and a cautious UTI screening af-
ter	each	BoNT/A	bladder	treatment	seems	justiiable.	

A	 consequence	 of	BONT/A	 treatment	 only	 recently	
noticed is a decrease in the incidence of severe 
urinary	 tract	 infections	 in	 NDO	 patients.	 In	 30	 SCI	
patients	Gamé	et	al.	[2008]	observed	that	the	num-
ber of pyelonephritis, orchitis and prostatitis in the 6 
month	before	onabotA	300U,	1.75±1.87	per	patient,	
decreased	to	0.2±0.41	in	the	irst	6	month	after	treat-
ment.	In	17	SCI	patients	that	received	onabotA	injec-
tions for a period of 6 years, the number of urinary 
tract	infection	at	the	sixth	year	was	1.8±0.5	per	year,	
signiicantly	 lower	 than	 at	 baseline,	 6.7±2.1	 [Gi-
annantoni	et	al.,	2008].	 In	a	multicentre,	cross-sec-
tional	retrospective	cohort	study,	data	from	214	NDO	
patients	treated	in	7	German	centers	were	collected.	
The rate of urinary tract infections in 12 months pro-
ceeding and in the 12 months following onabotA was 
68%	and	28%,	 respectively	 [Boy	et	 al.,	 2008].	The	
reason	for	these	indings	is	unclear	but	may	lie	in	a	
decreased maximum detrusor pressure resulting in 
less	bladder	wall	ischemia	and	vesico-ureteral	relux	
[Wefer	et	al.,	2009].

f) BONT/A in IDO patients 

The enthusiasm of investigators rapidly produced 
a reasonable number of pilot studies investigating 
BoNT/A	 in	 patients	with	 IDO	 refractory	 to	 antimus-
carics.	Although	proper	dose-escalating	studies	ca-
pable	of	deining	ideal	doses	were	lacking,	investiga-
tors	opted	for	the	administration	of	BoNT/A	in	doses	
smaller	than	those	initially	used	in	NDO.	That	is	the	
reason why most pilot studies used either onabot 
200	U	or	abobot	500	U	([see	list	at	the	end,	see	also	
Mangera	 et	 al,,	 2011]	 and	 4	 RCT	 trials	 compared	
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onabotA	200	U	against	placebo	[Sahai	et	al.,	2007;	
Brubaker	et	al.,	2008;	Flynn	et	al.,	2009;	Tincello	et	
al.,	2012].	Due	to	high	incidence	of	voiding	dysfunc-
tion	associated	with	the	use	of	onabotA	200U	in	IDO	
patients one large cohort, 100 patients, investigated 
the	effect	of	onabot	100	U.	Two	dose	escalating	pla-
cebo	 controlled	 studies	 [Dmochowski	 et	 al.,	 2010;	
Rovner	et	al.,2011;	Denys	et	al.,,	2012]	investigated	
the	 ideal	dose	of	onabotA.	That	dose	seems	 to	be	
100	U.	However,	data	 from	pivotal	phase	3	studies	
with	this	dose	are	not	yet	available.	

The largest placebo controlled RCT carried out until 
the	moment	was	conducted	in	8	centers	in	UK	(the	
RELAX study) and randomised a total of 240 women 
with	refractory	DO	to	receive	onabotA	200	U	or	pla-
cebo distributed by 20 bladder wall sites above the 
trigone	(10	U/1ml)	[Tincello	et	al.,	2012].	Primary	out-
come	was	voiding	frequency	per	24	h	at	6	months.	
Secondary outcomes included urgency and inconti-
nence	episodes	and	quality-of-life	data.	A	total	of	122	
women	received	onabotA	and	118	received	placebo.	
Median	leakage	episodes	were	already	signiicantly	
reduced	 by	week	 6	 and	 at	 6	months	were	 1.67	 in	
onabotA	 vs	 6.0	 in	 the	 placebo	 group.	 Continence	
was	 more	 common	 after	 onabotA	 (31%	 vs	 12%).	
Signiicant	 decreases	 also	 occurred	 in	 voiding	 fre-
quency	(8.3	vs	9.67)	and	in	daily	urgency	episodes	
(3.83	vs	6.33).	Quality	of	 life	 scores	were	better	 in	
the	toxin	group.	Urinary	tract	infections	(31%	vs	11%)	
and	voiding	dificulty	requiring	CIC	(16%	vs	4%)	were	
more	common	after	onabotA	[Tincello	et	al.,	2012].

Only	one	placebo	controlled	RCT	on	IDO	[Sahai	et	
al.,	 2007]	 included	 male	 patients	 (onabotA	 200	 U:	
9 females and 7 males; Placebo 11 females and 8 
males).	Maximum	cystometric	capacity	was	the	pri-
mary outcome measure and changes in overactive 
bladder symptoms, post-void residual, maximum 
detrusor	 pressure	 during	 illing	 cystometry,	 relex	
detrusor	 volume	and	Quality	 of	 Life	 questionnaires	
were	 secondary	 outcome	measures.	 Follow-up	 oc-
curred at 4 and 12 weeks after injection, at which 
point	 the	study	was	unblinded.	Signiicant	 improve-
ment in maximum cystometric capacity, urinary fre-
quency and incontinence episodes were observed 
at	4	and	12	weeks	in	patients	treated	with	BONT/A.	
Urgency	was	also	signiicantly	reduced	over	placebo	
only	 at	 4	weeks.	 Post-void	 residual	 increased	 at	 4	
weeks	but	 differences	 to	 placebo	became	 insignii-
cant	by	12	weeks.	Despite	signiicant	improvements	
in quality of life observed among patients treated 
with	 BONT/A,	 37.5%	 of	 them	 required	 intermittent	
self-catheterization	to	empty	the	bladder.	Two	addi-
tional small RCT compared onabotA 200 U against 
placebo	in	women	with	IDO.	Brubaker	et	al.	[	2008]	
randomized	 28	 women	 for	 onabotA	 200	 U	 and	 15	
for	placebo.	Approximately	60%	of	 the	women	who	
received toxin had a clinical response based on the 
Patient	Global	Impression	of	Improvement.	The	me-
dian duration of their responses was 373 days, sig-
niicantly	longer	than	the	62	days	for	placebo.	Post-

void	residual	urine	increased	in	43%	of	the	women	in	
the	BONT/A	group	(12	out	of	26	women)	and	urinary	
tract	infection	developed	in	75%	of	these	women	(9	
of	12).	These	numbers	exceeded	by	far	the	expected	
ranges	 and	 forced	 the	 suspension	 of	 the	 trial.	Me-
dian	duration	of	urinary	retention	after	the	irst	injec-
tion	was	approximately	2	month	but	 increased	 to	5	
months	at	a	second	injection	[Brubaker	et	al.,	2008].

Flynn	 et	 al.	 [2009]	 reported	 the	 preliminary	 results	
of a study comparing onabotA 200 or 300 U against 
placebo	 in	 patients	 with	 urinary	 incontinence.	 The	
primary outcome measure was the number of incon-
tinence episodes per 24 hours whereas 24 hours pad 
weights, number of pads, voiding frequency, noctu-
ria and urodynamic parameters at cystometry were 
secondary	outcomes.	Until	 the	moment	only	15	pa-
tients received onabot 200 or 300 U and 7 placebo, 
distributed	by	10-12	sites	above	the	trigone.	Inconti-
nence episodes were halved and pads per day were 
reduced	 by	 2/3	 in	 the	 onabotA	 group	 whereas	 no	
changes	occurred	in	the	placebo	group.	No	changes	
were observed in nocturia, daily voiding frequency, 
peak	low	or	detrusor	pressure	in	either	group.	Post-
voiding residual over 200 ml was observed in the 
onabotA	group.	Four	subjects	experienced	UTI,	2	in	
onabotA	and	2	in	the	placebo	group.

The obvious necessity of reducing micturition dys-
function	in	IDO	patients	treated	with	onabotA	200	U	
led	to	the	investigation	of	the	eficacy	and	safety	of	
lower	doses.	Schmid	et	al.	 [2006]	 injected	onabotA	
100	U	 in	100	 IDO	patients	 refractory	 to	antimusca-
rinic	 therapy.	 Treatment	 remained	 highly	 effective,	
incontinence and urgency sensation disappearing in 
86%	and	82%	of	patients,	respectively,	during	an	av-
erage	period	of	6	months.	Temporary	urinary	reten-
tion	only	occurred	in	4%	of	the	cases,	with	additional	
15%	reporting	moderate	voiding	dificulties.	

The utterly necessary dose escalating studies were 
only	recently	accessible.	Dmochowski	et	al.	 [	2010]	
conducted a phase 2, multicenter, randomized, dou-
ble-blind	study	were	288	females	and	25	males	with	
IDO	experiencing	≥	8	urgency	incontinence	episodes	
per	week	and	≥	8	or	more	micturitions	per	day.	They	
were	randomized	to	receive	50,	100,	150,	200	or	300	
U onabotA or placebo in 20 sites above the trigone 
(0.5	ml	 of	 luid	 injected	 per	 site).	A	 dose	 response	
was	observed	at	week	12	for	full	continence	(15.9%,	
29.8%,	37.0%,	40.8%,	50.9%	and	57.1%	in	the	pla-
cebo,	and	50,	100,	150,	200	and	300	U	groups,	re-
spectively.	 However,	 during	 the	 full	 time	 course	 of	
the study, clear differentiation among doses of 100 
to	300	U	was	not	always	apparent.	MCC	had	small	
increases	in	placebo	(49.5	ml),	50	U	(50	ml)	and	100	
U	 (71	ml).	At	 higher	 doses	 the	 increment	 become	
marked	larger,	101	ml,	91	ml	and	130	ml	 in	150	U,	
200	U	and	300	U	groups	[Dmochowski	et	al.,	2010].	
For	 other	 parameters	 like	 frequency	 and	 urgency,	
the magnitude of change was consistently less and 
a	dose	dependent	response	was	not	evident.	A	sus-
tained	response	was	absent	in	the	placebo	and	50	U	
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group	compared	to	groups	receiving	100	U	or	more.	
The proportion of patients with posttreatment PVR of 
200 ml or greater was dose dependent and patients 
requiring	 CIC	 were	 0%,	 3,6%,	 9,1%	 12,7%	 18,2%	
and	16,4	for	placebo,	and	50,	100,	150,	200	and	300	
U	 groups,	 respectively.	 Another	 common	 adverse	
event	 were	 UTI,	 16,3%,	 33,9%,	 44%,	 48.1%	 and	
34.5%	for	placebo,	and	50,	100,	150,	200	and	300	
U	 groups,	 respectively	 [Dmochowski	 et	 al.,	 2010].	
The conclusions was that 100 U may be the dose 
that	 appropriately	 balances	 the	 symptom	 beneits	
with most common adverse events, in particular the 
risk	of	CIC	due	to	increase	post-void	residual	urine.	
Another dose-escalating study randomized 107 pa-
tients	 (87.9%	 women)	 for	 placebo	 or	 onabotA	 (50	
U,	100	U	or	150	U)	applied	through	15	injections	of	
1ml	each	above	 the	 trigone	 [Denys	et	al.,	 2011].	A	
>50%	 improvement	 in	 urgency	 and	urgency	 incon-
tinence versus baseline, the primary end point, was 
observed	in	65%	and	56%	of	patients	who	received	
100	U	and	150	U,	the	difference	being	only	numeri-
cally	superior	to	placebo.	Complete	continence	was	
observed	in	55%	and	50%	patients	after	100	U	and	
150	U,	respectively,	Urodynamic	improvements	were	
consistent	with	100	U	and	150	U	but	not	with	50U.	
The proportion of patients with a high PVR was low 
in	all	groups	[Denys	et	al.,	2011].	

Two additional non-placebo controlled RCT also sup-
port	onabotA	100	U	as	the	ideal	dose	for	IDO.	Cohen	
et	al	[2009]	randomized	44	OAB-dry	and	wet	patients	
to	receive	100	U	or	150	U.	No	signiicant	differences	
in clinical or urodynamic outcome measures were 
noted	between	the	two	doses.	QOL	was	signiicantly	
improved in both groups with no difference between 
100	U	or	150	U.	Altaweel	et	al.	[2011]randomized	11	
patients for onabotA 100U and 11 patients to onabo-
tA	200U.	No	clinical	or	urodynamic	differences	were	
detected between the 2 groups at 3 months follow-
up.	Urinary	retention	occurred	in	2	patients	in	the	200	
U	and	in	1	patient	in	the	100	U	arm.

Successful	 OAB	 treatment	 with	 onabotA	 does	 not	
appear	to	be	related	to	the	existence	of	DO.	In	a	sub-
analysis	 of	 the	 dose	 inding	 study	 for	 onabotA,	 no	
differences in outcomes were found between those 
with	and	 those	without	baseline	DO	 [Rovner	et	al.,	
2011].	Likewise,	in	a	cohort	of	5	male	and	27	female	
patients	with	OAB	and	without	DO,	 improvement	 in	
frequency and urinary incontinence was observed 
after	 treatment	 with	 onabotA	 [Kanagarajah	 et	 al.,	
2011].	Two	doses	were	tested,	100	and	150U,	with-
out no clinically relevant differences between them 
[Kanagarajah	et	al.,	2011].

A	small	open-label	prospective	study	speciically	in-
vestigated	the	chronology	of	the	onabot	200	U	in	IDO	
patients.	Urgency,	nocturia	and	frequency	improved	
as	soon	as	4	days	in	IDO	patients,	therefore	slightly	
later	than	in	NDO	cases	[Kalsi	et	al.,	2008].	

These positive data must, nevertheless, be weighed 
against a recent negative trial for onabotA 100 U 

[Dowson	et	al.,	2011].	The	RCT	enrolled	23	patients	
with	a	diagnosis	of	OAB	without	DO	refractory	to	an-
timuscarinics to receive intradetrusor injections of 
either	botn-A	(100	U	Botox)	or	saline	(placebo).	An	
interim analysis was performed and the trial halted 
as	a	result	of	poorly	perceived	patient	beneit.	Stor-
age symptoms remained statistically unchanged fol-
lowing onabotA while 3 patients in the treatment arm 
initiated	CIC	[Dowson	et	al.,	2011].	

In	IDO,	BoNT/A	is	recommended	for	patients	refrac-
tory to antimuscarinics, that is, patients that do not 
respond	or	do	not	tolerate	the	irst	line	medication.	In	
a	retrospective	analysis	of	the	eficacy	of	100-150	U	
of	onabotA	BTX-A	injections	in	85	patients,	treatment	
was more successful in patients who did not toler-
ate anticholinergics than in those who abandoned 
the	medication	due	 to	poor	eficacy	 (86%	vs.	60%,	
respectively)	[Makovey	et	al.,	2011].

g) BONT/A in children and elderly patients

In	 children,	 the	 dose	 of	 BONT/A	 should	 be	 calcu-
lated	 according	 to	 body	weight.	 Doses	 of	 between	
12	U/kg	of	weight	up	to	a	maximum	dose	of	300	U	
[Schulte-Baukloh	 et	 al.,	 2002]	 and	 4	U/Kg	 [Corcos	
et	al.,	2002]	have	been	used	for	onabotA.	The	maxi-
mum	suggested	for	abobotA	is	20	U/kg	up	to	a	maxi-
mum	of	400	U	[Altaweel	et	al.,	2006;	Akbar	et	al	BJU	
Int	2007).	BoNT/A	has	been	essentially	assayed	 in	
children with myelomeningocele [Schulte-Baukloh et 
al.,	 2002;	 2003;	Corcos	 et	 al.,	 2002;	Riccabona	 et	
al.,	2004;	Kajbafzadeh	et	al.,	2006;	Altaweel	et	al.,	
2006].	Like	in	adults,	the	toxin	increased	bladder	ca-
pacity	and	decreased	maximal	detrusor	pressure.	In	
26 children with a mean age of 6,9 years, 19 of them 
(73%)	became	completely	dry	between	clean	 inter-
mittent	catheterizations	while	88%	reported	a	global	
improvement	 in	 urine	 incontinence.	 Interestingly,	 in	
11	(73%)	out	of	the	15	children	who	had	vesicoure-
teral	relux	before	injection,	relux	either	disappeared	
or	decreased	in	grade.	BONT/A	also	improved	bowel	
function	 in	66%	of	 the	children	with	 intestinal	prob-
lems	[Kajbafzadeh	et	al.,	2006].	The	success	rate	in	
terms of continence and cessation of antimuscarinic 
medication may, however, be substantially inferior 
to that seen in adults, potentially due to irreversible 
bladder wall changes associated with longstand-
ing	 detrusor	 overactivity	 [Altaweel	 et	 al.,	 2006].	 In	
a group of 20 children with myelomenigocele conti-
nence	was	achieved	in	only	13	children.	At	a	second	
injection, this number also did not change apprecia-
bly	[Altaweel	et	al.,	2006].

Electromotive	 administration	 of	BoNT/A	may	 rep-
resent	a	substantial	breakthrough	among	children.	
In	15	children	with	NDO	due	to	myelomeningocele,	
electromotive administration of abobotA instilled in 
the	bladder	 in	a	dose	of	10	U/kg,	proved	very	ef-
fective	and	safe.	.	The	mean	relex	volume	(99	±	35	
ml	 to	216	±	35	ml)	and	maximal	bladder	capacity	
(121 ±39 ml to 262 ± 41 ml) increased substan-
tially while maximal detrusor pressure decreased 
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from	75	±	16	cm	H2O	to	39	±	10	cm	H2O.	Urinary	
incontinence	 improved	 in	12	patients	 (80%),	 [Ka-
jbafzadeh	et	al.,	2011].	

To date, two case series have looked at the use of 
BoNT/A	in	children	with	non-neurogenic	OAB	refrac-
tory	 the	anti-cholinergics.	Both	studies	have	shown	
an	excellent	response	to	treatment	[Hoebeke	et	al.,	
2006;	Marte	et	al.,	2010].	Data	have	been	updated	
recently	 [McDowell	 et	 al.,	 2011].	A	 total	 of	 57	 chil-
dren	of	both	gender	received	abobotA	12	U/kg	up	to	
a	maximum	dose	of	480	U	in	multiple	bladder	sites.	
A	total	disappearance	of	OAB	symptoms	occurred	in	
66%	 and	 a	 partial	 improvement	 in	 19%	 of	 the	 pa-
tients.	About	 half	 of	 the	 cases	 had	 repeated	 injec-
tions after a mean time slightly exceeding 6 months 
No	cases	of	voiding	dysfunction	or	UTI	were	reported	
[McDowell	et	al.,	2011].

Elderly patients represent, as well, a very spe-
cial population where urgency and incontinence 
are not only very distressful but also particularly 
prevalent.	 Nevertheless,	 only	 1	 study	 speciically	
addressed	eficacy	and	safety	of	BoNT/A	in	elderly	
patients.	Twenty	one	patients	with	 refractory	 IDO	
(18	females	and	3	males)	with	a	mean	age	of	81.2	
years	(range	75	to	92)	received	onabotA	200	U	in	
20	bladder	sites	[White	et	al	 ,	2008].	A	signiicant	
decrease	 in	 the	number	 of	 daily	 voids,	 from	11.4	
±	 1.67	 to	 5.19	±	 0.83	and	 incontinence	pads	per	
day,	from	4.0	±	0.89	to	1.3	±	0.60,	occurred.	One	
month	after	treatment	16	of	the	21	patients	(76%)	
reported	greater	 than	50%	improvement	 in	symp-
toms after 1 injection while only 3 did not show im-
provement	 after	 2	 injections	 [White	 et	 al.,	 2008].	
Mean	time	to	deterioration	was	7.12	months.	There	
were	no	treatment	related	complications.

h) Effect of BoNT/A on quality of life

Firm	evidence	that	BoNT/A	bladder	injection	in	IDO	
patients increase quality of life can be extracted from 
several	 RCT	 in	 which	 QoL	 changes	 were	 in	 most	
cases	secondary	outcome	parameters.

A multicenter, randomized, double blind placebo con-
trolled	trial	by	Schurch	et	al.	[2007]	which	randomized	
59	NDO	patients	with	urinary	incontinence	for	onabo-
tA	200U	or	300U	or	placebo.	I-QOL	scores	improved	
signiicantly	over	placebo,	at	all	time	points	whether	
300U	 or	 200U	 were	 used.	A	 single	 center,	 double	
blind, placebo controlled study was performed by Eh-
ren	et	al.	[2007].	Thirty-one	NDO	patients	with	incon-
tinence	were	randomized	to	abobotA	500	U	or	place-
bo.	Patients	in	the	abobotA	group	showed	improved	
quality-of-life parameters compared to the placebo 
group.	The	Canadian	multicenter	double-blind	study	
[Herschorn	et	al.,	2011a]	that	randomised	to	onabotA	
300	U	or	placebo	57	incontinent	patients	with	NDO	
secondary to spinal cord injury or multiple sclerosis 
also	found	signiicant	advantage	of	onabotA	in	terms	
of	I-QoL	score.	One	pivotal	phase	3	study	used	the	
I-QoL	questionnaire	to	evaluate	quality	of	live	chang-
es in SCI and MS patients randomized to 200 and 

300	U	of	onabotA	or	placebo.	Change	from	baseline	
was 24 points for both onabotA doses ar 6 and 12 
weeks but only 11 points at week 6 and 8 points at 
week	12	in	the	placebo	group.	The	I-QoL	question-
naires requires that a minimum change of 11 point 
occur	 in	order	 to	QoL	 to	be	detectable	by	patients,	
a barrier that was overcome by both onabotA doses 
[Cruz	et	al.,	2011].	Improvements	were	present	both	
in	SCI	and	MS	patients.	In	another	large	phase	3	trial	
these	 data	 were	 totally	 conirmed	 [Ginsberg	 et	 al.,	
2012].	Interestingly,	a	comparison	in	QoL	in	patients	
performing and non-performing CIC in the placebo, 
200U and 300U arms did not show differences in pa-
tient perception, indicating that improvement in the 
continence condition was a more relevant outcome 
[Ginsberg	et	al.,	2012].

Improvement	in	QoL	was	also	found	in	a	study	that	
compared	abobot	500	U	versus	/750	in	a	NDO	popu-
lation	predominantly	suffering	 from	SCI.	A	disease-	
and	organ-speciic	Qualiveen	questionnaire	with	four	
domains (limitations, constraints, fears, and feelings) 
was	used	 to	 assess	 the	Speciic	 Impact	 of	Urinary	
Problems	on	QoL	The	initial	evaluation	was	repeated	
at	days	30,	90,	180,	and	360.	Identical	improvements	
were	detected	for	the	two	doses	[Grise	et	al.,	2010]	
The importance of continence for patients quality 
of	 life	 is	also	conirmed	by	 the	study	of	43	MS	pa-
tients	treated	with	onabotA	300	U	[Kalsi	et	al.,	2007].	
Although	98%	of	patients	had	 to	perform	CIC	after	
treatment, there were sustained improvements in all 
quality-of-life scores with a mean duration of effect 
was	 9.7	months.	 Results	were	maintained	with	 re-
peat	treatments	for	11.7	months.	These	results	were	
conirmed	in	a	larger	MS	cohort	by	Khan	et	al.	[2011].	
Urogenital Distress Inventory and Incontinence Im-
pact	 Questionnaire	 7	 scores	 showed	 considerable	
improvement 4 weeks after onabotA 300 U treatment 
even	 when	 repeated	 6	 times.	 Again,	 the	 fact	 that	
76%	of	the	patients	were	dry	seemed	more	relevant	
for	QoL	score	than	the	necessity	of	CIC	that	was	re-
quired	by	almost	all	patients	[Khan	et	al.,	2011].	

Two	RCT	compared	quality	of	 life	after	BoNT/A	ad-
ministration	to	IDO	patients.	Sahai	et	al.	[	2009]	used	
the	King’s	Health	Questionnaire	 (KHQ)	 at	 baseline	
and at 4 and 12 weeks, after injection of onabotA 200 
U	or	 saline	 in	16	and	18	patients	of	 both	genders.	
Overall	QoL	was	 signiicantly	 improved	 in	 the	ona-
botA treated patients compared with placebo in the 
KHQ	subdomains,	‘Incontinence	Impact’,	‘Emotions’,	
‘Physical imitations’, ‘Social Limitations’ and ‘Sever-
ity	Measures’	 at	 all	 time	 points.	Other	 subdomains	
were	improved	only	at	some	follow-up	visits.	The	RE-
LAX study that randomised a total of 240 women with 
refractory	IDO	to	receive	onabotA	200	U	or	placebo	
[Tincello	 et	 al.,	 2012]	 showed	 signiicant	 improve-
ment	 in	 ICIQ-SF	and	 I-QoL	scores.	However,	none	
of the questionnaires were restored to the normal 
score	(0	for	ICIQ;	100	for	IQOL)[Tincello	et	al.	2012].	
The	dose	inding	study	by	Dmochowski	et	al.	[2010]	
in	which	placebo	and	onabtA	50,	100,	150,	200	and	
300 U were compared showed a sustained improve-
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ment in the	King’s	Health	Questionnaire	score	only	
in	patients	 that	 received	doses	of	100	U	or	higher.	
In	 contrast,	 patients	 randomized	 to	 onabotA	 50	 U	
had changes similar to those observed after placebo 
[Dmochowski	et	al.,	2010].	The	dose	inding	study	by	
Denys	et	al.	[2011]	showed	an	I-QoL	improvement	in	
patients	receiving	onabotA	100	U	and	150	U,	though	
at some time points scores were only numerically 
higher	 than	 in	placebo	or	50U	groups.	The	general	
health	status,	as	measured	by	the	EQ-5D	visual	ana-
logue scale also improved in patients that received 
100	or	150	U	[Denys	et	al.,	2011].	

i) Side effects of bladder wall injection of BoNT/A 

The most frequent side effects reported after intrade-
trusor	BonT/A	injection	are	bladder	pain	and	urinary	
infections	 [Karsenty	et	al.,	 2008;	Del	Popolo	et	al.,	
2008].	Hematuria	may	also	occur,	most	of	the	times	
mild	in	nature.	The	most	dangerous	one,	paralysis	of	
the striated musculature due to circulatory leakage of 
the	toxin	has	never	been	reported.	Transient	muscle	
weakness was, nevertheless, reported with abobotA 
application in several studies [Wyndaele and Van 
Dromme,	2002;	Akbar	et	al.,	2007;	Del	Popolo	et	al.,	
2008].	Among	199	NDO	patients	 followed	during	8	
years,	 5	 developed	 hypostenia	 when	 injected	 with	
after	abotbotA	1000	U	 [Del	Popolo	et	al.,	2008].	 In	
another study with 44 patients, 3 adults also treated 
with 1000 units developed muscular weakness which 
subsided	after	5	to	7	weeks	[Akbar	et	al.,	2007].	No	
such	cases	were	reported	with	onabotA	[Karsenty	et	
al.,	2008].	The	reason	for	the	lack	of	transient	muscle	
weakness among Botox-treated patients is unclear 
but might be related with the larger size of its mole-
cule	which	limits	diffusion	into	the	blood	stream.	Any-
way, the risk of hyposthenia associated with abobotA 
might be avoided by using lower doses of the toxin, 
no	more	that	750	units	for	adults	and	20	units/kg	for	
children	[Akbar	et	al.,	2007,	Del	Popolo	et	al.,	2008].	
In addition, caution should be used in selecting high 
risk patients for botulism including children, patients 
with low pulmonary reserve or patients with myas-
thenia	 gravis.	 Aminoglycosides	 should	 be	 avoided	
during	BoNT-A	treatment	since	they	might	blockade	
motor	plates	and	therefore	enhance	BoNT/A	effect.	

The	risk	of	vesicoureteral	relux,	which	for	long	pre-
cluded	trigonal	injections	[Schurch	et	al.,	2000b,	Re-
itz	et	al.,	2004]	seems	unfounded	[Karsenty	et	al,	J	
Urol,	 2007;	Mascarenhas	 et	 al.,	 2008;	Citeri	 et	 al.,	
2008;	Eichel	et	al,	2008].	

The	 most	 feared	 complication	 of	 BoNT/A	 applica-
tion in patients with voluntary voiding is urinary re-
tention	and	a	 transient	necessity	 to	perform	CIC.	 It	
is, therefore, strongly recommended that in patients 
with	 spontaneous	 voiding	 BoNT/A	 administration	
is	 preceded	 by	 a	 complete	 information	 of	 this	 risk.	
Caregivers should ideally teach CIC to each patient 
before	toxin	injection.	

In	one	cohort	of	137	MS	patients,	65%	of	whom	re-
lied on CISC to empty their bladder, repeated onab-

otA 300 U injections systematically increase that per-
centage	to	95%	[Khan	et	al.,	2011].	In	a	subanalysis	
of	MS	patients	with	an	EDSS	around	5	 included	 in	
the	pivotal	phase	3	RCT	in	which	NDO	patients	were	
randomized for placebo, onabot 200 or 300 U the in-
cidence	of	de	novo	CIC	was	dose	dependent,	2.6%,	
24.3%	and	 37.5%,	 respectively	 [Cruz	 et	 al.,	 2011].	
A reduction of onabotA to 100 units might not be 
enough	to	solve	the	inconvenience.	In	a	small	cohort	
of	12	MS	patients	with	a	mean	EDSS	of	5,	25%	of	
the patients required CIC or a suprapubic cathether 
to	empty	 the	bladder	 [Mehnert	et	al.,	2010].	Future	
studies	are	needed	in	this	area.

In	 IDO	patients	 injected	 in	 the	 detrusor	 the	 rate	 of	
urinary retention or high post-voiding residuals re-
quiring	CIC	 is	dose	dependent	 [Dmochowski	et	al.,	
2010].	After	injection	of	onabot	200	U	16-40%	of	the	
treated	patients	needed	CIC	[Kuo	et	al.,	2004;	2005;	
Popat	 et	 al.,	 2005;	Sahai	 et	 al.,	 2007;	Brubaker	 et	
al.,	 2009;	Dmochowski	 et	 al.,	 2010;	Tincello	 et	 al.,	
2012).	With	onabotA	100	U	the	risk	was	substantially	
lower,	 from	 4%	 to	 13%	 [Schmid	 et	 al.,	 2006;	 Kuo,	
2007;	Dmochowski	et	al.,	2010;	Cohen	et	al.,	2009].	
Onabot	50	U	was	associated	with	the	lower	risk	of	in-
creasing	postvoid	residuals	and	de	novo	CIC,	3,6%.	
[Dmochowski	et	al.,	2010].	In	contrast,	detrusor	injec-
tion	of	onabotA	100	U	restricted	to	the	trigone	[Kuo	et	
al.,	2007;	Kuo	et	al.,	2010]	were	devoid	of	any	risk	of	
dysfunctional	voiding.	The	same	lack	of	dysfunctional	
voiding after trigonal injections of onabotA 100U was 
conirmed	by	Pinto	et	al.	[2010]	in	BPS/IC	women.	

At this moment it is not possible to identify before-
hand	patients	 that	will	 develop	 voiding	 dificulty	 af-
ter	BoNT/A	injection.	The	positive	or	negative	status	
of the ice water test does not correlate with the risk 
of	 urinary	 retention	 after	 onabotA	 injection	 in	NDO	
patients	[Huwyler	et	al.,	WJU	2007].	A	retrospective	
analysis	of	217	patients	receiving	their	irst	intravesi-
cal	 BoNTA	 injection	 for	 refractory	 IDO	 in	 a	 tertiary	
center concluded that risk factors for dysfunctional 
voiding and urinary retention included male gender 
(p	=	0.013),	baseline	postvoid	residual	(PVR)	>	100	
ml	(p	=	0.003)	and	onabotA	>	100	U	(p	=	0.029)	[Kuo	
et	 al.,	 2010].	Also	 in	 a	 retrospective	 analysis	 of	 a	
cohort	of	67	patients	with	IDO	treated	with	onabotA	
200	U	CIC	was	necessary	in	19	(28%).	When	com-
pared to those not requiring CIC, those that started 
CIC	had	lower	pretreatment	maximum	low	rate	(15	
vs	 22	mL/s,	 P=0.003),	 lower	 projected	 isovolumet-
ric	 pressure	 (43	 vs	 58,	 P=0.02)	 and	 lower	 bladder	
contractility	índex	(113	vs	180,	P=0.001)	[Sahai	et	al,	
BJU	Int	2009].	

Another common adverse event related with intra-
detrusor	injection	of	BoNTA/	is	UTI.	In	NDO	patients	
due to SCI, almost all doing CIC at baseline, the risk 
of UTI in patients receiving onabotA, whether 200 U 
or 300 U was similar to those treated with placebo, 
slightly	above	50%	[Cruz	et	al.,	2011].	The	Canadi-
an	study	randomised	57	NDO	patients	to	placebo	or	
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onabotA	300U.	NDO	was	mostly	due	to	SCI	and	the	
incidence	of	UTI	was	similar,	55%	and	57%,	respec-
tively	in	the	placebo	and	onabotA	groups	[Herschor-
net	al.,	2011].	However,	in	MS	patients	the	risk	was	
dose-dependent,	32%,	58.5%	and	70%,	respective-
ly, eventually related with the increase in post-void-
ing urine residual volume and necessity of perform-
ing	CIC	in	the	MS	population	[Cruz	et	al.,	2011].	In	
the cohort of 137 MS patients subjected to repeated 
injections of onabot 300 U and almost all empty-
ing the bladder by CIC, after the 3-day prophylactic 
course further antibiotics for UTI were required in 
9%	of	the	total	of	327	treatment	sessions.	Low	dose	
long-term antibiotic prophylaxis was needed in ad-
ditional	17%	of	the	patients	[Khan	et	al.,	2011].	An	
word	of	caution	shoukd	however	be	left	here.	Most	
of	these	UTI	were	mild	in	nature.	Severe	infections	
like pyelonephritis, orquites or prostatitis seem to 
be	substantially	reduced	after	BoNT/A	treatment	of	
NDO	[Game	et	al,	2008].

In	IDO	patients	the	risk	of	UTI	is	higher	in	males	than	
in	females	[Kuo	et	al.,	2010]	and	may	well	affect	more	
than	1/3	of	the	patients.	In	RCT	comparing	placebo	
against	onabot	200U	the	incidence	of	UTI	was	0%	vs	
7%	[Sahai	et	al.,	2007],	22%	vs	44%	[Brubaker	et	al.,	
2009]	or	11%	vs	31%	[Tincello	et	al.,	2012],	respec-
tively.	This	adverse	event	seems	to	be	dose	related,	
eventually associated with the post-voiding urine vol-
ume	 increase.	Domochowski	et	al.	 [2010]	detected	
UTI	in	16,3%,	33,9%,	44%,	48.1%	and	34.5%	of	pa-
tients	randomized	for	placebo,	and	50,	100,	150,	200	
and	300	U	groups,	respectively.	

Although it is a concerned frequently rose by care-
givers, at this moment there is no evidence that re-
peated	BoNT/A	injections	cause	detrusor	atrophy	or	
bladder	 wall	 ibrosis.	Whether	 onabotA	 or	 abobotA	
were	 used,	 repeated	 injections	 in	 NDO	 patients	 in	
the short to medium term did not decrease bladder 
compliance which would presumably be the case 
if	 ibrosis	 were	 to	 develop	 [Reitz	 et	 al.,	 2007;	 Del	
Popolo	 et	 al.,	 2008].	 Histological	 inspection	 of	 in-
jected	bladders	did	not	show	inlammatory	changes,	
ibrosis,	or	dysplasia	after	 repeated	 treatments	and	
independently of the neurogenic or non-neurogenic 
origin	 of	 the	 detrusor	 overactivity	 [Haferkamp	 et	
al.,	 2004;	Compérat	 et	 al.,	 2006;	Apostolidis	 et	 al.,	
2008].	Rather	the	reverse,	one	study	demonstrated	
that	NDO	patients	treated	with	BonT/A	had	less	ibro-
sis	than	nontreated	patients	[Compérat	et	al.,	2006].	
Curiously,	the	presence	of	eosinophilic	iniltrate	was	
shown to increase in specimens of patients receiving 
multiple	treatments,	a	inding	that	could	not	be	fully	
explained	[Apostolidis	et	al.,	2008].

j)  Effectiveness of repeated injections in NDO 
and IDO patients

Median	time	for	NOD	patients	due	to	SCI	or	MS	to	
request a retreatment was around 300 days after 
onabotA 200 or 300 U but only 92 days after pla-
cebo	 [Cruz	et	al.,	2011].	Therefore	 for	patients	 that	

respond	 to	BoNT/A	 a	 programme	of	 reinjections	 is	
inevitable.	The	mean	duration	of	 the	BoNT/A	effect	
after repeated injections seems to remain stable, 
without	any	evidence	of	tachyphylaxis.	

Three	studies	were	 identiied	 that	assessed	 the	ef-
fect of repeated injections of onabotA and abobotA 
in	NDO	patients.	A	cohort	of	199	patients	with	spinal	
cord	 lesions	treated	with	abobotA	500	U	to	1000	U	
was analyzed retrospectively, after 8 years of re-
peated	injections.	The	intervals	of	between	injections	
remained	constant.	Urodynamic	 improvements,	pa-
tients satisfaction with treatment and number of pads 
or other protective devices was also constant after 
treatments	 [Del	 Popolo	 et	 al.,	 2008].	 Intervals	 ex-
ceeded	12	months	in	19.5%	of	the	patients,	ranged	
between	10-12	months	in	40.2%,	was	<	10	months	
in	30.5%	and	<	6	months	in	only	10%	of	the	patients	
[Del	Popolo	et	al.,	2088].	

In	another	study,	20	consecutive	NDO	(SCI	18,	MS	
2)	patients	received	at	least	ive	intradetrusor	injec-
tions	of	onabotA	300	U	in	30	sites	above	the	trigone.	
Intervals between injections remained constant, 
between	193	and	199	days.	Clinical	continence	im-
proved	signiicantly	after	 the	irst	 injection	and	 then	
remained	constant	after	repeat	injections.	The	medi-
an	relex	volume	increased	from	a	200	ml	at	baseline	
to	values	between	440	and	500	ml	at	follow-up	stud-
ies.	 The	 presence	 of	 NDO	 decreased	 by	 60–75%.	
Maximum cystometric capacity increased more than 
2 folds and maximum detrusor pressure from a me-
dian	 of	 70	 cm	H2O	 to	 values	 of	 about	 20	 cmH2O	
[Reitz	et	al.,	2007].	

In a MS cohort with137 patients who underwent de-
trusor	 onabot	 300	U,	 99	 (72%)	 returned	 for	 a	 sec-
ond	treatment,	and	47,	25,	14	and	5	returned	for	re-
treatments	3	to	6,	respectively.	The	median	interval	
for	1st,	2nd	 ,	3rd,	4th,	and	5th	 re-injections	 ranged	
between	12	and	13	months.	The	outcome	 in	 terms	
of	continence	did	not	differ	among	treatments	[Khan	
et	al.,	2011].

Four	studies	were	identiied	that	analyzed	repeated	
injections	in	IDO	patients.	In	general,	longer	duration	
of	BoNT/A	effect	and	a	relatively	higher	rate	of	treat-
ment	drop	out	is	seen	among	IDO	patients.	

From	a	cohort	of	34	IDO	patients	 treated	with	ona-
botA	200	U,	58%	received	a	2nd	injection	and	26%	
received	a	3rd	and	4th	injection.	Signiicant	improve-
ments	 in	 OAB	 symptoms,	 QoL	 and	 urodynamic	
parameters were observed after each injection as 
compared	with	baseline,	without	differences	 in	efi-
cacy	parameters	between	the	1st	and	last	treatment.	
When analyzing the reasons why 20 out of the 34 
patients abandoned the programme, the fear of CIC 
(25%)	 and	 poor	 response	 (20%)	 were	 the	 leading	
causes	[Sahai	et	al.,	2010].	

This study was recently updated for 100 patients 
[Dowson	et	al.,	2012].	A	statistically	 signiicant	 re-
duction in frequency, urgency, and urge urinary 
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incontinence were seen following onabotA 200 U 
injection	compared	to	baseline.	Such	improvement	
was	again	maintained	after	repeated	injections.	The	
mean	inter-injection	interval	was	322	days.	Interest-
ingly,	 37%	of	 the	 patients	 stopped	 treatment	 after	
the	 irst	 two	 injections,	 dropouts	 being	 rare	 there-
after.	 The	 most	 common	 reason	 for	 discontinuing	
treatment	was	poor	eficacy	(13%).	CIC	related	is-
sues	was	pointed	out	by	11%	of	patients	in	spite	of	
the	 incidence	 of	CIC	 after	 the	 irst	 injection	 being	
35%	[Dowson	et	al.,	2012].

In a prospective, observational study after 1 single 
onabotA 100 U injection, 26 patients were followed 
up	for	2	years.	One	was	a	primary	failure,	3	were	
lost to follow-up, and 11 patients had a repeated 
injection	 at	 5–26	months.	At	 2	 years	 7	 of	 the	 re-
maining 11 patients were recommended repeated 
injection or another treatment, and four required no 
other	treatment.

Schmid	et	 al.	 [2008]	 reported	on	25	women	and	5	
men	 that	 received	 repeated	 [2]	 injections	 of	 ona-
botA	for	treatment	of	IDO.	The	interval	between	two	
subsequent treatments ranged between 4 and 26 
months	 (mean	 12	 months).	 Improvement	 of	 OAB	
symptoms, quality of life and urodynamic parameters 
were	observed	after	reinjection.

k) Cost-effectiveness of BoNT/A 

Economic	aspects	of	BonT/A	are	a	concern	due	 to	
the price of the drug and the need for repeated cys-
toscopies, very often performed under general an-
aesthesia and under close monitoring to detect and 
treat	 eventual	 episodes	 of	 autonomic	 dysrelexia.	
Nevertheless,	In	UK,	in	a	cohort	of	101	patients	with	
detrusor overactivity, 63 of whom of neurogenic ori-
gin,	BonT/A	treatment	was	shown	to	be	cost-effective	
in	both	NDO	and	IDO	cases	[Kalsi	et	al,	2006].	Costs	
were based on the resources used by typical patients 
in	 UK	 and	 in	 the	 cost-effectiveness	 of	 200-300	 U	
BoNT/A	(Botox)	compared	with	standard	care	[Kalsi	
et	 al.,	 2006].	 In	Germany	a	multicenter	 cost	analy-
sis	showed	that	BonT/A	(onabotA)	treatment	halved	
costs for incontinence aids and for urinary tract infec-
tion	treatment	in	214	NDO	patients.	In	patients	using	
incontinence aids, mean costs per patient decreased 
from €2 to €1 per day, whereas the mean cost of 
drugs to treat UTIs per patient decreased from €163 
to	€8	per	year	[Wefer	et	al.,	2009].

Also	in	NDO	patients,	break-even	point	for	BoNT/A	
and augmentation cystoplasty costs may be 
reached	 at	 ive	 years.	 However	 BoNT/A	 may	 be	
substantially more cost-effective if the duration of 
effect	 of	 each	 injection	 is	 superior	 to	 5	months	or	
if the complications associated with augmentation 
cystoplasty	overtake	40%	of	 the	patients	 [Padma-
nabhan	et	al.,	2011].

For	OAB/IDO,	 an	 assessment	 of	 costs,	 from	a	US	
payer perspective, extending up to 3 years, was 
made for 3 interventions, sacral neuromodulation, 
BoNTA,	 and	 augmentation	 cystoplasty	 in	 patients	

refractory	 to	 antimuscarinics.	 The	 initial	 treatment	
cost	 was	 $22,226,	 $1,313,	 and	 $10,252	 for	 sacral	
neuromodulation,	BoNTA,	and	augmentation	cysto-
plasty	respectively.	Three	years	after	initiating	treat-
ment,	the	cumulative	cost	was	$26,269,	$7651,	and	
$14,337	 respectively.	 Sensitivity	 analyses	 revealed	
that sacral neuromodulation persisted as the most 
costly	intervention	[Watanabe	et	al.,	2010].	

l) Comparisons between different BoNT/A brands

Systematic head-to-head comparisons between the 
different	 brands	 of	 BoNT/A	 are	 still	 lacking.	Within	
each brand very few studies compared different dos-
es	for	neurogenic	or	idiopathic	DO.	However,	meta-
nalysis and systematic reviews are already available 
which	give	some	light	on	this	important	topic.	

A	 recent	 metanalysis	 identiied	 19	 randomised	 or	
quasi-randomised	 controlled	 trials	 for	 OAB/DO	
treatment in adults in which at least one manage-
ment arm involved intravesical injection of botuli-
num	toxin.	Comparison	interventions	could	include	
no	intervention,	placebo,	lifestyle	modiication,	blad-
der retraining, pharmacological treatments, surgery, 
bladder instillation techniques, neuromodulation, 
and different types, doses, and injection techniques 
of	 BoNT/A.	Most	 patients	 in	 the	 studies	 had	 neu-
rogenic	DO,	 but	 some	 included	 patients	with	 idio-
pathic	DO.	All	 studies	 demonstrated	 superiority	 of	
botulinum	toxin	to	placebo.	Lower	doses	of	onabotA	
(100	to	150	U)	appeared	to	have	beneicial	effects,	
but larger doses (300 U) may have been more ef-
fective and longer lasting, but with more side effects 
[Duthie	et	al.,	2011].	

Mangera	 et	 al.	 [2011]	 in	 a	 systematic	 review	 iden-
tiied	 good-quality	 studies	 that	 evaluated	 onabotu-
linumtoxinA	for	all	the	indications	in	adults.	However	
that	 was	 not	 the	 case	 with	 abobotA.	Although	 this	
does not imply that onabotA is more effective than 
abobotA, it should be a consideration when counsel-
ling patients on the use of botulinum toxin in urologic 
applications.	 The	 two	 preparations	 should	 not	 be	
used interchangeably, either in terms of predicting 
outcomes	or	in	determining	doses	to	be	used.

The only study available that compares two different 
brands used onabotA 200 or 300 U against the Chi-
nese	BoNT/A	Presigne	in	the	same	dosage.	Improve-
ment	in	MCC	was	signiicantly	greater	with	onabotA	
Botox	 versus	 Prosigne	 (+103.3%	 vs.	 +42.2%;	 P	 =	
0.019).	Continence	was	achieved	by	week	12	in	16	
onabotA	 recipients	 (76.2%)	 and	 in	 10	Presigne	 re-
cipients	(47.6%;	P	=	0.057)	[Gomes	et	al.,	2010].	Fu-
ture	studies	seems,	therefore,	justiied	to	assess	the	
relative	potencies	of	the	different	brands	of	BoNT/A.

m) BONT/B

Some	humans	repeatedly	injected	with	BONT-A	may	
develop resistance to the toxin, possibly due to anti-
body	formation.	Although	this	event	seems	very	rare	
in the case of bladder injections, a minimum interval 
of	3	months	between	two	BoNT/A	injections	is	gener-
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ally	recommended	to	decrease	its	occurrence.	If	re-
sistance	appears,	recent	reports	[Dykstra	et	al.,	2003;	
Pistolesi	et	al.,	2004;	Reitz	et	al.,	2004]	investigated	
the	 replacement	 of	 BONT-A	 serotype	 by	 BONT-B.	
At	this	moment	empiric	doses	of	BoNT/B	are	being	
used as there is no clear potency equivalents for the 
two	serotypes	and	between	BoNT/B	brands.

In	 3	 patients	 with	 spinal	 NDO,	 bladder	 injection	 of	
5000	UI	[Pistolesi	et	al.,	2004]	or	7500	UI	[Reitz	and	
Schurch,	 2004)	of	BONT-B	 (Neurobloc	®)	 restored	
bladder function for 6 months [Reitz and Schurch, 
2004].	Interestingly,	1	patient	experienced	dry	mouth	
and	 dry	 eyes	 that	 resolved	within	 20	 days.	As	 this	
side	 effect	was	 not	 reported	 after	 bladder	 BONT-A	
application, it is possible that different toxin sero-
types	have	some	different	degrees	of	organ	afinity.	
Dykstra	 et	 al.	 [2003]	 carried	 on	 a	 dose	 escalation	
study	with	BONT-B	(rimabotB	in	15	female	patients	
with	 OAB.	 They	 used	 doses	 of	 2500,	 3750,	 5000,	
10,000,	and	15,000	U	injected	at	10	sites.	Only	1	pa-
tient failed to respond and a clear dose-dependent 
effect, was observed, with the longest response seen 
in	 those	 injected	with	15,000	U.	Two	patients,	both	
injected	with	15,000	U,	experienced	dry	mouth	and	
general	malaise.	In	another	study	involving	IDO	and	
NDO	patients,	in	which	rimabotB	5000	U	were	used,	
Hirst	and	coworkers	[2007]	observed	a	limited	dura-
tion	of	action,	with	most	of	 the	symptomatic	benei-
cial effects wearing off by 10 weeks in most of the 
patients.	The	short	duration	of	action	for	BONT-B	at	
safe doses may, therefore, limit the clinic usefulness 
of	this	serotype.	

n) BONT/A in IC/PBS 

BONT/A	 signiicantly	 inhibits	 the	 noxious	 sensory	
input	 from	 the	 bladder	 [Vemulakonda	 et	 al.,	 2005;	
Rapp	et	 al.,	 2006;	 Lucione	et	 al.,	 2008].	Therefore	
several pilot studies were carried out in the last few 
years.	None	 is	placebo	controlled,	a	 fact	 that	 limits	
the	scientiic	value	of	the	observations.	On	the	oth-
er hand different techniques of administration have 
been	assessed.	These	two	facts	may	explain	some	
heterogeneity	of	results.

The	irst	pilot	study	with	13	 females	observed	 that,	
9	 (69%)	had	subjective	 improvement	after	onabotA	
100 or 200 U injected in the trigone and above the 
trigone.	Mean	scores	in	the	Interstitial	Cystitis	Symp-
tom Index and the Interstitial Cystitis Problem Index 
improved	 by	 71%	 and	 69%,	 respectively.	 Daytime	
frequency, nocturia, and pain measured by a Visual 
Analogue	Scale	(VAS)	decreased	by	44%,	45%,	and	
79%,	 respectively.	 Symptom	 improvement	 lasted	 a	
mean	of	3.7	months	(range	1	to	8)	[Smith	and	Chan-
cellor,	2004].	In	another	pilot	study	with	15	patients,	
Giannantoni	 et	 al.	 [2006;	 2008]	 reported	 similar	
obervations after bladder injection of onabotA 200 U 
(150U	above	the	trigone,	50	U	in	the	trigone).	Sub-
jective improvement at 1 and 3 month follow-up oc-
curred	in	86%	of	the	patients	but	at	5-month	only	per-
sisted	in	26.6%	.	Importantly,	9	patients	experienced	
moderate	 to	severe	voiding	dificulties	 [Giannantoni	

et	 al.,	 2006;	 2008]	A	 third	 study	 could	 not	 demon-
strate	 any	 effect	 of	 onabotA	 in	 13	 IC/PBS	 patients	
treated	with	onabotA	100–300	U	in	the	bladder	[Da-
vies	et	al.,	2006].

Three	other	studies,	which	added	substantial	modii-
cations to the above protocol, reported, on the con-
trary, considerable improvement in clinical and uro-
dynamic	outcomes	after	BoNT/A	adminitration.

A prospective, randomized study enrolled 67 patients 
with	refractory	IC/PBS	Of	these,	44	patients	received	
suburothelial	injection	of	onabotA	200	U	[15]	or	100	U	
[29]	followed	by	cystoscopic	hydrodistention	2	weeks	
later.	The	control	group	 (23	patients)	only	 received	
hydrodistention.	The	IC/PBS	symptom	score	signii-
cantly decreased in all three groups, but VAS pain 
reduction and urodynamic improvement were only 
observed at 3 months in the arms that received ona-
botA, without any relevant differences between the 
two	doses.	A	successful	result	at	12	and	24	months	
was	 reported	 in	 55%	 and	 30%	 of	 onabotA	 treated	
patients,	respectively,	compared	with	only	26%	and	
17%	in	the	control	group.	The	validity	of	these	posi-
tive long-term results should however be interpreted 
with caution since all patients remained on baseline 
pentosan	 polysulphate	 throughout	 the	 study	 [Kuo	
and	Chancellor,	2009].

Taking in consideration that most of the bladder no-
ciceptors	course	in	the	trigone,	Pinto	et	al.	[2010]	re-
stricted 100 U onabotA injections to the trigone, in 10 
sites	(10	U/	1	ml	each.	Twenty	six	women	with	posi-
tive	indings	at	cystoscopy	and	biopsy	were	enrolled.	
All patients reported subjective improvement at 1- 
and 3-month follow-up in pain, daytime and nighttime 
voiding	 frequency,	 O’Leary-Sant	 score	 and	 QoL.	
Bladder	volume	to	irst	pain	and	maximal	cystometric	
capacity	more	than	doubled.	Treatment	remained	ef-
fective	in	>50%	of	the	patients	for	9	months.	Retreat-
ment was equally effective in all cases, with similar 
duration	of	 the	effect	 [Pinto	et	al.,	2010].	No	cases	
of dysfunctional voiding were reported after trigonal 
injections	of	onabotA	100U.	Also	PVR	at	urodynam-
ics and bladder contractility index were not impaired 
[Pinto	et	al.,	2010].	

The third was a small placebo controlled trial com-
paring	periurethral	 injections	of	 onabotA	50U	 (n=9)	
versus	saline	(n=11).	The	rationale	was	to	investigate	
the participation of periurethral somatic afferents to 
pain.	The	solution,	2	ml,	was	 injected	 in	 the	 region	
of the bladder neck, at the 3 o’clock and 9 o’clock 
positions.	 Unfortunately,	 there	 was	 no	 differences	
between the onabotA and the at 3-month follow-up in 
terms	of	symptoms.

At this moment, without a well conducted placebo 
controlled	RCT	it	is	dificult	to	state	how	effective	is	
BoNT/A	in	BPS/IC.	However,	taking	in	consideration	
the effects the toxin induces in nociceptors and in 
the urothelium and the favourable results of the two 
largest clinical trials, it is tempting to suggest that 
further	assessments	are	warranted.
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2. CAPSAICIN AND RESINIFERATOXIN (RTX)

a) Rationale for intravesical vanilloids

The rationale for intravesical vanilloid application in 
patients	with	detrusor	overactivity	 (DO)	was	offered	
by the demonstration that capsaicin, following blad-
der	 C-iber	 desensitization,	 suppresses	 involuntary	
detrusor contractions dependent upon a sacral mic-
turition	 relex	 [de	Groat,	 1997].	The	C-iber	micturi-
tion	 relex	 is	 usually	 inactive	 but	 it	 was	 shown	 that	
it is enhanced in patients with chronic spinal-cord 
lesions	 above	 sacral	 segments	 [de	Groat,	 1997]	 in	
those with chronic bladder outlet obstruction [Chai et 
al.,	1998)	and	in	those	with	IDO	[Silva	et	al.,	2002].	
In	the	bladders	of	NDO	patients,	the	enhancement	of	
the	micturition	relex	is	accompanied	by	an	increase	
in	 the	 number	 of	 sub-urothelial	 C-ibers	 expressing	
TRPV1	[Brady	et	al.,	2004].	Curiously,	NDO	patients	
who responded better to intravesical RTX exhibited a 
signiicant	decrease	 in	 the	density	of	TRPV1	 immu-
noreactive	 ibers,	 whereas	 non-responders	 experi-
ence	a	non-signiicant	variation	[Brady	et	al.,	2004].	
A decrease in TRPV1 expression in urothelial cells of 
NDO	patients	was	also	demonstrated	after	intravesi-
cal	application	of	RTX	[Apostolidis	et	al.,	2005;	2006].

Changes	in	sub-urothelial	C-ibers	expressing	neuro-
peptides	[Smet	et	al.	1997]	or	TRPV1	[Liu	and	Kuo,	
2007]	were	also	reported	in	patients	with	and	sensory	
urgency.	 In	 IDO	patients,	 responders	 to	 intravesical	
RTX are closely associated with the over-expres-
sion of the receptor in the bladder mucosa [Liu and 
Kuo,	2007].	In	women	with	sensory	urgency,	TRPV1	
mRNA	expressed	in	trigonal	mucosa	was	not	only	in-
creased but also inversely correlated with the bladder 
volume	at	irst	sensation	of	illing	during	cystometry	
further indicating that TRPV1 play a role in premature 
bladder	sensation	[Liu	et	al.,	2007].

b) Intravesical capsaicin

Intravesical	capsacin	for	NDO	was	studied	in	6	non-
controlled	 [Fowler	et	al.,	1992;	Fowler	et	al.,	1994;	
Geirsson	et	 al.,	 1995;	Das	et	 al.,1996;	Cruz	 et	 al.,	
1997,	De	Ridder	et	al.,	1997]	and	1	controlled	clinical	
trial	[de	Seze	et	al.,	1998].	Capsaicin	was	dissolved	
in	30%	alcohol	and	100-125	ml	(or	half	of	the	bladder	
capacity if lower than that volume) of 1-2 mM solu-
tions were instilled into the bladder and left in contact 
with	the	mucosa	for	30	minutes.	Best	clinical	results	
were found among patients with incomplete spinal 
cord lesions, in whom clinical improvement could be 
observed	in	up	to	70-90%	the	patients	[Fowler	et	al.,	
1994,	Cruz	et	al.,	1997;	De	Ridder	et	al.,	1997].	 In	
patients with complete spinal cord lesions the suc-
cess	rate	was	much	lower	[Geirsson	et	al.,	1995].	

Only	 one	 small	 randomized	 controlled	 study	 com-
pared	 capsaicin	 against	 30%	 ethanol,	 the	 vehicle	
solution.	Ten	patients	received	capsaicin	and	found	
a	 signiicant	 regression	 of	 the	 incontinence	 and	
urge	 sensation.	 In	 contrast,	 only	 1	 among	 the	 10	

patients that received ethanol had clinical improve-
ment	[de	Seze	et	al.,	1998].	

The pungency of alcoholic capsaicin solutions has 
prevented	 the	 widespread	 use	 of	 this	 compound.	
In particular, the possibility of triggering autonomic 
dysrelexia	 with	 capsaicin,	 especially	 in	 patients	
with higher spinal cord lesions has progressively 
restrained	its	use.	The	relevance	of	capsaicin	might	
however be back with a recent observation by de 
Séze	et	al.[2006]	with	a	new	capsaicin	formulation.	
They conducted a double blind placebo controlled 
study with a glucidc solution of capsaicin in 33 
NDO	patients.	The	glucidic-capsaicin	treated	group	
showed improvement both in symptoms and urody-
namic	parameters	above	the	comparator	arm.	The	
global tolerance of this new capsaicin formulation 
was	excellent	[de	Sèze	et	al.,.	2006].

c) RTX in NDO

Resiniferatoxin (RTX) has the advantage over cap-
saicin	in	being	much	less	pungent	[Cruz	et	al.,	1997].	
Intravesical	 RTX	 application	 in	 NDO	 patients	 was	
evaluated	 in	 ive	 small	 open-label	 studies	 (Cruz	 et	
al.,	1997;	Lazzeri	et	al.,	1997;	1998;	Silva	et	al.,	2000;	
Kuo	2003).	Different	RTX	concentrations,	10	nM,	50	
nM,	100	nM	and	10	μM	were	 tested.	RTX	brought	
a rapid improvement or disappearance of urinary 
incontinence	 in	 up	 to	 80%	of	 the	 selected	 patients	
and	a	30%	decrease	in	their	daily	urinary	frequency.	
Furthermore,	RTX	also	increased	the	volume	to	irst	
detrusor contraction and maximal cystometric capac-
ity.	In	general,	in	patients	receiving	50-100	nM	RTX	
the effect was long-lasting, with a duration of more 
than	6	month	being	reported.	In	patients	treated	with	
10	μM	doses,	transient	urinary	retention	may	occur	
[Lazzeri	et	al.,	1998].

In a recent placebo-controlled study, the urodynamic 
effects	of	RTX	in	NDO	patients	was	speciically	eval-
uated.	Only	in	the	RTX	arm	a	signiicant	increase	in	
irst	 detrusor	 contraction	 and	 maximal	 cystometric	
capacity	 was	 found	 [Silva	 et	 al.,	 2005].	 RTX	 also	
caused	a	signiicant	improvement	in	urinary	frequen-
cy	and	incontinence	[Silva	et	al.,	2005].	

RTX,	600	nM	was	compared	against	BONT/A	 (Bo-
tox,	300U)	in	a	study	involving	25	patients	with	NDO	
due	 to	 chronic	 spinal	 cord	 injury.	 Both	 neurotoxins	
were	capable	of	signiicantly	reducing	the	number	of	
daily incontinence episodes and improving maximum 
bladder	capacity,	although	BONT/A	turned	out	to	be	
more	effective.

d) RTX in IDO

The	irst	study	with	intravesical	RTX	in	IDO	patients	
was designed as a proof-of-concept study and in-
volved	13	patients.	Intravesical	RTX	50	nmol/L	was	
associated	with	an	 improvement	 in	volume	 to	FDC	
from	170	±	109	mL	to	440	±	153	mL	at	30	days,	and	
to	391	±	165	mL	at	 90	days.	An	 increase	 in	mean	
MCC from 291 ± 160 mL to 472 ± 139 mL at 30 days 
and	to	413	±	153	mL	at	90	days	was	also	observed.	
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These improvements were accompanied by a de-
crease in episodes of urgency incontinence and of 
daily	frequency	[Silva	et	al.,	2002].	Subsequent	small	
open	label	studies	conirmed	these	observations	us-
ing	either	a	single	high	(50-100	nM)	or	multiple	low	
(10	 nM)	 dose	 approaches	 [Kuo,	 2003;	 Dinis	 et	 al,	
2004;	Kuo	et	al.,	2005].

The	effect	of	RTX	on	refractory	IDO	was	evaluated	in	
two	randomized	clinical	trials	[Kuo	et	al.,	2006;	Rios	
et	al.,	2007].	Kuo	et	al.	[2006]	randomised	54	patients	
to receive 4 weekly instillations of a low concentra-
tion	RTX	solutions	 (10	nmol/L)	 or	 the	 vehicle	 solu-
tion,	10%	ethanol	 in	saline	[Kuo	et	al.,	2006]	Three	
months after completing the 4 intravesical treat-
ments,	the	RTX	treated	group	had	42.3%	and	19.2%	
of patients feeling much better or improved, respec-
tively.	This	was	signiicantly	more	than	in	the	placebo	
group,	 14.2%	 and	 7.1%	 respectively.	At	 6	 months	
treatment	remained	effective	 in	50%	patients	 in	 the	
RTX	group	but	only	in	11%	in	the	placebo	group	[Kuo	
et	al.,	2006].	Such	clinical	and	urodynamic	indings	
could not be reproduced in another study in which 
patients were randomly assigned to receive a single 
intravesical	dose	of	100	ml	of	either	RTX	50	nM	or	
placebo.	Patients	were	followed-up	only	for	4	weeks.	
During	 this	period	a	single	50	nM	 intravesical	dose	
of RTX was not better than placebo for the treatment 
of	women	with	IDO	and	urgency	incontinence	[Rios	
et	al.,	2007].

e) RTX and urgency

The	involvement	of	bladder	C-ibers	 in	IDO	has	led	
some investigators to explore the role of these sen-
sory	 afferents	 to	 the	genesis	 of	 urgency.	 In	 a	 non-
controlled study involving 12 male patients with LUTS 
associated	with	 BPH,	mean	 IPSS	 halved	 following	
intravesical	administration	of	RTX	(50	nmol/L).	The	
decrease in IPSS was largely due to improvements 
in scores related to urgency, in addition to improve-
ment	in	nocturia	and	frequency	[Dinis	et	al.,	2005].	In	
another	open-label	study	15	patients	with	intractable	
urgency and frequency, with or without urgency in-
continence	 or	 bladder	 pain/discomfort,	 and	without	
urodynamic	evidence	of	DO	received	one	single	50	
nM	RTX	solution.	A	trend	towards	an	improvement	of	
urgency	was	noticed	[Apostolidis	et	al.,	2006].	

In	a	quasi-randomised	study,	23	OAB	patients	with	
refractory urgency entered a 30 day run-in period in 
which	medications	 inluencing	 the	 bladder	 function	
were	 interrupted.	At	 the	end	of	 this	 period	patients	
illed	a	7-day	bladder	diary.	Then,	patients	were	 in-
stilled	with	100	ml	of	10%	ethanol	in	saline	(vehicle	
solution) and 30 days later a second 7-day diary was 
collected.	Finally,	patients	were	instilled	with	100	ml	
of	50	nM	RTX	in	10%	ethanol	in	saline	and	additional	
bladder	diaries	were	collected	at	1	and	3	months.	Af-
ter vehicle instillation, the mean number of episodes 
of	urgency	per	week	was	56	±	11.	At	1	and	3	months	
after RTX instillation the number of episodes of ur-
gency	decreased	to	39	±	9	(p	=	0.002)	and	37	±	6	(p	
=	0.02),	respectively	[Silva	et	al.,	2007].

f) Intravesical RTX and IC/PBS

TRPV1 involvement in pain has stimulated the in-
vestigation of RTX as a treatment for bladder pain 
in	IC/PBS.	After	desensitization	of	bladder	C-ibers,	
RTX reduces the spinal expression of c-fos, a pain 
evoked gene, in animal models of cystitis [Dinis et 
al.,	2004].	TRPV1	knock-out	mice,	which	do	not	ex-
press the receptor in the bladder, do not experience 
an	increase	in	the	frequency	of	bladder	relex	con-
tractions or in the expression of c-fos in the spinal 
cord	during	cystitis	[Charrua	et	al.,	2007].	Patients	
with	IC/PBS	have	more	TRPV1	expressing	sensory	
ibers	in	their	bladder	mucosa	than	normal	individu-
als	[Mukerji	et	al.,	2006].	

In	a	placebo-controlled	study	of	18	patients	with	IC/
PBS,	Lazzeri	et	al.	[2000]	reported	an	improvement	
in pain and urinary frequency after administration 
of	intravesical	RTX	in	10	nmol/L	concentration.	This	
effect was short-lasting, eventually due to the use 
of	 a	 low	dose	of	RTX.	Chen	and	 co-workers	 con-
ducted a dose-escalating study and concluded that 
the most commonly reported adverse event with 
RTX	was	pain	during	instillation.	However,	at	10	or	
5	nM	RTX	was	safe	and	could	improve	bladder	pain	
[Chen	 et	 al.,	 2005].	 Additionally,	 3	 non-controlled	
studies have also reported bladder pain improve-
ment	 after	 intravesical	 RTX	 [Lazzeri	 et	 al.,	 2004;	
Apostolidis	 et	 al.,	 2006;	 Peng	 and	 Kuo,	 2007].	 A	
randomized, double-blind study in 163 patients with 
IC/PBS,	in	which	several	doses	of	intravesical	RTX	
(10	nmol/L,	50	nmol/L,	and	100	nmol/L)	were	com-
pared with placebo, failed, however, to show any 
advantage for the neurotoxin over placebo in terms 
of overall symptoms, pain, urgency, frequency, noc-
turia, or average voided volume during 12 weeks of 
follow	up	[Payne	et	al.,	2005].

1. BACLOFEN

Gamma-amino-butyric acid (GABA) is a ubiquitous 
inhibitory	 neurotransmitter	 in	 the	 CNS	 that	 can	 in-
hibit	 the	 micturition	 relex	 at	 several	 points	 along	
its	central	pathway	[de	Groat,	1997;	Pehrson	et	al.,	
2002].	 Experimental	 data	 suggest	 the	 GABAergic	
system as an interesting target for bladder dysfunc-
tion	 therapy.	 Baclofen	 intrathecally	 attenuated	 oxy-
hemoglobin induced detrusor overactivity, suggest-
ing that the inhibitory actions of GABA(B) receptor 
agonists in the spinal cord may be useful for control-
ling	micturition	disorders	caused	by	C-iber	activation	
in	 the	urothelium	and/or	suburothelium	 [Pehrson	et	
al,	2002].	In	spinal	intact	rats,	intrathecal	application	
of bicuculline induced detrusor-sphincter dyssyner-
gia (DSD)-like changes whereas intrathecal applica-
tion of baclofen induced urethral relaxation during 
isovolumetric	bladder	contractions	[Miyazato	et	al.,	
2009].	After	spinal	cord	injury	(SCI),	Miyazato	et	al.	

IX. OTHER DRUGS
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X. COMBINATIONS

[2009]	found	signs	of	hypofunction	of	the	GABAer-
gic	system	(glutamate	decarboxylase	67	mRNA	lev-
els in the spinal cord and dorsal root ganglia were 
decreased), and showed that activation of GABA(A) 
and GABA(B) receptors in the spinal cord inhibited 
DO	as	evidenced	by	a	reduction	in	non-voiding	con-
tractions.	GABA(B)	receptor	activation	preferentially	
reduced	DO	prior	 to	 inhibiting	voiding	contractions	
while	GABA(A)	receptor	activation	inhibited	DO	and	
voiding	contraction	at	the	same	concentration.

As a GABA agonist on GABA(B) receptors, baclofen 
was	used	orally	in	IDO	patients.	However,	its	efica-
cy was poor, eventually dictated by the fact that ba-
clofen does not cross the blood-brain barrier [Taylor 
and	Bates,	1979].	Baclofen	is	one	of	the	most	effec-
tive drugs for the treatment of spasticity following 
spinal cord injury, traumatic or hypoxic brain injury, 
and	cerebral	palsy	[Ochs,	1993],	and	intrathecal	ba-
clofen was shown to be useful in some patients with 
spasticity	and	bladder	dysfunction	[Bushman	et	al.,	
1993].	Baldo	et	al.	[2000]	found	a	rapid	(24	hours)	
and	persistent	 increment	 in	 the	volume	 to	irst	de-
trusor contraction and of the maximal cystometric 
whereas	 maximal	 detrusor	 pressure	 decreased.	
At	ten	days	the	volume	to	irst	detrusor	contraction	
had	 increased	 from	143	ml	 to	486	ml.	 In	 selected	
patients with spasticity and bladder dysfunction, in-
trathecal	baclofen	seems	to	be	an	effective	therapy.

1.  α1-AR ANTAGONISTS WITH ANTIMUS -
CARINICS

Traditionally, male lower urinary tract symptoms 
(LUTS) were thought to result from benign pros-
tatic	 obstruction	 (BPO)	 secondary	 to	 benign	 pros-
tatic	enlargement	(BPE).	However,	male	LUTS	may	
arise from prostatic pathology, bladder dysfunction, 
or	both.	Thus,	diagnosis	and	appropriate	treatment	
of	men	with	OAB	symptoms	are	 complex	 and	dif-
icult.	 α1-AR	 antagonists	 remain	 the	 most	 widely	
used pharmacologic agents for relief of bladder out-
low	resistance,	as	they	relax	prostatic	and	urethral	
smooth muscle tone, the dynamic component of 
BPO	 [Andersson	and	Gratzke,	 2010;	 Lepor	 et	 al.,	
2012].	 In	 contrast,	 antimuscarinics,	which	 function	
by competitively blocking the muscarinic receptors, 
are	 the	irst-line	pharmacologic	 treatment	 for	OAB	
[Andersson	 et	 al.,	 2009].	Given	 the	 prevalence	 of	
combined	 voiding	 and	OAB	 symptoms	 as	 well	 as	
the	inding	that	the	QoL	of	these	patients	is	affected	
primarily	by	the	symptoms	of	OAB,	it	might	be	logi-
cal for this category of patients to be given antimus-
carinic	drugs	[Ruggieri	et	al.,	2005].	

A	variety	of	such	combinations	have	been	evaluated.	
Several randomized, controlled trials demonstrated 
that the combination treatment of antimuscarinic 
drugs	and	α1-AR	antagonist	was	more	effective	at	
reducing	male	LUTS	than	α1-AR	antagonists	alone	

in men	with	OAB	and	coexisting	BPO	[Saito	et	al.,	
1999;	Athanasopoulos	et	al.,	2003;	Lee	et	al.,	2004;	
2005;	Kaplan	et	al.,	2006;	2008].	Therapeutic	ben-
eit	of	combining	an	antimuscarinic	agent	(propiver-
ine)	with	α1-AR	antagonists	 (tamsulosin),	as	com-
pared	to	α1-AR	antagonists	alone,	was	reported	by	
Saito	and	colleagues	[Saito	et	al.,	1999].	The	rates	
of improvement in daytime frequency, incontinence, 
and urgency were greater in the combination group 
than	 the	α1-AR	antagonist-alone	group.	The	post-
void residual (PVR) was unchanged in both groups, 
and	there	was	only	one	case	(1.5%)	of	acute	urinary	
retention	(AUR)	with	the	combined	treatment.

Subsequently,	Lee	et	al.	 [2005]	compared	the	efi-
cacy and safety of combination therapy with propiv-
erine and doxazosin in 211 men with urodynami-
cally	 conirmed	 bladder	 outlet	 obstruction	 (BOO)	
and	 OAB	 symptoms	 for	 8	 weeks.	 Compared	 with	
the doxazosin arm, the patients in the combination 
therapy group showed greater improvement in uri-
nary frequency, average micturition volume, and 
storage and urgency scores of international pros-
tate	symptom	score	(IPSS).	Patient	satisfaction	was	
signiicantly	higher	in	the	combination	group.	There	
was	also	a	signiicant	increase	in	PVR	(+20.7	mL)	in	
the combination group, but no case of urinary reten-
tion	was	reported.	

A large-scale, multicenter, randomized, double-
blind, placebo-controlled trial (the TIMES study) 
demonstrated	the	eficacy	and	safety	of	tolterodine	
extended release (ER) alone, tamsulosin alone, 
and	the	combination	of	both	in	879	men	with	OAB	
and	BPO	[Kaplan	et	al.,	2006].	 In	 the	primary	efi-
cacy	analysis,	172	men	(80%)	receiving	tolterodine	
ER	plus	tamsulosin	reported	treatment	beneits	by	
week	12	(p<0.001	vs.	placebo;	p=0.001	vs.	toltero-
dine	ER;	p=0.03	vs.	 tamsulosin).	 In	 the	secondary	
eficacy	analysis,	patients	receiving	tolterodine	ER	
plus tamsulosin compared with placebo experi-
enced	small	but	signiicant	reductions	in	urgency	in-
continence, urgency episodes, daytime frequency, 
and	 nocturia.	 However,	 there	 were	 no	 signiicant	
differences between tamsulosin monotherapy and 
placebo	for	any	diary	variables	at	week	12.	Patients	
receiving tolterodine ER plus tamsulosin dem-
onstrated	 signiicant	 improvements	 in	 total	 IPSS	
(−8.02	vs.	placebo,	−6.19,	p=0.003)	and	QoL	(−1.61	
vs.	−1.17,	p=0.003).	Although	there	were	signiicant	
improvements in the total IPSS among patients who 
received tamsulosin alone, the differences in total 
IPSS among patients that received tolterodine ER 
versus	 placebo	 were	 not	 signiicant.	 The	 combi-
nation	 of	 antimuscarinics	 and	 α1-AR	 antagonists	
may	be	the	most	effective	therapy	in	men	with	OAB	
symptoms	in	the	presence	of	BPO.	

A	subanalysis	[Rovner	et	al.,	2008]	of	data	from	the	
TIMES study focused on the urgency perception 
scale and concluded that the group of 217 men 
who received tolterodine plus tamsulosin showed 
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signiicantly	 improved	 urgency	 variables	 and	 pa-
tient-reported	 outcomes.	 Moreover,	 this	 group	 of	
patients reported increased satisfaction with the 
treatment as well as willingness to continue the 
treatment.	Another	subanalysis	[Kaplan	et	al.	2008]	
of data from the TIMES study examined the effects 
of the drugs on urinary symptoms as assessed by 
the	 IPSS.	Based	on	 this	subanalysis,	 the	authors	
concluded that tolterodine ER plus tamsulosin was 
signiicantly	more	effective	than	placebo	in	treating	
storage	LUTS,	 including	OAB	symptoms.	Howev-
er, these results should be considered with cau-
tion, as they were derived from post-hoc analysis 
of	the	TIMES	data.

Maruyama	et	al.	[2006]	reported	different	results	in	
their prospective, randomized, controlled study in 
which	naftopidil	(25-75	mg/day),	an	α1d-AR	antago-
nist, alone or in combination with propiverine hydro-
chloride	 (10-20	 mg/day)	 or	 oxybutynin	 hydrochlo-
ride	 (2-6	mg/day),	was	administered	 for	12	weeks	
to	 101	 BPH	 patients.	 In	 the	 study,	 the	 IPSS	 and	
QoL	 index	 improved	 signiicantly	 in	 both	 groups,	
with	no	marked	differences	between	groups.	Maxi-
mum	low	rate	(Qmax)	and	PVR	tended	to	improve	
in both groups, again with no differences between 
groups.	 However,	 median	 post-therapeutic	 PVR	
was	 signiicantly	 larger	 in	 the	 combination	 group	
(45.0	 mL)	 than	 in	 the	 monotherapy	 group	 (13.5	
mL,	p	=	0.021).	There	were	signiicantly	more	pa-
tients with increased residual urine volume relative 
to unchanged residuals in the combination thera-
py	 (22.9%)	 group	 versus	 the	 monotherapy	 group	
(5.0%,	 p	 =	 0.038).	The	 authors	 of	 this	 study	 con-
cluded that combination therapy with a low-dose 
antimuscarinic agent was not more effective than 
monotherapy.	Moreover,	although	 they	did	not	en-
counter any cases of urinary retention, the percent-
age of patients with increased residual urine volume 
was	signiicantly	greater	in	the	combination	therapy	
group	than	the	monotherapy	group.	

The results of another study using low-dose anti-
muscarinic	 therapy	 was	 published	 by	 Kang	 et	 al.	
[2009].	 They	 evaluated	 the	 eficacy	 and	 safety	 of	
combined	 treatment	 with	 tamsulosin	 0.2	 mg	 and	
propiverine hydrochloride 10 mg compared with 
tamsulosin	 monotherapy.	 After	 3	 months,	 both	
groups	 showed	 signiicant	 improvements	 in	 IPSS,	
QoL,	 voided	 volume,	 Qmax,	 and	 PVR,	 but	 only	
the	 QoL	 index	 was	 signiicantly	 different	 between	
groups	in	favor	of	the	combination	group.	No	cases	
of	AUR	were	recorded	in	this	low-dose	study.	

Medical therapy to reduce detrusor overactivity in 
a neurogenic bladder has focused on antimusca-
rinic therapy, which increases bladder capacity, 
decreases	 bladder	 illing	 pressure,	 and	 improves	
compliance	 [Goessl	 et	 al.,	 1998;	 Stohrer	 et	 al.,	
2007].	 Although	 antimuscarinics	 combined	 with	
clean intermittent catheterization is the most com-
monly recommended medical therapy for neuro-

genic bladder, the results are sometimes unsatis-
factory, and many patients continue to have poor 
bladder compliance and remain incontinent [Raz-
dan	et	al.,	2003].	MacGuire	reported	that	α-AR	an-
tagonists	 decreased	 bladder	 pressure	 with	 illing	
and increased capacity, and that the addition of an 
antimuscarinic enhanced these effects, indicating 
that	α-AR	antagonists	and	the	antimuscarinic	had	
a synergistic effect on detrusor tone in the decen-
tralized	 bladder	 [McGuire	 and	 Savastano,	 1985].	
This	 inding	 led	 to	 the	 widespread	 use	 of	 α1-AR	
antagonists in the treatment of neurogenic bladder 
[Chancellor	et	al.,	1994;	Swierzewski,	Gormley	et	
al.	1994;	Abrams	et	al.,	2003).	Swierzewski	treated	
12 patients with spinal cord injury who had poor 
bladder compliance, despite therapy with clean 
intermittent catheterization and an antimuscarinic, 
with	5	mg	terazosin	for	bladder	management	(Swi-
erzewski	et	al.,	1994).	After	4	weeks,	compliance	
increased	 by	 73%,	 bladder	 pressure	 decreased	
by	36	cmH2O,	and	capacity	increased	by	157	mL.	
These	results	support	the	theory	that	α-AR	antago-
nists and antimuscarinics have a synergistic effect 
on	the	bladder	in	the	neurogenic	population.	

In a retrospective chart review, combination therapy 
with	an	antimuscarinic	agent,	an	α1-AR	antagonist,	
and imipramine produced superior results to those 
obtained using a single agent in patients with neu-
rogenic	bladder	dysfunction	[Cameron	et	al.	2009].	
These	patients	showed	signiicant	 improvement	 in	
clinical parameters and compliance, and decreased 
bladder	 pressures	 at	 capacity.	 It	 has	 been	 shown	
that in the decentralized human detrusor, there may 
be	an	 increase	 in	α-1-AR	sites	 sites	and	a	 switch	
to	 α-1-AR	 mediated	 contractile	 function	 from	 the	
typical ß-AR mediated relaxation function during 
bladder	 illing	 [Sundin	 et	 al.	 1977].	 The	 tricyclic	
antidepressant imipramine is a muscarinic recep-
tor agonist and a direct smooth muscle inhibitor 
that decreases bladder overactivity by blocking the 
reuptake	of	serotonin.	Other	effects	include	the	pe-
ripheral blockade of noradrenaline, stimulating the 
ß ARs at the dome of the bladder, and decreasing 
bladder	 contractility	 [Hoebeke	 and	 Vande	 Walle,	
2000].	These	results	suggest	that	targeting	multiple	
receptors may maximize the effectiveness of phar-
macological treatment of neurogenic bladder and 
should be considered in patients in whom treatment 
with	antimuscarinics	alone	fails.

2. COMBINED ANTIMUSCARINICS

Although	antimuscarinic	agents	are	the	irst	choice	
of	treatment	for	patients	with	OAB	symptoms,	these	
drugs do not always lead to the desired effect of 
detrusor stability and continence, especially for pa-
tients with spinal cord injury or neurologic diseases 
such	 as	 multiple	 sclerosis	 or	 meningomyelocele.	
In these patients, the goal of urological therapy 
is to maintain continence and to reduce intravesi-
cal	pressure.	When	antimuscarinic	 treatment	 fails,	
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XI. FUTURE POSSIBILITIES

however, invasive procedures such as the injection 
of botulinum toxin, intravesical application of drugs, 
or	surgery	are	necessary.	

A combined antimuscarinic regimen was evaluated 
as a non-invasive alternative by Amend and col-
leagues	[Amend	et	al.,	2008]	 for	patients	who	had	
neurogenic bladder dysfunction with incontinence, 
reduced bladder capacity, and increased intravesi-
cal	pressure.	They	added	secondary	antimuscarin-
ics to the existing double-dosed antimuscarinics for 
patients who previously demonstrated unsatisfac-
tory outcomes with double-dosed antimuscarinic 
monotherapy.	 The	 study	 drugs	 were	 tolterodine,	
oxybutynin,	 and	 trospium.	 After	 a	 4-week	 com-
bined regimen, incontinence episodes decreased 
and	 relex	 volume,	maximal	 bladder	 capacity,	 and	
detrusor	 compliance	 increased.	 Side-effects	 were	
comparable to those seen with normal-dosed anti-
muscarinics.	Those	positive	indings	were	speculat-
ed to be due to: 1) synergistic activation of different 
muscarinic receptors or interactions of receptors on 
different parts of the bladder wall, 2) undiscovered 
faster metabolism of antimuscarinics requiring an 
increased dosage of different antimuscarinic drugs, 
and/or	 3)	 down-regulation	 of	 subdivisions	 of	 anti-
muscarinic receptors under monotherapy that may 
lead to better susceptibility of other subdivisions 
when	 treated	 by	 the	 second	 drug.	 The	 combined	
regimen needs further investigation to verify its ef-
icacy	as	a	non-invasive	alternative	 for	 patients	 in	
whom	antimuscarinic	monotherapy	fails.

3.  ANTIMUSCARINICS AND 5 α-REDUCTASE 
INHIBITORS

The	standard	irst-line	medical	therapy	for	men	with	
moderate-to-severe	LUTS	is	an	α1-AR	antagonist,	a	
5α-reductase	inhibitor,	or	combination	therapy	with	
both.	Both	α1-AR	antagonist	and	5α-reductase	 in-
hibitors alleviate LUTS in men by reducing bladder 
outlet	resistance.	Alpha1-AR	antagonists	decrease	
smooth muscle tone in the prostate and bladder 
neck,	while	5α-reductase	inhibitors	reduce	prostate	
volume.	As	mentioned,	several	 trials	have	demon-
strated	 the	 eficacy	 and	 safety	 of	 the	 combination	
therapy	 of	 antimuscarinics	 and	 α1-AR	 antagonist	
for	 patients	 with	 OAB	 and	 coexisting	 BPO.	 How-
ever,	post	hoc	analyses	of	the	TIMES	study	[Kaplan	
et	al.,	2006]	suggested	that	men	with	smaller	pros-
tates	beneit	more	from	antimuscarinic	therapy	than	
those	with	larger	prostates	[Roehrborn	et	al.,	2008;	
Roehrborn,	 Kaplan	 et	 al.,	 2009].	 Chung	 and	 co-
workers	conducted	an	open-label,	ixed-dose	study	
to	assess	the	eficacy	and	safety	of	tolterodine	ER	
in combination with dutasteride in men with a large 
prostate	 (≥30	 g)	 and	 persistent	 OAB	 symptoms	
after	α1-AR	antagonist	 therapy	who	had	been	un-
successfully treated with dutasteride alone [Chung 
et	 al.	 2010].	At	 the	 start	 of	 the	 study,	 all	 patients	
had	been	on	dutasteride	0.5	mg	daily	for	at	least	6	
months	 and	 α1-AR	 antagonist	 therapy	 had	 failed.	

All patients were given 4 mg tolterodine ER daily 
for 12	weeks	and	had	discontinued	α1-AR	antago-
nist	before	the	start	of	 the	study.	At	12	weeks,	 the	
frequency	(-3.2/24hrs,	p	<	0.02),	urgency	(19.2%,	p	
<	0.03),	number	of	severe	OAB	episodes	(71.4%,	p	
<	0.05),	and	incidence	of	nighttime	voiding	(-0.9,	p	
<	0.003)	were	found	to	have	decreased	signiicantly	
from	baseline.	The	IPSS	decreased	with	dutasteride	
treatment	(from	19.3	to	14.3)	and	further	decreased	
with	 the	addition	of	 tolterodine	to	7.1	(	p	<	0.001).	
Storage	symptoms	decreased	from	9.8	to	4.5	(p	<	
0.001).	Dry	mouth	occurred	in	four	(7.5%)	subjects,	
constipation	 in	 one	 (2%),	 and	 decreased	 sexual	
function	in	two	(3.9%).	Post-void	residual	increased	
by	4.2	mL,	Qmax	decreased	by	0.2	mL/s,	 and	no	
patients	went	into	retention.	The	authors	concluded	
that the combination of tolterodine and dutasteride 
was effective, safe, and well-tolerated in men with 
large	prostates	with	persistent	OAB	symptoms	and	
LUTS	secondary	to	BPO.	

The results of this study indicate that antimusca-
rinics are safe and effective in selected patients 
with	OAB	and	BPO	when	used	in	combination	with	
5α-reductase	 inhibitors.	 Further	 studies	 are	 re-
quired	to	verify	the	eficacy	of	antimuscarinics	com-
bined	with	5α-reductase	inhibitors	in	these	patients.	

4.  α1-AR ANTAGONISTS WITH 5A-REDUC -
TASE INHIBITORS 

It has been well established that the combinations 
of	α1-AR	antagonists	with	5-α	reductase	 inhibitors	
(doxazosin	 inasteride:	MTOPS;	 dutasteride+	 tam-
sulosin: CombAT) can improve clinical outcomes 
and	 reduce	 the	 incidence	 of	 BPH	 and	 LUTS	 pro-
gression measured as symptom worsening, reten-
tion	 or	 progression	 to	 surgery	 [McConnell	 et	 al.,	
2003,	Roehrborn	et	al.,	2010].

1.PERIPHERALLY ACTING DRUGS

a) Vitamin D3 receptor analogues

It is well known that vitamin D affects skeletal mus-
cle	 strength	 and	 functional	 eficiency,	 and	 vitamin	
D	 insuficiency	 has	 been	 associated	 with	 notable	
muscle	weakness.	The	 levator	ani	 and	coccygeus	
skeletal muscles are critical components of the 
pelvic	 loor	and	may	be	affected	by	vitamin	D	nu-
tritional	 status.Weakened	 pelvic	 loor	 musculature	
is thought to be associated with the development 
of urinary incontinence and fecal incontinence 
symptoms.	Aging	women	are	at	 increased	 risk	 for	
both	pelvic	loor	dysfunction	and	vitamin	D	 insufi-
ciency.	 However,	 to	 date,	 only	 small	 case	 reports 
and observational studies have shown an associa-
tion	between	insuficient	vitamin	D	and	pelvic	loor	
dysfunction	 symptom	severity	 (Parker-Autry	et	 al.,	
2012).	Rat	and	human	bladders	were	shown	to	ex-
press	receptors	for	vitamin	D	[Crescioli	et	al.,	2005],	
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which makes it conceivable that the bladder may 
also	be	a	target	for	vitamin	D.	Analogues	of	vitamin	
D3 have also been shown to inhibit benign prostatic 
hyperplasia	(BPH)	cell	proliferation	and	to	counter-
act the mitogenic activity of potent growth factors 
for	 BPH	 cells	 [Crescioli	 et	 al.,	 2002;	 2003;	 2004].	
Experiments	in	rats	with	bladder	outlow	obstruction	
[Schröder	et	al.,	2006]	showed	that	one	of	the	ana-
logues, BXL-628, at non-hypercalcemic doses, did 
not prevent bladder hypertrophy, but reduced the 
decrease in contractility of the bladder smooth mus-
cle which occurred with increasing bladder weight 
[Schröder	 et	 al.,	 2006].	 The	mechanism	 of	 action	
for	the	effects	has	not	been	clariied.	However,	elo-
calcitol was shown to have an inhibitory effect on 
the	RhoA/Rho	kinase	pathway	[Morelli	et	al.,	2007].	
Upregulation of his pathway has been associated 
with bladder changes associated with diabetes, out-
low	obstruction,	and	DO	[Peters	et	al.,	2006;	Christ	
and	Andersson,	2007].	In	rats	with	outlow	obstruc-
tion, previous elocalcitol-treatment improved the ef-
fects of tolterodine on bladder compliance [Streng 
at	al.,	2012].	It	was	suggested	that	in	rats	elocalci-
tol	exerted	additional	beneicial	actions	on	outlow	
obstruction-induced functional changes during the 
illing	phase	of	micturition.	This	supports	combined	
therapy	in	BPH-related	LUTS.	If	the	results	are	valid	
in humans, combined therapy with the drug would 
be	of	value.

The effect of elocalcitol on prostate volume was 
evaluated	 in	 patients	 with	 BPH,	 and	 it	 was	 found	
that BXL628 was able to arrest prostate growth 
within	 12	 weeks	 in	 men	 aged>or=50	 years	 with	
prostatic	 volume	 >	 or	 =	 40	ml	 [Colli	 et	 al.,	 2006].	
In	an	RCT	enrolling	120	female	patients	with	OAB,	
where the primary endpoint was an increase in the 
mean	volume	voided,	a	signiicant	increase	vs	pla-
cebo	(22%	vs	11%)	was	demonstrated	[Colli	et	al.,	
2007].	Whether	or	not	vitamin	D	receptor	agonism	
(monotherapy or in combination) will be a useful al-
ternative	 for	 the	 treatment	of	 LUTS/OAB,	 requires	
further	RCTs.	However,	currently,	the	development	
of	the	drug	seems	to	be	stopped	[Tiwari,	2009].

b) TRP channel antagonists

The transient receptor potential (TRP) channel su-
perfamily has been shown to be involved in noci-
ception and mechanosensory transduction in vari-
ous organ systems, and studies of the LUT have 
indicated that several TRP channels, including 
TRPV1, TRPV2, TRPV4, TRPM8, and TRPA1, are 
expressed in the bladder, and may act as sensors of 
stretch	and/or	chemical	irritation	[Araki	et	al.,	2008;	
Everaerts	 et	 al.,	 2008;	 Andersson	 et	 al.,	 2010;	
Araki,	 2011].	 TRPV1	 and	 TRPV4	 channels	 have	
been found to be expressed in the urinary bladder 
[Tominaga	et	al.,	1998;	Birder	et	al.,	2001;	Gevaert	
et	al.,	2007].	TRPV1	is	present	and	active	both	 in	
the	 urothelium	 and	 in	 the	 nerve	 ibers	 of	 several	
species	including	humans	[Ji	et	al.,	2002;	Charrua	

et	al.,	2009a].	TRPV4	was	initially	described	in	the	
urothelium	of	rodents	and	humans	[Janssen	et	al.,	
2011].	Co-expression	of	the	two	receptors	was	ob-
served	 in	 20%	of	 rat	 urothelial	 cells	 [Kullmann	 et	
al.,	2009].	Recent	observations	indicate,	however,	
that TRPV4 may also be expressed in bladder af-
ferents.	In	fact,	about	30%	of	L6	dorsal	root	ganglia	
neurons that project to the urinary bladder co-ex-
press	TRPV1	and	TRPV4	[Cao	et	al.,	2009;	Char-
rua	et	al.,	2012a].	The	physiological	meaning	of	this	
observation	is	unclear.	

TRPV1	KO	mice	have	a	normal	or	quasi-normal	phe-
notype.	In	awake	animals,	the	only	change	detected	
in	TRPV1	KO	mice	was	a	smaller	volume	per	void	
when compared with wild type (WT) controls [Birder 
et	al.,	2001].	In	cystometries	performed	under	anaes-
thesia,	 the	TRPV1	KO	mice	phenotype	seems	also	
very	benign.	Some	studies	reported	that	this	animals	
have	totally	normal	cystometric	traces	[Charrua	et	al.,	
2007].	However,	 other	 studies	 showed	 that	TRPV1	
KO	mice	develop	a	few	non-voiding	contractions	pre-
ceding	 the	 voiding	 contraction	 [Birder	 et	 al.,	 2001;	
Frias	et	al.,	2012].	Accordingly,	TRPV1	antagonists	
(GRC 6211) did not show any relevant effect on blad-
der	activity	of	 intact	rodents	 [Charrua	et	al,	2009b].	
In	 contrast	 with	 TRPV1	 KO	 mice,	 the	 micturition	
phenotype	 of	 TRPV4	KO	 animals	 is	 clearly	 abnor-
mal.	TRPV4	KO	mice	are	incontinent,	most	probably	
due	to	incomplete	bladder	emptying	[Gevaert	et	al.,	
2007]	Cystometric	 studies	 carried	 out	 under	 physi-
ological	 conditions	 revealed	 that	 TRPV4	 KO	 mice	
have an marked increase in the inter-contraction in-
terval	when	compared	to	wild-type	(WT)	littermates.	
[Gevaert	et	al.,	2007;	Birder	et	al.	2002].	Likewise,	
TRPV4	antagonists	(HC-067047)	decreased	the	fre-
quency of bladder contractions and increased the in-
ter-contraction	interval	[Everaerts	et	al,	2010].	These	
observations indicated that TRPV4 has a role in the 
control	of	normal	micturition	relex.

Indisputably, TRPV1 or TRPV4 have a role in the 
increase of micturition frequency associated with 
cystitis	[Charrua	et	al.,	2007;	Everaerts	et	al.,	2010].	
While	inlamed	WT	mice	exhibit	bladder	hyperactiv-
ity	and	intense	spinal	Fos	expression	after	different	
forms	of	bladder	inlammation,	including	acetic	acid	
or	bacterial	extracts,	TRPV1	KO	mice	have	normal	
cystometries and normal spinal c-fos expression 
[Charrua	et	al.,	 2007]	 ).	The	The	same	holds	 true	
for	TRPV4.	In	fact,	TRPV4	KO	mice	exhibit	signii-
cantly lower voiding frequencies and larger voided 
volumes	 than	 WT	 after	 inlammation	 with	 cyclo-
phosphamide	[Everaerts	et	al,	2010].	

The	 blockade	 of	 TRPV1	 and	TRPV4	with	 speciic	
antagonist	 conirm	 the	 observations	 carried	 out	 in	
knock-out	animals.	As	a	matter	of	fact,	the	TRPV1	
antagonist GRC 6211 or the TRPV4 antagonist 
HC-067047	both	abolish	the	increase	of	micturition	
frequency associated with chemical cystitis [Ever-
aerts	et	al.	2010;	Charrua	et	al.,	2009b].	Recently,	
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it was shown that the systemic co-administration of 
TRPV1 and TRPV4 antagonist was more effective 
in treating the cystitis-induced increase of micturi-
tion frequency than the individual application of 
each	antagonist	[Charrua	et	al.,	2012b].	In	particu-
lar, the effect could be observed at very low doses 
of the TRPV1 and TRPV4 antagonists, which had 
no	effect	when	given	isolated.	This	observed	effect	
might be the answer to overcome the eventual ad-
verse events related with the application of some of 
these	antagonists	[Planells-Cases	et	al.,	2011].	Just	
to mention a few, TRPV1 antagonists are associat-
ed with hyperthermia and increased risk of cardiac 
ischemia	[Avelino	et	al.,	2012]	while	TRPV4	antago-
nists may eventually precipitate urinary retention 
and	overlow	incontinence	[Gevaert	et	al.,	2007].

It is known for long that TRPV1 is involved in the 
emergence of neurogenic detrusor overactivity 
following spinal cord transaction [Avelino & Cruz, 
2006].	 Quite	 recently	 a	 TRPV1	 antagonist	 GRC	
6211	has	been	shown	 to	decrease	 relex	detrusor	
overactivity in rats after chronic spinal cord transac-
tion.	With	increasing	doses	it	was	possible	to	obtain	
a total suppression of bladder activity [Santos-Silva 
et	 al.,	 2012].	The	 clinical	 relevance	 of	 this	 inding	
will	certainly	be	further	investigated	in	the	future.

There seem to be several links between activation 
of different members of the TRP superfamily and 
LUTS/DO/OAB,	 and	 further	 exploration	 of	 the	 in-
volvement these channels in LUT function, normally 
and	 in	 dysfunction,	 may	 be	 rewarding.	 However,	
proof	of	concept	studies	in	humans	are	still	lacking.

c) Prostanoid receptor agonists/antagonists

Recent	developments	 in	 the	ield	of	prostanoid	re-
ceptors may open new possibilities to use selective 
prostanoid	receptor	antagonists	 for	DO/OAB	treat-
ment	 [Aoki	et	al.,	2009;	Jones	et	al.,	2009].	There	
is evidence suggesting that PGE2 contributes to 
the	pathophysiology	of	DO/OAB:	PGE2	infused	into	
the	bladder	induces	DO	in	humans	and	animals,	in-
creases	PGE2	production	in	DO	models	and	there	
are high concentrations of PGE2 in the urine of pa-
tients	with	OAB	[McCafferty	et	al.,	2008].	PGE2	 is	
an agonist at EP receptors 1 to 4, all G-protein cou-
pled,	which	mediate	its	physiological	effects.	Based	
on	studies	using	knockout	 (KO)	mice	and	EP1	re-
ceptor antagonists, it was suggested that the effects 
of PGE2 on bladder function were mediated through 
EP1	receptors	[Schroder	et	al.,	2004].	EP	receptors	
can	be	found	on	urothelium/urothelium,	in	detrusor	
smooth muscle and in intramural ganglia [Wang et 
al.,	2008;	Rahnama’i	et	al.,	2010;	Rahnama’i	et	al.,	
2011].	Functionally,	it	has	been	proposed	that	mod-
ulation of bladder activity exerted via EP1 receptors 
occurs	via	an	afferent	mechanism.	Schröder	et	al.	
[2004]	 found	 no	 difference	 in	 urodynamic	 param-
eters	between	unobstructed	EP1	receptor	KO	and	
WT	mice.	However,	EP1	receptor	KO	mice	did	not	

respond to intravesical PGE2 instillation, while WT 
mice developed	DO.	The	 lack	of	EP1	receptor	did	
not prevent bladder hypertrophy due to partial blad-
der	 outlow	 obstruction	 but	 after	 obstruction	 WT	
mice	had	pronounced	DO,	while	this	was	negligible	
in	EP1	receptor	KO	mice.

Lee	 et	 al.	 [2008]	 found	 that	 in	 normal	 rats	 a	 se-
lective	 EP	 receptor	 antagonist	 signiicantly	 in-
creased bladder capacity, micturition volume and 
micturition	 intervals.	 The	 antagonist	 signiicantly	
decreased the stimulatory effects of PGE2, and 
decreased the frequency and amplitude of non-
voiding	 contractions	 in	 animals	 with	 BOO.	 More	
recently it has been shown that also EP3 receptor 
KO	mice	 have	 a	 diminished	 response	 to	 bladder	
infusion of PGE2, and demonstrate an enhanced 
bladder capacity under basal conditions [Jones 
et	 al.,	 2009].	 This	 indings	 suggest	 an	 important	
contribution for EP3 receptors in the modulation of 
bladder function under physiological conditions as 
well as under conditions of enhanced PGE2 pro-
duction	evoking	DO.	Thus,	EP1	and	EP3	receptors	
may	have	a	role	in	PGE2	mediated	DO.

Interestingly, activation of EP3 receptors evoked 
diuresis and EP3 receptor antagonism was found 
to	induce	an	antidiuretic	effect	[Jugus	et	al.,	2009].	
Thus, to modulate bladder activity, it appears that 
the EP3 receptor has a role in regulating urine pro-
duction.	Both	effects	may	be	useful	for	treatment	of	
DO/OAB.	It	cannot	be	denied	that	EP1/EP3	recep-
tors constitute interesting and promising targets 
for	 drugs	 aimed	 at	 DO/OAB	 treatment.	 However,	
a randomised, double-blind, placebo-controlled 
phase	II	study	to	investigate	the	eficacy	and	safe-
ty	 of	 the	 EP-1	 receptor	 antagonist,	 ONO-8539,	
in patients with the overactive bladder syndrome 
suggests that the role of EP1 receptor antagonism 
in	 the	management	 of	OAB	syndrome	 is	minimal	
[Chapple	et	al.,	2011].

d) Intraprostatic Injections of drugs

Intraprostatic injection therapy is probably the oldest 
minimally	invasive	surgical	therapy	for	BPH	and	has	
been investigated for over 100 years with renewed 
interest	recently.	There	are	different	injectables	and	
various routes of administration, transperineal, tran-
srectal	and	transurethral.	

1. ETHANOL

 Ethanol injection is one of the most investigated 
intra-prostatic therapies and have been investigated 
for	more	than	a	decade	[Goya	et	al.,	1999].	However,	
the mechanism of action, patient selection and ap-
plication of ethanol (the number of injection sites and 
the injection volume) have not been well investigated 
and	long-term	results	are	scarce.	It	seems	that	etha-
nol	 causes	 inlammation,	 coagulative	 necrosis	with	
protein denaturation and cell membrane lysis, and, 
inally,	sloughing	of	prostatic	tissue	resulting in cavity 
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formation	[Plante	et	al.,	2003].	The	majority	of trials 
demonstrated	 a	 signiicant	 reduction	 in	 symptoms	
and	post-void	residual	volume	as	well	as	a	signiicant	
improvement	in	Qmax	and	QoL	and	prostate	volume	
also	decreased	signiicantly	 in	 the	majority	of	stud-
ies	 [Goya	et	al.,	2004;	Grise	et	al.,	2004;	Plante	et	
al.,	2007;	Sakr	et	al.,	2009].	The	durability	of	clinical	
effects	beyond	1	year	seems	poor.	One	 trial	with	a	
mean follow-up of 3 years showed a retreatment rate 
of	41%	[Goya	et	al.,	2004].

2. BONT-A

BoNT-A	 investigation	 for	 the	 treatment	 of	 benign	
prostatic enlargement (BPE) due to benign pros-
tatic	hyperplasia	(BPH)	started	in	2003	[Maria	et	al.,	
2003]	after	the	experimental	study	by	Doggweiler	et	
al.	[1998]	demonstrating	prostatic	atrophy	in	the	rat	
after	intraprostatic	injection	of	the	neurotoxin.	In	an	
exploratory study, which involved injection of 200 U 
of onabotA in moderate to large prostate glands, a 
rapid prostate volume decrease was induced and 
still	present	at	12	months	[Maria	et	al.,	2003].	Fol-
lowing	this	study,	Kuo	[2005]	reported	similar	ind-
ings	 when	 injecting	 prostate	 glands	 of	 50	 ml	 or	
larger.	BoNT-A	 injection	 in	smaller	prostate	glands	
caused a much lesser reduction in prostate volume, 
but	a	15%	reduction	was	still	observed	[Chuang	et	
al.,	2005;	Chuang	et	al.,	2006c).	Independent	of	the	
extent of prostate volume reduction, improvement 
of	LUTS	and	low	were	consistently	reported	[Maria	
et	 al.,	 2003;	Kuo,	 2005;	Chuang	et	 al.,	 2005;	Ch-
uang	et	al.,	2006c],	while	a	decrease	in	total	serum	
PSA were observed only in some studies [Maria et 
al.,	 2003;	 Guercini	 et	 al.,	 2005].	 In	 a	 multicenter,	
double-blind, randomized phase II clinical trial of 
100 and 300 unit doses of onabotA to treat the 
lower	urinary	tract	symptoms	of	BPH,	Crawford	and	
coworkers concluded that intraprostatic injection of 
100 or 300 units of onabotA passed predetermined 
criteria	 for	 treatment	 eficacy	and	 safety	 (30%	 im-
provement from baseline to 3 months in American 
Urological	Association	symptom	index	and/or	maxi-
mum	urinary	low	rate	and	safety).	The	 ideal	dose	
was not found, but it seemed that 100 unit dose may 
be	 preferable	 due	 to	 similar	 eficacy	with	 reduced	
costs	 and	 adverse	 effects	 [Crawford	 et	 al.,	 2011].	
Some serious adverse events were reported, in-
cluding 3 cases of urosepsis related to the onabotA 
injection.	Other	minor	adverse	events	reported	were	
urinary tract infection, pelvic pain, urinary retention, 
macroscopic hematuria and hematospermia [Craw-
ford	ED	et	al.,	2011].

Silva	 et	 al.	 [2008],	 selected	 a	 particular	 group	 of	
patients with high co-morbidity in which more in-
vasive	 treatments	were	 contraindicated.	 Intrapros-
tatic	BoNT-A	injection	was	carried	out	transrectally,	
under	 ultrasound	 guidance.	 Twenty-one	 men	 with	
large BPE, 70±10 ml, on chronic indwelling cath-
eter for at least 3 mo who were not candidates for 
surgery because of poor general condition received 

200	U	BoNT-A	in	the	transition	zone.	Baseline	pros-
tate	volume	of	decreased	to	57±10	ml	at	1mo	and	to	
47±7ml	at	3	months.	At	1	month,	16	patients	(76%)	
could	resume	voiding	with	a	mean	Qmax	of	9.0±1.2	
ml/s.	At	3	months,	17	patients	(81%)	voided	with	a	
mean	Qmax	of	 10.3±1.4	ml/s.	Residual	 urine	was	
not	signiicant	and	mean	serum	total	PSA	showed	
a	slight	decrease	[Silva	et	al.	2008].	The	analysis	of	
11 patients of the initial cohort showed that the du-
ration of prostate atrophy after the single injection of 
200U	of	BoNT-A	was	found	to	be	about	18	months	
[Silva	et	al.,	2009b].	

Intraprostatic	 injection	 of	 BoNT/A	 seems	 devoid	
of	sexual	adverse	events.	Sixteen	sexually	active	
men	aged	>	60	years	with	BPH/benign	prostatic	
enlargement (BPE) refractory to standard medical 
therapy	 received	200U	of	BoNT/A	by	 transrectal	
route.	 Erectile	 function	was	 evaluated	 using	 the	
International	 Index	 of	 Erectile	 Function	 –	 Short	
Form	(IIEF-5)	questionnaire.	Orgasmic/ejaculato-
ry function and libido were evaluated using ques-
tions	9,	 10,	11	and	12	of	 the	 IIEF	–	Long	Form.	
Intraprostatic	 injection	 of	 BoNT-A	 did	 not	 cause	
deterioration of any domain of sexual function 
[Silva	et	al.,	2011].	

Although necrosis of the gland at the places of 
BoNT-A	 injection	 could	 explain	 the	 rapid	 volume	
reduction, transrectal ultrasound examination 
of the glands, performed in these or in previous 
studies	[Maria	et	al.,	2003;	Kuo	,	2005;	Chuang	et	
al.,	2005;	Silva	et	al.,	2008,	was	unable	to	detect	
signs of cavitation that indirectly could suggest the 
presence	 of	 necrosis.	 Therefore,	 the	 reason	 for	
the decreased prostate volume should be more 
appropriately related to the widespread apoptosis 
detected	in	the	gland	after	BoNT-A	administration.	
Apoptosis was reported in rats, dogs, and humans, 
and affected both the epithelial and stromal com-
ponents	 [Doggweiler	 et	 al.,	 1998;	 Chuang	 et	 al.,	
2005;	Chuang	et	al.,	2006b;	Chuang	et	al.,	2006d,	
Silva	et	al.,	2009a].

Although until now, no important side-effects have 
been reported after intraprostatic injection of the 
neurotoxin in doses ranging between 100 and 300 
U, a multicenter, double-blind, randomized phase II 
clinical trial of 100 and 300 unit doses of onabotA 
to treat the lower urinary tract symptoms of be-
nign prostatic hyperplasia, was recently published 
[Crawford	et	al.,	2011].	onabotA prostatic injection 
met the two safety criteria proposed, (a dose failed 
if: 1- a life threatening, disabling or fatal event was 
determined to be related to the onabotA injection, 
or	 2-	 40%	 or	 more	 of	 the	 participants	 reported	 a	
moderate or severe side effect related to the botu-
linum	 toxin	 injection).	 Nonetheless,	 some	 serious	
AEs were reported, including 3 cases of urosepsis 
related to the onabotA injection and the remaining 
events	were	judged	not	related	to	the	injection.	Oth-
er minor AEs reported were urinary tract infection, 
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pelvic pain, urinary retention, macroscopic hematu-
ria	and	hematospermia	[Crawford	et	al.,	2011].	

3. NX-1207

	NX-1207	is	a	new	drug	under	investigation	for	the	
treatment	of	LUTS	associated	with	BPH.	It	is	a	new	
therapeutic protein of proprietary composition with 
selective	 pro-apoptotic	 properties	 [Shore	 ,	 2011].	
The drug is injected directly into the directly into the 
transitional zone of the prostate as a single admin-
istration to induce focal cell loss in prostate tissue 
through apoptosis, leading to non-regressive pros-
tate shrinkage and both short- and long-term symp-
tomatic	 improvement.	 Information	about	 the	drugs	
is scarce and mostly published in abstract form 
and	not	yet	in	the	peer-reviewed	literature.	Two	US	
Phase	II	trials	have	been	performed	[Shore	,	2011].	
One	of	 them	was	a	multicenter,	 randomized,	 non-
inferiority	 study	 involving	 32	 clinical	 sites	 with	 85	
subjects	and	 two	dose	ranges	(2.5	and	0.125	mg)	
and	an	active	open-label	 comparator	 (inasteride).	
Subjects	and	 investigators	on	NX-1207	were	dou-
ble-blind	as	 to	dosage.	The	primary	endpoint	was	
change in AUASI at 90 and 180 days for a single 
injection	of	NX-1207	as	compared	to	inasteride	on	
a	non-inferiority	basis.	Inclusion	criteria	included	an	
AUA	Symptom	Score	‡	15,	diminished	peak	urine	
low	 (<	 15	ml/s)	 and	 a	 prostate	 size	 of	 >	 30	 and	
<	70	mg.	The	mean	AUA	Symptom	Score	improve-
ment after 90 days in the intent to- treat group was 
9.71	 points	 for	 2.5	 mg	 NX-1207	 (n	 =	 48)	 versus	
4.13	points	for	inasteride	(n	=	24)	(p	=	0.001)	and	
4.29	for	0.125	mg	NX-1207	(n	=	7)	(p	=	0.034).	The	
180-day	results	also	were	positive	(NX-1207	2.5	mg	
non-inferior	to	open-label	inasteride).

No	signiicant	changes	in	serum	testosterone	or	se-
rum	PSA	levels	in	the	NX-1207	cohorts.	There	were	
no	reported	adverse	effects	on	sexual	function.	Two	
US multicenter, double-blind, placebo-controlled 
Phase	 III	 studies	 are	 currently	 underway.	 The	 re-
sults of such studies are needed to assess whether 
or not this therapeutic principle is a useful addition 
to	the	current	treatment	alternatives.

4. PRX302

PRX302	is	a	modiied	form	of	proaerolysin,	a	highly	
toxic bacterial pore-forming protoxin that requires 
proteolytic	 processing	 by	 prostate-speciic	 antigen	
(PSA)	 [Sing	 et	 al.,	 2007].	The	 safety	 and	 eficacy	
of PRX302 was evaluated in men with moderate to 
severe	BPH	 [Denmeade	et	al.,2010].	The	patients	
were refractory, intolerant, or unwilling to undergo 
medical	therapies	for	BPH	and	had	an	IPSS	>12,	a	
quality	of	life	(QoL)	score	>3,	and	prostate	volumes	
between	30	and	80	g.	Fifteen	patients	were	enrolled	
in phase 1 studies, and 18 patients entered phase 
2	studies.	Subjects	received	intraprostatic	injection	
of PRX302 into the right and left transition zone via 
a	transperineal	approach	in	an	ofice-based	setting.	
Phase 1 subjects received increasing concentra-

tions	of	PRX302	at	a	ixed	volume;	phase	2	subjects	
received	increasing	volumes	per	deposit	at	a	ixed	
concentration.	IPSS,	QoL,	prostate	volume,	Qmax),	
IIEF,	serum	PSA	levels,	pharmacokinetics,	and	ad-
verse events were recorded at 30, 60, 90, 180, 270, 
and	360	days	after	treatment.	Sixty	percent	of	men	
in	the	phase	1	study	and	64%	of	men	in	the	phase	2	
study	treated	with	PRX302	had	>30%	improvement	
compared	to	baseline	 in	 IPSS	out	 to	day	360.	Pa-
tients	also	experienced	improvement	in	QoL	and	re-
duction	in	prostate	volume	out	to	day	360.	Patients	
receiving >1 ml of PRX302 per deposit had the best 
response	overall.	There	were	no	deleterious	effect	
on	 erectile	 function.	 Adverse	 eventswere	 mild	 to-
moderate	and	transient	 in	nature.	The	major	study	
limitation	was	the	small	sample	size.The	promising	
safety	proile	and	evidence	of	eficacy	in	the	majori-
ty of treated subjects in these phase 1 and 2 studies 
supports further development of PRX302 as a mini-
mally	invasive,	targeted	treatment	for	BPH.	Howev-
er, no further studies, verifying the initial data, seem 
to	have	been	published.

e) Cannabinoids

There is increasing evidence that cannabinoids can 
inluence	micturition	in	animals	as	well	as	in	humans,	
both normally and in bladder dysfunction [Ruggieri, 
2011].	The	effects	 of	 the	 cannabinoids	 are	 exerted	
via	 two	 types	 of	 well	 deined	 receptors,	 CB1	 and	
CB2,	distributed	widely	 in	 the	body.	However,	addi-
tional receptor subtypes cannot be excluded [Pert-
wee	 et	 al.,	 2010;	Ruggieri	 2011].	 Both	 in	 the	CNS	
and in peripheral tissues, CB1 and CB2 receptors 
have	been	identiied;	centrally	CB1	and	peripherally	
CB2 receptors seem to be predominant [Pertwee et 
al.,	2010;	Ruggieri,	2012]	(igure 17).	CBI	as	well	as	
CB2	 receptors	 have	 been	 identiied	 in	 all	 layers	 of	
the	human	bladder	[Merriam	et	al.,	2008;	Gratzke	et	
al.,	2009;	Tyagi	et	al.,	2009;	Walczak	et	al.,	2009];	
their expression in the urothelium was found to be 
signiicantly	higher	than	in	the	detrusor,	and	the	ex-
pression of CB1 was higher than that of CB2 [Tyagi 
et	al.,	2009].	Gratzke	et	al.	 [2009]	 found	higher	ex-
pression of CB2 receptors, but not CB1 receptors, 
in	the	mucosa	than	in	the	detrusor.	Compared	to	the	
detrusor, larger amounts of CB2receptor containing 
nerves that also expressed TRPV1 or CGRP were 
observed	in	the	suburothelium.	Nerve	ibers	contain-
ing CB2 receptors and VAChT (cholinergic neurons) 
were	 located	 in	 the	 detrusor.	 In	 general,	 activation	
of CB1 peripherally has been associated with va-
sodilation and motility changes via suppression of 
release of neurotransmitters, whereas activation of 
CB2	 appears	 to	 induce	 anti-inlammatory,	 antinoci-
ceptive, and immunosuppressive actions [Pertwee 
et	al.,	2010;	Ruggieri,	2011].	Several	animal	studies	
have suggested a modulatory role of CB2 receptors 
in both afferent signalling and cholinergic nerve ac-
tivity	[Gratzke	et	al.,	2009;	2010;	2011].	Thus,	in	vivo	
the selective CB2 receptor agonist, cannabinor, 
increased micturition intervals and volumes, and 
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increased	 threshold	 and	 low	 pressures,	 suggest-
ing that peripheral CB2 receptors may be involved 
in	sensory	functions.	In	rats	with	partial	urethral	ob-
struction treated daily for 14 days with cannabinor, 
bladder weight was lower, the ability to empty the 
bladder was preserved and nonvoiding contraction 
frequency	was	low	compared	to	those	in	controls.

The key enzyme for the degradation of anandamide 
and other endogenous cannabinoids, is fatty acid 
amide	 hydrolase	 (FAAH,	 Figure 18 ).	 FAAH	 was	
found to be expressed in rat and human urothelium 
and	was	coexpressed	with	CB2	receptors.	In	rats,	a	
FAAH	inhibitor	altered	urodynamic	parameters	that	
relect	sensory	functions,	suggesting	a	role	 for	 the	
endocannabinoid system in bladder mechanoaffer-
ent	functions	[Strittmatter	et	al.,	2011].	

It has not been established whether the effects of the 
cannabinoids	are	exerted	 in	 the	CNS	(brain,	spinal	
cord)	or	peripherally.	In	a	preliminay	report	Blywert	et	
al.	[2003]	demonstrated	an	effect	of	combined	CB1/
CB2 receptor activation on detrusor overactivity in 
rats with spinal cord transection, which seemed to 
exclude	the	brain	as	a	main	site	of	action.

The clinical experiences the cannabinoid treatment 
of micturition disturbances inclung LUTS are limited 
[Ruggieri,	 2011],	 but	both	open-label	 and	placebo-
controlled studies have demonstrated that orally 
administered cannabinoid modulators may allevi-
ate	neurogenic	overactive	bladder	(OAB)	symptoms	
refractory	to	irst-line	treatment	[Brady	et	al.,	2004;	
Freeman	et	al.,	2006;	Kavia	et	al.,	2010].	Brady	et	
al.	[2004]	evaluated	the	eficacy	of	2	whole	plant	ex-
tracts	(δ9-tetrahydrocannabinol	and	cannabidiol)	of	

Cannabis sativa in patients with advanced MS and 
refractory	LUTS.	Urinary	urgency,	 the	number	and	
volume of incontinence episodes, frequency and 
nocturia	decreased	signiicantly	following	treatment.	
Freeman	et	al.	 [2006]	 tested	 in	a	subanalysis	of	a	
multicenter trial (the CAMS study) whether canna-
binoids could decrease urge incontinence episodes 
without	 affecting	 voiding	 in	 patients	 with	 MS.	 The	
CAMS study randomized 630 patients to receive 
oral	 administration	 of	 the	 cannabis	 extract	 δ9-
tetrahydrocannabinol	or	matched	placebo.	Based	on	
incontinence	diaries	a	signiicant	decrease	in	incon-
tinence	episodes	was	demonstrated.

Kavia	 et	 al.	 [2010]	 assessed	 the	 eficacy,	 toler-
ability and safety of Sativex(®) (nabiximols) as an 
add-on therapy in alleviating bladder symptoms in 
patients	with	MS.	They	performed	a	10-week,	dou-
ble-blind, randomized, placebo-controlled, parallel-
group	 trial	 on	 135	 randomized	 subjects	 with	 MS	
and	 overactive	 bladder	 (OAB).	 The	 primary	 end-
point, reduction in daily number of urinary inconti-
nence episodes from baseline to end of treatment 
(8 weeks), showed little difference between Sativex 
and	placebo.	However,	four	out	of	seven	secondary	
endpoints	were	signiicantly	in	favour	of	Sativex,	in-
cluding number of episodes of nocturia, number of 
voids/day,	 and	 number	 of	 daytime	 voids.	 The	 im-
provement	 in	 I-QOL	was	 in	 favour	of	Sativex,	but	
did	not	reach	statistical	signiicance.

Systemic cannabinoids have effects on the lower 
urinary tract that may have a therapeutic potential; 
local delivery (intravesical, spinal) may be possible, 
but	more	information	is	needed.	The	mechanisms	of	
cannabinoid receptors in control of the human LUT 

Figure 17 : CB2 receptors in the urothelium/lamina propria. The effects of the cannabinoids are exerted 
via two types of well deined receptors, CB1 and CB2, distributed widely in the body. Both in the CNS and 
in peripheral tissues, CB1 and CB2 receptors have been identiied;  centrally CB1 and peripherally CB2 
receptors seem to be predominant.  
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Figure 18: Metabolism of and distribution of fatty acid amide hydrolase (FAAH; cannabinoid degrading en -
zyme) immunoreactivity in the rat urothelium

is incompletely known, and further research is neces-
sary for the development of novel cannabinoid drugs 
for	treatment	of	LUT	disorders.

2. CENTRALLY ACTING DRUGS 

Many parts of the brain seem to be activated during 
storage	and	voiding	[see,	Grifiths	2007;	Fowler	et	al.,	
2008;	Grifiths	and	Tadic,	2008],	and	there	is	increas-
ing	interest	in	drugs	modulating	the	micturition	relex	
by	a	central	action	[Andersson	and	Pehrson,	2003].	
Several drugs used for pain treatment also affect 
micturition; morphine and some antiepileptic drugs 
being a few examples (Figure 19 ).	However,	central	
nervous mechanisms have so far not been preferred 
targets	for	drugs	aimed	to	treat	OAB,	since	selective	
actions	may	 be	 dificult	 to	 obtain.	 Holstege	 [2005],	
reviewing some of the central mechnisms involved in 
micturition, including the periaqueductal gray (PAG) 
and the pontine micturition center (PMC), suggested 
that	“the	problem	in	OAB	or	urgency-incontinence	is	
at the level of the PAG or PMC and their connections, 
and possible treatments for this condition should tar-
get	the	micturition	pathways	at	that	level.”

a) Gonadotropin-releasing hormone antagonists 

The	 beneicial	 effects	 of	 the	 5α-reductase	 inhibi-
tors,	 inasteride	 and	 dutasteride	 in	 the	 treatment	
of	male	LUTS	are	well	documented.	The	eficacy	

of other hormonal treatments, for example, an-
tiandrogens or gonadotropin-releasing hormone 
(GnRH;	also	known	as	luteinizing	hormone-releas-
ing	hormone:	LHRH)	agonists	 is	either	poor	or	at	
the expense of unacceptable side effects such as 
medical	castration	associated	with	hot	lushes,	de-
crease of potency and libido, and negative effects 
on bone density following long-term androgen ab-
lation	[Schroeder	et	al.,	1986;	Peters	et	al.,	1987;	
Bosch	 et	 al.,	 1989;	 Eri	 and	 Tveter,	 1993].	 With	
GnRH	 antagonists	 submaximal,	 non-castrating	
blockade of the androgen testosterone and con-
sequently	 of	 dihydrotestosterone	 (DHT)	 can	 be	
achieved,	 thus	 avoiding	 medical	 castration.	 Sev-
eral	GnRH	antagonists	–	such	as	cetrorelix,	oza-
relix	and	teverelix	-	have	been	tested	in	Phase	IIA/
IIB clinical trials for their ability to improve LUTS in 
patients	with	BPH	[Colli	and	Tanko,	2011].

Debruyne	 et	 al.	 [2008]	 demonstrated	 in	 a	 phase	
2	RCT	 that	 the	 LHRH	 antagonist	 cetrorelix,	 given	
subcutaneously weekly for 20 weeks to 140 men 
with	LUTS	(IPSS	>	13,	peak	urinary	low	rates	5-13	
ml/s),	 rapidly	 caused	 a	 signiicant	 improvement	 in	
the	mean	IPSS:	the	peak	decrease	was	-5.4	to	-5,9	
vs	 -2,8	 for	 placebo.	 All	 dosage	 regimens	 tested	
were well tolerated, and the authors concluded that 
the drug offered a safe and effective treatment of 
male	LUTS.
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Due to these results, two phase III studies were con-
ducted in the United States and Europe [AEterna 
Zentaris]	;	in	the	US	study,	637	men	were	randomized	
to receive either two doses of placebo or cetrorelix 
on	weeks	2	and	26.	The	drug	showed	no	statistically	
signiicant	beneit	in	improving	IPSS.	In	addition,	ce-
trorelix	did	not	have	a	signiicant	effect	on	peak	low	
rate	or	prostate	volume	versus	placebo.	It	is	dificult	
to	reconcile	this	lack	of	eficacy	given	favorable	prior	
results.	A	subsequent	multicenter	European	trial	also	
failed	 to	show	any	 treatment-related	eficacy	of	ce-
trorelix.	The	experience	with	cetrorelix	highlights	the	
importance of randomized, placebo-controlled trials 
that are appropriately powered to show clinical ben-
eit	and	safety.

b) Gabapentin

Gabapentin	is	one	of	the	new	irst-generation	anti-
epileptic drugs that expanded its use into a broad 
range of neurologic and psychiatric disorders [Stri-
ano	 and	 Striano	 2008].	 It	 was	 originally	 designed	
as an anticonvulsant GABA (y-aminobutyric acid) 
mimetic capable of crossing the blood-brain bar-
rier	 [Maneuf	et	al.,	2003].	The	effects	of	gabapen-
tin, however, do not appear to be mediated through 
interaction with GABA receptors, and its mecha-
nism	of	action	remains	controversial	[Maneuf	et	al.,	
2003].	It	has	been	suggested	that	it	acts	by	binding	
to	 a	 subunit	 of	 the	 α2δ	 unit	 of	 voltage	 dependent	
calcium	 channels	 [Gee	 et	 al.,	 1996;	 Striano	 and	
Striano,	2008].	Gabapentin	is	also	widely	used	not	
only for seizures and neuropathic pain, but for many 
other indications, such as anxiety and sleep disor-
ders,	because	of	its	apparent	lack	of	toxicity.

Carbone	et	al.	 [2006]	reported	on	the	effect	of	ga-
bapentin	on	neurogenic	DO.	They	found	a	positive	
effect	on	symptoms	and	signiicant	improvement	in	
urodynamic parameters, and suggested that the ef-
fects of the drug should be explored in further con-
trolled studies in both neurogenic and non-neuro-
genic	DO.	Kim	et	 al.	 [2004]	 studied	 the	 effects	 of	
gabapentin	 in	 patients	with	OAB	 and	 nocturia	 not	
responding	 to	antimuscarinics.	They	 found	 that	14	
out	 of	 31	 patients	 improved	 with	 oral	 gabapentin.	

The drug was generally well tolerated, and the au-
thors suggested that it can be considered in selec-
tive patients when conventional modalities have 
failed.	It	 is	possible	that	gabapentin	and	other	α2δ	
ligands	(e.g.,	pregabalin	and	analogs)	will	offer	new	
therapeutic alternatives, but convincing RTC are 
still	lacking.

c) Tramadol

Tramadol is a well-known analgesic drug [Grond and 
Sablotzski,	 2004].	 By	 itself,	 it	 is	 a	 weak	 µ-receptor	
agonist, but it is metabolized to several different com-
pounds, some of them almost as effective as morphine 
at	 the	 µ-receptor.	 However,	 the	 drug	 (metabolites)	
also	inhibits	serotonin	(5-HT)	and	noradrenaline	reup-
take	 [Grond	and	Sablotzski,	2004].	This	proile	 is	of	
particular	interest,	since	both	μ-receptor	agonism	and	
amine reuptake inhibition may be useful principles for 
treatment	of	LUTS/OAB/DO,	as	shown	 in	a	placobo	
controlled	study	with	duloxetine	[Steers	et	al.,	2008].	

In rats, tramadol abolished experimentally induced 
DO	 caused	 by	 cerebral	 infarction	 [Pehrson	 et	 al.,	
2003].	Tramadol	also	 inhibited	DO	induced	by	apo-
morphine	in	rats	[Pehrson	and	Andersson,	2003]	–	a	
crude	model	 of	 bladder	 dysfunction	 in	 Parkinson´s	
disease.	Singh	et	al.	[2008]	gave	tramadol	epidurally	
and found the drug to increase bladder capacity and 
compliance,	 and	 to	 delay	 illing	 sensations	 without	
adverse	effects	on	voiding.	Safarinejad	and	Hosse-
ini	 [2006]	evaluated	in	a	double-blind,	placebo-con-
trolled,	randomized	study,	the	eficacy	and	safety	of	
tramadol	in	patients	with	idiopathic	DO.	A	total	of	76	
patients 18 years or older were given 100 mg trama-
dol	sustained	release	every	12	h	for	12	weeks.	Clini-
cal evaluation was performed at baseline and every 
two	weeks	 during	 treatment.	Tramadol	 signiicantly	
(p<001)	reduced	the	number	of	incontinence	periods	
per	 24	 hours	 from	 3.2+/-	 3.3	 to	 1.6+/-2.8)	 and	 in-
duced	improvements	in	urodynamic	parameters.	The	
main	adverse	event	was	nausea.	 It	was	concluded	
that	 in	 patients	 with	 non-neurogenic	 DO,	 tramadol	
provided	beneicial	 clinical	 and	urodynamic	effects.	
Even if tramadol may not be the best suitable drug 
for	 treatment	of	LUTS/OAB,	 the	study	suggests	ef-
icacy	for	modulation	of	micturition	via	the	µ-receptor.	

d) NK1-receptor antagonists

The main endogenous tachykinins, substance P 
(SP),	 neurokinin	A	 (NKA)	 and	 neurokinin	 B	 (NKB),	
and	 their	preferred	 receptors,	NK1,	NK2,	and	NK3,	
respectively, have been demonstrated in various 
CNS	regions,	including	those	involved	in	micturition	
control	[Lecci	and	Maggi,	2001;	Saffroy	et	al.,	2003;	
Covenas	et	al.,	2003].	NK1	receptor	expressing	neu-
rons in the dorsal horn of the spinal cord may play 
an	important	role	in	DO,	and	tachykinin	involvement	
via	NK1	receptors	in	the	micturition	relex	induced	by	
bladder	illing	has	been	demonstrated	[Ishizuka	et	al.,	
1994]	in	normal,	and	more	clearly,	rats	with	bladder	
hypertrophy	 secondary	 to	BOO.	Capsaicin-induced	
detrusor	overactivity	was	 reduced	by	blocking	NK1	

Figure 19 : OAB drugs with a central mode of action. 
Several principles seem to work, but currently used 
drugs have low eficacy and/or unacceptable side 
effects. However, there is great potential for further 
developments
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 C. Drugs used for treatment of
stress incontinence in women

receptor-expressing neurons in the spinal cord, us-
ing intrathecally administered substance P-saponin 
conjugate	[Seki	et	al.,	2002].	Furthermore,	blockade	
of	spinal	NK1	receptor	could	suppress	detrusor	activ-
ity	induced	by	dopamine	receptor	(L-DOPA)	stimula-
tion	[Ishizuka	et	al.,	1995a].

In conscious rats undergoing continuous cystometry, 
antagonists	of	both	NK1	and	NK2	receptors	inhibited	
micturition, decreasing micturition pressure and in-
creasing bladder capacity at low doses, and inducing 
dribbling	incontinence	at	high	doses.	This	was	most	
conspicuous	in	animals	with	outlow	obstruction	[Gu	
et	 al.,	 2000].	 Intracerebroventricular	 administration	
of	NK1	and	NK2	receptor	antagonists	to	awake	rats	
suppressed detrusor activity induced by dopamine 
receptor	(L-DOPA)	stimulation	[Ishizuka	et	al.,	2000].	
Taken together, available information suggests that 
spinal	and	supraspinal	NK1	and	NK2	receptors	may	
be	involved	in	micturition	control.

Aprepitant,	an	NK-1	receptor	antagonist	used	for	treat-
ment of chemotherapy-induced nausea and vomiting 
[Massaro	 and	 Lenz,	 2005],	 signiicantly	 improved	
symptoms	of	OAB	in	postmenopausal	women	with	a	
history of urgency incontinence or mixed incontinence 
(with predominantly urgency urinary incontinence), 
as	shown	in	a	well	designed	pilot	RCT	[Green	et	al.,	
2006].	 The	 primary	 end	 point	 was	 percent	 change	
from baseline in average daily micturitions assessed 
by	 a	 voiding	 diary.	 Secondary	 end	 points	 included	
average daily total urinary incontinence and urgency 
incontinence	episodes,	and	urgency	episodes.	Apre-
pitant	signiicantly	(p<0.003)	decreased	the	average	
daily	 number	 of	 micturitions	 (-1.3+/-1.9)	 compared	
with	 placebo	 (-0.4+/-1.7)	 at	 8	 weeks.	 The	 average	
daily	 number	 of	 urgency	 episodes	was	 also	 signii-
cantly	(p<0.047)	reduced	(-23.2+/-	32%)	compared	to	
placebo	(-9.3+/-40%),	and	so	were	the	average	daily	
number of urgency incontinence and total urinary in-
continence episodes, although the difference was not 
statistically	signiicant.	Aprepitant	was	generally	well	
tolerated and the incidence of side effects, including 
dry	mouth,	was	low.	Since	this	initial	proof	of	concept	
study	suggested	that	NK-1	receptor	antagonism	hold	
promise	as	a	potential	 treatment	approach	 for	OAB	
symptoms, a randomized, double-blind, multicenter 
trial	enrolled	557	adults	with	overactive	bladder	(8	or	
more average daily micturitions and 1 or more daily 
urge	 incontinence	 episodes)	 [Frenkl	 et	 al.,	 2010].	
After a 1-week placebo run-in the patients were ran-
domized	to	treatment	with	8	weeks	of	daily	0.25,	1	or	
4 mg serlopitant, 4 mg tolterodine extended release 
or	placebo.	Patients	kept	7-day	voiding	diaries.	The	
primary end point was change from baseline in mic-
turitions	per	day.	Secondary	end	points	 included	ur-
gency, total incontinence, urge incontinence episodes 
and	incidence	of	dry	mouth.	Of	the	557	patients	ran-
domized, 476 completed the trial and had valid ef-
icacy	data	for	analysis.	Mean	change	from	baseline	
in	daily	micturitions	was	signiicantly	greater	for	0.25	
(-1.1)	and	4	mg	(-1.1)	serlopitant,	and	for	tolterodine	

(-1.5)	than	for	placebo	(-0.5),	but	not	for	1	mg	serlo-
pitant	(-0.8).	No	serlopitant	dose	response	was	dem-
onstrated.	Tolterodine	was	numerically	superior	to	all	
doses of serlopitant in mean micturitions per day and 
secondary	end	points.	The	incidence	of	dry	mouth	on	
serlopitant	(3.3%)	was	comparable	to	placebo	(4.6%)	
and	 lower	 than	 tolterodine	 (8.8%).	 Serlopitant	 was	
generally	well	tolerated.

NK-1	 receptor	antagonists	may	have	a	 role	 in	 the	
treatment of overactive bladder but at least the 
componds tested so far does not offer advantages 
in	eficacy	compared	to	tolterodine.

A different approach, modulation of neuropeptide re-
lease	rather	than	NK	receptor	blockade,	was	tested	
in a pilot study with cizolirtine, which is a substance-P 
and	CGRP	release	modulator	at	the	spinal	cord	level.	
The modulation of substance-P and CGRP is prob-
ably related to the increase of extracellular levels 
of	noradrenaline	and	serotonin.	Cizolirtine	200	and	
400	mg	were	 compared	 to	placebo	 in	79	OAB	pa-
tients.	Although	the	decrease	in	key	OAB	symptoms	
was	signiicantly	higher	 in	 the	active	arms,	adverse	
events	were	reported	in	68%	and	81%	of	the	patients	
on	 cizorlitine	 200	 and	 400mg.	More	 commonly	 re-
ported side effects were gastro-intestinal in nature, 
including	dry	mouth	and	vomiting	[Martınez-Garcıa	et	
al.,	2008].	No	further	developments	of	this	compound	
have	been	reported.

Many factors seem to be involved in the pathogen-
esis of stress urinary incontinence (SUI) in women: 
urethral support and function, bladder neck support 
and function of the nerves and musculature of the 
bladder,	 urethra,	 and	 pelvic	 loor	 [Delancey,	 1997;	
Mostwin	et	al,	2005,	Koelbl,	Nitti	et	al,	2009;	Chapple	
and	Milsom,	2012].	Pure	structural	factors	cannot	be	
treated	pharmacologically.	However,	SUI	 in	women	
is generally thought to be characterized by decreas-
es in urethral transmission pressure and, in most 
cases,	resting	urethral	closure	pressure	[Henriksson	
et	al,	1979;	Hilton	et	al,	1983,	Koelbl	and	Nitti,	2009].	
It, therefore, seems logical that increasing urethral 
pressure	should	improve	the	condition.

Factors	which	may	contribute	to	urethral	closure	in-
clude the tone of the urethral smooth and striated 
muscle (the rhabdosphincter) and the passive prop-
erties of the urethral lamina propria, in particular its 
vasculature.	The	relative	contribution	to	intraurethral	
pressure	 of	 these	 factors	 is	 still	 subject	 to	 debate.	
However,	 there	 is	ample	pharmacological	evidence	
that a substantial part of urethral tone is mediated 
through	stimulation	of	α-ARs	in	the	urethral	smooth	
muscle by released noradrenaline [Andersson, 1993; 
Andersson and Wein, 2004; Andersson and Wein, 
2012].	A	contributing	factor	to	SUI,	mainly	in	elderly	
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women with lack of estrogen, may be lack of muco-
sal	 function.	The	pharmacological	 treatment	of	SUI	
(Table 3 ) aims at increasing intraurethral closure 
forces by increasing the tone in the urethral smooth 
and striated musculature, either directly or through 
increased	motorneuron	 activity.	 Several	 drugs	may	
contribute to such an increase [Andersson and Wein, 
2012],	but	relative	lack	of	eficacy	or/and	side	effects	
have	limited	their	clinical	use.

Several drugs with agonistic effects on peripheral 
α-ARs	have	been	used	in	the	treatment	of	SUI.	Rela-
tively	recently,	a	central	role	of	noradrenaline	(NA)	in	
increasing the excitability of urethral rhabdosphincter 
motorneurons	in	the	rat	analogue	of	Onuf’s	nucleus,	
an	effect	due	at	 least	 in	part	 to	α1-AR	receptor	de-
pendent	depolarization.	This	could	contribute	to	the	
mechanism	by	which	NA	reuptake	inhibitors	improve	
SUI	[Yashiro	et	al,	2010].	Ephedrine	and	norephed-
rine (phenylpropanolamine; PPA) seem to have been 
the	most	widely	used	[Andersson	and	Wein,	2012].	
The	original	United	States	Agency	for	Healthcare	Pol-
icy	and	Research	Guidelines	[Agency	for	Healthcare	
Policy	and	Research,	1992]	 reported	8	randomized	
controlled	trials	with	PPA,	50	mg	twice	daily	for	SUI	
in	women.	Percent	cures	(all	igures	refer	to	percent	
effect on drug minus percent effect on placebo) were 
listed	as	0%	to	14%,	percent	reduction	in	continence	
as	19%	to	60%,	and	percent	side	effects	and	percent	
dropouts	as	5%	to	33%	and	0%	to	4.3%	respectively.	
The most recent Cochrane review on the subject 
[Alhasso	 et	 al,	 2005,	 reprinted	 virtually	 unchanged	
in	2008]	assessed	randomized	or	quasi-randomized	
controlled trials in adults with stress urinary inconti-
nence which included an adrenergic agonist drug in 
at	least	one	arm	of	the	trial.	There	were	no	controlled	
studies	 reported	on	 the	use	of	 such	drugs	 in	men.	
Twenty-two	eligible	trials	were	identiied,	11	of	which	
were crossover trials, which included 1099 women, 
673 of whom received an adrenergic drug (PPA in 
11, midrodrine in 2, norepinephrine in 3, clenbuterol 
in	 3,	 terbutaline	 in	 1,	 eskornade	 in	 1	 and	RO	115-
1240	in	1).	The	authors	concluded,	“there	was	weak	
evidence to suggest that use of an adrenergic ago-
nist was better than placebo in reducing the number 

of pad changes and incontinence episodes, as well 
as,	improving	subjective	symptoms”.	There	was	not	
enough evidence to evaluate the merits of an adren-
ergic agonist compared with estrogen, whether used 
alone	or	in	combination.	Regarding	adverse	events,	
the review reported similar numbers with adrenergic, 
placebo,	or	alternative	drug	treatment.	Over	25%	of	
subjects reported such effects, but when these con-
sisted of effects due to adrenergic stimulation, they 
caused	discontinuation	in	only	4%	of	the	total.	

Ephedrine	and	PPA	lack	selectivity	for	urethral	α-ARs	
and can increase blood pressure and cause sleep dis-
turbances, headache, tremor, and palpitations [Ander-
sson	and	Wein,	2012].	Kernan	et	al.	[2000]	reported	
the risk of hemorrhagic stroke to be 16 times higher in 
women	less	than	50	years	of	age	who	had	been	taking	
PPA	as	 an	 appetite	 suppressant	 (statistically	 signii-
cant) and 3 times higher in women who had been tak-
ing the drug for less than 24 hours as a cold remedy 
(not	statistically	signiicant).	There	was	no	increased	
risk	in	men.	PPA	has	been	removed	from	the	market	
in	the	United	States.	It	is	still	allowed	as	a	treatment	
for	SUI	in	a	few	countries.	Numerous	case	reports	of	
adverse reactions due to ephedra alkaloids exist, and 
some	[Bent	et	al.,	2003)	had	suggested	 that	sale	of	
these compounds as a dietary supplement be restrict-
ed	or	banned.	In	December	2003,	the	Food	and	Drug	
Administration of the US decreed such a ban, a move 
which	has	survived	legal	appeal.

Midodrine	and	methoxamine	stimulate	α1-ARs	with	
some	 degree	 of	 selectivity.	According	 to	 the	 RCTs	
available, the effectiveness of these drugs is mod-
erate at best, and the clinical usefulness seems to 
be	 limited	by	adverse	effects	 [Alhasso	et	al.,	2003;	
Radley	et	al.,	2001;	Weil	et	al.,	1998].

Attempts continue to develop agonists with relative 
selectivity	 for	 the	human	urethra.	Musselman	et	al.	
[2004]	reported	on	a	phase	2	randomized	crossover	
study	with	RO	115-1240,	a	peripheral	active	selective	
α1A/1L-AR	 partial	 agonist	 [Blue	 et	 al.,	 2004]	 in	 37	
women	with	mild	to	moderate	SUI.	A	moderate,	posi-
tive effect was demonstrated, but side effects have 
apparently	curtailed	further	development	of	the	drug.	
PF-3774076,	a	CNS	penetrating	partial	α1A-AR	ago-
nist, increased peak urethral pressure in dogs and 
was	selective	with	respect	to	α1B	and	α1D	receptors,	

Drug    Level of evidence                      Grade of recommendation
     
Clenbuterol     3     C
Duloxetine     1     B
Ephedrine     3     D
Estrogen     2     D 
Imipramine     3     D                                                                                                                                       
Methoxamine     2    D                                                                               
Midodrine     2     C                                                                            
Norephedrine    3     D                                                            
(phenylpropanolamine)

Table 3.  Drugs used in the treatment of stress incontinence. Assessments according to the Oxford 
system (modified)

I. α-ADRENOCEPTOR AGONISTS
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III. β –ADRENOCEPTOR
ANTAGONISTS

IV. SEROTONIN-NORADRENALINE 
UPTAKE INHIBITORS

II. β-ADRENOCEPTOR AGONISTS

but heart rate and blood pressure changes caused 
signiicant	concern	(Conlon	et	al.,	2009).	Furuta	et	al.	
[2009]	reported	that	the	α2-AR	can	inhibit	the	release	
of glutamate presynaptically in the spinal cord and 
proposed	that	α2-AR	antagonists	would	be	useful	as	
a	treatment	for	SUI.	This	hypothesis	awaits	testing.

Clenbuterol .	β-AR	stimulation	is	generally	conceded	
to	decrease	urethral	pressure	[Andersson,	1993],	but	
β2-AR	agonists	have	been	 reported	 to	 increase	 the	
contractility of some fast contracting striated muscle 
ibers	and	suppress	that	of	slow	contracting	ibers	of	
others	 [Fellenius	 et	 al.,1980].	 Some	 β-AR	 agonists	
also	 stimulate	 skeletal	muscle	 hypertrophy	 –	 in	 fast	
twitch	more	so	than	slow	twitch	ibers	[Kim	et	al.,	1992].	
Clenbuterol	has	been	reported	to	potentiate	the	ield	
stimulation induced contraction in rabbit isolated peri-
urethral muscle preparations, an action which is sup-
pressed by propanolol and greater than that produced 
by	isoprotererol	[Kishimoto	et	al,	1991].	These	authors	
were	 the	irst	 to	 report	an	 increase	 in	urethral	pres-
sure with clinical use of clenbuterol and to speculate 
on	its	potential	for	the	treatment	of	SUI.	Yaminishi	et	
al.	[1994]	reported	an	inotropic	effect	of	clenbuterol	and	
terbutaline on the fatigued striated urethral sphincter 
of	dogs,	abolished	by	β-AR	blockade.

Yasuda	et	al.	[1993]	described	the	results	of	a	double	
blind	placebo	 controlled	 trial	with	 this	 agent	 in	 165	
women	with	SUI.	Positive	statistical	signiicance was 
achieved for subjective evaluation of incontinence 
frequency, pad usage per day, and overall global as-
sessment.	Pad	weight	decreased	 from	11.7±	17.9g	
to	6.0±	12.3g	for	drug	and	from	18.3±	29.0g	to	12.6±	
24.7g	for	placebo,	raising	questions	about	the	com-
parability	of	the	2	groups.	The	“signiicant”	increase	
in	MUCP	was	from	46.0±	18.2	cm	H2O	to	49.3±	19.1	
cm	H2O,	versus	a	change	of	-1.5	cm	H2O	in	the	pla-
cebo	group.	56/77	patients	in	the	clenbuterol	group	
reported	some	degree	of	improvement	versus	48/88	
in	the	placebo	group.	The	positive	effects	were	sug-
gested to be a result of an action on urethral stri-
ated	muscle	and/or	 the	pelvic	loor	muscles.	 Ishiko	
et	 al.	 [2000]	 investigated	 the	effects	of	Clenbuterol	
on 61 female patients with stress incontinence in a 
12-week randomized study, comparing drug therapy 
to	pelvic	loor	exercises.	The	frequency	and	volume	
of stress incontinence and the patient’s own impres-
sion were used as the basis for the assessment of ef-
icacy.	The	improvement	of	incontinence	was	76.9%,	
52.6%,	 and	 89.5%	 in	 the	 respective	 groups.	 In	 an	
open	 study,	 Noguchi	 et	 al	 [1997]	 reported	 positive	
results	with	clenbuterol	(20	mg	b.i.d.	for	1	month)	in	
9 of 14 patients with mild to moderate stress incon-
tinence	after	 radical	 prostatectomy.	No	 subsequent	
published	 reports	 have	 appeared.	 Further	 well-de-
signed RTCs investigating effects of clenbuterol are 
needed to adequately assess its potential as a treat-
ment	for	stress	incontinence.

There have been no recent reports of clinical trials 
with	α1-	or	β-AR	agonists	or	antagonists	for	SUI.

The	theoretical	basis	for	the	use	of	β-AR	antagonists	
in the treatment of stress incontinence is that block-
ade	 of	 urethral	 β-ARs	 may	 enhance	 the	 effects	 of	
noradenaline	on	urethral	α-ARs.	Propranolol	has	been	
reported	to	have	beneicial	effects	in	the	treatment	of	
stress	 incontinence	 [Gleason	 et	 al.,	 1974;	 Kaisary,	
1984]	but	there	are	no	RCTs	supporting	such	an	ac-
tion.	In	the	Gleason	et	al.	[1974]	study,	the	beneicial	
effects become manifest only after 4 to 10 weeks of 
treatment,	a	dificult	to	explain	phenomenon.	Donker	
and	Van	der	Sluis	[1976]	reported	that	β-AR	blockade	
did	not	change	UPP	in	normal	women.	Although	sug-
gested	as	an	alternative	to	α-AR	agonists	in	patients	
with SUI and hypertension, these agents may have 
major potential cardiac and pulmonary side effects of 
their	own,	related	to	their	therapeutic	β-AR	blockade.

1. IMIPRAMINE

Imipramine, among several other pharmacological ef-
fects has classically been reported to inhibit the re-
uptake of noradrenaline and serotonin in adrenergic 
nerve	endings.	In	the	urethra	this	could	be	expected	
to enhance the contractile effects of noradrenaline on 
urethral	smooth	muscle.	Gilja	et	al.	[1984]	reported	in	
an open study on 30 women with stress incontinence 
that	imipramine,	75	mg	daily,	produced	subjective	con-
tinence in 21 patients and increased mean maximal 
urethral closure pressure (MUCP) from 34 to 48 mm 
Hg.	A	35%	cure	rate	was	reported	by	pad	test	and,	in	
an	additional	25%,	a	50%	or	more	improvement.	Lin	
et	al.	[1999]	assessed	the	eficacy	of	imipramine	(25	
mg imipramine three times a day for three months) 
as a treatment of genuine stress incontinence in 40 
women	with	genuine	stress	incontinence.	A	20-minute	
pad	test,	urolowmetry,	illing	and	voiding	cystometry,	
and	 stress	 urethral	 pressure	 proile	were	 performed	
before	and	after	treatment.	The	eficacy	of	“successful	
treatment”	was	60%	(95%	CI	11.8-75.2).	There	are	no	
RCTs	on	the	effects	of	imipramine	on	SUI.	No	subse-
quent	published	reports	have	appeared.	

Interestingly,	 Gillman	 [2007]	 reported	 that	 clomip-
ramine	had	 far	 greater	 5HT	 reuptake	 inhibition	 than	
imipramine	and	roughly	similar	NA	reuptake	inhibition.	
Desipramine	and	reboxetine	had	greater	NA	reuptake	
inhibition (desipramine superior), with less effects than 
imipramine	on	5HT	uptake	(desipramine	superior).

2. DULOXETINE

Duloxetine hydrochloride is a combined norepineph-
rine and serotonin reuptake inhibitor, which has been 
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shown	 to	 signiicantly	 increase	 sphincteric	 muscle	
activity	during	the	illing/storage	phase	of	micturition	
in the cat acetic acid model of irritated bladder func-
tion	[Thor	et	al.,	1995;	Katoiasc	et	al.,	2002].	Bladder	
capacity was also increased in this model, both ef-
fects mediated centrally through both motor efferent 
and	sensory	afferent	modulation	[Fraser	et	al.,	2003].	
The	sphincteric	effects	were	reversed	by	α1	adren-
ergic	 (praxosin)	and	5HT2	serotonergic	 (LY	53857)	
antagonism, while the bladder effects were mediated 
by temporal prolongation of the actions of serotonin 
and	norepinephrine	in	the	synaptic	cleft	[Fraser	et	al.,	
2003].	Duloxetine	is	lipophilic,	well	absorbed,	and	ex-
tensively	metabolized	(CYP2D6).	Its	plasma	half-life	
is	approximately	12	h	[Sharma	et	al.,	2000].

Thor	 et	 al.	 [2007]	 described	 the	mechanisms	 of	
action	 and	 the	 physiologic	 effects	 of	 duloxetine.	
5HT	 (serotonin)	 and	 NA	 terminals	 are	 dense	 in	
spinal areas associated with lower urinary tract 
functioning especially around the pudendal nerve 
neurons	in	Onuf’s	nucleus.	These	are	projections	
from	separate	areas	in	the	brain	stem.	Glutamate	
is the primary excitatory neurotransmitter in the 
spinal cord, activating the pudendal neurons in 
Onuf’s	nucleus	causing	contraction	of	the	urethral	
rhabdosphincter (Figure 20 ).	The	 rhabdosphinc-
ter innervation is proposed as distinct from that 
of	the	levator	ani	[Thor	and	de	Groat,	2010].	The	
responsiveness of the rhabdosphincter motor 
neurons to glutamate is modulated (facilitated) by 
5HT	 (through	 5HT2	 receptors)	 and	 NA	 (through	

α1	-ARs).	5HT	and	NA,	however,	only	modulate,	
and, when micturition occurs, glutamate excita-
tion	 and	 the	 rhabdosphincter	 contraction	 cease.	
Excitatory effects on urethral sphincter activity are 
shared	to	a	lesser	extent	by	receptors	for	5HT1A	
(indirect	through	a	supraspinal	stimulation),	TRH,	
Vasopressin,	NMDA	and	AMPA;	inhibitory	effects	
are	similarly	mediated	by	κ2	opioid,	α1	ARs,	GA-
BA-A, GABA-B and glycine receptors [Thor and 
de	Groat,	 2010].	Some	CNS	penetrant	 selective	
5HT2C	agonists	have	been	found	to	increase	ure-
thral muscle tone and inhibit micturition reflexes 
in animal models, and these are additional candi-
dates for clinical development for the treatment of 
SUI	[Brennan	et	al.,	2009,	Andrews	et	al.,	2011].

Sevral RTCs have documented the effect of dulox-
etine	 i	SUI	 [Norton	et	al.,	2002;	Dmochowski	et	al,	
2003;	Millard	et	al.,	2004].	A	Cochrane	review	of	the	
effects of duloxetine for stress urinary incontinence 
in women is available, the last substantive amend-
ment	listed	as	25	May	2005	[Mariappan	et	al.,	2005].	
Fifteen	reports	were	deemed	eligible	for	analysis,	9	
primary studies and 6 additional reports related to 1 
or	2	of	 the	primary	references.	An	additional	analy-
sis “performed under the auspices of the Cochrane 
Incontinence Group” was performed on just the 9 
primary trials comparing duloxetine and placebo, 
and	 published	 separately	 [Mariappan	 et	 al.,	 2007].	
The	 results	 can	 be	 summarized	 as	 follows.	 Sub-
jective “cure” in the duloxetine 80 mg daily (40 mg 
b.i.d.)	was	higher	than	in	the	placebo	group	(10.8%	

Figure 20: The striated urethral sphincter is innervated by the pudendal nerve, which contains the axons of 
motor neurons whose cell bodies are located in Onuf’s nucleus. Glutamate exerts a tonic excitatory effects 
on these motor neurons, and this effect is enhanced by noradrenaline (NA) and serotonin (5-HT), acting on 
α1- adrenoceptors and 5-HT2-receptors, respectively. By inhibition of the reuptake of noradrenaline and 
serotonin, duloxetine increases the contractile activity in the striated sphincter (nicotinic receptors: + Nic). 
DC = dorsal commissure; DH = dorsal horn; VH = ventral horn; LF = lateral funiculus; ACh = acetylcholine
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vs	 7.7%,	 overall	 RR	 =	 1.42;	 95%	CI,	 1.02-1.98;	 p	
=	 0.04).	The	 estimated	 absolute	 size	 of	 effect	was	
about	 3	more	 patients	 cured	 of	 every	 100	 treated.	
Objective	 cure	 data,	 available	 from	 only	 1	 trial,	
showed	no	clear	drug/placebo	difference.	Duloxetine	
showed	greater	improvement	in	I-QOL	(WMD	for	80	
mg:	4.5;	95%	CI	2.83-6.18,	p<0.00001).	Adverse	ef-
fects	in	6	trials	were	analyzed.	These	were	reported	
by	71%	of	drug	subjects	and	59%	of	those	allocated	
to	placebo.	Nausea	was	the	most	common	adverse	
event	 and	 the	 incidence	 ranged	 from	 23-25%	 and	
was	the	main	reason	for	discontinuation.	Other	side	
effects reported were vomiting, constipation, dry 
mouth, fatigue, dizziness and insomnia, overall RR 
1.30	(95%	CI,	1.23-1.37).	Across	these	6	trials	17%	
in	the	drug	group	withdrew,	4%	in	the	placebo	arm.	In	
the 2007 article, the authors conclude by saying that 
further research is needed as to whether manage-
ment policies incorporating duloxetine are clinically 
effective and cost effective compared to other current 
minimally invasive and more invasive approaches in 
patients with varying severity of SUI, and that “lon-
ger term experience is now a priority to determine 
whether	there	is	sustained	eficacy	during	and	after	
duloxetine	use	and	to	rule	out	complications”.	

Hurley	 et	 al.	 [2006]	 characterized	 the	 safety	 of	
duloxetine for treatment of SUI in women, us-
ing an integrated database generated from four 
published	 placebo-controlled	 clinical	 trials.	 The	
database included 1913 women randomized to 
duloxetine	(N=958)	or	placebo	(N=955),	examin-
ing adverse events (AEs), serious adverse events 
(SAEs), vital signs, electrocardiograms, and labo-
ratory	analytes.	AEs	occurring	initially	or	worsen-
ing during the double-blind treatment period were 
considered	 treatment-emergent	 (TEAE).	 Differ-
ences between duloxetine-treated and placebo-
treated	groups	were	compared	statistically.	Com-
mon	TEAEs	included:	nausea	(23.2%),	dry	mouth	
(13.4%),	fatigue	(12.7%),	insomnia	(12.6%),	con-
stipation	 (11.0%),	 headache	 (9.7%),	 dizziness	
(9.5%),	somnolence	(6.8%),	and	diarrhea	(5.1%).	
Most TEAEs that emerged early were mild to 
moderate,	rarely	worsened,	and	resolved	quickly.	
Overall	AE	discontinuation	 rates	were	20.5%	 for	
duloxetine	 and	3.9%	 for	 placebo	 (P<.001).	Most	
discontinuations	 (83%)	 occurred	 within	 the	 first	
month	 of	 treatment.	 SAEs	 were	 uncommon	 and	
did	 not	 differ	 between	 treatments.	 Statistically	
significant, but clinically unimportant mean in-
creases	 in	heart	 rate	 (2.4	bpm)	and	systolic	and	
diastolic	blood	pressure	(<or=2	mmHg)	occurred.	
No	 arrhythmogenic	 potential	 was	 observed	 and	
any rare, transient, asymptomatic increases in 
hepatocellular	enzymes	normalized.	The	authors	
concluded that duloxetine was safe and tolera-
ble,	although	transient	AEs	were	not	uncommon.	
Hashim	and	Abrams	[2006]	suggested,	to	reduce	
the risk of nausea, to begin with a dose of 20 mg 
twice daily for 2 weeks, then to increase to the 
recommended	40	mg	b.i.d.	dosage.	

Ghoniem	 et	 al.	 [2005]	 randomized	 women	 with	
SUI to 1 of 4 treatment combinations: duloxetine 
alone	 (40	 mg	 b.i.d.),	 pelvic	 floor	 muscle	 train-
ing,	combination	and	placebo.	Overall,	drug	with	
or	without	PFMT	was	superior	 to	PFMT	alone	or	
placebo,	while	pad	results	and	QOL	data	favored	
combination	 therapy	 to	 single	 treatment.	 Car-
dozo	 et	 al.	 [2004]	 reported	 that	 20%	 of	 women	
awaiting continence surgery changed their minds 
while	taking	duloxetine.	Duckett	et	al.	 [2006],	of-
fered a 4-week course to women awaiting a TVT 
operation.	Thirty-seven	percent	 (of	73)	declined.	
Excluding women for whom concomitant prolapse 
surgery	 was	 planned,	 8/33	 (24%)	 scheduled	 for	
incontinence	surgery	alone	came	off	the	list.	Six-
teen	 (48%)	 discontinued	 duloxetine	 because	 of	
AEs,	9	(27%)	found	the	drug	ineffective.

Bent	 et	 al.	 [2008],	 reported	 on	 the	 effects	 of	 12	
weeks	of	duloxetine	 (40	mg	b.i.d.)	vs	placebo	 in	
a	 large	 group	 of	 women	with	MUI.	 For	 SUI	 epi-
sodes,	 the	mean	 IEF	 (incontinence	 episode	 fre-
quency)	 per	 week	 decreased	 58.9%	 with	 drug	
[7.69	to	3.93]	vs	43.3%	for	placebo	[8.93	to	6.05].	
Interestingly, corresponding decreased for UUI 
episodes	were	57.7%	vs	39.6%.	Both	sets	of	val-
ues are statistically significant, but the baselines 
are different and the absolute change for SUI 
amounted	 to	 -3.76	 episodes	 per	 week	 for	 drug,	
-2.87	for	placebo.	Nausea	was	reported	by	18%	of	
patients	on	drug,	4.5%	on	placebo.	Correspond-
ing percents for other AEs include, dry mouth (12 
vs	 2.8),	 dizziness	 (9.7	 vs	 2.4),	 constipation	 (8.3	
vs	 4.2),	 fatigue	 (6.7	 vs	 2.8).	 Nausea	 and	 dizzi-
ness were less common in a subgroup taking 
concurrent	antidepressants.	Women	65	years	and	
older with SUI or stress predominant MUI (S-MUI) 
were	given	duloxetine	(40	mg	b.i.d.	after	a	2-week	
start	on	20	mg	b.i.d.)	or	placebo	for	12	weeks	by	
van	 Leeuwen	 et	 al	 [2008].	 They	 conclude,	 “this	
study supports the use of duloxetine in elderly 
women	with	SUI	or	S-MUI”.	The	data	show	an	ab-
solute	change	 in	SUI	+	S-MUI	episodes	of	 -11.7	
and	 -6.9	 IEF/week	 (drug	 and	 placebo)	 and	 me-
dian	percent	 changes	of	 -52.5%	vs	 -36.7%	 from	
24h	diaries,	both	significant	at	p<0.001.	However,	
the	 changes	 for	 SUI	 alone	 were	 -53%	 vs	 -42%	
(NS)	while	 for	S-MUI	alone	 they	were	-51.6%	vs	
-32.7%	(p<0.001).	Nausea	was	less	than	in	other	
trials	 (7.5%	 vs	 3.1%),	 perhaps	 due	 to	 the	 lower	
starting	dose.	Other	AEs	included	fatigue	(14.2%	
vs	5.4),	constipation	(10.4	vs	0.8),	dizziness	(9.0	
vs	4.6),	excess	sweating	(5.2	vs	0).

Schagen	van	Leeuwen	et	al.	 [2008]	 investigated	
efficacy and safety of duloxetine in elderly wom-
en with stress urinary incontinence or stress-
predominant	 mixed	 urinary	 incontinence.	 Dulox-
etine-treated patients had a significantly greater 
decrease from baseline to endpoint in mean in-
continence	 episode	 frequency/week	 than	 place-
bo-treated	 patients	 (-52.47%	 vs.	 -36.70%).	 The	
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responder	 rate	 (>	 or	 =50%	 reduction	 in	 inconti-
nence	episode	frequency/week)	was	57.1%	in	the	
duloxetine	group	and	35.2%	in	the	placebo	group	
(P<0.001).	Significant	benefits	of	duloxetine	were	
also demonstrated for weekly continence pad 
usage, mean time between voids, incontinence 
quality	 of	 life	 questionnaire	 scores	 (P<0.001),	
and global impression of improvement ratings 
(P<0.001).	 Patients	 with	 depressive	 symptoms	
and cognitive impairments were few and changes 
were	insignificant.

Persistence on duloxetine was studied by Vella 
et	al.	[2008]	who	found	that	only	31%	of	an	origi-
nal cohort of 228 were still taking drug beyond 4 
weeks,	12%	at	4	months,	10%	at	6	months,	and	
9%	at	1	year.	Fifty-six	percent	of	the	discontinua-
tions	were	attributed	to	side	effects,	33%	to	 lack	
of	efficacy,	Bump	et	al.	[2008],	however,	reported	
that the positive effects of duloxetine were main-
tained in patients who continued treatment up to 
30 months, but admitted that this subgroup was 
likely to include predominantly patients who had 
favorable	 responses.	 The	 number	 decreased	
from 1424 in this cohort at 3 months to 368 at 
30	 months	 Shaban	 et	 al.	 [2010]	 concluded	 that	
duloxetine is “optional second line for women not 
willing or unfit for surgery after warning against 
side	effects	as	recommended	by	NICE	guidelines	
in	 the	UK”.	Similar	 sentiments	are	expressed	by	
Robinson	and	Cardozo	[2010].

Duloxetine is licensed at 40 mg twice daily for the 
treatment of SUI in the European Union [European 
Medicines	Agency,	 Scientiic	 Discussion,	 2005]	 in	
women with moderate to severe incontinence (de-
ined	 as	 15	 or	 more	 episodes	 per	 week).	 It	 was	
withdrawn	 from	 the	 FDA	 consideration	 process	 in	
the United States for the treatment of SUI, but is ap-
proved for the treatment of major depressive disor-
der	(20-30	mg	b.i.d.	initially,	60	mg	once	daily	main-
tenance), diabetic peripheral neuropathic pain (60 
mg once daily), generalized anxiety disorder (60 mg 
once	daily,	ibromyalgia	 (c0	mg	once	daily	 initially,	
60b mg once daily maintenance) and chronic mus-
culoskeletal pain (30 mg once daily initially,60 mg 
once	daily	as	maintenance.	The	product	information	
contains a “black box” warning of “increased risk 
of suicidal thinking and behavior in children, ado-
lescents and young adults taking antidepressants 
for major depressive disorder and other psychiatric 
disorders”, noting also that “depression and certain 
other psychiatric disorders are themselves associ-
ated with increases in the risk of suicide” [Prescrib-
ing Information, revised September 2011, Eli Lilly and 
Company,	Indianapolis,	Indiana	46285].	Other	warn-
ings	and	precautions	in	the	U.S.	in	the	United	States	
Product Information for psychiatric indications, not 
SUI, include hepatotoxicity (not to be used in patients 
with substantial alcohol use or chronic liver disease), 
orthostatic hypotension, serotonin syndrome (gen-
eral	statement	regarding	SSRIs	and	SNRIs),	abrupt	

discontinuation (may result in dizziness, paresthe-
sias, irritability and headache), inhibitors of CYP1A2 
(such	as	ciproloxacin),	thioridaxine	(do	not	adminis-
ter concomitantly) potent inhibitors of CYP2D6 (may 
increase	concentration),	and	others.	Adverse	events	
for 6801 drug and 4487 placebo treated patients re-
ported in the US Product Information (treatment for 
the	indications	mentioned)	are	nausea	(24%	vs	8%),	
dry	mouth	 (13	vs	5),	 fatigue	 (10	vs	5),	somnolence	
(10 vs 3), insomnia (10 vs 6), constipation (10 vs 4), 
dizziness	(10	vs	5).

Although	a	 problem	of	 signiicant	magnitude,	 espe-
cially after radical prostatectomy (RP) for cancer, the 
pharmacologic treatment of male SUI is an area that 
has	received	relatively	little	attention.	

Intrinsic sphincter function is the most important 
outlet	 factor	 maintaining	 continence	 in	 men.	 Ure-
thral support is less important, and there is no entity 
similar	 to	 the	hypermobility	phenomenon	 in	women.	
The proximal urethral sphincter extends from the 
bladder	neck	 through	the	prostatic	urethra.	 Its	 func-
tion	 is	 removed	 by	 radical	 prostatectomy.	 The	 dis-
tal urethral sphincter includes the rhabdosphincter, 
urethral smooth muscle and extrinsic paraurethral 
skeletal muscle, extending from the prostatic urethra 
below the verumontanum through the membranous 
urethra	[Koelbl,	Nitti	et	al,	2009].	Tsakiris	et	al	[2008]	
searched for articles on drug treatment of male SUI 
published between 1966 and June 2007 and did a 
generalized	database	search	 in	addition.	Nine	 trials	
were	identiied	using	alpha	adrenergic	agonists,	beta-
2	antagonists	or	SNRSs.	Only	one	of	these	included	
a	comparison	arm	[Filocamo	et	al,	2007],	40	mg	b.i.d.	
duloxetine	 plus	 pelvic	 loor	 exercise	 (PFE)	 vs	 PFE	
with	placebo.	The	results	suggested	a	positive	effect	
of	drug,	but	were	a	bit	confusing.	Of	 those	patients	
completing	the	4	month	trial	[92/112]	78%	of	the	drug	
treated	patients	vs	52%	of	those	in	the	placebo	group	
were	“dry”.	However,	one	month	after	the	end	of	the	
study,	the	corresponding	igures	were	46%	vs	73%,	a	
shift	still	observed	2	months	later.	The	authors	of	the	
review article suggested further larger and well de-
signed	studies	on	duloxetine	for	this	potential	usage.

Cornu	et	al.	[2011]	reported	a	series	of	post	RP	men	
with SUI or MUI (stress predominant) randomized to 
duloxetine	[I5]	and	placebo	[16]	after	a	2-week	pla-
cebo	run	in.	Dosage	was	20	mg	b.i.d.	for	7d,	40	mg	
b.i.d.	for	67d,	20	mg	for	14d.	Subjects	were	at	least	
1	 year	 post	 surgery.	 Outcome	 measures	 included	
percent	 decrease	 in	 IEF,	 1h	 pad	 test	 and	 various	
QOL	measures.	Statistical	 signiicance	 for	 IEF	per-
cent	decrease	occurred	only	at	week	8	&	12	[(-)	52.2	
±	38.6%	vs	 (+)19	±	43.5%]	but	 there	was	clearly	a	
trend	at	4	weeks.	There	was	no	statistical	difference	
in	1h	pad	test	weights	but	there	was	in	various	QOL	
scores.	A	50-100%	decrease	in	IEF	was	seen	at	12	

D. Stress urinary incontinence
in men
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weeks	 in	 over	 half	 of	 the	 patients.	Adverse	 events	
for	drug	and	placebo	 included	 fatigue	(50	vs	13%),	
insomnia	(25	vs	7),	libido	loss	(19	vs	7),	constipation	
(13 vs 7), nausea (13 vs 7), diarrhea (13 vs 7), dry 
mouth	(6	vs	0),	anorexia	(6	vs	0),	and	sweating	(25	
vs	20).	Drawbacks	and	concerns	are	the	small	num-
ber (the original proposed sample size was 90) and 
the	lack	of	any	placebo	effect	on	IEF	and	QOL.	There	
were	4	men	with	MUI	in	the	drug	group,	5	in	the	pla-
cebo	group.	Results	for	SUI	and	UUI	were	not	sepa-
rated.	One	would	logically	not	expect	improvement	to	
continue after drug withdrawal unless a permanent 
change occurred in behavior, anatomy or neuromus-
cular	 function.	 In	 an	 uncontrolled	 usage	 study	 on	
men	with	 post	RP	SUI,	Serra	 et	 al	 [2011]	 reported	
that	the	beneit	remained	in	85%	after	the	drug	was	
stopped.	In	that	series,	25%	of	patients	withdrew	be-
cause	of	AEs	and	33%	because	of	lack	of	effect.

Usage of duloxetine for SUI in the male is universally 
off	label.	A	drug	for	this	indication	would	be	welcome.	
Larger controlled and better designed studies are 
necessary to provide conclusive positive or negative 
data	on	this	subject.

Urinary incontinence most often results from invol-
untary	 bladder	 contractions	 and/or	 too	 little	 resis-
tance	generated	by	the	bladder	outlow	tract	during	
the storage phase of the micturition cycle (urgency 
incontinence	and	stress	incontinence,	respectively).	
More rarely, incontinence can also occur because of 
too	little	pressure	generation	and/or	too	much	outlow	
resistance, which can lead to a markedly distended 
bladder and urinary retention and, secondarily, over-
low	incontinence	[Abrams	et	al.,	2002].

Based upon theoretical reasoning, animal studies 
[Kamo	et	al.,	2005;	Gu	et	al.,	2004],	and	reports	of	
drugs	that	can	cause	overlow	incontinence	[Anders	
et	al.,	1985],	a	variety	of	medical	approaches	to	the	
treatment	 of	 overlow	 incontinence	 have	 been	 pro-
posed [Chutka and Takahashi, 1998; Diokno AC, 
2004;	Hampel	 et	 al.,	 2005].	Treatment	may	 aim	 to	
increase bladder contractility, decrease bladder out-
let	 resistance,	 or	 both.	 Theoretically,	 all	 drugs	 that	
improve decreased sensation (and increase affer-
ent activity) or drugs that increase detrusor contrac-
tile	 force	 could	 be	 useful.	Alternatively,	 agents	 that	
decrease	 outlow	 resistance,	 thereby	 restoring	 an	
appropriate balance between detrusor strength and 
urethral	resistance,	could	be	used.

These drugs include direct or indirect muscarinic re-
ceptor	agonists,	α1-AR	antagonists,	choline	esterase	
inhibitors, prostaglandins (PG), and skeletal muscle 
relaxants	[Diokno	AC,	2004].	The	use	of	muscarinic	
receptor agonists, such as bethanechol, to stimulate 

detrusor muscarinic receptors, or choline esterase 
inhibitors, such as distigmine, to reduce the degra-
dation of acetylcholine, is based upon the idea that 
stimulation of muscarinic receptors may overcome a 
hypocontractile	 detrusor	 [Barendrecht	 et	 al.,	 2007].	
However,	 a	 recent	 systematic	 review	 of	 controlled	
clinical studies that used direct and indirect para-
sympathetic agonists in patients with an underac-
tive detrusor reported that these drugs do not pro-
vide	 consistent	 beneits	and	may	even	be	harmful.	
The available information indicates that muscarinic 
receptor agonists and choline esterase inhibitors 
have	 little,	 if	 any,	 beneicial	 effects	 on	 preventing	
and	treating	detrusor	underactivity.	While	 there	 is	a	
theoretical	 basis	 for	 the	 use	 of	 β-agonists	 to	 relax	
the	sphincter,	no	deinite	improvements	in	symptoms	
have	yet	been	demonstrated	[Riedl	et	al.,	2000;	Das-
gupta	et	al.,	2003;	Barendrecht	et	al.,	2007;	Ahmad	
et	al.	2009].	As	bethanechol	exerts	its	effect	on	intact	
smooth muscle cells only, it is of limited use for the 
treatment	of	bladder	atony.	Idiopathic	detrusor	atony	
is	poorly	responsive	to	medical	treatment	[Noel	et	al.	
2010].

The	 use	 of	 α1-AR	 antagonists	 has	 repeated-
ly	 been	 shown	 to	 be	 beneicial	 in	 patients	 with	
acute urinary retention due to benign prostatic 
enlargement[McNeill	et	al.,	2004;	2005;	Fitzpatrick	
et	al.,	2012].	These	drugs	are	believed	to	facilitate	
bladder emptying by relaxing tone at the bladder 
neck.	Administration	of	alfuzosin	10	mg	daily	almost	
doubles the likelihood of a successful trial without 
a catheter, even in patients who are elderly with a 
PVR	>	100	mL.	Continued	use	of	alfuzosin	signii-
cantly	 reduced	 the	 risk	of	BPH	surgery	 in	 the	irst	
3	months;	 however,	 this	 effect	 was	 not	 signiicant	
after	6	months	[Fitzpatrick	and	Kirby,	2006;	Ember-
ton	et	al.,	2008;	Kalejaiye	et	al.,	2009].	Thus,	α1-AR	
antagonists provide rapid symptom relief from outlet 
obstruction caused by benign prostatic enlargement 
and delay the time to acute urinary retention; how-
ever, they do not decrease the overall risk of acute 
urinary	retention	or	surgery	[Emberton	et	al.,	2008;	
Edwards,	2008;	Fitzpatrick	et	al.,	2012].

Acute	urinary	retention	may	ocur	after	surgery.	Buck-
ley	and	Lapitan	[2010]	reviewed	drugs	used	for	treat-
ment of post-operative urinary retention either alone 
or	in	combination,	assessing	cholinergic	agents,	α1-
AR	blockers,	sedatives	and	prostaglandins.	A	statis-
tically	 signiicant	 association	 between	 intravesically	
administered prostaglandins and successful voiding 
was detected, but no such association was found 
for	 the	 other	 drugs	 investigated.	 When	 cholinergic	
agents were combined with sedative there was an 
improved likelyhood of spontaneous voiding com-
pared	with	placebo.

There are some potential new agents for the treat-
ment	 of	 an	 underactive	 bladder.	 Misoprostol,	 a	
cholinesterase inhibitor, and cholinergic agents are 
potential candidates for the treatment of the under-
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active	 bladder,	 but	 their	 safety	 and	 lack	 of	 beneit	
is	of	concern.	Novel	muscarinic	 receptor	manipula-
tion using the presynaptic M2 receptor antagonist 
or postsynaptic allosteric receptor enhancement is 
promising.	The	prokinetics	used	in	gastroenterology	
and the smooth muscle ionotropics used in cardiol-
ogy	warrant	consideration.	The	use	of	trophic	factors	
such as insulin-like growth factor and nerve growth 
factor may improve muscle and nerve function in 
the	lower	urinary	tract.	Furthermore,	the	use	of	stem	
cells, regenerative medicine, and gene therapy might 
facilitate improved contractility in a weak detrusor 
[Chancellor	et	al.,	2008].	

However,	these	agents	have	never	been	tested	sys-
tematically	 in	 patients	 with	 overlow	 incontinence;	
there have been no randomized controlled trials to 
demonstrate the effectiveness and safety of these 
agents.	 Therefore,	 there	 is	 no	 empirical	 basis	 to	
select	medical	 treatments	 for	overlow	incontinence	
and all previously recommended treatments must 
be	rated	as	“expert	opinion”	at	best.	Better	systemic	
studies are required to determine the best medical 
treatment	 for	 overlow	 incontinence.	 Any	 medical	
treatment	for	overlow	incontinence	should	be	com-
pared	to	catherization	or	surgery.

1.  OESTROGENS AND THE CONTINENCE 
MECHANISM

The oestrogen sensitive tissues of the bladder, ure-
thra	and	pelvic	loor	all	play	an	important	role	in	the	
continence	mechanism.	For	women	to	remain	conti-
nent the urethral pressure must exceed the intra-ves-
ical	 pressure	 at	 all	 times	 except	 during	micturition.	
The urethra has four oestrogen sensitive functional 
layers all of which have a role in the maintenance of 
a positive urethral pressure 1) epithelium, 2) vascu-
lature,	3)	connective	tissue,	4)	muscle.

Two	 types	 of	 oestrogen	 receptor,	 (α	 and	 β)	 have	
been	identiied	in	the	trigone	of	the	bladder,	urethra	
and vagina as well as in the levator ani muscles and 
fascia	and	 ligaments	within	 the	pelvic	 loor	 [Smith	
et	 al.,	 1990;	 Copas	 et	 al.,	 2001;	 Gebhardt	 et	 al.,	
2001].	 After	 the	 menopause	 oestrogen	 receptor	
α	 has	 been	 shown	 to	 vary	 depending	 upon	 exog-
enous	 oestrogen	 therapy	 [Fu	 et	 al.,	 2003].	 In	 ad-
dition exogenous oestrogens affect the remodeling 
of collagen in the urogenital tissues resulting in a 
reduction of the total collagen concentration with 
a decrease in the cross linking of collagen in both 
continent	 and	 incontinent	 women	 [Falconer	 et	 al.,	
1998;	Keane	et	al.,	1997].	Studies	in	both	animals	
and humans have shown that oestrogens also in-
crease vascularity in the peri-urethral plexus which 

can be measured as vascular pulsations on urethral 
pressure	proilometry	[Robinson	et	al.,	1996;	Endo	
et	al.,	2000;	Versi	and	Cardozo,	1986].

2.  OESTROGENS FOR STRESS URINARY IN-
CONTINENCE

The role of oestrogen in the treatment of stress uri-
nary incontinence has been controversial despite 
a	number	of	 reported	clinical	 trials	 [Hextall,	2000].	
Some have given promising results but this may 
have been because they were small observational 
and	not	randomised,	blinded	or	controlled.	The	situ-
ation is further complicated by the fact that a num-
ber of different types of oestrogen have been used 
with varying doses, routes of administration and du-
ration	of	treatment.

Fantl	 et	 al.[1996]	 treated	 83	 hypo-oestrogenic	
women	with	urodynamic	stress	 incontinence	and/
or detrusor overactivity with conjugated equine 
oestrogens	 0.625	 mg	 and	 medroxyprogesterone	
10	 mg	 cyclically	 for	 three	 months.	 Controls	 re-
ceived	 placebo	 tablets.	 At	 the	 end	 of	 the	 study	
period the clinical and quality of life variables had 
not	changed	signiicantly	in	either	group.	Jackson	
et	 al.	 [1996]	 treated	 57	 post	menopausal	women	
with urodynamic stress or mixed incontinence with 
Oestradiol	 2	mg	 or	 placebo	 daily	 for	 six	months.	
There	was	no	signiicant	change	 in	objective	out-
come measures although both the active and pla-
cebo	groups	reported	subjective	beneit.

Two meta analyses of early data have been per-
formed.	 In	 the	irst,	a	report	by	 the	Hormones	and	
Urogenital	 Therapy	 (HUT)	 committee	 the	 use	 of	
oestrogens to treat all causes of incontinence in 
post	 menopausal	 women	 was	 examined	 [Fantl	 et	
al.,	 1994].	 Of	 166	 articles	 identiied,	 which	 were	
published in English between 1969 and 1992, only 
six were controlled trials and 17 uncontrolled se-
ries.	The	results	showed	that	there	was	a	signiicant	
subjective improvement for all patients and those 
with	urodynamic	stress	incontinence.	However,	as-
sessment of the objective parameters revealed that 
there was no change in the volume of urine lost, 
Maximum urethral closure pressure increased sig-
niicantly	but	this	result	was	inluenced	by	only	one	
study	showing	a	large	effect.

In the second meta-analysis Sultana and Walters 
[1990]	 reviewed	 eight	 controlled	 and	 14	 uncon-
trolled prospective trials and included all types of 
oestrogen	 treatment.	They	also	 found	 that	 oestro-
gen	 therapy	 was	 not	 an	 eficacious	 treatment	 for	
stress urinary incontinence but may be useful for 
the often associated symptoms of urgency and 
frequency.	 Oestrogen	 when	 given	 alone	 therefore	
does not appear to be an effective treatment for 
stress	urinary	incontinence.

Several studies have shown that oestrogen may 
have	a	role	in	combination	with	other	therapies	e.g.	
α-adrenoceptor	 agonists.	 However,	 phenylpropa-
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malamine	 (the	 most	 widely	 used	 α-adrenoceptor	
agonist in clinical practice) has now been restrict-
ed	or	banned	by	the	US	Food	and	Drug	Adminis-
tration	(FDA).

In	a	randomised	trial	Ishiko	et	al.	[2001]	compared	
the	effects	of	 the	combination	of	pelvic	loor	exer-
cise and oestriol (1 mg per day) in 66 patients with 
post	menopausal	 stress	urinary	 incontinence.	Efi-
cacy was evaluated every three months based on 
stress	scores	obtained	from	a	questionnaire.	They	
found	a	signiicant	decrease	in	stress	score	in	mild	
and moderate stress incontinent patients in both 
groups three months after the start of therapy and 
concluded that combination therapy with oestriol 
plus	 pelvic	 loor	 exercise	 was	 effective	 and	 could	
be	used	as	irst	line	treatment	for	mild	stress	urinary	
incontinence.	Unfortunately	this	has	not	been	repro-
duced	in	other	clinical	trials.

Thus even prior to the more recently reported sec-
ondary	 analyses	 of	 the	 heart	 and	 oestrogens/pro-
gestogen	replacement	study	(HERS)	[Grady	et	al.,	
2001]	and	women’s	health	initiative	(WHI)	[Hendrix	
et	 al.,	 2005]	 it	 was	 already	 recognised	 that	 oes-
trogen therapy had little effect in the management 
of	 urodynamic	 stress	 incontinence	 [Al-Badr	 et	 al.,	
2003;	Robinson	and	Cardozo	2003].

3.  OESTROGENS FOR URGENCY URI-
NARY INCONTINENCE AND OVERACTIVE 
BLADDER SYMPTOMS

Oestrogen	 has	 been	 used	 to	 treat	 post	 meno-
pausal urgency and urge incontinence for many 
years but there have been few controlled trials to 
confirm	that	it	is	of	benefit	[Hextall,	2000].	A	dou-
ble blind multi centre study of 64 post menopaus-
al women with “urge syndrome” failed to show 
efficacy	[Cardozo	et	al.,	1993].	All	women	under-
went pre-treatment urodynamic investigation to 
ensure that they had either sensory urgency or 
detrusor	 overactivity.	 They	 were	 randomised	 to	
treatment with oral oestriol 3 mg daily or placebo 
for	 three	months.	Compliance	with	 therapy	was	
confirmed by a significant improvement in the 
maturation index of vaginal epithelial cells in the 
active	 but	 not	 the	 placebo	 group.	 Oestriol	 pro-
duced subjective and objective improvements in 
urinary symptoms but was not significantly better 
than	placebo.

Another randomised controlled trial from the same 
group	 using	 25	 mg	 oestradiol	 implants	 conirmed	
the	previous	indings	[Rufford	et	al.,	2003],	and	fur-
thermore found a high complication rate in the oes-
tradiol	treated	patients	(vaginal	bleeding).

Symptoms of an overactive bladder increase in 
prevalence with increasing age and lower urinary 
tract symptoms and recurrent urinary tract infec-
tions are commonly associated with urogenital atro-
phy.	Whilst	the	evidence	supporting	the	use	of	oes-

trogens in lower urinary tract dysfunction remains 
controversial there are considerable data to support 
their use in urogenital atrophy and the vaginal route 
of administration correlates with better symptom re-
lief by improving vaginal dryness, pruritis and dys-
pareunia,	 greater	 improvement	 in	 cytological	 ind-
ings and higher serum oestradiol levels [Cardozo et 
al	1998].	Overall	vaginal	oestradiol	has	been	found	
to be the most effective in reducing patient symp-
toms although conjugated oestrogens produced the 
most cytological change and the greatest increase 
in	serum	oestradiol	and	oestrone.	The	most	recent	
meta anlysis of intravaginal oestrogen treatment in 
the management of urogenital atrophy was report-
ed by the Cochrane group in 2003 [Suckling et al 
2003].	Overall	16	trials	including	2129	women	were	
included and intravaginal oestrogen was found to 
be	superior	to	placebo	in	terms	of	eficacy	although	
there were no differences between types of formu-
lation.	 14	 trials	 compared	 safety	 between	 the	 dif-
ferent vaginal preparations and found a higher risk 
of endometrial stimulation with conjugated equine 
oestrogens	as	compared	to	oestradiol.

Thus theoretically there could be a role for com-
bination treatment with an anti muscarinic agent 
and	vaginal	oestrogen	in	post	menopausal	women.	
However,	 the	 two	 clinical	 trials	 which	 have	 been	
reported	 to	 date	 differ	 in	 their	 outcome.	 Tseng	 et	
al.[2009]	showed	superior	eficacy	in	terms	of	symp-
tom improvement for the overactive bladder when 
Tolterodine was used with vaginal oestrogen cream 
as	 opposed	 to	 Tolterodine	 alone.	 However,	 Serati	
et	 al.	 [2009]	 found	 no	 difference	 between	Toltero-
dine with or without topical oestrogen in women with 
symptomatic	detrusor	overactivity.

4.  EVIDENCE REGARDING OESTROGENS 
AND INCONTINENCE FROM LARGE 
CLINICAL TRIALS

The	 HERS	 study	 included	 763	 post	 menopausal	
women under the age of 80 years with coronary 
heart	disease	and	 intact	uteri	 [Grady	et	al.,	2001].	
It was designed to evaluate the use of oestrogen 
in	 secondary	 prevention	 of	 cardiac	 events.	 In	 a	
secondary	analysis	1525	participants	who	reported	
at least one episode of incontinence per week at 
baseline	were	included.	Participants	were	randomly	
assigned	 to	 0.625	 mg	 of	 conjugated	 oestrogens	
plus	 2.5	 mg	 of	 medroxyprogesterone	 acetate	 in	
one	 tablet	 (N=768)	 or	 placebo	 (N=757)	 and	 were	
followed	for	a	mean	of	4.1	years.	Severity	of	incon-
tinence	was	classiied	as	 improved,	unchanged	or	
worsened.	 The	 results	 showed	 that	 incontinence	
improved	in	26%	of	the	women	assigned	to	placebo	
compared	to	21%	assigned	to	hormones	whilst	27%	
of	the	placebo	group	worsened	compared	with	39%	
of	 the	 hormone	 group	 (P=0.001).	 This	 difference	
was evident by four months of treatment, for both 
urgency	and	stress	urinary	incontinence.	The	num-
ber of incontinence episodes per week increased an 
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average	of	0.7	in	the	hormone	group	and	decreased	
by	0.1	in	the	placebo	group	(p<	0.001).	The	authors	
concluded that daily oral oestrogen plus progesto-
gen therapy was associated with worsening urinary 
incontinence in older post menopausal women with 
weekly incontinence and did not recommend this 
therapy	for	treatment	of	incontinence.	However,	it	is	
possible that the progestogen component may have 
had	an	inluence	on	the	results	of	this	study.

The	Women’s	 Health	 Initiative	 (WHI)	 was	 a	 multi	
centre double blind placebo controlled randomised 
clinical trial of menopausal hormone therapy in 
27347	 postmenopausal	 women	 age	 50-79	 years	
enrolled between 1992 and 1998 for whom urinary 
incontinence symptoms were known in 23296 par-
ticipants	 at	 baseline	and	one	 year	 [Hendrix	 et	 al.,	
2005].	The	women	were	randomised	based	on	hys-
terectomy	 status	 to	 active	 treatment	 or	 placebo.	
Those	with	a	uterus	were	given	0.625	mg	per	day	of	
conjugated	equine	oestrogen	(CEE)	plus	2.5	mg	per	
day of medroxyprogesterone Acetate (CEE+MPA), 
whereas those who had undergone hysterectomy 
received	oestrogen	alone	 (CEE).	At	one	year	hor-
mone therapy was shown to increase the incidence 
of all types of urinary incontinence among women 
who	were	continent	at	baseline.	The	risk	was	high-
est for stress urinary incontinence CEE+MPA: RR, 
1.7	 95%	 continence	 interval)	 CI	 (1.61-2.18);	 CEE	
alone	RR	2.15	mg,	95%	CI,	1.77-2.62,	followed	by	
mixed	 urinary	 incontinence	 CEE+MPA:	 RR	 1.49	
95%	CI	1.10-2.01.	On	CEE	alone	RR	was	1.79	95%	
CI,	 1.26-2.53.	 The	 combination	 of	 CEE	 and	 MPA	
had	no	signiicant	effect	on	developing	urge	urinary	
incontinence	RR,	1.15;	95%	CI,	0.99-1.34	but	CEE	
alone	 increased	 the	 risk	 RR	 1.32;	 95%	 CI,	 1.10-
1.58.	For	those	women	experiencing	urinary	incon-
tinence at baseline frequency worsened in both ac-
tive	groups	CEE+MPA;	RR,	1.38	95%	CI	1.28-1.49;	
CEE	alone:	RR,	1.47	95%	CI,	1.35-1.61.	Quantity	
of urinary incontinence worsened at one year in 
both	 active	 groups,	CEE+MPA:	RR,	 1.20	 95%	CI,	
1.06-1.76;	CEE	alone:	RR,	1.59	95%	CI,	1.39-1.82.	
Those women receiving hormone therapy were 
more likely to report that urinary incontinence limit-
ed	their	daily	activities	CEE+MPA:	RR	1.18	95%	CI,	
1.06-1.32.	CEE	alone:	RR	1.29	95%	CI,	1.15-1.45	
at	one	year.	Thus	based	on	this	secondary	analysis	
of data from a huge study conjugated equine oes-
trogen alone or in combination with Medroxyproges-
terone Acetate was shown to increase the risk of 
urinary incontinence amongst continent women and 
worsen urinary incontinence amongst asymptom-
atic	women	after	one	year	of	therapy.

The	 Nurses	 Health	 Study	 [Grodstein	 et	 al.,	 2004]	
was	a	biennial	postal	questionnaire	starting	in	1976.	
In	1996	39436	post	menopausal	women	aged	50-75	
years was reported no urinary leakage at the start of 
the study were followed up for four years to identify 
incident	cases	of	urinary	incontinence.	5060	cases	of	

occasional	and	2495	cases	of	frequent	incontinence	
were	identiied.	The	risk	of	developing	urinary	incon-
tinence was increased amongst post menopausal 
women taking hormones compared to women who 
had	never	taken	hormones	(oral	oestrogen:	RR1.54	
95%	CI	1.44,	1.65;	transdermal	oestrogen:	RR1.68,	
95%	 CI	 1.41,	 2.00;	 oral	 oestrogen	 with	 progestin:	
RR1.34,	95%	CI	1.24,	1.44;	 transdermal	oestrogen	
with	 progestin:	 RR1.46,	 95%	 CI	 1.16,	 1.84).	 After	
cessation of hormone therapy there was a decreased 
risk of incontinence such that 10 years after stopping 
hormones the risk was identical in women who had 
and	who	never	had	taken	hormone	therapy.

The most recent meta analysis of the effect of oes-
trogen therapy on the lower urinary tract has been 
performed	 by	 the	 Cochrane	 Group	 [Cody	 et	 al.,	
2009]	and	is	notable	as	the	conclusions	are	starkly	
different from those drawn from the previous review 
[Moehrer	et	al.,	2003].	Overall	33	trials	were	identi-
ied	 including	 19313	 incontinent	 women	 (1262	 in-
volved in trials of local administration) of which 9417 
received	oestrogen	therapy.

Systemic administration (of unopposed oral oes-
trogens	 –	 synthetic	 and	 conjugated	 equine	 oes-
trogens) resulted in worse incontinence than pla-
cebo	 (RR1.32;	 95%	CI:	 1.17-1.48).	Although	 this	
is	heavily	inluenced	by	the	size	of	the	WHI	study	
[Hendrix	et	al	2005].	When	considering	combina-
tion therapy there was a similar worsening effect on 
incontinence	when	compared	to	placebo	(RR1.11;	
95%	 CO:	 1.04-1.08).	 There	 was	 some	 evidence	
suggesting that the use of local oestrogen therapy 
may	improve	incontinence	(RR0.74;	95%	CI:	0.64-
0.86)	and	overall	there	were	1-2	fewer	voids	in	24	
hours	and	less	frequency	and	urgency.

The authors conclude that local oestorgen therapy 
for	 incontinence	may	 be	 beneicial	 although	 there	
was	little	evidence	of	long	term	effect.	The	evidence	
would suggest that systemic hormone replacement 
using conjugated equine oestrogens may make in-
continence	worse.	In	addition	they	report	that	there	
are too few data to comment reliably on the dose 
type	of	oestrogen	and	route	of	administration.

Progesterone and progestogens are thought to 
increase	 the	 risk	 of	 urinary	 incontinence.	 Lower	
urinary tract symptoms especially stress urinary 
incontinence have been reported to increase in the 
progestogenic	phase	of	the	menstrual	cycle	[Hex-
tall	 et	 al.,	 2001].	 In	 similar	 studies	 progesterone	
has been shown to increase beta adrenergic ac-
tivity leading to a decrease in the urethral closure 
pressure	in	female	dogs	[Raz	et	al.,	1973].	Howev-
er,	in	the	WHI	there	appeared	to	be	no	difference	
whether or not progestin was given in addition to 
oestrogen	[Hendrix	et	al.,	2005].

II. OTHER HORMONES
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Selective oestrogen receptor modulators (SERMS) 
have	been	reported	to	have	varying	effects.	Each	of	
the SERMS has receptor ligand conformations that 
are unique and have both oestrogenic and anti oes-
trogenic	effects.	In	the	clinical	trials	of	levormeloxifene	
there was a fourfold increase in the incidence of incon-
tinence	leading	to	cessation	of	the	clinical	trial	[Hen-
drix	 et	 al.,	 2001].	 However	 raloxifene	 has	 not	 been	
shown to have any effect at all on urinary incontinence 
[Waetjen	et	al.,	2004].There	are	no	reported	clinical	tri-
als evaluating the effect of androgens, and in particu-
lar	Testosterone,	on	urinary	incontinence	in	women.

Assessments, hormone treatment 

Oestrogen	has	an	 important	physiological	effect	on	
the	female	lower	urinary	tract	and	its	deiciency	is	an	
aetiological factor in the pathogenesis of a number 
of	conditions.	However	 the	use	of	oestrogen	either	
alone or in combination with progestogen has yield-
ed	poor	results.	The	current	level	1	evidence	against	
the use of oestrogen for the treatment of urinary 
incontinence comes from studies powered to as-
sess	their	beneit	in	the	prevention	of	cardiovascular	
events and therefore the secondary analyses have 
only been based on self reported symptoms of uri-
nary	leakage	without	any	objective	data.	Despite	this	
all of these large randomised controlled trials show a 
worsening of pre-existing urinary incontinence both 
stress and urgency and an increased new incidence 
of urinary incontinence with both oestrogen and oes-
trogen	 plus	 progestogen.	 However,	 the	 majority	 of	
subjects in all of these studies were taking combined 
equine oestrogen and this may not be representative 
of	all	oestrogens	taken	by	all	routes	of	administration.

In a systematic review of the effects of oestrogens 
for symptoms suggestive of an overactive bladder 
the conclusion was that oestrogen therapy may be 
effective	in	alleviating	OAB	symptoms,	and	that	local	
administration	may	 be	 the	most	 beneicial	 route	 of	
administration	[Cardozo	et	al.,	2004].	It	is	quite	pos-
sible that the reason for this is that the symptoms 
of urinary urgency, frequency and urge incontinence 
may be a manifestation of urogenital atrophy in older 
post menopausal women rather than a direct effect 
on the lower urinary tract [Robinson and Cardozo, 
2003].	Whilst	there	is	good	evidence	that	the	symp-
toms and cytological changes of urogenital atrophy 
may be reversed by low dose (local) vaginal oestro-
gen therapy there is currently no evidence that oes-
trogens with or without progestogens should be used 
in	the	treatment	of	urinary	incontinence.

The endogenous hormone vasopressin (also known 
as anti-diuretic hormone) has two main functions: it 
causes contraction of vascular smooth muscle and 
stimulates	water	reabsorption	in	the	renal	medulla.	
These	 functions	 are	mediated	 by	 two	 speciic	 va-
sopressin receptors of which there are two major 

subtypes, namely	the	V1	and	V2	receptors.	The	V2	
subtype is particularly important for the anti-diuretic 
effects	of	vasopressin.	A	genetic	or	acquired	defect	
in making and secreting vasopressin leads to cen-
tral diabetes insipidus, and genetic defects in the 
gene encoding the V2 receptor can cause nephro-
genic	diabetes	insipidus	[Insel	et	al.,	2007	].	Accord-
ingly, decreased vasopressin levels are believed to 
be important in the pathophysiology of polyuria, 
speciically	 nocturnal	 polyuria,	 which	 can	 lead	 to	
symptoms	such	as	nocturia	[Matthiesen	et	al.,	1996;	
Weiss	et	al.,	2011a].	Nocturia	is	currently	deined	by	
the International Continence Society (ICS) as the 
complaint that an individual has to wake at night 
one	or	more	times	to	void.	It	is,	however,	“an	under-
reported, understudied, and infrequently recognized 
problem	 in	 adults”	 [Weiss	 et	 al.,	 2011b].	 Nocturia	
leads	 to	 decreased	 quality	 of	 life	 [Kupelian	 et	 al.,	
2011],	and	has	been	associated	with	both	increased	
morbidity	and	mortality	[Nakagawa	et	al.,	2010;	Ku-
pelian	et	al.,	2012].	While	it	remains	largely	unknown	
in which fraction of patients nocturia can indeed be 
explained by too little vasopressin, the presence of 
nocturnal polyuria in the absence of behavioural 
factors	explaining	it	(such	as	excessive	luid	intake)	
is usually considered as an indication that a (rela-
tive)	lack	of	vasopressin	may	exist.	While	it	remains	
largely unknown in what fraction of patients nocturia 
is explained by too little vasopressin, the presence 
of nocturnal polyuria in the absence of behavioral 
factors	 that	 can	 explain	 it	 (e.g.	 excessive	 luid	 in-
take) is usually considered to indicate decreased 
vasopressin	levels	[Bosch	and	Weiss.,	2011,	Weiss	
et	al.,	2011b].	Based	upon	these	considerations,	va-
sopressin receptor agonists have been used to treat 
nocturia,	both	in	children	and	in	adults.	Desmopres-
sin is the most common vasopressin analogue used 
to	 treat	 nocturia.	 Desmopressin	 shows	 selectivity	
for	 anti-diuretic	 over	 vasopressor	 effects.	 It	 has	 a	
more powerful and longer-lasting antidiuretic action 
than	vasopressin.	It	 is	available	in	formulations	for	
oral,	parenteral,	and	nasal	administration.	 It	has	a	
fast onset of action, with urine production decreas-
ing within 30 minutes of oral administration [Rittig 
et	 al.,	 1998].	 Because	 of	 symptomatic	 hyponatre-
mia with water intoxication which is the only serious 
adverse event reported in children, occurred after 
intranasal or intravenous administration of desmo-
pressin	 [Thumfart	et	al.	2005;	Robson	et	al.	2007;	
Van	de	Walle	et	al.	2010],	the	U.S.	Food	and	Drug	
Administration	(FDA)	and	the	European	Medicines	
Agency (EMA) removed the indication for the treat-
ment of primary nocturnal enuresis from all intrana-
sal	 preparations	 of	 desmopressin.	An	 oral	 lyophil-
isate (MELT) formulation requiring no concomitant 
luid	intake	is	currently	available.	In	a	recent	open-
label, randomized, cross-over study, desmopressin 
MELT	was	shown	to	have	similar	levels	of	eficacy	
and safety at lower doses than the tablet formula-
tion	 of	 desmopressin	 in	 children	 ].	A	 recent	 study	
conirmed	 the	 superior	 pharmacodynamic	 charac-

III. DESMOPRESSIN
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teristics of desmopressin MELT to desmopressin 
tablets	[De	Guchtenaere	et	al.,	2011].

The use of desmopressin in children with noctur-
nal enuresis was comprehensively reviewed by 
the Cochrane Collaboration in 2002 [Glazener et 
al.	 2002].	 These	 authors	 evaluated	 47	 random-
ized controlled trials involving 3448 children, of 
whom	2210	 received	desmopressin.	According	 to	
their analysis, desmopressin was effective rela-
tive	 to	 placebo	 in	 reducing	 bed-wetting	 (e.g.	 a	
dose	of	20	μg	resulted	in	a	reduction	of	1.34	wets/
night	(95%	CI	1.11;	1.57),	and	children	were	more	
likely	 to	 become	 dry	 with	 desmopressin	 (98%)	
than	with	placebo	 (81%).	However,	 there	was	no	
difference between desmopressin and placebo 
after discontinuation of treatment, indicating that 
desmopressin suppresses symptom enuresis but 
does	 not	 cure	 the	 underlying	 cause.	Additionally,	
not	 all	 children	 responded	 suficiently	 to	 desmo-
pressin	monotherapy.	The	combination	of	desmo-
pressin and an enuresis alarm resulted in a greatly 
improved short-term success rate and decreased 
relapse	rates	 [Alloussi	et	al.	2011].	The	combina-
tion of desmopressin and antimuscarinics resulted 
in better short- and long-term success rates as well 
as a lower relapse rate than desmopressin alone 
[Austin	et	al.,	2008;	Alloussi	et	al.,	2009).	For	non-
responders to desmopressin, replacement of des-
mopressin with other medications such as tricyclic 
antidepressants or loop diuretics could be of ben-
eit,	whereas	muscarinic	receptor	antagonists	may	
be ineffective in such children (De Guchtenaere et 
al.,	2007;	Neveus	and	Tullus,	2008).

Other	 studies	 have	 explored	 a	 possible	 treatment	
role for desmopressin in the treatment of nocturia 
in	adults.	A	search	for	these	studies	in	Medline	us-
ing the terms “desmopressin” and “nocturia” was 
performed and limited to clinical studies of de novo 
nocturia,	i.e.	those	that	excluded	subjects	in	whom	
childhood	 enuresis	 persisted	 into	 adulthood.	 Sev-
eral previous studies investigated the use of des-
mopressin for the treatment of nocturia in the con-
text	of	multiple	sclerosis	[Eckford	et	al.,	1994;1995].	
One	study	with	single	dose	administration	reported	
a reduction in nocturnal polyuria, but by design did 
not	 assess	 nocturia	 [Eckford	 et	 al.,	 1995].	 Three	
placebo-controlled double-blind studies with a small 
patient number (16-33 patients total per study) re-
ported	 a	 signiicant	 reduction	 in	 nocturia	 [Hilton	
et	al.,	1983;	Eckford	et	al.,	1994;	Valiquette	et	al.,	
1996].	Other	controlled	studies	of	similar	size,	most	
with a crossover design, used micturition frequency 
within	 the	 irst	 6	 h	after	 desmopressin	administra-
tion	rather	than	nocturia	as	their	primary	endpoint.	
These studies consistently reported that desmo-
pressin	treatment	for	up	to	2	weeks	was	eficacious	
[Kinn	and	Larsson,	1990;	Fredrikson,	1996;	Hoverd	
and	Fowler,	 1998].	While	 desmopressin	 treatment	
was generally well tolerated, 4 of 17 patients in one 
study discontinued treatment due to asymptomatic 

or minimally symptomatic hyponatremia [Valiquette 
et	 al.,	 1996].	 Accordingly,	 desmopressin	 is	 now	
registered for the treatment of nocturia in multiple 
sclerosis	patients	[Cvetkovic	and	Plosker,	2005].	In	
a small open-label study, desmopressin was also 
reported to reduce nocturnal polyuria in spinal cord 
injury	patients	[Zahariou,	Karagiannis	et	al.	2007].	

Further	studies	have	explored	the	use	of	desmopres-
sin in adults with nocturia in the apparent absence 
of	neurological	damage.	The	recruited	patient	popu-
lations were based upon different criteria, includ-
ing having at least two nocturia episodes per night 
or	 having	nocturnal	 polyuria.	Earlier	 studies	mostly	
used	a	desmopressin	dose	of	20	μg	given	either	oral-
ly	 [Asplund	 et	 al.,	 1999]	 or	 intranasally	 [Hilton	 and	
Stanton,	1982;	Cannon	et	al.,	1999],	and	tended	to	
be	very	small	(≤25	patients).	Later	studies,	as	part	of	
the	NOCTUPUS	program,	were	considerably	larger,	
involving a total of 1003 screened patients, and high-
er	oral	doses	 (0.1-0.4	mg)	were	administered	 for	a	
period of 3 weeks of double-blind treatment in adults 
[Mattiasson	et	al.,	2002;	Lose	et	al.,	2004;	van	Ker-
rebroeck	et	al.,	2007].	A	total	of	632	patients	entered	
the dose-titration phase and 422 patients entering 
the	double-blind	phase	of	the	three	NOCTUPUS	tri-
als.	To	counter	the	argument	that	the	study	was	per-
formed in desmopressin responders after the dose 
titration	phase,	all	patients	in	the	NOCTUPUS	trials	
were washed-out following the dose-titration phase 
and in order to be randomized, it was a requirement 
that the patients returned to baseline nocturnal diure-
sis	 before	 inclusion	 in	 the	double-blind	phase.	The	
trials	showed	that	oral	desmopressin	(0.1,	0.2	or	0.4	
mg)	is	effective	in	both	men	and	women	aged	≥	18	
years	with	nocturia.	The	number	of	nocturnal	voids	
decreased	from	3	to	1.7	in	the	desmopressin	group	
compared	to	3.2	to	2.7	in	the	placebo	group.	In	wom-
en, the number of nocturnal voids in the desmopres-
sin	group	decreased	from	2.92	to	1.61,	whereas	that	
in	 the	placebo	group	decreased	 from	2.91	 to	2.36.	
When	clinical	response	was	deined	as	≥	50%	reduc-
tion	 in	 nocturnal	 voids	 from	 baseline,	 34%	 of	men	
experienced clinical response with desmopressin, 
compared	with	3%	of	men	who	received	placebo.	In	
women,	 46%	 of	 desmopressin-treated	 patients	 ex-
perienced	a	clinical	response,	compared	with	7%	of	
patients	on	placebo.

The	 eficacy	 of	 desmopressin	 for	 the	 treatment	 of	
nocturia	was	conirmed	in	a	long-term	(10-12	months)	
open-label study involving 249 patients, which was an 
extension of the randomized studies in known des-
mopressin	 responders.	 However,	 a	 rebound	 effect	
was	seen	when	treatment	was	withdrawn,	conirming	
the association between continued treatment and re-
sponse	(Lose	et	al.	2004).	An	open-label	pilot	study	in	
a nursing home setting also reported that desmopres-
sin	had	beneicial	effects	[Johnson	et	al.	2006].

Around	75%	of	community-dwelling	men	and	wom-
en	 with	 nocturia	 (≥2	 voids/night)	 have	 nocturnal	
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polyuria	 (NP)	 [Rembratt	 et	 al.,	 2003;	 Swithinbank	
et	 al.	 2004].	The	 key	 urological	 factors	most	 rele-
vant	to	nocturia	are	NP	and	OAB	in	women	[Irwin,	
Abrams	et	al.,	2008],	and	NP	and	benign	prostatic	
hyperplasia	 (BPH)	 in	 men.	About	 74%	 of	 women	
with	OAB	have	 nocturia	 and	 62%	of	 patients	with	
OAB	and	nocturia	have	NP.	Among	men	with	noc-
turia,	83%	have	NP;	20%	have	NP	alone,	and	63%	
have	 NP	 in	 combination	 with	 another	 factor	 such	
as a small nocturnal bladder capacity or bladder 
outlet	 obstruction	 [Chang	 et	 al.,	 2006].	 Therefore,	
desmopressin	combination	therapy	with	α1-AR	an-
tagonists	and/or	antimuscarinics	should	be	consid-
ered	for	patients	with	 treatment–resistant	nocturia.	
Seventy-three	 percent	 of	 α1-AR	 antagonist-resis-
tant	BPH	patients	experienced	a	≥50%	reduction	in	
nocturnal voids with oral desmopressin [Rembratt 
et	 al.,	 2003;	 Yoong	 et	 al.,	 2005].	 A	 randomized,	
double-blind, placebo-controlled study evaluating 
the	long-term	(1,	3,	6,	and	12	months)	eficacy	and	
safety	 of	 low	 dose	 (0.1	mg)	 oral	 desmopressin	 in	
elderly	(≥	65	years)	patients	reported	that	low	dose	
oral	desmopressin	 led	 to	a	signiicant	 reduction	 in	
the number of nocturnal voids and nocturnal urine 
volume	in	patients	with	BPH	[Wang,	Lin	et	al.	2011].

Because nocturia can be caused by different fac-
tors, several studies have investigated whether 
desmopressin	 may	 be	 beneicial	 in	 patients	 with	
other	symptoms	in	addition	to	nocturia.	In	a	small,	
non-randomized pilot study of men believed to 
have	BPH,	desmopressin	was	reported	to	improve	
not only nocturia, but also to reduce the over-
all international prostate symptom score (IPSS) 
[Chancellor	et	al.,	1999].	An	exploratory,	placebo-
controlled double-blind study in women with day-
time urinary incontinence reported that intranasal 
administration	 of	 40	 μg	 desmopressin	 increased	
the number of leakage-free episodes 4 hours after 
drug	 administration	 (Robinson	 et	 al.,	 2004).	 One	
double-blind, placebo-controlled pilot study in pa-
tients	with	OAB	 treated	with	 0.2	mg	 oral	 desmo-
pressin reported a reduction in voids along with an 
improvement	in	quality	of	life	(QoL)	[Hashim	et	al.,	
2009].	While	 these	data	 indicate	 that	desmopres-
sin may be effective in treating voiding dysfunction 
not limited to nocturia, they are too sparse to allow 
treatment	recommendations.

Desmopressin was well tolerated in all the stud-
ies and resulted in significant improvements com-
pared to placebo in reducing nocturnal voids and 
increasing	 the	hours	of	undisturbed	sleep.	There	
was	also	an	improvement	in	QoL.	However,	one	of	
the main clinically important side-effects of demo-
pressin	usage	is	hyponatremia.	Hyponatremia	can	
lead to a variety of adverse events ranging from 
mild headache, anorexia, nausea, and vomiting to 
loss	 of	 consciousness,	 seizures,	 and	 death.	 Hy-
ponatremia usually occurs soon after treatment is 
initiated.	The	risk	of	hyponatremia	appears	 to	 in-
crease with age, cardiac disease, and increasing 

24-hour	urine	volume	[Rembratt	et	al.	2003].	Based	
on	a	meta-analysis,	the	incidence	is	around	7.6%	
[Weatherall;	 2004].	 Increased	 age	 and	 female	
gender are well-known risk factors for the devel-
opment	 of	 desmopressin-induced	 hyponatremia.	
Bae	et	al.	[2007]	assessed	the	effects	of	long-term	
oral desmopressin on serum sodium and baseline 
antidiuretic	hormone	secretion	 in	15	elderly	male	
patients with severe nocturia (greater than 3 voids 
nightly), who did not show hyponatremia within 7 
days	 of	 administration	 of	 0.2	 mg	 desmopressin.	
Desmopressin	 (0.2	 mg)	 was	 administered	 orally	
nightly	 for	 1	 year.	 Before	 and	 1	month	 after	 the	
1-year medication 24-hour circadian studies were 
performed to monitor changes in antidiuretic hor-
mone.	Every	3	months	during	the	1-year	medica-
tion, serum changes and timed urine chemistry 
were	 monitored.	 The	 results	 showed	 that	 long-
term desmopressin administration gradually de-
creased serum sodium and induced statistically, 
but not clinically significant, hyponatremia after 6 
months of treatment Administration of desmopres-
sin for 1 year did not affect baseline antidiuretic 
hormone	 secretion.	 The	 authors	 recommended	
that for long-term desmopressin administration 
serum sodium should be assessed regularly, at 
least	every	6	months.

Little focus has been on exploring gender differences 
in	the	antidiuretic	response	to	desmopressin.	Juul	et	
al.	 [2011]	 found	an	 increasing	 incidence	of	hypona-
tremia with increasing dose, and at the highest dose 
level	of	100	μg	decreases	in	serum	sodium	were	ap-
proximately	 twofold	greater	 in	women	over	50	yr	of	
age	than	in	men.	A	new	dose	recommendation	strati-
ied	by	gender	was	suggested	in	the	treatment	of	noc-
turia:	for	men,	50-	to	100	μg	melt	was	suggested	to	be	
an	eficacious	and	safe	dose,	while	for	women	a	dose	
of	25	μg	melt	was	recommended	as	eficacious	with	
no	observed	incidences	of	hyponatremia.	Initiation	of	
desmopressin is currently not indicated for patients 
aged	 ≥65	 years.	 The	 mechanisms	 behind	 desmo-
pressin-induced hyponatraemia are well understood, 
and serum sodium monitoring at baseline and early 
during treatment of older patients for whom treatment 
with desmopressin is indicated can greatly reduce 
their	risk	of	developing	the	condition.	Other	advice	re-
garding treatment administration, such as restriction 
of	evening	luid	intake	and	adherence	to	recommend-
ed dosing, should be followed to minimize the risk of 
hyponatremia	[Vande	Walle	et	al.,	2007].

Desmopressin is useful for patients with nocturia 
as	well	as	for	children	with	nocturnal	enuresis.	The	
drug has been proven to be well-tolerated and ef-
fective by several randomized, placebo-controlled 
trials	and	is	recommended	as	a	irst-line	treatment	
(either as monotherapy or in combination with 
other agents) for patients who have been appro-
priately evaluated and whose nocturia is related to 
NP,	whether	or	not	this	is	accompanied	by	BPH	or	
OAB.	For	assessment,	see	Table 2 .
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1. EFFICACY AND TOLERABILITY

The	 eficacy	 of	 antimuscarinic	 agents	 for	 treating	
symptoms of overactive bladder and urge urinary in-
continence in older people is similar to that observed 
in	 younger	 and	 middle-aged	 adults.	 Age-related	
pooled results or sub-analyses from randomized 
controlled	 trials	 of	 tolterodine	 [Malone-Lee	 et	 al.,	
2001,	Zinner	et	al.,	2002],	solifenacin	 (Wagg	et	al.,	
2006),	darifenacin	[Foote	et	al.,	2007],	fesoterodine	
[Kraus	et	al.,	2010,	Sand	et	al.,	2012],	and	trospium	
chloride	 [Sand	et	al.,	2011]	 indicate	 that	 reductions	
of	25-75%	in	urgency	urinary	incontinence	episodes	
can be expected with use of these agents in older 
(65+)	adults.	Higher	doses	may	be	needed	in	those	
over	age	75	[Kraus	et	al.,	2010].	In	a	post-marketing	
surveillance	study	of	darifenacin,	Michel	et	al.	[2010]	
found that increasing age was negatively associated 
with improvements in urgency episodes and incon-
tinence,	with	 a	 statistically	 signiicant,	 but	 non-clin-
ically	 relevant	 effect	 (0.01	 more	 urgency	 episodes	
per	 year	 of	 age).	 Older	 adults	 may	 derive	 greater	
beneit	from	use	of	a	combined	drug	and	behavioural	
therapy regime as compared to treatment with drug 
therapy	alone	[Burgio	et	al.,	2000].	Dry	mouth	is	the	
most frequently reported treatment-related adverse 
event, however overall tolerance has been reported 
as good to excellent with fewer treatment-motivated 
withdrawals in recent trials of older patients persist-
ing	 on	 antimuscarinic	 therapy	 [Sand	 et	 al.,	 2012,	
Sand	et	al.,	2011].	Constipation	is	also	common	and	
may be particularly bothersome for older adults al-
ready suffering from chronic bowel dismotility [Meek 
et	al.,	2011,	Gallegos-Orozco	et	al.,	2012].

However,	 the	 therapeutic	 effectiveness	 and	 toler-
ability of antimuscarinic agents in the elderly in the 
real world practice setting may differ from the results 
obtained in randomized controlled trials for several 
reasons.	First,	 research	 trials	 generally	 exclude	 in-
dividuals with concomitant consumption of other 
antimuscarinic	agents.	In	practice,	older	adults	are	a	
heterogeneous group, often consuming many medi-
cations that may augment, desensitize or alter the 
response	 to	 antimuscarinic	 therapy.	 As	 well,	 there	
is a higher prevalence of comorbidity among the 
elderly,	which	can	 further	 reduce	 treatment	eficacy	
and heighten the potential for side effects to occur 
(see	the	Section	on	Incontinence	in	the	Frail	Elderly).	
Failure	 to	 acknowledge	 the	 multifactorial	 nature	 of	
urinary incontinence in the elderly often leads to sub-
optimal	treatment.	Urgency	symptoms	may	be	exac-
erbated by consumption of caffeinated beverages, 
pelvic	loor	muscle	weakness,	diuretics	or	other	func-
tional	and	systemic	dysfunctions.	Treatment	should	
therefore address all possible etiologies, and not be 
limited	to	a	solitary	intervention.	

2. COGNITIVE SAFETY

A growing body of literature has emerged to ad-
dress the concern that antimuscarinic agents 
used to treat symptoms of overactive bladder may 
cross the blood-brain barrier and provoke subtle 
or not so subtle cognitive impairment [Callegari 
et	 al,	 2011;	 Jakobsen	 SM	 et	 al.,	 2011;	Wagg	 et	
al.,	2010;	Pagoria	et	al.,	2011].	Large	randomized	
controlled trials were not designed to adequately 
measure central nervous system adverse events 
[Paquette	 et	 al,	 2011].	As	 a	 result,	 evidence	 on	
the relative risk of different antimuscarinic agents 
for crossing the blood brain barrier and inducing 
changes in cognitive comes primarily from in-vitro 
studies and experimental studies using detailed 
neuropsychological	testing.	

Early studies suggested that administration of anti-
muscarinic agents such as scopolamine could impair 
memory and attention in older adults, and possibly in-
duce	hallucinations	and	confusion	[Flicker	et	al.,	1992;	
Sperling	et	al.,	2002].	Oxybutynin	in	particular,	due	to	
its small molecular size and increased propensity to 
cross the blood-brain barrier, has consistently shown 
potential to elicit cognitive impairment in new users af-
ter a single high dose of this agent or at steady state, 
and	should	be	avoided	in	the	elderly	[Donellan	et	al.,	
1997;	 Katz	 et	 al.,	 1998;	 Kay	 et	 al.,	 2008,	 Wesnes	
et	al.,	2009].	Katz	et	al.	 [1998]	used	a	double-blind,	
placebo-controlled cross-over design to test a conve-
nience sample of 12 healthy continent older adults, 
and	 revealed	 cognitive	 decrements	 on	 seven	 of	 if-
teen cognitive measures resulting from oxybutynin 
use.	 Impairments	were	observed	 in	 verbal	 learning,	
memory, reaction time, attention, concentration and 
psychomotor	speed.	In	a	sleep	study,	oxybutynin	was	
found	to	signiicantly	alter	EEG	patterns	compared	to	
placebo	[Todorova	et	al.,	2001].	Oxybutynin	was	com-
pared to darifenacin and placebo in a 3-week random-
ized multicentre double-blind parallel-group study in 
150	healthy	volunteers	aged	60-83	[Kay	et	al.,	2006].	
Darifenacin produced no impairments compared to 
placebo	at	3-weeks,	but	oxybutynin	caused	signiicant	
memory deterioration in delayed recall compared to 
the	other	two	groups.	Darifenacin	was	associated	with	
signiicantly	slower	reaction	times	than	placebo	in	the	
Divided Attention Test, but not in other tests of infor-
mation	 processing	 speed.	Oxybutynin	 also	 reduced	
accuracy scores for immediate recall in one of three 
tests.	Wesnes	et	al.	 [2009]	showed	in	a	single-dose	
crossover study with 12 healthy older volunteers that 
oxybutynin	IR	10	mg	induced	signiicant	deicits	in	at-
tention and memory compared to placebo, whereas 
solifenacin	10	mg	did	not.	

Studies with the antimuscarinic agents solifenacin, 
trospium chloride ER and darifenacin suggest that 
these	agents	confer	signiicantly	lower	cognitive	risk	
than	oxybutynin.	Administration	of	trospium	chloride	
ER to 12 cognitively intact adults with overactive 
bladder	aged	65-75	was	found	to	have	no	effect	on	
memory	 testing	 with	 the	 Hopkins	 Verbal	 Learning	
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Test on day 10 post-administration compared to 
baseline, and was also found to be undetectable 
in	 the	 cerebral	 spinal	 luid	 of	 participants	 [Staskin	
et	al.,	2010].	 In	a	study	of	darifenacin	among	129	
older	 adults	 aged	 65-84,	 no	 signiicant	 effects	 on	
cognition were observed (memory scanning sensi-
tivity, speed of reaction time, and word recognition) 
compared	with	placebo	[Lipton	et	al.,	2005].	No	data	
on	fesoterodine	and	memory	were	found.	

New	onset	 delirium	also	 does	 not	 appear	 to	 be	 a	
signiicant	concern	in	patients	taking	antimuscarinic	
agents.	 Although	 several	 published	 case	 reports	
have documented the acute onset of delirium fol-
lowing initiation of tolterodine, in incontinent adults 
with	and	without	dementia	 [Womack	and	Heilman,	
2003;	Salvatore	et	al.,	2007;	Edwards	et	al.,	2002;	
Williams	et	al.,	2004;	Tsao	et	al.,	2003],	these	dei-
cits resolved upon discontinuation or dose reduction 
of	 tolterodine.	 In	a	 randomized	controlled	study	of	
extended-release oxybutynin in nursing-home resi-
dents with mild to severe dementia, there was no 
incidence of delirium over the duration of the study 
[Lackner	et	al.,	2008].	Furthermore,	more	recent	ev-
idence puts into question the traditionally held belief 
that new use of anticholinergic agents provokes in-
cident delirium in hospitalized older patients [Camp-
bell	et	al.,	2011;	Luukkanen	et	al.,	2011].

Taken together, increasing evidence suggests that 
with the exception of oxybutynin, use of the other 
antimuscarinic agents poses little or no cognitive 
risk to otherwise healthy older adults with symptoms 
of	overactive	bladder.	However,	 two	caveats	apply.	
First,	the	integrity	of	the	blood	brain	barrier	may	be	
compromised in many older adults with cerebro-
vascular disease, diabetes, or certain forms of de-
mentia, with the results of studies in healthy older 
adults	not	generalizable	to	frailer	individuals	[Kay	et	
al.,	2005].	Second,	 long-term	use	of	antimuscarinic 
agents over months or years may yield more detri-
mental cognitive effects than single dose or short-
term	 use.	A	 number	 of	 large	 observational	 studies	
have linked chronic consumption of antimuscarinic 
drugs with an increased risk of cognitive impairment, 
although most studies simultaneously examined the 
cumulative effect of drugs with any antimuscarinic 
properties	 rather	 than	 each	 drug	 class	 alone.	 [An-
celin	et	al.,	2006;	Campbell	et	al.,	2009;	Fox	et	al.,	
2011].	The	Eugenia	study	of	aging	randomly	recruit-
ed 372 adults 60 years and older from Montpellier, 
France,	and	showed	that	antimuscarinic	drug	users	
displayed	 signiicantly	 poorer	 reaction	 time,	 atten-
tion, immediate and delayed visuospatial memory, 
narrative	recall,	and	verbal	luency	than	did	non	drug	
users	 [Ancelin	 et	 al.,	 2006].	 A	 2-year	 longitudinal	
study of 13,000 participants enrolled in the Medical 
Research	 Council	 Cognitive	 Function	 and	 Ageing	
Study also showed that use of medication with anti-
muscarinic	effects	was	associated	with	a	0.33-point	
greater	 decline	 in	 the	 Folstein	 Mini	 Mental	 Status	
Exam	 score	 (95%	 conidence	 interval	 (CI)=0.03-

0.64,	 P=.03)	 than	 not	 taking	antimuscarinics.	 Two-
year mortality was also greater for those taking 
(OR=1.68;	95%	CI=1.30-2.16;	P<.001)	anticholiner-
gics.	Many	commonly	prescribed	medications	in	the	
elderly possess antimuscarinic properties [Chew et 
al.,	2008],	so	the	results	may	not	be	speciic	to	blad-
der	 antimuscarinics.	 Other	 antimuscarinic medica-
tion include, among others, amytriptyline, clozapine, 
olanzepine, paroxetine, furosemide, hydrocodone, 
lansoprazole,	levoloxacin,	and	metformin.

Clinicians who remain wary of prescribing antimus-
carinic agents for frail older adults with symptoms of 
overactive bladder are suggested to proceed with 
caution in prescribing these medications and fully 
weigh	the	risk-beneit	ratio	in	light	of	other	therapeu-
tic options that can be equally effective for urgency 
and	mixed	incontinence	in	the	elderly.	If	antimusca-
rinics are to be prescribed, a short cognitive screen 
(such	as	the	Montreal	Cognitive	Assessment	http://
www.mocatest.org)	or	even	a	full	neuropsychologi-
cal test battery for those patients who are concerned 
or at risk, before and after initiating therapy might 
reveal whether subtle impairments have been in-
duced.	This	is	especially	pertinent	because	patients	
are	often	unaware	of	their	memory	deicits	[Kay	et	
al.,	2006].	A	proxy	informant,	such	as	the	patient’s	
spouse or a relative, may be able to provide more 
reliable information on possible cognitive changes 
resulting	from	the	drugs.	

A frequently asked clinical question is whether anti-
muscarinic agents used to treat incontinence should 
be contraindicated in patients with dementia already 
taking cholinesterase inhibitors, as the mechanisms 
of	these	two	medications	are	diametrically	opposed.	
A number of small studies have shown that cholines-
terase inhibitors used to improve cognition in Alzheim-
er’s	disease	precipitate	urinary	incontinence	[Hashi-
moto	 et	 al.,	 2000].	 A	 Japanese	 study	 followed	 94	
patients with mild to moderate dementia treated with 
donepezil	 [Hashimoto	 et	 al.,	 2000].	 Seven	 patients	
developed urinary incontinence, although the event 
was	 transient	 in	most	patients.	 In	Scotland,	among	
216 patients with Alzheimer’s disease initiating treat-
ment with a cholinesterase inhibitor, incontinence 
was	 precipitated	 in	 6.6%,	 and	 those	 with	 existing	
incontinence	worsened	 [Starr,	2007].	Epidemiologic	
studies also show associations between cholines-
terase	 inhibitors	and	 incontinence	 [Gill	et	al.,	2005;	
Roe	et	al.,	2002].	In	a	large	population-based	cohort	
study of 44,884 adults with dementia carried out in 
Canada, those who were dispensed cholinesterase 
inhibitors were more likely to subsequently receive 
an antimuscarinic drug for incontinence compared to 
those not receiving cholinesterase inhibitors (hazard 
ratio	 1.55,	 95%	 conidence	 interval	 1.39-1.72)	 [Gill	
et	al.,	2005].	This	inding	was	conirmed	by	a	sepa-
rate	study	in	the	U.S.	documenting	a	two-fold	risk	of	
taking oxybutynin in dementia patients treated with 
donepezil compared to those not treated with done-
pezil	[Roe	et	al.,	2002].	A	Japanese	study	examined	
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the	addition	of	a	3-month	trial	of	propiverine	20	mg/
day to donepezil in twenty-six cognitively impaired 
older adults, and found improved dryness rates with 
no	deleterious	effect	on	cognition	[Sakakibara	et	al.,	
2009].	A	6-month	study	also	compared	the	effects	of	
trospium, galantamine, or trospium plus galantamine 
in	178	older	adults	with	urge	incontinence	(n=99),	de-
mentia	(n=43)	or	dementia	and	incontinence	(n=36)	
respectively	[Isik	et	al.,	2009].	Treatment	with	45-60	
mg/day	 of	 trospium	 chloride	 and	 combined	 use	 of	
trospium	with	galantamine	24	mg/day	was	found	to	
have no adverse effect on cognitive or physical func-
tion	scores	in	this	group	of	patients.	A	larger	obser-
vational	study	of	3,563	long-term	care	residents	with	
dementia also failed to document an increased rate 
of cognitive decline with combined use of a cholin-
esterase inhibitor and antimuscarinic therapy (oxy-
butynin or tolterodine) compared to cholinesterase 
therapy	alone	 [Sink	et	 al.,	 2008].	However,	 a	50%	
faster rate of physical function decline was observed 
in higher-functioning participants on dual therapy 
compared	to	cholinesterase	inhibitor	therapy	alone.	
This evidence suggests the competing mechanisms 
of the antimuscarinics and cholinesterase inhibitors 
may indeed have clinical consequences in some, 
but	not	all	patients.

3.	Cardiac	safety.	Another	serious	side	effect	of	anti-
muscarinic drugs in the elderly is the risk of cardiac 
adverse effects and increased mortality, particularly 
due to increases in heart rate, prolongation of the 
QT	 interval,	 and	 induction	 of	 polymorphic	 ventricu-
lar	 tachycardia.	 These	 have	 been	 previously	 dis-
cussed,	and	 it	has	been	noted	 that	studies	speciic	
to	 the	 elderly	 are	 lacking	 [Andersson	 et	 al.,	 2011].	
Only	one	study	prospectively	examined	the	effect	of	
anticholinergic drug use in 400 community-dwelling 
older	people	(aged	75-90	years)	with	stable	cardio-
vascular	 disease	 in	 Helsinki,	 Finland	 [Uusvaara	 et	
al.,	 2011].	 Bladder	 antimuscarinic	 agents	 were	 not	
examined individually, but were considered in a cu-
mulative assessment of all drugs with antimuscarinic 
properties	being	 taken	by	 the	same	 individual.	The	
unadjusted	follow-up	mortality	was	20.7%	and	9.5%	
among users and non-users of antimuscarinic drugs, 
respectively	 (p = 0.010).	However,	 the	use	of	drugs	
with antimuscarinic	 properties	was	not	 a	 signiicant	
predictor of mortality in multivariate analysis after ad-
justment for age, sex and other comorbidites (hazard 
ratio	1.57;	95%	CI	0.78,	3.15).

4.Drug/drug	interactions	in	the	elderly.	Rates	of	poly-
pharmacy	(>	5	drugs	per	patient)	are	high	in	the	ge-
riatric population, and cause potential for drug-drug 
interactions that increase toxicity or reduce the ef-
icacy	 of	 antimuscarinic	 agents	 [Chancellor	 and	
Miguel,	2007].	The	relationship	between	the	number	
of drugs and potential drug-drug interactions in the 
elderly	 is	alarming.	Consumption	of	5	to	7	and	8	to	
10 drugs places older adults at a 4-fold and 8-fold 
increased risk of potentially serious drug-drug inter-
actions respectively, compared with consumption 

of	2	 to	4	drugs	 [Johnell	&	Klarin,	2007].	Drug	drug	
interactions frequently involve isoenzymes of the 
hepatic	 cytochrome	 CYP450	 system	 [Zakrzewski-
Jakubiak	et	al.,	2011].	Of	 the	antimuscarinic	drugs,	
tolterodine, darifenacin, solifenacin, and oxybutynin 
are	extensively	metabolized	by	CYP450	and	are	at	
greater risk of having altered drug metabolism due 
to	 hepatic-based	 drug-drug	 interactions.	 Trospium	
is eliminated renally as unchanged drug, suggest-
ing	that	it	has	lower	potential	for	CYP450	drug-drug	
interactions	[Sand	et	al.,	2011].	Trospium	may	there-
fore represent a safer treatment option in the context 
of	polypharmacy	in	the	elderly.
 

Desmopressin	(DDAVP)	(0.1–0.2	mg)	reduces	noc-
turia	in	older	persons	[Rezakhaniha	et	al.,	2011;Fu	
et	al.,	2011;	Johnson	et	al.,	2006],	but	has	been	as-
sociated	with	signiicant	dose-related	hyponatremia	
in	2-20%	of	older	patients	[Fu	et	al.,	2011;Johnson	
et	al.,	2006;	Weatherall	2004].	Both	female	sex	and	
increasing age are risk factors for the development 
of	hyponatremia	[Callreus	et	al.,	2005;	Rembratt	et	
al.,	 2006;	 Juul	 et	 al.,	 2010].	A	 lower	 starting	dose	
(0.025	mg)	for	the	melt	form	has	been	suggested	for	
older	women	[Juul	et	al.,	2010]	but	requires	further	
study.	Caution	is	recommended	for	the	initiation	of	
desmopressin	in	adults	aged	65	years	and	older	at	
the	current	time.

To	date	no	studies	have	stratiied	the	results	of	tri-
als	using	BoNTA	for	the	treatment	of	urinary	inconti-
nence in patients with neurogenic bladder according 
to	age.	The	risk	of	catheterization	due	to	high	post-
void residual urine volumes following treatment with 
botulinum toxin may be higher in older adults, as 
they are at higher risk of elevated residuals, but this 
requires	systematic	investigation.	

None	 of	 the	 other	 drug	 classes	 have	 undergone	
rigorous evaluation in the elderly, however a num-
ber	of	general	guidelines	apply.	Use	of	α1-AR	ago-
nists and tricyclic antidepressants are discouraged 
in	the	elderly	due	to	blood	pressure	considerations.	
Uncontrolled systolic hypertension could occur 
with the former agents and orthostatic hypotension 
leading	to	falls	with	the	latter.	There	is	no	evidence	
that	hormonal	agents	are	of	beneit	for	urgency	or	
stress incontinence in older women, although local 
estrogens may be indicated to treat symptomatic 
vaginal	atrophy.	Finally,	 removal	of	any	offending	
agents that could be contributing to incontinence 
should	be	considered.

II. DESMOPRESSIN – EFFICACY AND 
SAFETY IN THE ELDERLY

III. BOTULINUM TOXIN A IN OLDER 
ADULTS

IV. OTHER
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Diagnosis and Management of Urinary
Incontinence in Childhood
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In this chapter the diagnostic and treatment mo-
dalities of urinary incontinence in childhood will be 
discussed. In order to understand the pathophysi-
ology of the most frequently encountered problems 
in children, the normal development of bladder and 
sphincter control will be discussed. 

The underlying pathophysiology will be outlined 
and	 the	speciic	 investigations	 for	children	will	be	
discussed. For general information on epidemiol-
ogy and urodynamic investigations the respective 
chapters are to be consulted.

 

Normal bladder storage and voiding involve low-
pressure	and	adequate	bladder	volume	illing	 fol-
lowed by a continuous detrusor contraction that 
results in bladder emptying, associated with ad-
equate relaxation of the sphincter complex. This 
process requires normal sensation and normal 
bladder outlet resistance. The neurophysiological 
mechanisms involved in normal bladder storage 
and evacuation include a complex integration of 
sympathetic, parasympathetic and somatic inner-
vations which is ultimately controlled by a complex 
interaction between spinal cord, brain stem, mid-
brain and higher cortical structures [1]. 

Achievement of urinary control is equally complex 
and as yet not fully understood: various develop-
mental stages have been observed [2,3].

In newborns the bladder has been traditionally de-
scribed as “uninhibited”, and it has been assumed 
that micturition occurs automatically by a simple 
spinal	cord	relex,	with	little	or	no	mediation	by	the	
higher neural centres. However, studies have in-
dicated that even in full-term foetuses and new-
borns, micturition is modulated by higher centres 
and the previous notion that voiding is spontane-
ous	and	mediated	by	a	simple	spinal	 relex	 is	an	
oversimpliication	 [4].	 Foetal	micturition	 seems	 to 

A. Introduction
be a behavioural state-dependent event: intrauter-
ine micturition is not randomly distributed between 
sleep and arousal, but occurs almost exclusively 
while	the	foetus	is	awake	[4].

During the last trimester the intra-uterine urine pro-
duction is much higher than in the postnatal period 
(30ml/hr) and the voiding frequency is approxi-
mately	30	times	every	24	hours	[5].	

Immediately after birth voiding is very infrequent 
during	 the	irst	 few	days	of	 life.	The	irst	void	may	
only	 take	place	after	12	to	24	hours.	After	 the	irst	
week frequency increases rapidly and peaks at the 
age	of	2	to	4	weeks	to	an	average	of	once	per	hour.	
It then decreases and remains stable after 6 months 
to	about	10	to	15	times	per	day.	After	the	irst	year	
it decreases to 8 to 10 times per day, while voided 
volumes increase by three- to fourfold.

During the postnatal period, micturition control 
mechanisms undergo further changes and exten-
sive modulation. Using ambulatory bladder moni-
toring techniques in conjunction with polysomno-
graphic recordings it has been shown that even in 
newborns the bladder is normally quiescent and 
micturition does not occur during sleep[6]. 

This inhibition (or lack of facilitation) of detrusor 
contractions during sleep is also observed in in-
fants with neurogenic bladder dysfunction who 
have marked detrusor overactivity while they are 
awake. In response to bladder distension during 
sleep, an infant nearly always exhibits clear elec-
tro-encephalographic evidence of cortical arous-
al, facial grimaces or limb movements, or actual 
awakening. Sleeping infants are always seen to 
wake up before the bladder contracts and voiding 
occurs. This arousal period may be transient and 
the infant may cry and move for a brief period be-
fore micturition and then shortly afterward go back 
to sleep. Because this wakening response is al-
ready well established in newborns, it follows that 
the control of micturition probably involves more 
complicated neural pathways and higher centres 
than has been appreciated. There is also strong 
evidence that a pronounced reorganisation of pre-
existing synaptic connections and neural pathways 

I. NORMAL DEVELOPMENT OF
BLADDER AND SPHINCTER CONTROL
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involved in bladder control occurs during the early 
postnatal period.

In newborns micturition occurs at frequent intervals 
and may have an intermittent pattern although blad-
der	emptying	eficiency	is	usually	good.	In	over	80	
percent of voids the bladder empties completely [7]. 

During infancy voiding pressures are much higher 
than in adults. It has also been noted that these 
pressures are higher in boys than in girls (mean 
pdet	max	of	118	vs.	75	cm	H2O,	respectively)	[8,9].	

These higher detrusor pressures decrease pro-
gressively with increasing age. In up to 70 percent 
of infants (up to the age of 3 years) with normal 
lower urinary tracts, intermittent patterns of void-
ing were observed. They tend to disappear with 
increasing age, and are thought to represent varia-
tions between individual infants in the maturation 
of detrusor and sphincteric co-ordination during 
the	irst	1	to	2	years	of	life.	Videourodynamic	stud-
ies	have	conirmed	these	indings	[6,8,9,10,11].

Between the age of 1 and 2, conscious sensation of 
bladder	illing	develops.	The	ability	to	void	or	inhibit	
voiding	 voluntarily	 at	 any	 degree	 of	 bladder	 illing	
commonly develops in the second and third years of 
life. Central inhibition is crucial to obtain continence.

During the second and third year of life, there is 
progressive development towards a socially con-
scious continence and a more voluntary type of 
micturition control develops. The child becomes 
more aware of the sensation of bladder distension 
and the need to urinate, as well as social norms 
and embarrassment associated with urinary incon-
tinence. Through an active learning process, the 
child acquires the ability to voluntarily inhibit and 
delay voiding until a socially convenient time, then 
actively initiate urination even when the bladder is 
not completely full, and allows urination to proceed 
to	completion.	During	the	irst	years	of	life,	gradual	
development to an adult type of voluntary micturi-
tion control that conforms to the social norms de-
pends on an intact nervous system, in addition to at 
least three other events occurring concomitantly: 

-  a progressive increase in functional storage capacity. 

-  maturation of function and control over the exter-
nal urinary sphincter.

-  and most importantly achievement of volitional control 
over the bladder-sphincteric unit so that the child can 
voluntarily	initiate	or	inhibit	a	micturition	relex	[12].

The final steps are usually achieved at the age 
of	 3	 to	 4	 years	when	most	 children	 have	 devel-
oped the adult pattern of urinary control and are 
dry both day and night. The child has learned to 
inhibit a micturition reflex and postpone voiding 
and voluntarily initiate micturition at socially ac-
ceptable and convenient times and places. This 

development is also dependent on behavioural 
learning and can be influenced by toilet training, 
which in turn depends on cognitive perception of 
the maturing urinary tract.

It is understandable that this series of complex 
events is highly susceptible to the development 
of	various	types	of	dysfunction.	Various	functional	
derangements of the bladder-sphincter-perine-
al complex may occur during this sophisticated 
course of early development of normal micturition 
control mechanisms. These acquired “functional” 
disorders overlap with other types of bladder func-
tional disturbances that may have a more organic 
underlying pathophysiological basis. 

1. NORMAL BLADDER CAPACITY

The	 bladder	 capacity	 increases	 during	 the	 irst	 8	
years of life roughly with 30 ml per year, so with an 
average capacity of 30 ml in the neonatal period, 
a child’s bladder volume can be calculated as Y = 
30 + 30 X, where Y = capacity in ml and X = age in 
years (Figure 1 ) [13].

Hjälmås described a linear correlation that could 
be	used	up	to	12	years	of	age:	in	boys,	Y	=	24.8	X	
+	31.6,	in	girls	Y	=	22.6	X	+	37.4,	where	Y	is	capac-
ity	in	ml,	and	X	is	age	in	years	[14].	

It should be noted that these data were obtained dur-
ing cystometric investigations. Cystometric capacity 
is	generally	less	than	normal	bladder	volumes.	Obvi-
ously, the relation between age and bladder capacity 
is not linear for all ages, nor is the relation between 
body	weight	and	bladder	capacity	[15].

Another formula to calculate bladder capacity in infants 
is:	bladder	capacity	(ml)	=	38	+	(2.5	x	age	(mo))	[11].	

Kaefer and co-workers demonstrated that a non-
linear model was the most accurate for the relation 
between age and bladder capacity, and they deter-
mined two practical linear equations:

Y = 2 X + 2 for children less than 2 years old, and Y 
= X/2+6 for those 2 years old or older; Y = capacity in 
ounces, X = age in years (Figure. 2 ) [16].

None of these formulas have been acquired from 
a	population	based	study	and	do	not	relect	normal	
bladder capacity. Normal bladder capacity should 
be regarded as the maximum voided volume of 
urine and shows huge variation. Recent work of 
Rittig	 et	 al	 looked	 at	 Maximum	 Voided	 Volumes	
(MVV).	 2836	 daytime	 voids	 showed	 a	 reason-
ably	good	correlation	with	the	Koff	Formula,	if	irst	
morning voids were neglected [17].

Girls were found to have a larger capacity than 
boys, but the rate of increase with age was not 

II. NORMAL VALUES
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signiicantly	different	between	them.	Data	on	‘nor-
mal’ bladder capacity have been obtained in con-
tinent children undergoing cystography, with retro-
grade	illing	of	the	bladder.	

Data	obtained	from	the	International	Relux	Study	
indicate that there is not a linear relation between 
age and capacity and that there is a huge variabil-
ity. (Figure 3 ) [18]. 

2. NORMAL VOIDING

The micturition frequency of the foetus during the 
last	trimester	 is	approximately	30	per	24	hours.	It	
decreases	 to	 12	 during	 the	 irst	 year	 of	 life,	 and	
after that it is gradually reduced to an average of 
5±1	voidings	per	day	[11,	16].

The normal range for the micturition frequency at 
age	seven	is	3	to	7	[19].

By	age	12,	the	daily	pattern	of	voiding	includes	4-6	
voids per day [20].

Mattson and Lindström emphasize the enormous 
variability of voiding frequencies in children: also 
in individual children, the weight-corrected diuresis 
could vary up to 10-fold [21].

3. NORMAL VOIDING PRESSURES

Bladder dynamics in children have demonstrated 
developmental changes with age. Detrusor pres-
sures at voiding in children after the age of 2 
years are similar to adults, with a mean maxi-
mum	pressure	of	66	cm	H2O	in	boys,	and	57	cm	
H2O	in	girls	[22].

These pressures are lower than those reported 
in infancy by Yeung et al, who found boys having 
pressures	of	118	cm	H2O	and	girls	75	cm	H2O	[6].	

4. NORMAL URINARY FLOW RATES

Urinary flow rates in normal children have 
been only minimally described. Szabo et al 
published nomograms for flow rates vs. age in 
normal children [23]. 

Figure 1: Bladder capacity using the formula
Y = 30 + 30X 
(Y = capacity in ml, X=age in years)

Figure 2: Bladder capacity using the formula
Y = (2X + 2) x 28.35ml < 2 years
Y = (X/2 + 6) x 28.35ml > 2 years
(Y = capacity in ml. X=age in years)

Figure 3: Bladder capacities determined by VCUG 
in the International Relux Study.
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As	in	adults,	low	rates	are	clearly	dependent	upon	
voided volume, and normal values can only be ap-
plied	to	low	rates	that	have	been	registered	when	
voiding at a bladder volume approximating the nor-
mal	capacity	for	age	[21,24].	

Even	with	clear	deinitions,	the	approach	to	histo-
ry-taking and physical examination has to be struc-
tured. The child’s complaints at presentation are 
not synonymous with the signs and symptoms that 
have to be checked to arrive at a diagnosis. Also, 
sociocultural aspects and psychomotor develop-
ment will distort the presentation.

The International Children’s Continence So-
ciety has provided two standardization docu-
ments on the diagnostic evaluation of children 
with daytime incontinence as well as on the 
evaluation of and treatment for monosymptom-
atic enuresis [1,2].

Standardization reports on urodynamic studies of 
the lower urinary and on initial diagnostic evalua-
tion, follow-up and therapeutic intervention in con-
genital neurogenic bladder and bowel dysfunction 
in children will be available soon.

Validated	questionnaires	are	very	helpful	in	structuring	
the history-taking; they at least provide checklists [3].

With a structured approach the diagnosis of monosymp-
tomatic	nocturnal	enuresis	can	be	made	with	conidence.

When ultrasound imaging of kidneys and bladder, 
recording	of	urinary	low,	and	measurement	of	post-
void residual are added to history and physical ex-
amination, the clinical entities caused by functional 
disturbances of the bladder and sphincter mecha-
nism	 (non-neurogenic	 detrusor	 and	 pelvic	 loor	
dysfunction) can be diagnosed accurately in the 
majority of cases, and a high level of suspicion can 
be maintained towards incomplete bladder empty-
ing	in	both	neurogenic	pelvic	loor	dysfunction	and	
structurally caused incontinence. This is important 
in view of the potential these conditions have to 
cause irreversible loss of kidney function.

In a minority of incontinent children the non-inva-
sive assessment yields equivocal results, or results 
suggesting gross deviations from normal function. 
Only	 in	 these	 situations	 is	 there	an	 indication	 for	
invasive investigations, such as: 

•	Voiding	cystourethrography.

•		Invasive	urodynamics	(cystometry,	pressure/low/
EMG studies, videocystometry).

•	Renal	scans	or	intravenous	urography.

•	Cystourethroscopy.

For the paediatric age group, where the history is 
jointly obtained from parents and child, and where 
the failure to develop bladder control generates 
specific problems, a structured approach is rec-
ommended,	with	a	questionnaire	[3,4].	

Level of evidence: 3. 

Grade of recommendation: B

Many signs and symptoms related to voiding and 
wetting are new to the parents, and they should 
be specifically asked for, using the questionnaire 
as checklist. If possible the child should be ad-
dressed as the patient and questioned directly, 
as the symptoms prompting the parents to seek 
consultation may be different from those are prob-
lematic for the child.

A voiding diary is mandatory to determine the 
child’s voiding frequency and voided volumes. 
Checklists and frequency volume chart can be 
filled out at home, and checked at the first visit 
to the clinics. History-taking should also include 
assessment of bowel function; a similar pro-active 
process using a questionnaire should be followed 
for	defecation	and	faecal	soiling	[5].	

The general history-taking should include ques-
tions relevant to familial disorders, neurological 
and congenital abnormalities, as well as informa-
tion on previous urinary infections, relevant sur-
gery and menstrual and sexual functions (in pu-
bertal and older children). Information should be 
obtained on medication with known or possible 
effects on the lower urinary tract. 

At times it is helpful to more formally evaluate the 
child’s psychosocial status and the family situa-
tion, e.g. using validated question forms such as 
CBCL (Achenbach) or the Butler forms [6,7].

A short screening instrument for psychological 
problems in enuresis (SSIPPE) and a disease 
specific quality of life questionnaire for children 
with LUTD called PinQ are also validated tools 
available	to	the	clinician	[8,9].	

Child abuse is very often signalled first by symp-
toms of vesico-urethral dysfunction [10].

At present there are no validated questionnaires 
to diagnose the cause of incontinence in children.

Level	of	evidence:	4.	

Grade of recommendation: C

I. HISTORY TAKING

B. Evaluation in children who wet
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Apart from a general paediatric examination, the 
physical examination should include the assess-
ment of perineal sensation, the perineal reflexes 
supplied	 by	 the	 sacral	 segments	 S1-S4	 (stand-
ing on toes, bulbocavernosus) and anal sphinc-
ter tone and control. Special attention should be 
paid to inspection of the male or female genital 
region, and of the urethral meatus. Asymmetry of 
buttocks, legs or feet, as well as other signs of 
occult neurospinal dysraphism in the lumbosacral 
area (subcutaneous lipoma, skin discoloration, 
hair growth and abnormal gait) should be looked 
for specifically [11].

In examining the abdomen for the presence of 
a full bladder, full sigmoid or descending co-
lon which is a significant finding with a history 
of constipation.

Detailed questioning of the parents’ observa-
tion of the child’s voiding habits is essential as 
is direct observation of the voiding, if possible. 
Children may have their voiding dysfunction 
ameliorated or even eliminated by correcting 
anomalies of body position detected when ob-
serving the child’s micturition. Children may void 
in awkward positions, e.g. with their legs crossed 
or balancing on the toilet without proper support 
of the legs, thereby preventing the pelvic floor 
relaxation and obstructing the free flow of urine 
[12] (Figure 4 ).

Level	of	evidence:	4.	

Grade of recommendation: D

In order to be comprehensive, physical examina-
tion should include urinalysis to identify patients 
with urinary tract infection, diabetes mellitus, dia-
betes insipidus and hypercalciuria if indicated [13].

1.  FREQUENCY / VOLUME CHARTS: BLAD -
DER DIARY

The frequency/volume chart is a detailed diary re-
cording each void by time and urine output over 
24-hour	periods.	The	chart	gives	objective	informa-
tion on the number of voidings, the distribution of 
day and night voids, along with the voided volumes 
and episodes of urgency and leakage, or dribbling. 
In order to obtain a complete picture, defecation 

frequency and/or soiling are often also recorded: 
Then, this becomes termed as bladder-bowel diary 
due to its complexity.

From the frequency/volume chart the child’s “func-
tional” bladder capacity may be assessed as the 
largest voided volume, with the exception of the 
morning micturition, which actually represents 
nighttime bladder capacity. Whenever possible, 
illing	out	the	chart	is	the	responsibility	of	the	child:	
the parents provide assistance and support. Ide-
ally the chart should cover 3 complete days, but 
in reality completion over a weekend restricts the 
record to 2 days.

The frequency volume chart is a reliable non-inva-
sive measure of maximum bladder storage capac-
ity and can be used as an outcome measure in 
children with bladder dysfunction if care is taken to 
minimise confounding factors and sources of error 
during	chart	completion	[14].	

The amount of urine voided by a non-supervised 
child during the day varies considerably since the 
child’s voidings are dictated more by social cir-
cumstances and /or bladder activity rather than by 

Figure 4: Improper position for voiding: the feet are 
not supported (unbalanced position) and the boy is 
bent forward. Support of the feet will correct this and 
will allow the pelvic loor muscles to relax properly.

II. PHYSICAL EXAMINATION

III. URINALYSIS

IV. NON-INVASIVE DIAGNOSTIC 
TECHNIQUES
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bladder capacity. Children with bladder symptoms 
void smaller volumes of urine than may be expected 
from	traditional	estimates	[14].

This is unrelated to either gender, type of present-
ing incontinence or a positive family history of blad-
der	dysfunction.	The	only	signiicant	 inluence	upon	
voided volumes recorded on a frequency volume 
chart is the age effect, and voided volumes, even in 
incontinent children, increase incrementally with age. 
The frequency volume chart is useful when compar-
ing the mean voided volume and standard deviation 
by	a	child’s	age	15,16].

Validation	and	test/retest	data	on	frequency/volume	
charts whilst scarce indicate that voiding interval is 
the most variable parameter. Data in normal children 
and in children with different categories of inconti-
nence	are	available	for	comparison	[14,17,18].

In order to obtain a complete picture it is better to ask 
for	a	bladder	diary:	luid	intake	as	well	as	voiding	fre-
quency, voided volumes, incontinence episodes and 
defecation frequency and/or soiling are recorded.

Test/retest evaluation is not available; trend analyses 
of frequency/volume charts can be extracted from 
currently available data.

Level of evidence: 3. 

Grade of recommendation: B

2. QUANTIFICATION OF URINE LOSS

Subjective grading of incontinence may not indi-
cate reliably the degree of dysfunction. For ob-
jective grading, 12-hour pad test and frequency/
volume charts are validated instruments [18-20]. 
One	 should	 be	 aware	 that	 children	 tend	 to	 do	
their	utmost	best	when	illing	out	diaries	and	doing	
padtests: underestimation is more the case than 
overestimation [21].

In children, the 12-hour pad test should also give 
information about fluid intake. The pad test is 
complementary to the bladder diary, which de-
notes more the frequency of incontinence and the 
distribution of wetting episodes than the quanti-
ties of urine lost. 

The amount of urine lost during sleep can be de-
termined by weighing diapers or absorbent pads, 
before and after sleep. To obtain a measure of the 
total nocturnal urine output, the volume of the ear-
ly-morning voiding should be added to the amount 
lost during sleep.

3 SCORING SYSTEMS

At present three scoring systems, based on validated 
questionnaires	have	been	described.	Speciic	scores	
correlated with lower urinary tract dysfunction with a 
speciicity	and	sensitivity	of	about	90%	[22-24].	

The value of these scoring systems to determine 
the cause of incontinence seems to be of lim-
ited value to the individual patient, but can be 
very useful in studies to determine and compare 
treatment outcome.

Level of evidence: 3. 

Grade of recommendation: C

4. QUANTIFICATION OF CONSTIPATION

Scoring a plain X-ray of the abdomen (Barr score) 
yields inconsistent results in grading constipation. 
[17-19]	Reproducibility	 seems	 to	 be	 best	 using	 the	
method described by Leech [28-30].

A better way to match clues from the medical history 
with signs and symptoms is the measurement of co-
lonic transit time. 

As many children with an overactive bladder habitu-
ally	use	 their	pelvic	loor	as	an	“emergency	brake”,	
anomalous defecation frequency and constipation 
have a high prevalence in this group. 

Diagnosing constipation is important: we recom-
mend to use the Rome III criteria listed in the table 
below [31].

A non-invasive way to determine fecal reten-
tion is the estimation of rectal diameter on ultra-
sound. In children without constipation the mean 
diameter	was	 2,	 2.1	 and	 2.4	 cm	 in	 three	 differ-
ent	studies	respectively	[32-34].	In	children	with	
constipation the rectal diameter was on average 
3.4	cm	in	the	first,	4.9	in	the	second	and	4.2	cm	
in the third study, significantly different from the 
non-constipated children. Joensson et al. also 
re-measured	constipated	children	4	weeks	after	
treatment with laxatives finding the rectal diam-
eters in the constipation group were significantly 
reduced	(p	<	0.001)	[34].

Finding	 a	 dilated	 and	 illed	 rectum	 on	 ultrasound	
while the child feels no need to defecate probably 
can replace a digital rectal examination.

Overt	 constipation	should	be	dealt	with	before	em-
barking on treatment of incontinence or bladder and 
pelvic	loor	dysfunction	[35,36].

Level of evidence 3. 

Grade of recommendation: B

5. URINARY FLOW

Voiding	should	be	analysed	in	detail	 in	all	 incon-
tinent children with the exception of monosymp-
tomatic bedwetting where voiding, as far as we 
know, is normal.

Graphic registration of the urinary flow rate dur-
ing voiding is a standard office procedure. Flow 
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patterns and rates should be repeated to allow for 
evaluation, and several recordings are needed to 
obtain consistency.

Approximately	 1%	 of	 school	 children	 have	 a	
voiding that can be labelled abnormal with flat-
tened or intermittent flow curves. The remain-
ing	 99%	 have	 a	 bell-shaped	 flow	 curve	 [37].	 It	
should be noted that a normal flow does not ex-
clude a voiding disturbance, nor does an abnor-
mal flow pattern automatically means a bladder 
or voiding dysfunction, as in asymptomatic nor-
mal schoolchildren abnormal patterns were also 
found	[38,39].

Flow recordings with a voided volume of less than 
50%	of	the	functional	capacity	are	not	consistent:	
they represent voiding on command, and many 
children will try to comply by using abdominal 
pressure.	On	the	other	hand,	overdistension	of	the	
bladder can result in abnormal uroflow recordings 
also	[40].

A helpful tool in this respect is the use of trans-
abdominal ultrasound (e.g. bladder scan) before 
micturition in order to assess the bladder volume 
[41,42].	If	the	bladder	is	still	nearly	empty	the	child	
should be asked to drink some water until the 
bladder is full enough for a reliable flow. 

Urinary flow may be described in terms of rate and 
pattern and may be continuous, intermittent (in 
fractions), or staccato (fluctuating). An intermittent 
flow pattern shows a interrupted flow, whereas in 
staccato voiding the flow does not stop complete-
ly, but fluctuates due to incomplete relaxation of 
the sphincter.

Measurement of urinary flow is performed as a 
solitary procedure, with bladder filling by diuresis 
(spontaneous or forced), or as part of a pressure/
flow study, with bladder filling by catheter. Pat-

terns and rates should be consistent to allow for 
evaluation, and several recordings are needed to 
obtain	consistency	[43,44].

The same parameters used to characterise con-
tinuous flow may be applicable, if care is exer-
cised, in children with intermittent, or staccato 
flow patterns (Figure 5-8 ). In measuring flow time, 
the time intervals between flow episodes are dis-
regarded.	Voiding	time	is	total	duration	of	micturi-
tion, including interruptions.

6.  ULTRASOUND IMAGING OF UPPER AND 
LOWER URINARY TRACT

In most clinical settings, ultrasound-imaging tech-
niques are routinely used in children with inconti-
nence. Upper tract abnormalities such as duplex 
kidney, dilatation of the collecting system, and 
gross reflux nephropathy can be readily detected, 
but detection of the more subtle expressions of 
these abnormalities requires urological expertise 
on	the	part	of	the	ultrasound	operator	[45].

Lower urinary tract abnormalities are even more 
difficult to assess for the inexperienced, aside 
from bladder wall thickness: a bladder wall 
cross-section	of	more	than	3-4	millimetres,	mea-
sured	 at	 50%	 of	 expected	 bladder	 capacity,	 is	
suspicious	 of	 detrusor	 overactivity	 [46,47].	 Be-
cause only a few studies have been conducted 
to compare bladder wall thickness in normal chil-
dren without complaints and in children with low-
er urinary tract dysfunction, more studies need 
to be performed to validate these non-invasive 
techniques	[48,49].

Another possibility is to assess bladder volume 
and bladder wall thickness to calculate the Blad-
der	 Volume	 /	 Bladder	 Wall	 Thickness	 index.	 In	
children with nocturnal enuresis this index corre-
lated	well	with	response	to	treatment	[50].	

Functional constipation 

Must include  2 of the following in a child with a developmental age of  4 years  with 

insuficient	criteria	for	diagnosis	of	IBS: 

 2 defecations per week 

 1 episode of fecal incontinence per week 

History of retentive posturing or excessive  volitiotnal stool retention 

History of painful or hard bowel movements 

Presence of a large fecal mass in the rectum 

      History of large diameter stools that obstruct the toilet 
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Figure 5: normal urinary low curves of 2 childtren Figure 8: Staccato voiding in a child

Figure 7: intermittent low curve in a child voiding 
with abdominal straining  

Figure 6: low curves of 2 children with a static, ana-
tomic obstruction; the curve is continuous but the 
low is lower than normal and extended in time 

a) Post-void residual volume

Except in small infants, the normal bladder will 
empty	completely	at	every	micturition	[51].

The identification or exclusion of post-void re-
sidual is therefore an integral part of the study 
of micturition. However, an uneasy child voiding 
in unfamiliar surroundings may yield unrepre-
sentative results, as may voiding on command 
with a partially filled or overfilled bladder. When 
estimating residual urine, voided volume and 
the time interval between voiding and estima-
tion of post-void residual should be recorded. 
This is of particular importance if the patient is 
in a diuretic phase. In patients with gross vesi-
coureteral reflux, urine from the ureters may en-
ter the bladder immediately after micturition and 
may falsely be interpreted as residual urine. 
The absence of residual urine is an observa-
tion of clinical value, but does not exclude blad-
der outlet obstruction or sphincter / pelvic floor 
overactivity with absolute certainty. An isolated 
finding of residual urine requires confirmation 
before being considered significant, especially 
in infants and young children.

b) Ultrasound-low-ultrasound

This combination of imaging and non-invasive 
urodynamics is a standardised procedure used to 
obtain representative data on flow rate and flow 
pattern, as well as post-void residual volumes. 
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With ultrasound, bladder filling is assessed and 
when the bladder capacity is equal to the function-
al or expected bladder capacity for age, the child 
is asked to void into the flowmeter. After recording 
the flow, post-void residual is assessed again. 

This procedure avoids the registration of flow 
rates at unrealistic bladder volumes. 

Alternatively children can be asked to use a flow-
meter at home: a special flowmeter has been de-
signed	to	use	at	home	[52].	For	those	children	who	
have difficulty voiding in a strange environment, 
this option can be useful.

7. INVASIVE DIAGNOSTIC TECHNIQUES

The important question (for the incontinent child) 
“whether invasive diagnostic procedures are 
necessary” is decided by the results of the non-
invasive procedures.

At present there are no studies indicating that a 
VCUG	is	useful	in	children	with	incontinence,	but	
without urinary tract infections.

In general urodynamic studies will only be done if 
the outcome will alter the management, and this 
will also depend on whether the possible treat-
ments being considered are invasive. The diag-
nostic information needed is that which is nec-
essary to find the correct treatment. Indicators 
include, straining or manual expression during 
voiding, a weak urinary stream, previous febrile 
urinary tract infection, continuous dribbling incon-
tinence or pronounced apparent stress inconti-
nence, or previously identified dilating vesicoure-
teral reflux.

The finding of genitourinary abnormalities or 
signs of occult spinal dysraphism at physical ex-
amination also indicate the need for further diag-
nostics. Urinary flow registration will detect the 
plateau-shaped flow curve typical for structural 
bladder outlet obstruction, and an intermittent 
flow suggesting detrusor –sphincter- pelvic floor 
dys-coordination	[43].	

A clinically significant post-void residual on re-
peated occasions clearly points to incomplete 
bladder emptying. The pad test will detect the 
cases with obvious stress and urgency inconti-
nence, or continuous dribbling. Ultrasound imag-
ing will raise suspicion of an ectopic ureter. 

In short, invasive diagnostics are indicated when 
the non-invasive testing raises suspicion of neu-
rogenic detrusor-sphincter dysfunction (occult 
spinal dysraphism), obstruction (especially pos-
terior urethral valves), genitourinary abnormali-
ties (e.g. epispadias), advanced non-neurogenic 
detrusor-sphincter- pelvic floor dysfunction (as in 
children with vesicoureteral reflux and upper tract 

dilatation and/or febrile urinary tract infections), 
or significant post void residuals.

To diagnose the complex of non-neurogenic detru-
sor-sphincter dysfunction, recurrent urinary tract in-
fections	and	vesicoureteral	relux,	urodynamic	stud-
ies are needed in only a minority of all children.

a) Voiding Cystourethrogram

1. TECHNIQUE OF VCUG IN CHILDREN 

Cleanse and rinse the external genitalia with luke-
warm water: do not use detergents. Use a feeding 
tube with side holes and a rounded tip (Ch 06-08) 
or balloon catheter to catheterise the bladder; check 
the urine for infection. Empty the bladder completely 
before	illing.	Use	a	radio-opaque	dye	of	maximum	
30%	 concentration,	 at	 body	 temperature,	 and	 ill	
the bladder by slow-drip infusion, with a hydrostatic 
pressure	of	not	more	than	40	cm	H2O.	Note	the	vol-
ume	of	 the	contrast	medium	 instilled.	Use	luoros-
copy	during	illing	at	regular	intervals.

Take	spot-ilms	 (70mm	or	90mm	camera)	with	 the	
child	in	supine	position,	with	partial	illing	and	at	the	
end	of	illing,	 in	AP	projection,	of	 the	complete	uri-
nary tract. Upper and lower tract should be visible.

When voiding is imminent, change the position of 
the child so that spot films of bladder and urethra 
in	3/4	projection	can	be	taken	during	voiding.	Also	
take a spot film of the upper urinary tract during 
voiding, as the degree of vesicoureteral reflux 
(VUR)	may	 change	with	 the	 pressure	 generated	
by the detrusor muscle during voiding. Post-void 
residual volumes vary very considerably with 
VCUG.	 The	 voiding	 phase	 is	 critically	 important	
to	 VCUG,	 both	 for	 reflux	 detection	 and	 for	 as-
sessment of voiding dynamics. Without a voiding 
phase	the	VCUG	is	incomplete.

Prophylactic antibiotics are indicated in all chil-
dren,	 to	minimise	the	risk	 for	post-VCUG	urinary	
tract infection especially in children with an ana-
tomic abnormality.

2. INDICATIONS FOR VCUG

A	VCUG	is	an	invasive	procedure	and	should	only	
be done if the outcome will influence the manage-
ment. It is indicated in children with recurrent uri-
nary tract infections in order to detect reflux, in 
children with a dilated system on ultrasound and 
in children with an abnormal flow pattern to detect 
bladder outlet abnormalities (like valves, stric-
tures or a syringocele). 

In children with incontinence the lateral projec-
tion during voiding is the most important part of 
the study. Especially in children with stress incon-
tinence or a neurogenic bladder the position and 
coniguration	of	the	bladder	neck	during	illing	and	
voiding should be noted.
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In children with non-neurogenic detrusor-sphinc-
ter- pelvic floor dysfunction as well as in children 
with neurogenic detrusor-sphincter dyssynergia, 
the proximal urethra may show the so-called 
‘spinning	top’	configuration,	during	filling	and	dur-
ing voiding. With detrusor and pelvic floor muscles 
contracting at the same time, the force of the de-
trusor contraction will dilate the proximal urethra 
down to the level of the forcefully closed striated 
external	 sphincter.	 The	 resulting	 ‘spinning	 top’	
configuration used to be seen as a sure sign of 
distal urethral stenosis, a concept held respon-
sible for recurrent urinary tract infections in girls, 
with urethral dilatation or blind urethrotomy as the 
obvious therapy. However, urodynamics made it 
clear	that	the	‘spinning	top’	will	only	appear	when	
detrusor and pelvic floor contract synchronously, 
which makes it a functional anomaly, not an ana-
tomical	one	[53,54].	

Women	 often	 recall	 their	 experience	 with	 VCUG	
as young girls in terms bordering on abuse. The 
use	of	VCUG	in	children	should	be	 limited	 to	 the	
absolutely necessary.

b) (Video)-Urodynamics

In children urodynamic investigations should only 
be performed if the outcome will have conse-
quences	 for	 treatment	 [55-57].	 Furthermore	 like	
VCUG	it	may	be	considered	when	invasive	or	sur-
gical interventions are planned. The main question 
is whether the urodynamic study will provide new 
information that cannot be obtained otherwise and 
will influence the further management. From the 
few studies that have addressed this issue it can 
be concluded that urodynamic studies in the ma-
jority of cases do not provide significant additional 
information to justify this type of investigation as a 
routine	procedure	in	children	[58-60].	

Both children and parents need careful prepara-
tion and adequate information before the study 
is done. It is an invasive procedure and artefacts 
may occur. Because of the invasiveness of the in-
vestigations all children are anxious and this may 
be reflected in the outcome of the study. Especial-
ly during the first filling cycle, when the child does 
not know what to expect, detrusor overactivity 
may be seen and the voiding phase can be incom-
plete due to contraction or incomplete relaxation 
of	 the	 pelvic	 floor	muscles	 during	 voiding.	Once	
the child knows that filling and voiding are not 
painful a subsequent filling and voiding cycle may 
show a completely different pattern. The study 
should	be	repeated	at	 least	2	or	3	 times.	Only	 if	
during the first filling cycle, no detrusor contrac-
tions are seen and also the voiding phase is in 
accordance with history and uroflow, it is probably 
sufficient to do only one complete filling and void-
ing cycle [61].

Still the results may not always be reproducible 
and it should be stressed that the primary objec-
tive is to treat the child and not a “urodynamic ab-
normality” per se. 

Special attention should be given to a pleasant 
surrounding for the child: one or both parents 
should be present and young children may be 
given	 a	 bottle.	 Older	 children	may	 be	 distracted	
by watching a video movie. The child should be 
awake, unanaesthetised and neither sedated nor 
taking any drugs that affect bladder function.

During the study the investigator has the oppor-
tunity to observe the child and discuss various 
findings and correlate them to what the child feels 
and/or normally would do in such circumstances. 

In	children,	the	transition	from	illing	phase	to	voiding	
phase is not as marked as in adults. To avoid missing 
this important transition, cystometry and pressure-
low/EMG	measurements	are	performed	as	one	con-
tinuous study in paediatric urodynamics. 

Electromyography of the pelvic floor muscles is 
assumed to evaluate the activity of the striated 
urethral sphincter, in the filling phase and in the 
voiding phase. Surface skin electrodes are usu-
ally used to record the EMG. In children the pelvic 
floor EMG is probably of much more importance 
than in adults as it helps to differentiate the differ-
ent voiding disorders.

Filling the bladder can be achieved by diuresis 
(natural fill cystometry) or retrograde by catheter. 
For	 retrograde	 filling	 by	 catheter,	 saline	 0.9%	 or	
contrast medium at body temperature is recom-
mended in children. Especially in young children 
some urodynamic parameters, such as capacity 
and detrusor activity are influenced by the tem-
perature of the filling fluid. Although the clinical 
relevance is as yet unknown, it is recommended to 
fill the bladder with fluid of body temperature [62]. 

When	 filling	by	catheter,	slow	 fill	cystometry	 (5	–	
10 percent of expected bladder capacity per min-
ute (based on the voiding diary), or < 10ml/min) is 
recommended in children, as certain cystometric 
parameters, notably compliance, may be signifi-
cantly altered by the speed of bladder filling.

Involuntary detrusor contractions may be provoked 
by rapid filling, alterations of posture, coughing, 
walking, jumping, and other triggering procedures.

The presence of these contractions does not nec-
essarily imply a neurologic disorder. In infants, 
detrusor contractions often occur throughout the 
filling phase. (figure 9 )

Bladder sensation is difficult to evaluate in chil-
dren.	 Only	 in	 toilet-trained	 cooperative	 children	
is it a relevant parameter. Normal desire to void 
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is not relevant in the infant, but can be used as 
a guideline	in	children	of	4	years	and	older.	Normal	
desire to void should be considered the volume at 
which some unrest is noted, e.g. wriggling the toes; 
this usually indicates voiding is imminent. In the older 
child,	the	volume	may	be	small	with	the	irst	cystom-
etry, for fear of discomfort. Also involuntary detrusor 
contractions	occur	more	often	during	 the	irst	illing	
cycle [62]. This is the reason that in paediatric uro-
dynamics	 at	 least	 two	 cycles	 of	 illing	 are	 recom-
mended.

Maximum cystometric capacity (MCC) is the volume 
in the bladder at which the infant or child starts void-
ing. The value for maximum cystometric capacity is 
derived from volume voided plus residual volume. 
Values	for	MCC	should	be	 interpreted	 in	relation	 to	
normal values for age.

Compliance indicates the change in volume for a 
change in pressure. For children with neurogenic 
detrusor-sphincter dysfunction, data are available 
relating poor compliance to the risk of upper urinary 
tract	damage	[64].	

The urethral closure mechanism during storage may 
be normal or incompetent. The normal urethral clo-
sure mechanism maintains a positive urethral clo-
sure	 pressure	 during	 illing,	 even	 in	 the	 presence	
of increased abdominal pressure or during detrusor 
overactivity	(guarding	relex)	[63].

Immediately prior to micturition the normal closure 
pressure	decreases	to	allow	low.	

Bladder outlet obstruction, recorded with a pressure / 
low	study,	may	be	anatomical	or	functional	in	nature.	
An anatomical obstruction may be present at the blad-
der neck or in the urethra as a stenosis or a stricture 
when	there	is	a	small	and	ixed	urethral	diameter	that	
does	not	dilate	during	voiding.	As	a	result,	 the	low	
pattern is plateau shaped, with a low and constant 
maximum	low	 rate,	despite	high	detrusor	pressure	
and complete relaxation of the urethral sphincter. In 
a functional obstruction, it is the active contraction of 
the	urethral	sphincter	or	pelvic	loor	during	passage	
of urine, that creates the narrow urethral segment as 
a constant or intermittent obstruction. To differentiate 
anatomical from functional obstruction, information 
is needed about the activity of the urethral sphinc-
ter during voiding. This information can be obtained, 
and	 recorded	 together	 with	 pressure	 and	 low,	 by	
monitoring the urethral pressure at the level of the 
urethral sphincter, or by recording a continuous elec-
tromyogram	of	the	pelvic	loor,	as	in	clinical	practice	
the urethral sphincter is not readily accessible, and 
the electromyogram of the external anal sphincter is 
often used to monitor activity of the striated urethral 
sphincter. This corresponds to activity of the pelvic 
loor	muscles.	Also	the	use	of	video	urodynamics	can	
be very helpful in this respect, as contractions of the 
pelvic	loor	muscles	can	actually	be	seen	during	the	
voiding phase (Figure 9 and 10 ).

In	 infants	 and	 small	 children,	 pelvic	 loor	 muscle	
overactivity during voiding (with post-void residuals) 
is not uncommon: in all probability it is a normal de-
velopmental	feature	[65,	66].

c) Cystoscopy

In by far the majority of children cystoscopy is not in-
dicated. In boys with therapy resistant incontinence, 
an	abnormal	low	pattern,	especially	 in	combination	
with a history of (recurrent) urinary tract infection is 
suspicious of infra-vesical obstruction such as blad-
der neck obstruction, urethral valves, syringocele 
etc.	A	VCUG	may	not	always	show	these	abnormali-
ties	and	pressure	low	curves	may	be	equivocal	[67].	

In	girls	 the	low	may	be	directed	upward,	 indicating	
an abnormal meatal position or stenosis. A dorsal 
meatotomy generally solves this problem. It has 
been postulated that in girls the abnormal direction 
of	the	stream	triggers	the	bulbocavernosus	relex	re-
sulting in dysfunctional voiding [68].

Grade of recommendation: for all diagnostic pro-
cedures level B

Nocturnal enuresis (NE) is involuntary voiding of 
urine during sleep, at least three times a week, in 
children	over	5	years	of	age	in	the	absence	of	con-
genital or acquired defects of the central nervous 
system [1].

Parental concern and child distress affect the clini-
cal	signiicance	of	the	problem	[2].	While	most	chil-
dren	who	wet	at	night	after	age	ive	are	considered	
nocturnal enuretics, the child’s development level is 
also	 important.	The	age	criterion	of	ive	 is	arbitrary	
but	 relects	 the	natural	course	of	achieving	bladder	
control	 [4].	Verhulst	et	al	argue	 for	lexibility	due	 to	
different age at which boys develop nighttime con-
tinence	 compared	with	 girls	 [4].	 Extrapolation	 from	
Verhulst’s	 igures	 suggests	 that	 the	 prevalence	 of	
nighttime wetting for 8-year-old boys equals that for 
girls	at	5	years	[4].

Monosymptomatic  NE is bedwetting without day-
time symptoms. Non-monosymptomatic  or polys-
ymptomatic NE describes children with both day and 
nighttime	wetting	[5].

Nocturnal enuretics vary in wetting frequency. 
Although fifteen percent wet each night, most 
children	wet	less	frequently	[4,6].	In	a	population	
survey	of	nearly	1,800	 Irish	children	aged	4	–14	
years, Devlin found the frequency of wetting as 

C. Nocturnal enuresis

I. DEFINITION

II. SEVERITY
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Figure 10: Classiication of urinary incontinence in children

(Over)activity	of	the	urethral	sphincter-	pelvic	loor	may	occur	during	the	voiding	contraction	of	the	detrusor	in	
neurologically normal children; this set of events is termed dysfunctional voiding.

Grade of recommendation: for all diagnostic procedures level B

Figure 9: Urodynamic study illustrating involuntary detrusor contractions, counter action of pelvic loor 
muscles (guarding relex) and incomplete pelvic loor relaxation during voiding resulting in post void re-
sidual urine (detrusor overactivity + dysfunctional voiding) [63]
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follows: less than once per week in 33 percent, 
once	per	week	in	11	percent	and	2	to	4	times	per	
month	 in	25	percent	 [7].	Some	children	and	par-
ents are concerned about an occasional wet bed, 
while others accept regular wetting. Clinically se-
verity can be defined as: infrequent (1-2 wetting 
episodes	 per	 week),	 moderately	 severe	 (3	 –	 5	
wetting episodes per week) or severe (6 – 7 wet-
ting episodes per week) [7].

Bedwetting is common. In the United Kingdom, es-
timates	 approximately	 750,000	 children	 and	 young	
people over 7 years regularly wet the bed. In the United 
States	5	to	7	million	children	regularly	experience	pri-
mary	NE	[8,9,10].

The prevalence of bedwetting varies regionally. In 
China, where parents take children out of diapers 
earlier, bedwetting seems to resolve more quickly. 
For example, in a large survey from Shandon, the 
proportion of children attaining nocturnal urinary 
control	before	age	2	was	7.7%;	by	age	3,	 this	had	
increased	to	53.1%,	and	by	age	5	to	93%.	The	over-
all	prevalence	of	NE	was	4.3%,	with	a	signiicantly	
higher prevalence in boys than girls. There was no 
additional decrease in the prevalence of enuresis be-
tween 6 and 16 years [11]. This suggests that struc-
tured awakening and toileting is effective treatment 
for monosymptomatic NE, even in small children.

Bedwetting becomes less common with advanc-
ing	age.	In	the	West,	15	per	cent	of	children	each	
year develop nocturnal bladder control [12]. By 
adulthood, bedwetting is rare. Hirasing et al sam-
pled	 over	 13,000	 adults	 [18-64	 years]	 and	 found	
an	overall	prevalence	rate	of	NE	at	0.5%	[13].	Of	
these,	12	percent	of	men	and	29	percent	of	women	
had daytime incontinence. Despite persistence of 
wetting	into	adulthood,	50	percent	of	men	and	35	
percent of the women never seek help for their 
problem.	The	enuresis	prevalence	of	0.5%	in	oth-
erwise healthy adults in Hirasing’s study refers to 
a largely untreated population. Fifty percent of the 
men had primary enuresis and had never been 
consistently dry at night. Assuming a prevalence 
of enuresis of 8 percent in 7-year-old boys, the risk 
for an enuretic boy to remain so for the rest of his 
life	 is	 3	 percent.	 [12.14].	 Many	 believe	 adult	 en-
uretics represent a “hard core” group with worse 
symptoms. These individuals are likely to have 
associated diurnal enuresis or voiding symptoms. 
One	study	included	18	males	and	29	females	with	
a	 mean	 age	 of	 20	 years	 with	 persistent	 NE.	 Of	
these	patients	37	 (79%)	had	moderate	or	 severe	
symptoms	and	17	(38%)	also	had	daytime	urinary	
symptoms. Thirty patients had urodynamics includ-
ing	12	males	and	16	females,	and	93%	had	detru-
sor	 overactivity.	 In	 addition,	 73%	 of	 patients	 had	
urodynamic	evidence	of	functional	bladder	outlow	

obstruction, including dysfunctional voiding and 
detrusor	 sphincter	 or	 detrusor	 pelvic	 loor	 disco-
ordination.	 Two	male	 patients	 (6.7%)	 had	 an	 ob-
structive pattern on urodynamics and subsequent 
cystoscopic	 examination	 conirmed	 the	 presence	
of congenital urethral stricture/valves. Sixteen pa-
tients	(53%)	had	signiicantly	reduced	bladder	ca-
pacity	of	less	than	300	ml.	[15-18].	These	and	other	
studies suggest that persistent NE after childhood 
is a serious adult problem requiring some investi-
gation and considerable effort to treat.

Bedwetting runs in the family of many children who 
suffer from bedwetting. In one study, A positive 
family	 history	 was	 found	 in	 94	 families	 (23%)	 of	
411	probands	with	PNE,	including	49%	of	fathers,	
9%	of	mothers,	6%	of	both	parents,	6%	of	the	sib-
lings	 and	 30%	 of	 grandfathers	 or	 (and)	mothers.	
Among the probands the ratio of male to female 
was 1.3:1 excluding sex-linked inheritance. Au-
tosomal	 dominant	 inheritance	 was	 in	 15%,	 and	
autosomal recessive inheritance was consistent 
in	1.46%	of	families[19].	Thus,	the	mode	of	inheri-
tance is usually autosomal dominant; if both par-
ents were nocturnal enuretics as children, the risk 
for	their	children	is	from	65	to	85	%	[20].	If	only	one	
parent	has	NE	the	risk	is	about	45	percent	[21].	

Molecular studies have clearly shown that NE is a 
complex disease with locus heterogeneity and no 
clear genotype-phenotype association. 

Linkage studies to determine the location of the 
genetic changes have suggested foci on several 
genes. Linkage studies to markers on chromo-
somes 8, 12 and 13 demonstrate both clinical, as 
well as genetic heterogeneity in nocturnal enuresis 
[22]. But these have not been consistently reported 
in other studies [23]. So far, there has been no re-
ported association of the genotype with a particular 
phenotype	of	enuresis	[24].	

Boys suffer nocturnal enuresis more frequently. 
In a population survey of 706 families in London, 
Weir found a higher prevalence for boys than girls, 
at	 age	 3	 years,	 with	 56	 percent	 of	 boys	 and	 40	
percent of girls being wet at night more than once 
a	 week	 [25].	 More	 recent	 studies	 are	 consistent	
[26]. Surveys of monosymptomatic NE undertaken 
in Great Britain, Holland, New Zealand and Ireland 
suggest	that	the	prevalence	for	boys	is	13-19%	at	
5	years,	15-22%	at	7	years,	9-13%	at	9	years	and	
1-2%	 at	 16	 years.	 For	 girls	 the	 prevalence	 rates	
are	reported	to	be	about	half	that	rate:	9-16%	at	5	
years,	7-15%	at	7	years,	5-10%	at	9	years	and	1-	
2%	in	the	late	teenage	years	[4,7,27,28].	Although	

III. PREVALENCE

IV. INHERITANCE

V. GENDER AND MONOSYMP-
TOMATIC NE
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monosymptomatic NE is more common in young 
boys, by adolescence the incidence in males is the 
same	as	in	females	[16,29]

1.   PRIMARY VERSUS SECONDARY NOCTUR-
NAL ENURESIS

Children who have never been free of bedwetting 
for 6 months have primary NE . Secondary NE is 
the re-emergence of wetting after a period of be-
ing dry for at least six months. A birth cohort of 
1265	New	Zealand	children	studied	over	10	years	
by Fergusson et al found an increased risk of 
secondary nocturnal enuresis with age [30]. The 
proportion of children who developed secondary 
enuresis	was	3.3	percent	at	5	years,	4.7	percent	
at 6 years, 6.2 percent at 7 years, 7.0 percent at 
8	years,	7.5	percent	at	9	years	and	7.9	percent	at	
10 years. 

Secondary NE is associated with a higher inci-
dence of stressful events particularly parental 
separation, disharmony between parents, birth 
of a sibling, early separation of the child from 
parents and psychiatric disturbance in a parent 
[22, 30,31].

Von	Gontard	 and	 colleagues	 found	 children	with	
secondary enuresis had significantly more emo-
tional difficulties compared to those with primary 
NE. Their evidence also suggests children with 
secondary enuresis, compared to those with pri-
mary enuresis, are more likely to have behavioural 
problems, a finding which corresponds to that of 
McGee et al [32].

Both Jarvelin and Fergusson et al argue that pri-
mary and secondary enuretics are similar [ 30,31]. 
They believe the two share a common etiological 
basis. The rate the child acquires primary control 
inluences	his	or	her	risk	of	secondary	enuresis.	The	
primary form is the consequence of a delay in matu-
ration of the physiological mechanisms. The child’s 
capacity to sustain and maintain nocturnal bladder 
control is manifest in the rate at which he or she 
acquires	 control.	On	 the	 other	 hand,	 this	 capacity	
determines the child’s susceptibility to lapsing back 
to night wetting when exposed to stress.

Other	 sources	 of	 secondary	 enuresis	 must	 be	
excluded prior to proceeding with treatment for 
enuresis. These include sleep apnea from ob-
structive airway disease, obesity, constipation and 
infrequent or dysfunctional voiding. Treatment of 
sleep apnea from obstructive airway has been 
shown to improve or eliminate NE in some chil-
dren following surgery or medical management 
[34,35].	 Obesity	 has	 been	 associated	 with	 noc-
turnal enuresis both independently [36] and in the 
context of sleep apnea. [37]

2.  MONO-SYMPTOMATIC VERSUS NON-MO-
NO-SYMPTOMATIC NE

Mono-symptomatic NE refers to those children 
who report no other bladder or voiding problems 
associated with wetting. Non-mono-symptomatic 
NE refers to bedwetting, that is associated with 
detrusor overactivity or voiding problems such as 
urgency	and	bladder	holding	during	the	day	[5].

This classification becomes important when con-
sidering the most appropriate treatment interven-
tion. Many parents are unaware of daytime symp-
toms when seeking help for bedwetting and when 
identified these symptoms should be treated prior 
to	 intervention	 for	 the	 NE.	 Between	 10-28%	 of	
children with NE have associated daytime wet-
ting. If so, these children should be considered 
day and night incontinent. In these cases, night 
time incontinence is not any longer an isolated 
phenomenon but part of the symptomatology of 
day and night time incontinence. These children 
are more resistant to treatment and more vulner-
able to relapse [38]. These boys and girls are 
more appropriately managed in the context of the 
primary bladder problem.

NE stems from a mismatch of bladder capacity, 
nocturnal urine output and the ability for the child 
to arouse during sleep. Night wetting is normal un-
til	age	5.	Delayed	maturation	in	one	or	more	of	the	
following systems results in NE: a lack of stability 
in bladder function, a lack of arginine vasopressin 
(AVP)	 release	 or	 response,	 or	 relative	 increased	
solute	 excretion	 during	 the	 night	 [39,40]	 ,	 or	 an	
inability to wake from sleep to full bladder sensa-
tions	 [41,42].	Combinations	of	all	 three	problems	
may be present.

A unifying and simplistic concept with important 
clinical implications, is that NE is caused by a 
mismatch between nocturnal bladder capacity and 
the amount of urine produced during the night, 
combined with delayed or incomplete arousal re-
sponse to the afferent neurological stimulus of the 
full bladder (Figure 11 ).

1. INCREASED NOCTURNAL URINE OUTPUT

In normal children, the circadian rhythm of urine 
production results in a nocturnal reduction in di-
uresis	 to	 approximately	 50%	 of	 daytime	 levels	
[43,44].	 In	 children	 this	 is	 the	 result	 of	 noctur-
nal release of hormones that regulate free water 
excretion	 (arginine	 vasopressin,	 (AVP)	 or	 solute	
excretion (angiotensin II and aldosterone) and 
may result from circadian changes in glomerular 
filtration	 [45].	 In	 the	 normal	 child,	 this	 results	 in	
increased urine concentration and reduced urine 
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volume during sleep. This is why children who are 
not enuretic sleep through the night without being 
wet and do not need to rise to void.

Two thirds of patients with mono-symptomatic NE 
have been found to have a lack of circadian rhythm 
of vasopressin, resulting in high nocturnal urine pro-
duction,	which	exceeds	bladder	capacity	[46,47,48].	
Rittig et al and Norgaard et al demonstrated abnor-
malities	in	the	circadian	rhythm	of	AVP	secretion	re-
sulting in increased nocturnal urine output that ex-
ceeded bladder capacity in children with nocturnal 
enuresis	 [46,47].	 These	 children	 make	 more	 urine	
at night, and often overcome their bladder capacity 
and wet early in the night. Abnormalities can also 
be intrinsic, related to reduced nocturnal circadian 
changes	in	glomerular	iltration	rate	(GFR)	[45]	or	in	
sodium	and	calcium	excretion[49].

Detection of low plasma vasopressin levels, GFR 
assessments or specific sodium and calcium ex-
cretion are difficult to measure. Instead, we look 
for clinical signs of low vasopressin during the 
assessment interview. Weighing the diapers and 
adding the first morning void provides the total 
nocturnal urine output. if this total exceeds the 
child’s functional bladder capacity this may indi-
cate nocturnal polyuria. Nocturnal urine output 

varies	 appreciably	 from	 night	 to	 night	 [50],	 but	
seems larger in children with NE who respond 
best	to	desmopressin	(dDAVP).

By the time the child becomes an adolescent, the 
circadian rhythm is less prominent. In adolescents 
and adults with nocturnal enuresis, there is no diur-
nal rhythm of plasma vasopressin concentration. The 
changes in urine production at night occur from a de-
crease in the urinary sodium excretion that is not due 
to	differences	 in	concentration	of	AVP	but	due	 to	a	
lack	of	sensitivity	to	AVP	[51]	with	resultant	increased	
urine	output	[39].

There may be a small sub-group of children with 
impaired renal sensitivity to vasopressin or des-
mopressin	 [40,52].	 Recent	 work	 by	 Devitt	 et	 al	
suggests	that	18	percent	of	children	have	‘normal’	
levels of plasma vasopressin release but remain 
enuretic	[48].	These	children	all	failed	to	respond	
to a therapeutic dosage of desmopressin. This 
finding could indicate renal insensitivity to vaso-
pressin but could also be indicative of detrusor 
overactivity or a small functional bladder capacity. 
Total urine output during the night could be helpful 
in differentiating between the two conditions. The 
subgroup of patients with NE and increased noc-
turnal urine output generally has a normal func-

Figure 11: Basic pathophysiology of NE or nocturia. When the bladder is full because of  (relative) polyuria and/
or a reduced bladder capacity, the child either wakes up to void (nocturia) or voids while sleeping (NE)
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tional bladder capacity and a favourable response 
to	dDAVP	[53].

2.  DETRUSOR OVERACTIVITY DURING THE 
NIGHT

The detrusor, in order to function appropriately, 
needs to be relaxed during filling and allow an ap-
propriate functional capacity. Detrusor overactivity 
usually causes small voided volumes resulting in a 
decreased	functional	bladder	capacity	[54].

Watanabe and his colleagues, employing EEG 
and cystometry recording during sleep, discovered 
that 32 percent of children with NE had involuntary 
detrusor contractions that resulted in enuresis [60-
62]. These children had smaller functional blad-
der capacities at the point of wetting, than children 
with enuresis who did not have detrusor overactiv-
ity. Functional bladder capacity – defined as the 
largest	daytime	void	on	a	frequency-	volume	(F/V)	
chart, after excluding the first morning void, may 
give a reasonably accurate assessment of day-
time functional bladder capacity (FBC). Reduced 
functional	 bladder	 capacity,	 when	 below	 70%	 of	
predicted FBC for age, is likely to result in poor 
response	to	dDAVP	treatment	[55].	Daytime	blad-
der capacity is smaller than night time capacity in 
children	without	NE	[56].	

The pattern may be different at night. Yeung et al 
reported	that	44	percent	of	treatment	failures	[with	
desmopressin or the enuresis alarm] have nor-
mal daytime bladder function but marked detru-
sor overactivity during sleep resulting in enuresis 
[63,64].	Almost	 none	 of	 these	 children	 had	 noc-
turnal polyuria. Ultrasound studies of the bladder 
furthermore revealed an increased bladder wall 
thickness	in	these	children	[57].	

When further segregated prior to treatment, in-
creased bladder wall thickness and bladder vol-
ume predicted the response to therapy in children 
with their primary nocturnal enuresis (more than 
three nights weekly). In one study, Yeung, et al, 
[58]	 correlated	 ultrasound	 measured	 parameters	
and	urodynamic	 findings.	Of	35	children	with	 fre-
quent NE, bladder wall index was normal in only 
eight	patients.	It	was	less	than	70%	of	predicted	in	
24,	and	more	 than	130%	 in	 three.	When	bladder	
volume and wall thickness index was correlated 
with	ultrasound,	87%	of	the	patients	with	a	normal	
index exhibited a normal bladder pattern on imag-
ing	and	96%	of	patients	with	an	index	less	than	70	
exhibited detrusor over activity on ultrasound. All 
the children with a normal index either had a com-
plete or good response to conventional treatment 
for	nocturnal	enuresis,	whereas	62%	of	those	with	
an	index	less	than	70	%	did	not	respond	to	treat-
ment. With longer follow-up, bladder dysfunction 
had	 resolved	 in	 38%	 of	 the	 children	 with	 an	 ini-
tial index of less than 30, all of whom had a good 

response to treatment. The bladder dysfunction 
persisted	 in	 the	 63%	of	 children	who	 had	 partial	
or no response to treatment. What this means 
is that ultrasound measured bladder parameters 
may segregate children, prior to management of 
primary nocturnal enuresis, into groups that have 
a favorable outcome and those that do not, fol-
lowing conventional treatment. These studies will 
become more and more important in helping to 
predict response of various treatment regiments 
in the future. 

This approach may be even more important in 
adults with refractory monosymptomatic nocturnal 
enuresis.	Bower,	et	al.	 [15]	 found	 that	 in	56	con-
secutive adolescents and adults compared with 
293	normal	adults,	there	were	significantly	higher	
childhood scores of urgency, frequency, urgency 
incontinence, infrequent voiding and small volume 
voids than their normal non-enuretic counterparts. 
This suggests that adolescents and adults with 
persistent nocturnal enuresis may have a more 
significant bladder component, particularly since 
the majority of patients with adult type nocturnal 
enuresis do not seem to exhibit the nocturnal poly-
uria problem seen more commonly in the smaller 
children.

3.  LACK OF AROUSAL FROM SLEEP/CNS 
FUNCTION

The fundamental mechanism resulting in nocturia 
or NE is that the bladder fills to its capacity dur-
ing sleep and needs to empty (figure 11 ). Blad-
der fullness is due to nocturnal polyuria and/or a 
reduction of the bladder capacity due to detrusor 
overactivity during sleep. These factors do not 
fully explain why the enuretic child does not wake 
up during the night to the sensation of a full or 
contracting bladder. Regardless of whether the 
child has detrusor overactivity or nocturnal poly-
uria, the enuresis event results from the child’s 
inability to awaken from sleep to empty prior to 
the wetting episode. 

There is a widely held belief amongst parents and 
some clinicians that enuretics are deep sleepers. 
This is logical, since many of the children ex-
posed to alarm therapy sleep through the alarm 
while family members awaken. Nevéus reviewed 
by	 questionnaire	 1413	 schoolchildren	 between	
the ages of six and ten and noted that enuresis 
was associated with subjectively high threshold 
arousal and significant confusion upon awakening 
from	sleep	[42].	Wolfish	in	a	study	of	15	enuretic	
and 18 control boys and girls found that enuret-
ics wet most frequently during the first two-thirds 
of the night and that arousal attempts were less 
successful	 in	enuretics	 than	 in	normals[59].	This	
might explain why the most heavily endorsed view 
of both children and parents, regarding the aetiol-
ogy of NE is a belief in deep sleep [60].
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More recently Frietag, et al studied brainstem 
evoked potentials in 37 children with nocturnal en-
uresis	 and	 compared	 these	 aged	 8	 to	 14	 years,	
with	 40	 controls,	mean	 age	 10	 years,	 and	 found	
that interpeak latencies of the brainstem evoked 
potentials were increased in children with noctur-
nal enuresis, suggesting that a maturational defi-
cit of the brainstem was present in children with 
nocturnal enuresis. Differences in visually evoked 
potential latencies might point to a reason behind 
functional cortical differences in children with fam-
ily history of nocturnal enuresis [61].

Feittag’s study would suggest that a maturational 
effect is present; however, overnight studies in 
enuretic children with simultaneous sleep electro-
encephalographic and cystometry have revealed 
marked detrusor overactivity, only occuring af-
ter sleep at night and not during wakeful periods 
during the day [62]. Because this pattern has not 
been observed in normal non-enuretic subjects, 
even during the newborn period, one may hypoth-
esize that this could be due to a small neurologic 
lesion affecting a tiny area in the vicinity of the 
pontine micturition center, the posterior hypothala-
mus (responsible for secretion of antidiuretic hor-
mone) or the locus coeruleus which may be the 
cortical arousal center [63].

Another interesting study by Baeyens et al. 
[64]	 showed	 a	 convincingly	 significant	 differ-
ence between children with enuresis and con-
trol groups, and the startled eye blink reflex 
which improved with maturation but did not 
seem to correlate with resolution of enuresis. 
Clearly there is considerable work that is re-
quired to further unravel the mechanisms be-
hind perceived differences in arousal between 
enuretic and non-enuretic children. 

However a raft of evidence counters such a belief. 
Sleep patterns of children with NE are no different 
from	children	who	do	not	have	NE	[65].	

Enuretic episodes occur during all stages of sleep 
in proportion to the amount of time spent in that 
stage and appear to occur independent of sleep 
stage but occur when the bladder is at a volume 
equivalent to the maximal daytime functional ca-
pacity	[66-69].

Bedwetting children sleep normally but are unable 
to suppress nocturnal detrusor contractions or 
awaken in response to them or to bladder fullness.

Waking becomes easier as the night progresses. 
However, several authors have found that chil-
dren with NE are also more likely to wet in the 
first third of the night, often in the first two hours 
following	 sleep	 [59,66,67,70,71].	 Thus	 the	 point	
of bladder fullness for most enuretic children co-

incides with a time of night where they find it most 
difficult to wake from sleep.

Children who do wake up but are afraid to go to 
the bathroom, and therefore wet their bed should 
be identified as treatment is completely different 
for obvious reasons.

The age at which the child and his or her parent 
begins to be concerned about bedwetting varies. 
In an important review article, Hjalmas, et al. not-
ed that, “for successful treatment of nocturnal en-
uresis, the child must be brought to the physician 
by the parents who are concerned and the physi-
cian must have the necessary knowledge about 
the condition and be motivated to start treatment 
[43].	 In	 order	 to	 fulfill	 the	 requirements,	 parents,	
teachers, and nurses in primary care need to un-
derstand nocturnal enuresis and be ready to treat 
the child, regardless of age. 

Nocturnal enuresis is thought of as a social prob-
lem and less of a medical problem; therefore, 
since the majority of children stop wetting as they 
mature and since no ill health follows bedwetting 
in most cases, there is a tendency for many prac-
titioners to take a “wait and see” approach despite 
the fact that the family and the child in many cas-
es are quite disturbed. In one study, 3803 French 
school children age five to ten years noted the 
prevalence of primary nocturnal enuresis to be 
9.2%.	The	majority	of	the	children	noted	that	bed-
wetting bothered them and hoped that a doctor 
could help them. In this survey, a questionnaire 
was addressed to mothers of enuretic children, 
100 school teachers and 100 school doctors. The 
mothers had a relatively tolerant attitude but two-
thirds had consulted a doctor. Most of the doctors 
had proposed no solution or a “wait and see” atti-
tude or treatment with a drug rather than an alarm. 
From this study, we may conclude that consider-
able work needs to be done to help educate not 
only parents but teachers and even physicians 
about the importance of treatment of nocturnal en-
uresis as well as supportive care [72].

The actual timing of treatment for nocturnal enure-
sis may vary depending on the needs of the child 
and the parent. Toilet training age may be different 
in different societies. For example, toileting in Asia 
may begin earlier than in North America or other 
parts	of	the	world	[72,73,74].	Toilet	training	should	
be started when both the child and parents are 
ready. Most studies appear to show that children 
start	 training	 between	 24	 and	 36	months	 of	 age	
with a current trend toward later completion than 
in previous generations. This is markedly different 
than noted in some Asian cultures where training 
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appears to begin much earlier. Toilet training should 
occur in an environment that is comfortable for the 
child. Unfortunately, toilets in most household bath-
rooms	are	adult	sized,	making	it	dificult	for	the	child	
who needs to climb to the top of the toilet to relax. 
In these cases, a potty chair to toilet train the child, 
and once the child is old enough, he or she should 
be transitioned to an over-the-toilet seat with a foot-
stool to allow optimal posture for voiding. Parents 
should encourage children to relax and take time to 
completely	empty	the	bladder	[43].

It is essential that both the child and his or her 
parents understand bedwetting pathophysiology 
and treatment philosophy. The clinician should 
give the child general advice such as what to eat 
and drink and to void regularly during the day, ab-
stain from drinking too much during the late af-
ternoon and evening and have relaxed routines 
at bedtime. The clinician should stress that NE is 
common and usually represents a delay in matu-
ration without any psychopathological undertone. 
Up	to	19	percent	of	children	will	become	dry	with-
in the next 8 weeks without any further treatment 
besides	good	counselling	[43,73,74].

1. EVALUATION

Hjalmas, et al. have recommended a careful history 
which we will summarize in these next few paragraphs 
(Figure 12 ). This approach, which has been recom-
mended by the International Children’s Continence 
Society, provides an excellent guide toward the taking 
of	a	history	for	a	child	with	nocturnal	enuresis	[43].

a) The frequency volume chart (FVC). Parents are 
asked to record a two-day three-night record. This 
includes	 recording	 the	child’s	luid	 intake	and	urine	

output, frequency of micturition and the frequency 
and pattern of voiding. The largest single micturition 
is considered the functional bladder capacity. This 
chart can be performed beginning on a Friday eve-
ning and concluding on Sunday on any weekend. 

b) Symptoms of nocturnal enuresis. A careful 
history should include questions about the age of 
onset of nocturnal enuresis, length and circum-
stances of dry spells, number and time of episodes 
of nocturnal enuresis or nocturia, presence of day-
time voiding symptoms or urinary tract infection, 
posture	 while	 voiding,	 daytime	 and	 evening	 luid	
intake, sleep habits, frequency and consistency 
of bowel movements and psychosocial situation. 
One	must	establish	whether	or	not	symptoms	rep-
resent primary or secondary nocturnal enuresis. It 
is critical to search for new psychological problems 
that might cause secondary nocturnal enuresis, 
particularly when the child presents with nocturnal 
enuresis after a prolonged period of dryness. The 
personality of the child, family situation, school 
environment, and presence of alternate care giv-
ers might have an appreciable impact on voiding 
habits	and	will	inluence	management	options	[43].	
Children	 may	 drink	 large	 volumes	 of	 luid	 in	 the	
hours before sleep and this may result in nocturnal 
enuresis or nocturia. 

It is helpful to determine the number of hours of 
sleep and to compare this to standard charts of 
average duration of sleep by age. Morning fatigue 
may	be	the	result	of	obstructive	sleep	apnea.	Oth-
er symptoms of sleep apnea include mouth breath-
ing,	snoring,	and	restless	sleep	[43].

 It is important to rule out symptoms of anatomical 
or physiologic urologic conditions that may lead to 

Figure 12 : Schematic work-up in patients presenting with night-time wetting only 
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nocturnal enuresis. Many of these conditions are 
covered in other parts of this section, and include 
a failure to store urine or failure to empty urine. 
Storage symptoms include increased frequency, 
urgency, and urgency incontinence including 
squatting behavior, daytime incontinence and the 
sensation to need to void again. The clinician must 
carefully assess daytime wetting, particularly in 
older children. In many cases, the child may hide 
these symptoms from the clinician and the family. 

Children void four to seven times a day or about 
every	 two	 to	 three	hours	 [75].	 If	 the	child	 is	void-
ing	signiicantly	more	frequently	than	eight	or	more	
times a day, this may suggest incomplete empty-
ing or overactive bladder symptoms. Urgency is 
present in many children and posturing, including 
squeezing or crossing the legs, squirming while 
standing or sitting, or physically compressing the 
genital area with a hand is all suggestive of over-
active bladder due to detrusor overactivitiy which 
may or may not be associated with dysfunctional 
voiding.	Other	 causes	 include	 urinary	 tract	 infec-
tion, polyuria from diabetes mellitus or diabetes in-
sipidus, which can also cause more frequent void-
ing	[43].	Treatment	for	these	symptoms	is	covered	
in other sections within this chapter. 

Additional symptoms during the daytime include 
continuous dribbling between voids that can come 
from an ectopic ureter bypassing sphincter mech-
anisms, or from failing to empty the bladder or 
sphincter incompetence. Also continous leakage 
can result from neurologic causes or anatomical 
causes such as epispadias, or a closed bladder 
exstrophy or urogenital sinus. 

Lastly, children may have incomplete emptying from 
true dysfunctional voiding which results from the 
sphincter	or	pelvis	loor	contracting	at	the	same	time	
as the detrusor contracts during micturition. In addi-
tion, detrusor underactivity may result from neuropa-
thy from diabetes mellitus and in some cases con-
ditions such as the prune belly syndrome will result 
in detrusor underactivity. Lastly, urethral strictures 
may result in incontinence due to detrusor overac-
tivity with poor bladder emptying. Boys with poste-
rior urethral valves or Cobb’s collar may also have 
incomplete emptying. Lastly, the clinician should 
be alert for symptoms of constipation and faecal in-
continence. It is a common misconception that if a 
child is stooling once per day then he or she is not 
constipated. In fact, the best symptom of constipa-
tion is the infrequent or painful passage of hard small 
pellet-like stools. Faecal incontinence may also be 
present, the principal sign of this being faecal mate-
rial in the underwear. Excessive stool retention may 
result in bladder dysfunction. In these cases [76], this 
may result in increased urethral sphincter and pelvic 
loor	 activity	 and	explain	 the	 association	 of	 voiding	
dysfunction with incomplete voiding. Treatment of 
constipation may result in improvement in enuresis. 

2. PHYSICAL EXAMINATION

Anatomic and behavioral causes for enuresis may 
be	 identiied	 through	 a	 careful	 physical	 examina-
tion. Evidence of improper gait, spinal deformi-
ties, and foot abnormalities including asymmetry, 
high-arched feet, or hammer toes are signs of 
sacral neuropathy. Physical signs of occult spinal 
abnormalities such as dimples, tufts of hair, skin 
discoloration, lipoma, asymmetrical buttocks and 
gluteal clefts are also important. A careful abdomi-
nal examination with particular emphasis on the 
left lower quadrant may identify the colon full of 
irm	stool.	 In	most	 cases,	 a	 rectal	 examination	 is	
not performed but in some cases this may also be 
indicated.	 Occult	 feacal	 impaction,	 poor	 perineal	
sensation and reduced anal sphincter tone can be 
indicative of neuropathy. 

In boys, marked narrowing of the urethral meatus 
(when the meatal lips are separated and no mu-
cosa is seen), must be identified and carefully 
noted. If these signs are present, the boy should 
be asked to void so the clinician can witness and 
record the flow rate and residual urine. Narrowed 
or displaced urinary stream is suggestive of me-
atal stenosis.

In	girls,	the	introitus	should	be	identiied	for	the	posi-
tion of the urethra. Evidence of wetting or irritation 
of	 the	 labia	or	 vagina	should	be	 identiied,	as	 this	
could be suggestive of post-void dribbling or incom-
plete emptying with incontinence due to either de-
trusor overactivity or sphincter weakness [77].

3. LABORATORY EXAMINATION

There is very little laboratory examination that is 
required in patients with nocturnal enuresis other 
than a urinalysis to rule out UTI and evidence of 
glycosuria and a urine culture if the urinalysis is 
suggestive of infection. 

Urodynamics and imaging are rarely important in 
the child with monosymptomatic nocturnal enure-
sis. If there is any suggestion, however, that day-
time wetting is occurring, and then a full evaluation 
of the daytime problem should precede the evalu-
ation for nocturnal enuresis.

4. THE MANAGEMENT of NE depends on:

-  the child’s motivation to participate in treatment.

-  exclusion of confounding psychosocial factors.

-  providing information and instruction about dai-
ly habits, underlining the importance of having 
regular	luid	intake,	regular	voidings,	and	relaxed	
routines at bedtime.

-  regular review of the new intervention.

The therapist should convey a sense of under-
standing and compassion to both the child and the 
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family. Education about the problem and a realis-
tic discussion about the prognosis will help instil 
competence in the treatment offered which may 
improve both compliance and outcome [78]. What 
follows is taken in part from the excellent review 
article	by	Hjalmas	et	al	[43].

5.   EVIDENCE BASED RECOMMENDATIONS 
FOR TREATMENT 

First line treatment and preliminary steps: primary and 
secondary forms of nocturnal enuresis are treated the 
same. If faecal incontinence, constipation or daytime 
wetting	is	present,	these	should	be	treated	irst	[76].

Although	 treatment	modalities	 like	 lifting,	 luid	 re-
striction, dry-bed training, retention control train-
ing, psychotherapy, acupuncture, hypnosis all 
have	been	used,	there	is	not	suficient	data	in	the	
literature	to	strongly	recommend	any	of	these	[93-
100]. However, non invasive behavioural modi-
ications	 such	 as	 resisting	 over	 hydration	 in	 the	
evening are appropriate recommendations at the 
initiation of therapy. The child must void before 
bed. Excessive calcium or sodium intake should 
be	avoided	as	well	[79].

During the day the child should be instructed to 
void regularly, not to hold urine until the last min-
ute, and to relax and take time to completely empty. 
If deemed important by the parents, a letter should 
be sent to the school to explain this. 

Timing of treatment for the child who wets is de-
pendent on the family’s desire and the child’s de-
sire. As a good rule of thumb, children should be 
six to eight years of age. Some children, however, 
may	want	to	wait	until	 later.	Others	may	be	ready	
closer to age six. It is important for the parents 
to know that relapses can occur. The successful 
treatment of children with nocturnal enuresis has 
a foundation of realistic expectations and a moti-
vated	family	[43].

Before starting treatment, a “baseline” meeting 
with counselling, provision of information, posi-
tive	 reinforcement,	 reassurance	 that	 15%	of	 chil-
dren resolve each year, and increasing motivation 
should	occur	irst.	Children	are	asked	 to	ill	out	a	
calendar or chart depicting the wet and dry nights. 
Children	 became	 signiicantly	 drier	 in	 two	 non-
randomized trials associated with fewer wet nights 
simply by focusing them more on record keeping 
and true reward charts [80].

6. PHARMACOLOGICAL TREATMENT

Based on the three main causes of enuresis, 
namely nocturnal polyuria, detrusor overactivity, 
and disorder of arousal, the pharmacological treat-
ment is designed to address these three areas. 

a) Desmopressin. 

Arginine	 vasopressin	 (AVP)	 or	 antidiuretic	 hor-

mone (ADH) is normally produced in the hypo-
thalamus and released in the pituitary in response 
to	hyperosmolality	or	hypovolemic	conditions.	Va-
sopressin acts on the collecting ducts and distal 
tubules	to	enhance	water	absorption.	AVP	by	virtue	
of an independent vasoconstrictor effect is also a 
potent	 vasopressor.	Desmopressin	 (or	dDAVP)	 is	
an analog of vasopressin created by deaminating 
the cystine residue at position 1 and substituted 
D-argenine for L -argenine at position 8. These 
changes	 result	 in	 signiicantly	 increased	 antidi-
uretic activity but loss of vasopressor activity. The 
half-life	of	Desmopressin	 is	1.5	 to	3.5	hours.	 In	a	
larger portion of children with monosymptomatic 
nocturnal enuresis, the normal circadian variation 
in urine production with nocturnal rise of vasopres-
sin	is	absent.	In	these	cases,	dDAVP	would	seem	
to be particularly appropriate. Desmopressin is 
easy to administer and the clinical effects appear 
immediately.	The	usual	dose	is	0.2	to	0.4	mg	orally,	
or	20-40	micrograms	 intranasally	at	bedtime.	The	
intranasal form is no longer recommended for noc-
turnal enuresis in many places around the world. 
Some patients have a delayed response and a 
small group of children who do not respond to 
desmopressin in ordinary dosage will become dry 
when the dose is increased [81]. 

With meal combination desmopressin melt formu-
lation	has	a	 superior	 pharmacodynamic	proile	 to	
tablets, making it more suitable for the younger 
age group with a limited interval between meal and 
drug administration [82]

Desmopressin	 may	 be	 particularly	 beneicial	 in	
the child with limited numbers of wet episodes per 
month who wants added security on special nights 
such as a sleepover, etc. 

Nocturnal polyuria is a characteristic of children 
that respond the best to desmopressin [83].

But detrusor overactivity associated enuresis does 
not easily respond as well to desmopressin treat-
ment. The presence of daytime urgency or daytime 
incontinence is common in this group, and consti-
pation	or	 faecal	 incontinence	 is	a	 regular	inding,	
and	these	must	be	treated	before	offering	dDAVP.	
In the short term, desmopressin is reported to pro-
duce more rapid improvement than alarm therapy. 
The results of various long-term studies which 
have	 followed	 children	 for	 six	 to	 24	months	 after	
treatment cessation, indicate an annual cure rate 
in children on long-term treatment of approximate-
ly	30%	[84,85].	

1. TOLERABILITY  AND SAFETY

Large amounts of liquid should not be consumed 
the nights when the drug is taken. There have 
been several reports that note Desmopressin 
toxicity [86,87].

This data would suggest that a fairly rigid regimen 
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of water restriction must be enforced for two hours 
prior to bedtime and to allow one eight-ounce (300 
ml) glass of water at dinner and nothing for the two 
hours prior to bedtime. 

The results of numerous clinical trials have shown 
that desmopressin is well tolerated even during 
long-term treatment and associated with a low 
risk of adverse events. In the SWEET study, only 
six	 of	 242	 children	 (2.5%)	 withdrew	 during	 the	
long-term treatment because of very mild adverse 
events following the administration of intranasal 
desmopressin. With the exception of water intoxi-
cation, which can be serious, this drug seems to 
be tolerated quite well.

In a survey on hyponatremia in patients with noc-
turnal	enuresis,	by	Robson	and	Norgard	in	1996,	
it was found that in the majority of children water 
intoxication was due to considerable intake of wa-
ter during the time the child was actually taking 
the desmopressin. 

2. PREDICTORS OF RESPONSE: 

The SWEET study found that those who improved 
or became dry during desmopressin were older 
(greater than 8 years), had fewer wet nights during 
baseline, and had only one wet episode during the 
week and responded initially to the smallest dose 
of	desmopressin	used	in	the	study	[88,89].

The practical approach, however, is to offer the 
treatment	to	enuretic	children	since	it	is	dificult	to	
absolutely predict those that will respond. 

There is considerable evidence that desmopressin 
works better than placebo. In one study, patients on 
desmopressin	were	4.6	 times	more	 likely	 to	achieve	
14	consecutive	dry	nights	compared	with	placebo	[90].	

However, relapse after short-term treatment is 
common.	Sixty-one	percent	of	399	patients	six	 to	
12 years of age recruited from a primary care in 
one study responded to desmopressin initially [83]. 
Using	 intention	 to	 treat	 analysis	 19%	 (77	 of	 the	
399)	 remained	 dry	 off	medication	 and	 18%	were	
dry	 while	 still	 on	 desmopressin,	 thus	 not	 signii-
cantly better than the spontaneous cure rate. This 
suggests that desmopressin, by reducing the urine 
output over night, reduces nocturnal enuresis but 
does	not	signiicantly	affect	the	resolution	rate	over	
time above the spontaneous rate. 

Although	several	studies	have	shown	that	dDAVP	
is a well tolerated and safe drug, even during 
long-term	usage,	one	has	to	be	aware	that	dDAVP	
is a potent antidiuretic drug and that there have 
been reports of severe water retention with hy-
ponatremia and convulsions, but these are infre-
quent	[91-97].

Level of evidence: 1. 

Grade of recommendation: A

b) Antimuscarinic drugs for OAB

Antimuscarinic drugs should not theoretically be 
efficacious in children with monosymptomatic 
nocturnal enuresis. However, because there is 
considerable misdiagnosis of monosymptomatic 
nocturnal enuresis, a number of children with mild 
daytime symptoms of overactive bladder may 
have symptoms of overactive bladder at night. 
Moreover, it has been shown that on Urodynam-
ics,	73%	of	adults	with	primary	nocturnal	enuresis	
have some form of functional bladder outlet out-
flow obstruction classified as [1] “primary bladder 
neck dysfunction” or “detrusor sphincter dyssyn-
ergia”. [18]. That would suggest then that anti-
muscarinic drugs might be a useful alternative in 
some	 children	who	are	 unresponsive	 to	DDAVP.	
It is also indicated in combined day and nighttime 
incontinence	[52,98,99].

In general, antimuscarinic drugs are well tolerated 
but there are some side effects, namely dryness 
of the mouth, constipation and vertigo (rare). Con-
stipation can also pose a problem since antimus-
carinics may lead to constipation and the devel-
opment of constipation may aggravate detrusor 
overactivity	and	 thus	counteract	 the	beneicial	ef-
fects of the drug. Antimuscarinics may also result 
in increased residual volumes which may make it 
dificult	for	the	child	to	empty	prior	to	bedtime.	An-
timuscarinic treatment in conjunction with desmo-
pressin may have a role in cases with suspected 
day and night time detrusor overactivity. 

Level of evidence : 2. 

Grade of recommendation: B.

In those children who have NE due to detrusor 
overactivity during the night, treatment with an an-
timuscarinic drug should be considered [100]. Be-
cause	it	is	dificult	to	perform	a	night	time	cystome-
try in these children, it may be tried in children who 
have more than 2 wetting episodes per night and 
who	do	not	respond	to	dDAVP	or	be	given	in	com-
bination	with	alarm	or	dDAVP	[101,99].	At	present	
no studies have been performed to demonstrate its 
eficacy	in	this	circumstance.	

Level of evidence: 3. 

Grade of recommendation: C

c) Tricyclic antidepressants

Although tricyclic antidepressant drugs, imipra-
mine in particular, have worked in a number of 
children, most of the studies that recommend this 
drug are relatively old. The major drawbacks to 
imipramine therapy are cardiotoxic side effects, in 
some cases even with therapeutic doses, and the 
possibility of death with overdose. 

Because imipramine and other drugs of the same 
family have potential cardiotoxic side effects they 
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cannot be generally recommended for treatment of 
this non-lethal disorder [102].

Although treatment with tricyclic drugs is associ-
ated with a decrease of one wet night per week, 
the lasting cure rate of only 17 percent restricts the 
use of these drugs [103].

Only	 in	selected	cases	(like	adolescent	boys	with	
Attention	Deicit	Hyperactivity	Disorder	and	persis-
tent	NE)	it	should	be	considered	[104].	

In	addition	to	dDAVP	and	imipramine,	other	drugs,	
such as carbamazine and indomethacin have been 
investigated as well: based on study design as well 
as study outcomes, these drugs are not recom-
mended	at	this	stage	[105-107].

Level of evidence: 1. 

Grade of recommendation: C (due to potential 
cardiotoxicity).

7. ENURESIS ALARM

The enuresis alarm is the most effective means 
of facilitating arousal from sleep and remains the 
most effective way to treat mono-symptomatic NE 
[107,108]. Intervention with an alarm is associated 
with nine times less likelihood of relapse than antidi-
uretic therapy. Relapse rates in the 6 months follow-
ing	 treatment	are	 in	 the	order	of	15	-	30	%.	Alarm	
therapy has been shown in a meta-analysis to have 
a	43	percent	lasting	cure	rate	[109,110].	Alarm	ther-
apy should be considered in every patient. There is 
an	average	success	rate	of	nearly	68%	with	eficacy	
increasing with the duration of therapy. 

Better results occur with optimal motivation of the 
child and family and higher frequency of wet nights. 
Reduced	 eficacy	 is	 associated	 with	 the	 lack	 of	
concern shown by the child, lack of supervision, in-
consistent use, family stress, abnormal scores on 
behaviour system checklists, psychiatric disorder 
of the child, failure to awaken in response to the 
alarm, unsatisfactory housing conditions and more 
than one wetting episode per night. Enuresis alarms 
require several months of continuous use and are, 
therefore, unsuitable for some families [111-112]. 

For optimal results, alarm therapy requires a moti-
vated	family	and	child	with	signiicant	commitment	
to time and effort. The impact on other family mem-
bers should be considered. In some families, alarm 
therapy may wake other members of the family 
and may increase parental annoyance and place 
a child at increased risk for physical or emotional 
abuse. Close follow-up is important to sustain mo-
tivation, troubleshoot technical problems and oth-
erwise	monitor	the	therapy	[43].	

The exact mechanisms for alarm treatment are not 
known. The effects are not due to classical condi-
tioning as stimulus awakening occurs after and not 

before wetting. Instead it is clearly an operant type 
of behavioural approach, i.e. a learning program 
with positive reinforcement that includes aversive 
elements. Dryness is reached either by waking up 
leading	to	“nocturia”	in	35%	of	children	or	by	sleep-
ing	 through	 the	 night	 with	 a	 full	 bladder	 in	 65%.	
Body worn (vibrating) alarms are as effective as 
bedside alarms [113]. 

The family should continue alarm therapy for at 
least	 14	 consecutive	 dry	 nights	 –	 or	 a	maximum	
of 16 weeks before discarding it as ineffective 
[114-116].	 Compliance	 remains	 a	 problem:	 drop-
out rates are rarely disclosed in reported studies. 
Proper guidance and instructions are mandatory. 

The key to success is not the stimulus intensity of the 
alarm triggering, but the child’s preparedness to awake 
and respond to the signal. Comparison of the different 
types	of	alarm	did	not	show	signiicant	outcomes.

In general it can be stated that alarm treatment is 
more effective than other forms of treatment and 
the lasting cure rate about twice as high [117,118].

Level of evidence 1. 

Grade of recommendation A

In some cases, alarm therapy can be enhanced 
using the alarm in addition to other behavioral 
components.	 Overlearning	 (giving	 extra	 luids	 at	
bedtime after successfully becoming dry using an 
alarm) and avoiding penalties may further reduce 
the relapse rate [108].

8. DRY BED TRAINING 

This is a package of behavioural procedures used 
in	 conjunction	 with	 the	 enuresis	 alarm	 irst	 de-
scribed	by	Azrin	et	al	[119].	It	incorporates:

-  the enuresis alarm

-  cleanliness training (encouraging the child to take 
responsibility for removing of wet night clothes and 
sheets, re-making the bed and resetting the alarm)

-  waking schedules – to ease arousability from 
sleep as described above and involving:

				1		for	the	irst	night,	waking	the	child	each	hour,	
praising a dry bed, encouraging the child to 
decide at the toilet door whether he or she 
needs to void, and on returning to bed the 
child is encouraged to have a further drink .

					2	On	the	second	night	the	child	is	awakened	and	
taken to the toilet 3 hours after going to sleep. 
For each dry night, the waking time is advanced 
by 30 minutes. If the child is wet on any night, 
the waking time stays at the time of the previous 
evening. The waking schedule is restarted if the 
child begins wetting twice or more in any week, 
stating again 3 hours after sleep.
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High success rates and low drop out have been re-
ported although relapse rates are no different than 
enuresis	alarm	treatment	alone.	Modiications	are	
advocated to remove some of the more punitive 
elements of the programme but at best, it is a com-
plex, time consuming and a demanding technique 
[113,120,121]

Hirasing	et	al	found	80	%	success	with	group	ad-
ministered dry bed training. Girls responded bet-
ter than boys [122]. The majority of parents were 
satisied	with	 the	 programme	 but	 opinions	 of	 the	
children were divided. Factors not related to suc-
cess were the child’s age, bedwetting frequency, 
secondary enuresis or family history.

In another study they found a positive effect on be-
havioural problems [123].

An important component analysis by Bollard & Net-
telbeck found that the enuresis alarm accounted 
for most of the success achieved through dry bed 
training. They believe that a large proportion of the 
components of the procedure can be eliminated 
without	sacriicing	much	of	its	overall	effectiveness	
and that the waking schedule coupled with the en-
uresis alarm is as effective as the complete dry 
bed-training	programme	[124].	

Level of evidence: 2. 

Grade of recommendation D (no more effective 
than alarm treatment alone)

9. AROUSAL TRAINING

Arousal training entails reinforcing appropriate be-
haviour [waking and toileting] in response to alarm 
triggering. The aim is to reinforce the child’s rapid 
response	 to	 the	alarm	 triggering,	not	on	 ‘learning	
to keep the bed dry’. 

The instructions involve:

- setting up the alarm before sleep

-  when the alarm is triggered the child must re-
spond by turning it off within 3 minutes

-  the child completes voiding in the toilet, returns to 
bed and re-sets the alarm

-  when the child reacts in this fashion he is rewarded 
with 2 stickers

-  when the child fails to respond in this way the 
child pays back one sticker

Van	 Londen	 et	 al	 irst	 described	 this	 procedure	
with	a	group	of	41	children,	aged	6-12	years,	with	
predominantly	primary	enuresis	[125].	

They	 reported	 98	 percent	 success	 [14	 consecutive	
dry nights] compared to 73 percent success with 
alarm	 monotherapy.	 The	 difference	 was	 signiicant	
[p<0.001]. Ninety two per cent remained dry after 2 ½ 

years: a very low relapse rate. An extraordinary aspect 
of this study was the lack of contact between therapist 
and parents. All those included were parents who had 
ordered an alarm from a rental agency and were given 
the instructions with the alarm. The authors conclude 
that	 arousal	 training	 is	 ‘deinitely	 the	 treatment	 of	
choice for enuretic children between 6 and 12 years’. 
Compared with other studies, and considering experi-
ence of daily practice, one may question the very high 
success rate in this particular group of patients. 

Level of evidence: 3. 

Recommendation: grade C

The enuresis alarm remains the most effective 
means of facilitating arousal from sleep. The 
key to success is not the stimulus intensity of 
the alarm triggering, but the child’s prepared -
ness to awake and respond to the signal.

10. ACUPUNCTURE:

In one randomised controlled trial that examined 
acupuncture,	40	children	were	allocated	either	 to	
dDAVP	or	acupuncture,	75%	of	children	were	dry	
after 6 month of therapy (while still on medica-
tion),	 while	 65%	 of	 patients	 were	 completely	 dry	
after a mean of 12 sessions. From this study it is 
concluded that as an alternative, cost-effective and 
short-term therapy, acupuncture should probably 
be counted among available treatment options. 
Another metaanalysis provides some evidence 
for	the	eficacy	of	acupuncture	for	the	treatment	of	
childhood nocturnal enuresis [126].

Comparison of treatment outcome and cure rates 
is	dificult	because	of	the	inconsistent	use	of	deini-
tions, the inclusion of children with daytime symp-
toms, and the variable follow-up periods in most 
studies. For a pragmatic approach, see Figure 3 .

Level	of	evidence:	4

Recommendation: grade D

11.  COMBINED TREATMENT WITH ALARM 
AND DESMOPRESSIN

Combined treatment may be superior to alarm 
alone especially for non-responders of each indi-
vidual treatment. In this approach, treatments are 
started	at	the	same	time:	the	rapid	action	of	dDAVP	
is believed to facilitate the child’s adaptation to the 
alarm	[127,128].	After	6	weeks	 the	dDAVP	 is	dis-
continued while the alarm treatment is continued 
until the child becomes completely dry. Compared 
with either therapy alone, the combination is par-
ticularly effective in children with high wetting fre-
quencies and behavioural problems.

Combination with full-spectrum therapy may even 
yield	higher	success	rates	[129-130].	

Van	 Kampen	 et	 al	 reported	 their	 results	 of	 ‘full-
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spectrum’ therapy in 60 patients: they were treated 
for 6 months with a combination of alarm, bladder 
training,	motivational	therapy	and	pelvic	loor	mus-
cle	training:	52	patients	became	dry	[129].

The	combination	of	alarm	with	six	weeks	of	40ug	
Desmopressin intranasally was better than alarm 
treatment alone, especially with high micturition 
frequency and comorbid behavioural symptoms 
[127]. In a Chinese study comparing alarm, Des-
mopressin and a combined therapy, the latter had 
the	 highest	 rate	 of	 sustained	 response	 (40.6%).	
However, there was a high relapse rate after dis-
continuing medication [131].

In another randomised-controlled, double blind 
study,	the	addition	of	3	weeks	of	40ug	and	3	weeks	
of 20ug Desmopressin to alarm use, lead to tempo-
rary, short-term reduction of wet nights compared 
to controls on alarm and placebo [128]. The long-
term success rate did not differ between the two 
groups	and	were	low	(36%	and	37%,	respectively).	
In the subgroup of Desmopressin non-responders, 
the combination of alarm plus Desmopressin was 
not	more	successful	(51.5%	remission)	than	alarm	
plus	placebo	 (48.1%	remission),	so	 that	 this	can-
not be recommended as a routine strategy [132]. 

Also, theorectically, the combination of alarm and 
Desmopressin makes little sense: alarm treat-
ment is an operant type of behavioural therapy 
that requires a certain number of wet nights to be 
effective: by reducing the number of wet nights 
through Desmopressin, the child will have less 
opportunity	to	‘practice’	and	‘learn’	continence	by	
the alarm therapy.

Also, the combination of alarm and anticholiner-
gics should be considered if an overactive bladder 
is suspected. If the alarm is set off several times 
per night, indicative of overactive bladder, this 
combination has been proven to be successful. For 
example,	5	mg	of	Oxybutinin	 in	the	evening	com-
bined with alarm could be tried in these cases. If 
higher levels of anticholinergics are required, sev-
eral doses should be given over the day. 

In conclusion, based on current evidence, alarm 
treatment	alone	should	be	started	irst.	As	an	ad-
junct programme, arousal treatment is easy to 
perform and effective. Also, the combination of 
alarm	and	Oxybutinin	can	be	indicated.	Alarm	and	
Desmopressin	 are	 the	 two	 irst	 line	 alternatives,	
but their combination cannot be recommended. 
Other	 programmes	 such	 as	 ‘full	 spectrum	 treat-
ment’ remain treatment forms that are reserved for 
therapy-resistant cases. In certain cases, alarm 
treatment will not be possible: this is the prime in-
dication for desmopressin.

12.  INHIBITORS OF PROSTAGLANDIN SYNTHESIS

Because nocturnal polyuria in children with NE 

may not be entirely attributed to a defect in free 
water excretion, but rather to an increase in noc-
turnal excretion of sodium, cyclo-oxygenase inhibi-
tors tlike diclofenac), which reduce urinary sodium 
excretion, have been tried and in a randomised 
double blind placebo controlled study proved to be 
effective [133]. Further studies need to be done to 
elucidate the role of these drugs.

13. NON RESPONDERS

About one third of children do not respond to treat-
ment	 with	 alarm	 and/or	 dDAVP.	 The	 majority	 of	
these children are likely to have a small nocturnal 
bladder capacity and suffer from “detrusor depen-
dent NE”. These children may void more frequent-
ly than their peers or have urgency and day-time 
urgency incontinence. They are also often consti-
pated.	Prescription	of	dDAVP	plus	antimuscarin-
ics should be considered, although evidence from 
the literature is lacking. Most likely, the reduced 
urinary output during the night leads to a lower 
filling rate which may reduce the nocturnal invol-
untary detrusor contractions and enhance the ac-
tion of antimuscarinic drugs. Treatment success 
is usually noted between 1-2 months. Treatment 
should be continued for 6 -12 months, but clinical 
evidence is lacking.

On	 the	 other	 hand	 some	 of	 these	 children	 may	
have day time incontinence, which was not dis-
covered during the initial workup. They should be 
given a strict voiding regimen and a combination of 
dDAVP	with	the	alarm	[54].

Some children who remain non-responders to des-
mopressin in combination with alarm and / or an-
ticholinergic drugs, may have absorptive nocturnal 
hypercalciuria which may be responsible for the 
NE in some of these patients. With an appropriate 
(low calcium) diet these patients can became des-
mopressin	responders	[134].

NE is a symptom, not a homogeneous disorder. A 
really	eficient	treatment	will	never	become	possible	
until	we	have	clariied	all	 the	different	pathophysi-
ological subgroups that go under the heading of NE.

14. CONCLUSION

•		Gaining	 the	 conidence	 of	 the	 child	 and	 the	 fam-
ily is paramount. The development of structure in 
the child’s life, early bedtime, careful diary keeping, 

Response and cure of different treatment modalities

Full response (while on medication) and Cure rates (6 

months after cessation of treatment) of Nocturnal Enuresis

Alarm treatment
Desmopressin
Dry-bed training
Imipramine

Full response Cure

65%
31%
40%

43%
22%
18%
17%
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avoidance	of	luids	late	in	the	day,	are	critical.	

•		Secondly,	identifying	compounding	psychological	
or physiologic factors of the child such as consti-
pation and diurnal enuresis are critical. 

•		Third,	alarm	treatment	should	probably	be	recom-
mended	as	the	irst	choice	of	 treatment	with	the	
modiications	 listed	 above.	 Single	 parents	 have	
a	 dificult	 time	with	 the	 effort	 that	 is	 required	 to	
awaken with the child for the alarm management, 
and, in some cases, when children are not fre-
quently	wet,	 dDAVP	may	 provide	 effective	 ther-
apy for the last few years that they are at risk. 
In general, those that do the best with the alarm 
therapy are those with frequent bedwetting, nor-
mal estimated bladder volume, parents who are 
willing to participate, and true monosymptomatic 
nocturnal enuresis. 

•		Desmopressin	 seems	 to	 work	 best	 in	 children	
who are unable to participate in alarm therapy, 
who have truly monosymptomatic nocturnal en-
uresis, who are wetting only once on a wet night 
and	are	relatively	devoid	of	OAB	symptoms.

•		If	 the	 initial	 treatment	does	not	provide	satisfac-
tory results in two months, the child can switch to 
another. In some cases, using both the alarm and 
Desmopressin	can	be	effective	[127,135].

•		Lastly,	 combinations	 of	 therapy	 including	 Desmo-
pressin plus an antimuscarinic can be used in some 
cases, if detrusor overactivity at night is suspected. 

Urinary incontinence in children may be caused by a 
congenital anatomical or neurologic abnormality, such 
as ectopic ureter, bladder exstrophy or myelomenin-
gocele (MMC). In many children, however, there is no 
such obvious cause for the incontinence and they are 
referred to as having “functional incontinence.”

Becoming continent is a complicated process: there 
is a progressive development towards normal stor-
age and emptying of the bladder at a socially ac-
cepted	place	and	time,	mostly	achieved	by	age	3-4.

Bladder	 control	 is	 believed	 to	 be	 under	 the	 inlu-
ence of the central nervous system. The pontine 
region is considered to be responsible for detru-
sor sphincter coordination while the cortical area 
is responsible for inhibition of the micturition re-
lex	and	voluntary	initiation	of	micturition	(detrusor	
overactivity control). Formerly it was believed that 
bladder maturation followed maturation of cortical 
inhibition processes, However, recent work of CK 
Yeung suggests bi-directional maturation of both 
the	coordinating	 inluence	on	the	bladder	and	the	
pons may be implicated. This implies that a con-
dition such as detrusor overactivity would be the 
result	of	 loss	of	cortical	control	or	of	deiciency	in	
cortical control, while dysfunctional voiding would 
be the result of non maturation of the coordination.

D. Children with both day and 
night time incontinence

Figure 13. Pragmatic approach to the diagnosis and treatment of nocturnal enuresis
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With the emergence of functional MRI, future studies 
will be able to illuminate this enigma.[1] This opens 
an era of corticocentric thinking on lower urinary tract 
dysfunction, moving away from the current trend of 
vesicocentric thinking. Detrusor overactivity may be a 
symptom of a centrally located dysfunction affecting 
bladder, bowel, sexual function and even mood and 
behaviour.[2] Indeed many studies indicate that there 
exists a link between lower urinary tract dysfunction 
and	ADHD	(attention	deicit	and	hyperkinesia)	[3-5].	

The desire to void is a sensation which, in the de-
veloping child, is incorporated into daily life so that 
voiding takes place at an appropriate time and place. 
Problems	 with	 training	 or	 psychological	 dificulties	
possibly have a great impact on the results of train-
ing: some parents send their child to the toilet many 
times,	though	his/her	bladder	may	be	empty	[6].	Void-
ing in these circumstances can only be achieved by 
abdominal straining. The positive reinforcement that 
the child receives by voiding even a small amount 
may lead to the development of an abnormal void-
ing pattern. The same is true when children receive 
negative feedback related to voiding [7]. Urinary in-
continence in children may be due to disturbances of 
the	illing	phase,	the	voiding	phase	or	a	combination	
of both. . In the ICCS terminology document, these 
conditions are termed functional bladder disorders 
or Lower Urinary tract (LUT) conditions. They are 
divided	into	either	overactive	bladder	(OAB)	or	dys-
functional voiding [8]. While the former condition is a 
illing	disorder	 the	 latter	 is	 considered	an	emptying	
disorder. They can of course coincide and one may 
even be causative of the other.

Detrusor overactivity may lead to disturbances in the 
illing	 phase	 characterized	 by	 urgency,	 frequency	
and at times urgency incontinence. Girls present with 
OAB	symptoms	more	often	than	boys.	In	addition	to	
the urinary symptoms, children with functional uri-
nary incontinence may also have recurrent urinary 
tract infections (UTI) and constipation.

Incomplete relaxation or tightening of the sphincteric 
mechanism	 and	 pelvic	 loor	muscles	 during	 voiding	
results in an interupted or staccato voiding pattern, 
that may be associated with elevated bladder pres-
sures and post-void residuals. Such individuals with 
dysfunctional voiding are also prone to constipation 
and	recurrent	UTIs	[9].	Bladder	function	during	the	ill-
ing phase in these children may be essentially normal, 
alternatively	OAB	may	be	present.	In	children	with	a	
underactive detrusor, voiding occurs with reduced or 
minimal detrusor contractions with post-void residu-
als, and incontinence is a characteristic symptom. 

For more detailed information on the prevalence of 
daytime incontinence the Chapter on Epidemiology 
should be consulted, where an overview is presented 

on the currently available data. The main problem is 
that it is impossible to draw any conclusions from the 
presented	data	as	different	studies	have	used	deini-
tions and criteria that differ from others. Furthermore, 
it is virtually impossible to identify the prevalence of 
detrusor overactivity or dysfunctional voiding as the 
studies tended to look primarily at daytime versus 
nighttime incontinence and made no effort to evalu-
ate the type of daytime incontinence. 

Daytime or combined daytime and nighttime inconti-
nence at least once a week seems to occur in about 
2-4	percent	of	7-year	old	children	and	is	more	com-
mon	 in	 girls	 than	 in	 boys	 [10].	Overall	 the	 rates	 of	
prevalence vary from 1 to 10 percent, but in general 
for 6 to 7 year old children the prevalence is some-
where	 between	 2	 and	 4	 percent,	 and	 rapidly	 de-
creases during the following years [11-17]. Suresh-
kumar et al in a population based survey of over 
2000	new	entrant	 primary	 school	 children	 [age	4-6	
years] in Sydney, Australia noted an overall preva-
lence	of	daytime	wetting	of	19.2%	deined	as	at	least	
one daytime wetting episode in the prior 6 months 
with	16.5%	having	experienced	more	than	one	wet-
ting	episode	and	only	0.7%	experiencing	wetting	on	a	
daily basis [17,18]. Multivariate analysis showed that 
recent stress, a history of daytime wetting along the 
paternal line, and a history of wetting among male 
siblings were independent risk factors for moderate 
to severe daytime wetting. Because this was a cross-
sectional study recall bias may have resulted in an 
overestimate of risk of daytime wetting being caused 
by such factors as emotional stress and family his-
tory. In addition, urine cultures were not obtained so 
occult	UTIs	could	not	be	identiied.

Chung	 comes	 to	 the	 same	 percentage	 of	 OAB	
(16,6%)	in	19,240	Korean	children.	In	this	study	OAB	
was	differentiated	 in	 ‘dry’	OAB	and	 ‘wet’	OAB:	chil-
dren	with	OAB	do	not	always	have	incontinence	[19].

In a questionnaire based study, supplemented by 
telephone calls, Hellstrom assessed the prevalence 
of urinary incontinence in 7 year old Swedish school 
entrants [20]. Diurnal incontinence was more fre-
quent	in	girls	than	boys,	6.7%	vs	3.8%,	respectively.	
Wetting	every	week	was	reported	 in	3.1%	girls	and	
2.1%	of	 boys.	The	majority	 of	 children	with	 diurnal	
incontinence had concomitant symptoms: urgency 
was	 reported	 in	4.7%	girls	and	1.3%	boys.	Noctur-
nal incontinence combined with daytime wetting was 
equally	common	in	males	versus	females,	2.2%	ver-
sus	2%,	respectively.	At	the	age	of	17	years	daytime	
wetting,	at	least	once	a	week,	was	found	in	0.2	%	of	
boys	and	0.7%	of	 girls.	A	 limitation	of	 this	 study	 is	
its dependency on recall. Children with daytime or 
mixed wetting were found to suffer from urgency in 
50.7	%,	with	79.1	%	wetting	themselves	at	least	once	
in 10 days [21]. Urgency symptoms seem to peak at 
age	6–9	years	and	diminish	towards	puberty,	with	an	
assumed spontaneous cure rate for daytime wetting 
of	about	14%	per	year	[21,22].

I. PREVELANCE
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Most children are toilet-trained by the age of 3 
years,	although	the	mean	age	may	range	from	0.75	
to	5.25	years,	with	girls	being	 trained	earlier	 [2.25	
years]	than	boys	(2.56	years)	[23].	A	Turkish	study,	
in 2008, reported day dryness at a mean age of 28 
months	[24].	The	age	of	commencing	toilet	training	
has	increased	[25].

This is thought to be associated with higher educa-
tion levels in parents and the popularity of the child-
oriented approach rather than parent-initiated meth-
ods [26]. Children who exhibited elimination signals 
for voiding became dry sooner than those who did 
not show such signs. There is huge social and cul-
tural variation in toilet training practices with some 
of the implicated issues being, availability of inside 
toilet, washable versus disposable diapers, working 
or home-based mothers, rural or urban location and 
use or not of punishment methods [23]. 

It	appears	that	initiating	toilet	training	after	24	months	
of age may be associated with problems attaining and 
maintaining bladder control and that early training is 
not	associated	with	bladder	dysfunction	[25,26].

Da Fonseca found no such association between 
children with combined bladder and bowel dys-
function and the time of toilet training compared to 
healthy children [27]. 

Swithinbank et al have found a prevalence of day 
wetting	[including	also	“occasional”	wetting]	in	12.5%	
in	children	age	10-11	years	which	decreases	to	3.0%	
at	age	15-16	years	[28].	Based	on	these	indings,	it	
seems that the prevalence of all kinds of daytime in-
continence	diminishes	by	1-2%	per	year	from	age	10-
11	to	age	15-16	years,	while	daytime	incontinence,	at	
least	once	a	week,	seems	 to	diminish	by	0.2%	per	
year from age 7 to age 17 years. Because of treat-
ment interventions the studies may not recount the 
true natural history. 

A more recent cohort study of all school children in 
the	 irst	 and	 fourth	 grades	 in	 the	 city	 of	Eskilstuna	
(Sweden), daytime urinary incontinence (at least 
once	a	month)	was	reported	in	6.3%	of	the	irst	grad-
ers	and	4.3%	of	the	fourth	graders,	while	bedwetting	
(at	 least	 once	 a	month)	was	 reported	 in	 7.1%	and	
2.7%	and	faecal	incontinence	in	9.8%	and	5.6%,	re-
spectively. This study demonstrates that soiling and 
daytime	urinary	incontinence	often	coexist	[29].	

The natural history of detrusor overactivity in chil-
dren is not well understood. It is no longer held that 
detrusor overactivity in children is idiopathic or due 
to a maturational delay but more likely to be asso-
ciated with feed forward loops from the generation 
of	a	high	pressure	system	during	voiding	or	illing.	
Both the interplay of neural drive with motor con-
trol and the dynamic nature of the growing bladder 
could be causative. This is in contrast to the adult 
population, where detrusor overactivity is consid-
ered a chronic condition whose origin is unrelated 

to functional use. There is no long-term data to de-
termine if childhood detrusor overactivity predicts 
detrusor overactivity as an adult. 

There	is	evidence	that	genetic	inluences	affect	adult	
urinary symptoms and that suffering lower urinary 
tract conditions in childhood increases the risk for 
these conditions in adult woman [30-33]. Recent re-
search	points	to	a	 link	between	deicits	 in	the	brain	
and	functional	urinary	problems	[5].

By	 the	 age	 of	 5	 years,	 unless	 organic	 causes	 are	
present, the child is normally able to void at will and 
to postpone voiding in a socially acceptable manner. 
After this age, night-time and daytime involuntary 
wetting become a social problem and a cause for 
therapeutic intervention. In children who present with 
a change in voiding habits, such as a new onset of 
voiding dysfunction, one should consider the possi-
bility of child sexual abuse [37]. A more recent study 
found	 no	 signiicant	 differences	 in	 the	 presence	 of	
lower urinary tract symptoms between children and 
adolescents who had experienced sexual abuse and 
controls [33]. Nevertheless this should be kept in 
mind, especially when invasive diagnostic and thera-
peutic	procedures	are	contemplated.	One	may	want	
to simply ask the parent or caregiver if there were 
any precipitating events or concerns that they feel 
may have led to the changes in the child’s voiding 
habits. The appropriate individuals should be con-
tacted	if	there	is	a	high	index	of	suspicion.	Of	adult	
women	with	complex	urinary	symptoms,	a	signiicant	
proportion report sexual abuse as a child. 

The International Children’s Continence Society 
has published standardisation documents on the 
diagnostic evaluation of children with daytime in-
continence as well as on the management of dys-
functional voiding in children. They also assessed 
psychological and psychiatric issues in urinary and 
fecal	incontinence	[34-36].

The evaluation of daytime wetting is based on the 
medical and voiding history, a physical examination, 
a	 urinalysis,	 bladder	 diaries	 and	 urolowmetry	 with	
post void residual. The upper urinary tract should be 
evaluated in children with recurrent infections and 
dysfunctional	 voiding.	 Urolowmetry	 can	 be	 com-
bined	with	pelvic	loor	electromyography	 to	demon-
strate	overactivity	of	the	pelvic	loor	muscles.	Urody-
namic studies are usually reserved for patients with 
therapy resistant dysfunctional voiding and those not 
responding to treatment who are being considered 
for	invasive	treatment	[38-41].	

Treatment	is	usually	a	combination	of	‘standard	ther-
apy’ (see below), behaviour therapy, bladder train-
ing, physiotherapy and medical treatment. Surgery 
is rarely needed for the management of daytime 

II. INTRODUCTION TO CLINICAL 
ASSESSMENT
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wetting in the absence of a structural abnormality. 
The roles of neuromodulation, botulinum toxin and 
intravesical therapies in the management of pediat-
ric	urinary	incontinence	are	less	well-deined.	Clean	
intermittent self-catheterization is sometimes neces-
sary in children with poor bladder emptying, due to 
underactivity of the detrusor and subsequent large 
residuals, who do not respond to a more conserva-
tive approach. The importance of treatment during 
childhood was pointed out in a general population 
study of 1333 adult women. Fifty percent reported 
symptoms of stress incontinence and 22 percent re-
ported symptoms of urgency incontinence. Eight per-
cent noted severe symptoms. Women who at age six 
years had wet episodes during the day or were wet 
several nights per week, were more likely to suffer 
from severe incontinence and report urgency symp-
toms: occasional bedwetting was not associated with 
an	increased	risk	in	adult	life	[42].

The relationship between detrusor dysfunction and 
VUR	 associated	 with	 a	 urodynamic	 anomaly	 was	
irst	described	by	Allen	and	Koff	and	has	been	con-
irmed	by	several	authors	[43-46].	Koff	demonstrat-
ed that treatment of detrusor overactivity reduced 
the incidence of infection and resulted in a 3 fold 
increase	in	the	rate	of	relux	resolution.	In	a	study	by	
Sillen	of	children	with	gross	bilateral	relux,	extreme	
detrusor overactivity without signs of bladder out-
let obstruction was found in boys. Infant girls with 
gross	bilateral	relux	did	not	show	the	same	degree	
of	detrusor	overactivity	[46].	Other	investigators	as-
sessing	high	grade	VUR	in	newborns	noted	similar	
indings.	Van	Gool	et	al	noted	that	40%	of	93	girls	
and boys evaluated for urgency incontinence and 
recurrent	UTIs	had	relux	[47].	

These studies in infants and the association of com-
bined	bladder	and	bowel	dysfunction	with	relux	and	
infection in older children support the suggestion 
that,	 in	 some	 individuals,	 vesicoureteral	 relux	 is	 a	
secondary disorder related more to abnormal detru-
sor function than to a primary anatomic defect at the 
ureterovesical junction. It has been shown that in-
creased	intravesical	pressure,	without	relux,	may	be	
detrimental for the upper tracts: renal scarring with-
out	relux	was	described	by	Vega	at	al	recently	[48].	

In	support	of	 this	concept	 is	 the	common	inding	of	
vesicoureteral	 relux	 in	 children	 with	 neuropathic	
bladders and detrusor-sphincter dyssynergia. In 
such children, the institution of clean intermittent 
catheterization and anticholinergic therapy leads to 
the	resolution	of	VUR	in	a	large	number	of	cases.	It	
is believed that the decrease of detrusor overactivity 
and restoration of functional capacity in combination 

with regular and complete emptying of the bladder 
are	the	responsible	co-factors	[49]	

Koff et al. evaluated the effects of antimuscarinic 
therapy in 62 children with a history of recurrent 
UTIs,	VUR	and	detrusor	overactivity,	and	compared	
these children with an age-matched control group 
with	 a	 normal	 urodynamic	 study	 [50].	 The	 overall	
small sample size and the small number of compliant 
patients limit the study, however, it did demonstrate 
a	statistically	 signiicant	difference	 in	 the	 resolution	
rate	of	VUR	between	the	treated	group	and	the	con-
trol group. The overall infection rate was lower in the 
treated	group	[16%]	compared	to	the	non-medically	
treated	 group	 [63%]	 and	 the	 age-matched	 control	
group	[71%].	Several	authors	have	documented	the	
relationship between detrusor overactivity and dys-
functional voiding with recurrent UTIs . 

Proposed etiologies for the increased incidence 
of UTIs in these patient populations include a milk 
back phenomenon whereby bacteria in the proximal 
urethra are “milked back” into the bladder during 
contraction	of	the	pelvic	loor	muscles.	Alternatively,	
decreased	blood	low	and	relative	hypoxia	during	pe-
riods of increased detrusor pressure such as during 
involuntary detrusor contractions and voiding against 
functional obstruction, may induce transient bladder 
mucosal injury. 

Constipation is prevalent among children with blad-
der	symptoms,	but	often	poorly	identiied	by	parents	
[51].	 It	 is	 a	 risk	 factor	 for	 recurrent	 UTIs.	 Contrary	
to	expectations,	indings	from	the	European	Bladder	
Dysfunction Study suggested that symptoms of dis-
ordered	defecation	did	not	inluence	the	cure	rate	of	
treatment	 for	bladder	symptoms	[52].	 In	a	prospec-
tive non-randomized clinical series of day wetting 
children, a strong correlation was found between re-
current urinary tract infections, detrusor overactivity 
and	 detrusor-sphincter	 dysfunction	 [53].	 In	 a	 study	
by Hansson et al, symptoms of detrusor overactiv-
ity, such as urgency and daytime incontinence were 
found in a high percentage of girls with asymptomatic 
bacteriuria	[54].	

In the majority of children with dysfunctional voiding 
the recurrent infections disappeared following suc-
cessful treatment of the voiding dysfunction. This 
inding	 conirms	 the	 hypothesis	 that	 dysfunctional	
voiding is the main factor responsible for the infec-
tions	[and	to	a	lesser	extent	vice	versa]	[55,56],.	Ad-
ditionally, since such children typically have coexis-
tent constipation, attempts at restoring normal bowel 
habits will also contribute to decreasing the risk of 
UTIs. At present, current opinion is that vesicoureter-
al	relux	as	such	does	not	predispose	to	UTI:	howev-
er it may facilitate renal involvement [causing pyelo-
nephritis] once bacteriuria has been established in 
the	bladder.	This	concept	has	not	been	scientiically	
validated and the incidence of renal scars as a con-
sequence of pyelonephritis is reportedly the same, 
regardless	of	whether	 relux	has	been	documented	

III. CONFOUNDING FACTORS: 
LOWER URINARY TRACT DYSFUNC-
TION, RECURRENT URINARY TRACT 
INFECTION AND VESICOURETERIC 
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or	not	 [57].	Those	children	with	VUR	in	association	
with detrusor overactivity and/or voiding dysfunc-
tion may be at increased risk for upper tract damage 
given their increased risk of developing UTIs. With 
this in mind, aggressive treatment of the underlying 
illing/voiding	 disorder,	 the	 addition	 of	 prophylactic	
antibiotics, and attention to their bowel habits should 
be given in an effort to decrease the risk of UTIs in 
this	higher	risk	group	[58-61].	

In a recent study evaluating retrospectively a large 
group of children with LUT conditions it was shown 
that in patients who had urinary tract infection the 
presence	of	relux	increased	the	rate	of	renal	cortical	
abnormalities. [62]

Numerous	 classiications	 have	 been	 used	 for	 chil-
dren	who	present	with	varying	degrees	of	‘functional’	
urinary symptoms, unrelated to apparent disease, in-
jury or congenital malformation. In 2006, the Interna-
tional Children’s Continence Society (ICCS) released 
a standardized terminology to provide guidelines for 
the	classiication	and	communication	about	LUTS	in	
children	 [8].	 Symptoms	 are	 classiied	 according	 to	
their relation to the voiding and or storage phase of 
bladder function.

In addition to gaining a comprehensive history, ob-
serving micturition and examining the child forms the 
basis of assessment: the information derived from a 
48-72	hour	bladder	diary,	stool	 record,	voiding	uro-
lowmetery	 and	 lower	 urinary	 tract	 ultrasonography	
is also essential in making the initial diagnostic clas-
siication	 [34].	 Urodynamic	 investigations	 elucidate	
the	basis	of	clinical	indings	but	are	irst	line	evalua-
tion techniques only in tertiary referral centers where 
children have not responded to previous treatment or 
have symptoms suggestive of neural involvement or 
anatomical anomalies. 

The	 ICCS	 has	 classiied	 daytime	 LUT	 conditions	
into groups that currently align with understanding of 
underlying pathophysiology. The groups commonly 
overlap	and	allocation	is	based	on	the	4	symptoms	
of urinary incontinence, frequency of volitional void-
ing,	micturition	volumes	and	luid	intake.

Over	 active	 bladder	 (OAB)	 including	 urgency	
incontinence

Dysfunctional voiding

Underactive bladder 

The	symptom-speciic	conditions	of	
	Voiding	postponement	
	Vaginal	relux	
 Giggle incontinence 

 Extraordinary daytime urinary frequency

 Elimination syndrome

The	term	‘non-neurogenic	dysfunction’	is	commonly	
encountered in the literature and describes the whole 
spectrum, from simple bladder overactivity to severe 
cases with deterioration of the upper tracts. The fact 
that	a	neurologic	deicit	 is	not	demonstrated	at	 the	
time of evaluation, does not, however exclude the 
possibility that a neurologic abnormality was present 
at the onset of the problem. It has been postulated 
that detrusor overactivity may eventually lead to poor 
bladder emptying due to underactivity of the detrusor 
or severe dyscoordination between detrusor, sphinc-
ter	and	pelvic	loor.	However,	 the	natural	history	of	
many	of	these	children	does	not	conirm	this	hypoth-
esis, nor the early onset of severe pathology in some 
of them. Hoebeke et al found no evidence for this 
dysfunctional voiding sequence: children with func-
tional incontinence have different primary diseases, 
but all have a common risk of incontinence, UTI, 
VUR	[15%]	and	constipation	[17%]	[63].	

1. OVERACTIVE BLADDER IN CHILDREN

The term bladder overactivity is used to describe the 
symptom complex of urgency, which may or may not 
be associated with urgency incontinence and is not 
a direct result of known neurological damage. Re-
cent	 suggestions	 describe	 OAB	 as	 a	 symptom	 of	
corticocentral dysfunction that affects multiple sys-
tems rather than a dysfunction isolated to the urinary 
bladder	 [64],.Urgency	 syndrome	 is	 characterized	
clinically by frequent episodes of an urgent need 
to	void,	countered	by	contraction	of	 the	pelvic	loor	
muscles	(guarding	relex)	and	holding	manoeuvres,	
such	as	squatting	and	the	Vincent	curtsey	sign.	The	
term urgency refers to a sudden compelling desire 
to	void	that	is	often	dificult	to	defer,	unlike	the	need	
to void which is experienced by all individuals and 
may be intense if one holds one’s urine for a pro-
longed period of time. The symptoms arise from de-
trusor	 overactivity	 during	 the	 illing	 phase,	 causing	
urgency. These detrusor contractions are countered 
by	voluntary	contraction	of	 the	pelvic	loor	muscles	
to postpone voiding and minimize wetting. The de-
trusor contractions can be demonstrated urodynami-
cally,	as	can	the	increased	activity	of	the	pelvic	loor	
muscles during each contraction. 

The voiding phase is essentially normal, but detrusor 
contraction during voiding may be extremely power-
ful.	The	low	rate	reaches	 its	maximum	quickly	and	
may	 level	 off	 (‘tower	 shape’).	 Such	 strong	 bladder	
and	pelvic	loor	muscle	contractions	have	been	pos-
tulated to result in damage to the bladder mucosa 
increasing the risk of UTIs. In addition, these chil-
dren may note suprapubic or perineal pain. A cohort 
of patients presenting with nighttime pain syndromes 
based	on	pelvic	loor	spasms	was	described	by	Hoe-
beke	et	al.	Good	response	to	pelvic	loor	relaxation	
biofeedback	is	described	in	this	study	[65]

	 Overactive	 bladder	 (OAB)	 should	 also	 be	 consid-
ered in “continent” children with recurrent UTI and 
vesicoureteral	relux.	Depending	on	luid	intake	and	

IV. CLASSIFICATION
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urine production, the complaints of incontinence be-
come worse towards the end of the day, due to loss 
of concentration and fatigue and may also occur dur-
ing	the	night.	Children	usually	diminish	their	luid	in-
take to minimize wetting, and therefore incontinence 
may not be the main complaint or symptom, but on 
careful questioning urgency becomes apparent.

Frequent	voluntary	contractions	of	the	pelvic	loor	
muscles may also lead to postponement of defeca-
tion. Constipation and fecal incontinence (soiling) 
are often found in children with detrusor overac-
tivity [66]. The constipation is aggravated by the 
decreased	luid	intake.	Constipation	contributes	to	
an increased risk of UTIs and may exacerbate the 
detrusor overactivity. An investigation of the natu-
ral history of combined emptying dysfunction of 
bladder and bowel, using an elimination score in 
women with and without urogynaecological prob-
lems, demonstrated that childhood lower urinary 
tract dysfunction may have a negative impact on 
bladder and bowel function in later life [67]. 

A careful history, physical examination and scrutiny 
of the child’s bladder diary will identify symptoms 
of	detrusor	overactivity.	Urine	low	rate	registration	
and post-void residual urine measurement help to 
identify co-exsisting dysfunctional voiding. Thus 
in the majority of children, invasive studies such 
as urodynamic studies are not indicated as part 
of the initial evaluation. Such studies are reserved 
for those children with a question of an underlying 
neurologic defect and those who fail to improve with 
medical and behavioral therapy, if invasive thera-
pies are being considered.Those children with a his-
tory of recurrent UTIs should undergo assessment 
with a renal/bladder ultrasound and depending on 
the age of the child, and the severity of the UTI(s), a 
voiding	cystourethrogram	(VCUG)	to	assess	relux	
is	 occasionally	 performed	 [68,69].	 By	 adopting	 a	
structured approach to history and physical exami-
nation, the diagnosis of urgency syndrome can be 
made in the majority of children without the need for 
invasive diagnostic procedures.

Treatment:

The treatment of urgency syndrome involves a 
multimodal approach, involving strategies such 
as behavioral modification, antimuscarinic medi-
cation, adjunctive biofeedback and neuromodu-
lation. Underlying and potentially complicating 
conditions such as constipation and UTIs are 
managed prior to intervention.

Level of evidence: 3. 

Grade of recommendation: C

2. DYSFUNCTIONAL VOIDING

Dysfunctional voiding refers to an inability to fully re-
lax	the	urinary	sphincter	or	pelvic	loor	muscles	during	
voiding.	There	is	no	identiied	underlying	neurologic	

abnormality. Children with dysfunctional voiding usu-
ally present with incontinence, urinary tract infections 
and constipation and demonstrate a intermittent, or 
luctuating	 pattern	 referred	 ot	 as	 staccato	 low	 (by	
ICCS	deinition)	during	repeated	urolowmetry.	

No clear data are available on the possible causes of 
dysfunctional voiding. It may be that detrusor overac-
tivity	eventually	leads	to	overactivity	of	the	pelvic	loor	
muscles,	with	subsequent	insuficient	relaxation	dur-
ing voiding [70]. Alternatively, poor relaxation of the 
pelvic	loor	muscles	during	voiding	may	be	a	learned	
condition during the toilet training years, adopted 
following episodes of dysuria due to UTI, or consti-
pation or occuring secondary to sexual abuse [71]. 
The child’s environment, in particular toilet conditions 
and privacy issues, can trigger or exacerbate voiding 
anomalies [72]. In some girls, anatomical anomalies 
of the external urethral meatus seem to be associ-
ated with a higher incidence of dysfunctional voiding. 
The	 urine	 stream	 may	 be	 delected	 anteriorly	 and	
cause stimulation of the clitoris with subsequent re-
lex	activity	of	the	bulbocavernosus	muscle	causing	
intermittent voiding [73]. Since no true structural ob-
struction	can	be	identiied	the	intermittent	incomplete	
pelvic	 loor	 relaxation	 that	 occurs	 during	 abnormal	
voiding is termed a functional disorder. 

Abnormal	 low	 patterns	 seen	 in	 children	 with	 dys-
functional voiding: 

•		Fluctuating	 (Staccato)	 voiding:	 continuous	 urine	
low	with	periodic	reductions	in	low	rate	precipitat-
ed	by	bursts	of	pelvic	loor	activity.	Voids	are	com-
monly prolonged and incomplete. 

•		Interrupted	 voiding:	 characterized	 by	 unsustained	
detrusor contractions resulting in infrequent and in-
complete voiding, with micturition in separate frac-
tions. Bladder volume is usually larger than age-
expected capacity. Residual urine is often present. 
Detrusor overactivity may be seen but it may also 
be	absent	[56,	68,	74].

Sustained alteration of voiding is associated with 
subsequent	 illing	 phase	 anomalies	 such	 as	 pha-
sic detrusor overactivity and inappropriate urethral 
relaxation	 [75].	 Urinary	 tract	 infections	 and	 kidney	
damage	are	common	sequelae[76].	Over	time,	rou-
tine incomplete bladder emptying can progress to 
detrusor over-distension associated with chronic 
urinary retention. The child with this presentation is 
often	classiied	as	having	poor	bladder	emptying	due	
to detrusor underactivity .

Urinary symptoms associated with dysfunctional 
voiding range from urgency to complex incontinence 
patterns during the day and night [77]. Children with 
dysfunctional voiding have a higher rate of recurrent 
urinary tract infections than children with no voiding 
abnormality and also demonstrate increased inci-
dence	of	higher	grades	of	VUR	[63,	78].	Symptoms	
are	signiicantly	more	common	in	children	with	Atten-
tion	Deicit	Disorder	than	in	‘normal’	children	[79].	



761

Signs	of	dysfunctional	voiding	relect	initial	“compen-
satory” overactivity of the detrusor along with poor 
emptying ability. They may include small bladder ca-
pacity, increased detrusor thickness, decreased de-
trusor contractility, impaired relaxation of the external 
urinary	sphincter/	pelvic	loor	during	voiding,	weak	or	
interrupted urinary stream and large post-void resid-
ual volumes of urine. There may also be ultrasound 
abnormalities,	secondary	vesicoureteric	relux,	fecal	
incontinence or constipation [63, 80,81].

Treatment:

Symptoms are often refractory to standard therapy 
of hydration, bowel management, timed voiding and 
basic relaxed voiding education. Effective interven-
tion requires combination therapy, generally with a 
sizeable investment of time over a long period. Treat-
ment is aimed at optimizing bladder emptying and in-
ducing full relaxation of the urinary sphincter or pelvic 
loor	prior	to	and	during	voiding.

Speciic	goals	are:

•		consistent	relaxation	of	the	pelvic	loor	throughout	
voiding,

•	normal	low	pattern,

•	no	residual	urine	and

•	resolution	of	both	storage	and	voiding	symptoms.

Strategies	to	achieve	these	goals	include	pelvic	loor	
muscle awareness and timing training, repeated ses-
sions	of	biofeedback	visualization	of	pelvic	loor	ac-
tivity and relaxation, clean intermittent self-catheter-
ization for large post-void residual volumes of urine, 
and antimuscarinic drug therapy if detrusor overac-
tivity is present. If the bladder neck is implicated in 
increased resistance to voiding, alpha-blocker drugs 
may be introduced. Recurrent urinary infections and 
constipation should be treated and prevented during 
the treatment period. 

Treatment	eficacy	can	be	evaluated	by	improvement	
in bladder emptying and resolution of associated 
symptoms [82]. Controlled studies of the various in-
terventions are needed. As with detrusor overactivity, 
the natural history of untreated dysfunctional voiding 
is not well delineated and optimum duration of thera-
py is poorly described. 

Level	of	evidence:	4.	
Grade of recommendation: C

3. DETRUSOR UNDERACTIVITY

Children with detrusor underactivity may demon-
strate low voiding frequency and an inability to void 
to	completion	using	detrusor	pressure	alone.	Voiding	
is of long duration, low pressure, intermittent and of-
ten augmented with abdominal straining. 

Children with this condition usually present with uri-
nary tract infections and incontinence. Urodynamically, 

the bladder has a larger than normal capacity, a nor-
mal compliance and reduced or no detrusor contrac-
tion during voiding. Abdominal pressure is the driv-
ing	force	for	voiding.	The	previously	used	term	‘lazy	
bladder’ is incorrect and is no longer used.

A correct diagnosis can only be made by urodynamic 
evaluation. Renal function studies, renal ultrasound 
and	VCUG	should	be	performed	to	assess	the	extent	
of	renal	damage	and	relux.	Long-standing	overactiv-
ity	of	the	pelvic	loor	may	in	some	children	be	respon-
sible for decompensation of the detrusor, leading to a 
non-contractile detrusor. However, no data are avail-
able to support this theory. 

Treatment:

Treatment is aimed at optimizing bladder emptying 
after each void. Clean intermittent (self) catheteriza-
tion is the procedure of choice to promote complete 
bladder emptying, in combination with treatment of 
infections and constipation [which may be extreme 
in these patients]. Intravesical electrostimulation has 
been described, but at this time it is still not recom-
mended as a routine procedure for children.

Level	of	evidence	4
Grade of recommendation C

4. VOIDING POSTPONEMENT

Voiding	postponement	is	a	condition	in	which	children	
postpone imminent micturition until overwhelmed by 
urgency, resulting in urgency incontinence [83] . A 
recent	study	comparing	children	with	typical	OAB	to	
those	with	voiding	postponement	revealed	a	signii-
cantly higher frequency of clinically relevant behav-
ioral symptoms in postponers than in children with 
OAB,	 suggesting	 that	 voiding	 postponement	 is	 an	
acquired or behavioral disorder [83]. In the children 
with	voiding	postponement	only	20%	exhibit	a	luc-
tuating voiding pattern. It remains to be determined 
whether or not voiding postponement can develop 
in the setting of a perfectly normal urinary tract or 
whether	OAB	is	a	necessary	precursor.

	Level	of	evidence	4
Grade of recommendation C

5. GIGGLE INCONTINENCE

In some children giggling can trigger partial to com-
plete bladder emptying well into their teenage years, 
and	 intermittently	 into	 adulthood	 [84].	 The	 condi-
tion occurs in girls and occasionally in boys and is 
generally self-limiting. The etiology of giggle incon-
tinence	 is	 not	 deined.	 Urodynamic	 studies	 fail	 to	
demonstrate any abnormalities, there is no anatomic 
dysfunction, the upper tracts appear normal on ul-
trasound, the urinalysis is normal and there are no 
neurologic	abnormalities	[85,86].	It	is	postulated	that	
laughter induces a generalized hypotonic state with 
urethral relaxation, thus predisposing an individual 
to incontinence, however the effect has not been 
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demonstrated on either smooth or skeletal muscle. 
It has also been suggested that giggle incontinence 
is	 due	 to	 laughter	 triggering	 the	 micturition	 relex	
and	 overriding	 central	 inhibitory	 mechanisms.	 One	
small study hinted at an association with cataplexy 
(a state of excessive daytime sleepiness), suggest-
ing involvement of central nervous structures, how-
ever with only 7 subjects further evidence is needed 
[87]. Since the etiology of giggle incontinence is not 
known	it	is	dificult	to	determine	the	appropriate	form	
of treatment. Positive results have been reported 
with conditioning training, methylphenidate and imip-
ramine	 [85-	 91].	 Others	 have	 tried	 antimuscarinic	
agents and alpha-sympathomimetics. There is no 
acceptable evidence that any form of treatment is 
superior to no intervention.

Level of evidence 3

Grade of recommendation D

6. VESICOVAGINAL ENTRAPMENT

Urinary leakage that occurs in girls a short time after 
voiding to completion, that is not associated with any 
strong desire to void, may be the result of vesico-
vaginal	relux	[92].	Urine	may	become	entrapped	in	
the vagina during voiding due to labial adhesions, a 
funnel shaped hymen, or an inappropriate position 
on the toilet. The classic presentation is that of a girl 
who does not spread her legs apart during voiding 
and who is not sitting all the way back on the toilet 
seat, but who is rather sitting near the end of the toi-
let	seat	tilting	forward.	Obesity	may	be	an	associated	
risk factor. Changes in voiding position and treatment 
of labial adhesions will lead usually to resolution of 
the urine leakage. 

Level	of	evidence	4.	Grade	of	recommendation	C

7. ELIMINATION SYNDROME

This is a term used to describe dysfunctional emptying 
of bowel and/or bladder presenting with symptoms of 
OAB,	constipation	and	sometimes	infrequent	voiding.

The term is misleading as the combined bladder and 
bowel dysfunction involves dysfunction of both emp-
tying and storage.

The genitourinary tract and the gastrointestinal system 
are interdependent, sharing the same embryologic 
origin, pelvic region and sacral innervation. Although 
children with voiding disturbances often present with 
bowel dysfunction, until recently this co-existence was 
considered coincidental. However, it is now accepted 
that dysfunction of emptying of both systems, in the 
absence of anatomical abnormality or neurological 
disease, is inter-related. The common neural path-
ways,	or	the	mutual	passage	through	the	pelvic	loor	
musculature, may provide a theoretical basis for this 
relationship, as may the acquisition of environmental 
and	developmental	 learning.	The	 latter	can	be	 inlu-
enced by episodes of urinary tract infection, constipa-

tion, anal pain or trauma, childhood stressors, reluc-
tance	to	toilet	and	poor	toilet	facilities	[66,72,93].

There is also evidence to suggest that in severe cas-
es symptoms may have a neurological basis.

The Elimination Syndrome [ES] is seen more fre-
quently	in	girls	than	boys	and	is	signiicantly	associ-
ated	with	 the	 presence	 of	 both	VUR	and	UTI	 [94].	
VUR	 is	slower	 to	 resolve	and	breakthrough	urinary	
tract	 infections	 are	 signiicantly	 more	 common	 in	
children with ES when compared to those without 
the diagnosis. Infections do not ameliorate with an-
tibacterial	 prophylaxis.	Age	of	 irst	 febrile	UTI	does	
not	appear	to	be	an	etiological	factor	[84],	however,	
recurrence	of	UTI	in	children	older	than	5	years	is	as-
sociated	with	the	presence	of	ES	[95,96].

Abnormal recruitment of the external anal sphinc-
ter during defecation or at call to stool is consid-
ered causative, in that it elicits concomitant urethral 
sphincter	 and	 pelvic	 loor	 co-contractions.	 Thus	 in	
both systems a functional obstruction to emptying is 
generated. In the case of the urinary system, high 
pressures generated by the detrusor muscle to over-
come a decrease in urethral diameter can stimulate 
detrusor hypertrophy, detrusor overactivity, and lead 
to incompetence of the vesicoureteric junctions. In 
the early stages of defecation disorders, bowel emp-
tying is incomplete, infrequent and poorly executed. 
As the dysfunction progresses stool quality becomes 
abnormal, the child develops distension of the rec-
tum and descending colon, seems to lose normal 
sensation and develops fecal retentive incontinence. 
If constipation was not present as a predisposing fac-
tor,	it	rapidly	develops	[93].

Children with elimination syndrome commonly com-
plain of urinary incontinence, non-monosymptomatic 
nocturnal enuresis, recurrent urinary tract infections, 
imperative	urgency	to	void	(OAB)	and	exceptionally	
urinary	 frequency.	 On	 investigation,	 they	 are	 often	
noted	to	have	poor	voiding	eficiency,	vesicoureteric	
relux,	 constipation,	 fecal	 incontinence,	 no	 regular	
bowel routine and infrequent toileting. The incidence 
of children with elimination syndrome and sub-clini-
cal signs and symptoms is unknown. 

Assessment follows the same process as for other 
aspects of pediatric bladder dysfunction, with the ad-
dition of a 2 week bowel diary and relevant symptom 
score. The inclusion of an ultrasound rectal diameter 
measure, either via the perineum or when assess-
ing the bladder, has been shown to be discrimina-
tive for children with elimination syndrome. Urinary 
low	 curve,	 perineal	 EMG	 and	 post	 void	 residual	
urine estimate, when considered in isolation, are not 
conclusive for the diagnosis of elimination syndrome. 
There is no evidence to suggest that anorectal ma-
nometry	 is	warranted	as	a	 irst	 line	 investigation	 in	
these children. Recently a symptom scale for ES has 
been developed providing objective assessment for 
diagnosis	and	quantiication	of	severity	[97].
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Treatment:

Treatment aims at assisting a child to become clean 
and dry in the short term, by retraining appropriate 
bladder and bowel awareness and teaching dynam-
ic elimination skills. As bowel dysfunction is more 
socially isolating than urinary incontinence, and in 
the light of evidence that amelioration of underlying 
constipation can relieve bladder symptoms, most 
clinicians begin with treatment of the bowel. Strat-
egies include disimpaction [if needed], prevention 
of stool reaccumulation, and post-prandial efforts to 
empty the bowel while maintaining optimal defeca-
tion	dynamics.	Once	stools	are	being	passed	regu-
larly, treatment focuses on teaching awareness of 
age appropriate fullness in the bladder, and train-
ing unopposed emptying (without straining or pelvic 
loor	muscle	 recruitment),	 at	 pre-scheduled	 times.	
Pelvic	 loor	 awareness	 training	 and	 biofeedback	
therapy are integral.

There	are	few	studies	of	the	eficacy	of	treatment	in	
children with elimination syndrome. Several authors 
have evaluated the outcome of constipation man-
agement on bladder symptoms, however the base-
line characteristics of subjects were not described 
adequately enough to allow clear diagnosis of elimi-
nation	syndromes	[66,	97]	

A review on the effectiveness of biofeedback for dys-
functional	elimination	syndrome	reports	that	80%	of	
children	beneited	from	biofeedback	but	that	the	level	
of	evidence	was	low	due	to	poor	study	designs	[99].

Level	of	evidence	4.	

Grade of recommendation C

Treatment of the over active bladder focuses on both 
the involuntary detrusor contractions and the child’s 
response to these. The initial treatment of daytime 
urinary incontinence involves a behavioral and cog-
nitive approach. The child and parent[s]/caregiver(s) 
are educated about normal bladder function and re-
sponses	to	urgency.	Voiding	regimens	are	instituted	
and UTIs and any constipation are managed. Ad-
ditional treatment involves pharmacotherapy, pelvic 
loor	muscle	relaxation	techniques	and	biofeedback,	
either alone or in combination. 

Although there are many studies reported in the 
literature assessing the effects of various forms of 
therapy on daytime incontinence and urinary symp-
toms, many of these are case series rather than be-
ing randomized or controlled trials. The paucity of 
studies evaluating basic standard therapy initiatives 
has precluded double-blinded trials of novel and 
multimodal interventions. Whilst clinically important 
beneits	are	commonly	described,	patient	numbers,	

objective outcome measures and length of follow-up 
are sub-optimal.

The main objectives of treatment are to normalise the 
micturition	pattern,	normalize	bladder	and	pelvic	loor	
overactivity and cure the incontinence, infections 
and constipation. Traditional therapy for day-wetting 
children is cognitive and behavioural. Children learn 
to recognize the desire to void and to suppress this 
by normal central inhibition instead of resorting to 
holding manoeuvers [i.e. immediate voiding without 
postponement] to generate urethral compression. 
Children with dysfunctional voiding learn to initiate 
voiding	with	a	completely	relaxed	pelvic	loor	and	to	
pass urine in association with a detrusor contraction 
rather than via generation of abdominal pressure. Di-
etary changes and bowel regimens are used to treat 
the	constipation	[98].	Antibiotic	prophylaxis	may	pre-
vent recurrent UTIs, however, data to support this is 
limited.

“Bladder training” is used widely, but the evidence 
that	it	works	is	variable	[50,	88].	Some	authors	con-
tend that in less severely affected children a thorough 
explanation of the underlying causes and the expect-
ed	 progress	 of	 resolution	 is	 suficient	 treatment	 in	
itself	[47]	.	More	active	conventional	management	in-
volves a combination of cognitive, behavioral, physi-
cal and pharmacological therapy methods. Common 
modes of treatment include parent and child reas-
surance, bladder retraining (including timed toilet-
ing),	pharmacotherapy,	pelvic	loor	muscle	relaxation	
and the use of biofeedback to inhibit rises in detru-
sor pressure associated with urinary incontinence 
[29,	 100-102].	 Further	 treatment	 options	 include	
suggestive or hypnotic therapy and acupuncture. A 
combination of bladder training programs and phar-
macological	treatment,	aimed	speciically	at	reducing	
detrusor contractions, is often useful and sometimes 
necessary. 

1.  BLADDER REHABILITATION AND URO -
THERAPY

Initial	intervention	for	OAB	and	dysfunctional	voiding	
uses a non-pharmacologic approach. This is often 
termed Urotherapy. Despite its use for many years 
there is no set format to urotherapy and many clini-
cal studies utilize differing combinations of therapies, 
which	makes	 it	 dificult	 to	 evaluate	 the	 results	 [29,	
60, 101]. The aim of urotherapy is to normalize the 
micturition pattern and to prevent further functional 
disturbances. This is achieved through a combina-
tion of patient education, cognitive, behavioral and 
physical therapy methods. 

A Danish report of the outcome of standard urother-
apy	in	240	children	with	daytime	incontinence	noted	
achievement	of	dryness	in	126	children	(55%).	Alarm	
therapy has traditionally been used for the treatment 
of nocturnal enuresis but was recently used in man-
agement of daytime wetting. When a time watch was 
utilized	as	a	reminder	to	void	at	regular	intervals	70%	

V. PRINCIPLES OF NON PHARMA-
COLOGICAL TREATMENT FOR ALL 

DIFFERENT STATES
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of children became dry. An earlier study of a contin-
gent alarm [which sounded when the child wets] ver-
sus a noncontingent alarm system (which sounded 
at intermittent intervals to remind the child to void) 
over	3	months	in	45	children	[103]	was	equally	suc-
cessful for the achievement of continence. Predictors 
for dryness included a low voiding frequency, larger 
volumes voided in relation to age-expected storage 
and	fewer	incontinent	episodes	per	week	[104].	

There is evidence that for children who are therapy-
resistant, timed voiding assisted by a timer watch 
added	to	urotherapy	is	effective	[105].

Following	a	3	month	 training	programme,	42.8%	of	
daywetting	children	were	cured	at	1	month,	61.9%	by	
6	months,	and	71.4%	by	1	year	[106].	Allen	et	al	[107]	
reported that urotherapy patients with good compli-
ance	with	timed	voiding	were	signiicantly	more	likely	
to improve their continence than those with poor 
compliance. It has recently been highlighted how-
ever,	that	there	is	frequently	conlict	between	school	
rules, routines and toilet facilities and the urotherapy 
programme components. Adaptive coping tech-
niques added to urotherapy training may enhanced 
gains in dryness.

In	 children	with	OAB	and	dysfunctional	 voiding	 the	
pelvic	 loor	 muscles	 relaxation	 is	 impaired	 during	
voiding. Physiotherapy is concerned with re-training 
of	 speciic	 muscle	 groups.	 Adjunctive	 physiothera-
peutic input offers children different strategies to 
achieve	pelvic	loor	relaxation	during	micturition.	

Several centers offer intensive urotherapy called 
voiding schools or even inpatient rehabilitation. A 
prospective evaluation of 38 Belgian children who 
underwent this approach showed improvement in 
90%	of	the	children	with	42%	becoming	dry,	whilst	no	
child on the waiting list improved during the 6 months 
[108].	Long-term	follow-up	of	75	incontinent	children	
who underwent intensive urotherapy 16-22 years 
later	 showed	a	 good	 result	 in	 84%and	 the	 authors	
concluded that if the original outcomes of pediatric 
intensive inpatient urotherapy were good, they tend 
to	remain	so	over	time	in	most	patients	[109].

Level of evidence 3. 

Grade of recommendation C

2. ADJUNCTIVE BIOFEEDBACK

Biofeedback is a technique in which physiological ac-
tivity	is	monitored,	ampliied	and	conveyed	to	the	pa-
tient as visual or acoustic signals, thereby providing 
the patient with information about unconscious phys-
iological processes. Biofeedback may be utilized for 
the	management	of	both	illing	phase	(detrusor	over-
activity) and voiding phase (dysfunctional voiding 
due	to	pelvic	loor	muscle	overactivity)	abnormalities.

Biofeedback can help children to identify how to re-
lax	their	pelvic	loor	muscles	or	recognize	involuntary	
detrusor contractions. 

Training with biofeedback can be used as a single 
treatment [110,111], or in conjunction with a compre-
hensive rehabilitation program [112,113]. It may be 
performed by a cystometrogram during which the child 
is taught to recognize and inhibit involuntary detrusor 
contractions by watching the pressure curve during 
cystometry. This is invasive and a time consuming 
process with limited application as a routine treatment. 

More	 commonly	 pelvic	 loor	 muscle	 relaxation	 is	
taught through the use of EMG biofeedback and 
real-time	urolow.	The	child	sits	on	a	toilet	with	a	low	
transducer,	watching	both	 the	low	curve	and	EMG	
on a computer display, and attempts to empty com-
pletely in one relaxed void. Ultrasound may be used 
to determine the post void residual and demonstrate 
complete emptying. Interactive computer games are 
commonly used to make biofeedback training more 
attractive	to	children	[114,115],	however	care	should	
be taken that posture and muscle recruitment ap-
proximates that of the voiding position.

The results of biofeedback are commonly reported 
as case series rather than RCTs. Results are gener-
ally positive but overall may not be superior to high 
quality standard urotherapy. The group receiving ad-
junctive	biofeedback	in	the	Vasconcelos	study	[106]	
did not achieve greater continence rates at the study 
end point, although a greater proportion of subjects 
achieved earlier dryness. Furthermore, the post void 
residual	 volumes	 were	 signiicantly	 reduced	 in	 the	
biofeedback group compared to the standard ther-
apy only group. 

Long duration follow-up, whilst desirable, confounds 
results of intervention in children who are continually 
growing and maturing. Hellstrom et al report results 
of a 6 week bladder rehabilitation program inclusive 
of	biofeedback	[101]	and	note	that	at	3	years,	71%	of	
the	children	with	detrusor	overactivity,	70%	of	those	
with	dysfunctional	voiding	and	73%	of	 those	with	a	
combined disturbance had a normal micturition pat-
tern. The potential for bias from intercurrent events 
and interventions precludes statements about the ef-
icacy	of	biofeedback	alone.	

Level of evidence: 3

Grade of recommendation C

3.  CLEAN INTERMITTENT (SELF) CATHETERI -
SATION

In children with an underactive detrusor, bladder emp-
tying can be achieved with timed and double voiding. 
If this does not adequately empty the bladder clean 
intermittent self-catheterization (CISC) may be tried 
[116-118]. This requires careful guidance for both the 
child and the parents. Sometimes it is necessary to 
give the child a suprapubic catheter for a while and 
gradually	prepare	him/her	to	accept	CISC.	Once	the	
infections have cleared and the child is continent it 
will become easier for both the parents and the child 
to accept. The frequency of CISC depends on the 
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severity of the problem and may vary between four 
times a day and once a day before going to bed.

Level	of	evidence	4.	

Grade of recommendation C

4. NEUROMODULATION

Neuromodulation has been used in adults for a va-
riety of lower urinary tract symptoms and has been 
applied in children. The use of transcutaneous stimu-
lation with surface electrodes stimulating the sacral 
root (S3) has shown promising results, especially 
when tested as part of a randomized controlled trial 
[119].	 Transcutaneous	 and	 percutaneous	 neuro-
modulation	delivered	over	either	the	sacral	outlow	or	
peroneal region of the ankle at a frequency between 
10-25	Hz,	has	proven	a	useful	adjunctive	treatment	
in children with detrusor overactivity. Intravesical 
stimulation can impact function of an underactive de-
trusor and potentially improve detrusor contractility 
and enhance bladder emptying [120,121]]. 

Electrical current directly affects the central nervous 
system	by	artiicially	activating	neural	structures;	fa-
cilitating both neural plasticity and normative affer-
ent and efferent activity of the lower urinary tract. For 
children with structural abnormalities, for example 
imperforate anus, electrostimulation is one method 
of facilitating strength gains in the skeletal muscle 
and its fascial attachments. Treatment is particularly 
useful	 in	patients	with	very	 little	pelvic	loor	aware-
ness	 to	 stimulate	muscle	 recruitment.	Once	 neural	
eficiency	 has	 improved,	 training	 is	 augmented	 by	
active	pelvic	loor	contractions.

In 2011, three papers were published reviewing the 
use	 of	 neuromodulation	 in	 children	 [122-124].	 This	
highlights the level of interest in this modality for 
treating LUTD and also bowel dysfunction. A litera-

ture search revealed 18 reports of the use of neuro-
modulation in children with non-neurogenic bladder 
dysfunction.	 Only	 three	 of	 these	 studies	 were	 ran-
domized and controlled, one a randomised cross-
over study whilst the rest were case series. However 
parasacral TENS has been shown to be more effec-
tive	than	sham	in	randomized	trials	in	treating	OAB.	
Use of neuromodulation in children with neurogenic 
LUT	dysfunction	has	been	reported	in	9	studies,	3	of	
which were randomized controlled trials. 

Of	 note	 is	 the	 fact	 that	 most	 studies	 have	 looked	
at the use of electrical neuromodulation in children 
whose symptoms have been refractory to all other 
interventions,	whereas	using	it	as	irst-line	treatment	
may	 prove	 beneicial.	Also	 studies	 using	 intravesi-
cal, transcutaneous and implantable electrodes have 
noted	 improved	 bowel	 function.	 One	 randomised	
placebo-controlled trial using interferential current 
transcutaneously	 showed	 signiicant	 improvements	
in colonic transit times,decreased soiling and ab-
dominal pain and increased quality of life in children 
with	severe	constipation	[125].

From Table 1 and 2  it is clear that different modes 
of application have been trialed in mostly small se-
ries of children. There is minimal standardization 
of populations, application parameters or outcome 
measures. Thus evidence is largely drawn from low 
quality studies. Clearly neuromodulation in children 
warrants larger, controlled and randomized studies, 
including	its	use	as	irst-line	intervention	and	in	chil-
dren with combined bladder and bowel dysfunction. 
Despite the slow pace of research the reviewers of 
the articles mentioned above agree that there is a 
positive role for neuromodulation in children with 
LUTD, and that it is adjunctive to other interventions, 
with	no	known	predictors	of	eficacy	at	 the	present	
time, but also rare and minor adverse events. Neuro-
modulation of the bowel shows promise.

Author and year of 
publication 

Population Design N Mode of application Outcome measure 

Guys 2004 Neurogenic 
(Spina bifida) 

RCT 42 Sacral implant n/s difference from controls for continence  

Marshall 1997 Neurogenic (MMC) RCT 50 Transcutaneous n/s difference from controls for continence  
Johnston 2005 Neurogenic 

(spinal cord injury) 
Series 2 FES implant Suppression of detrusor overactivity in 1 pt  

Han 2004 Neurogenic 
(MMC) 

Series 24 Intravesical Significant  in faecal incontinence 

De Gennaro 2004 Neurogenic and 
Non neurogenic 

Series 6 
 

17 

Percutaneous tibial nerve n/s difference in neuropathic pts 
5/9 with incontinence cured 

Gladh 2003 Neurogenic and 
Non neurogenic 

Series 20 
 

24 

Intravesical 40% cure neurogenic 
83% cure non neurogenic 

Hagerty 2007 Neurogenic series 405 IVES 61% gained sensation 
>UD bladder capacity 77% 

Balcolm 1997 Neurogenic series 29 Transcutaneous Sensation improved 
>bladder capacity (p<0.05) 

Kajbafzadeh 
                                     

Neurogenic series 30 Transcutaneous 
IFT 

MMDP, PVR, and DSD improved to sham (p 
<0 .05) 

Also frequency and enuresis (p<0.05) 

Tables 1: Study parameters in paediatric neuromodulation trials (Neurogenic and Non Neurogenic bladder 
dysfunction)
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Table 2: Study parameters in paediatric neuromodulation trials (Non Neurogenic bladder dysfunction)

Author and year 
of publication 

Population Design N Mode of application Outcome measure 

Tanagho 
1992 

Non neurogenic Series 6 Sacral implant Resolution 4/6 

Trsinar 1996 Non neurogenic Controlled trial 
(sham) 

73 Anal plug +ve gains in active group 

Bower 2001 Non neurogenic Series 17 Transcutaneous sacral 73% improved continence 
Gladh 2001 Non neurogenic (DI 

diagnosis) 
Series 48 Anal plug 18/48 cured 

Hoebeke 2001 Non neurogenic Series 41 Transcutaneous sacral 56% cured after 1 year 
Hoebeke 
2002 

Non 
neurogenic 

Series 32 Percutaneous tibial nerve 25% cured, 35% improved 
UD>MVV 

Gladh 2003 Non neurogenic Series 24 Intravesical Normalized voiding 83% 
Lee 2005 Non neurogenic 

(infrequent voiding) 
Series 12 Intravesical Signif - max flow rate, signif  PVR 

Barroso 2006 Non neurogenic (urge 
syndrome) 

Series 36 Transcutaneous sacral 12/19 “complete” improvement 

Humphreys 
2006 

Non neurogenic 
(severe DES) 

Series 23 Sacral implant Improvements: 
Day 83% 

Urgency 75% 
Freq’y 73% 
Bowel  80% 

Retent’n 60% 
Malm-Buatsi 
2007 

Non 
neurogenic 

Series 18 Transcutaneous sacral 13 cured 

Roth  2008 Non 
Neurogenic (DES) 

Series 20 Sacral implant Resolution constipation in 71% 

Hagstroem 2008  Non neurogenic RCT (sham) 25 Transcutaneous sacral 8/13 partial response 
Lordelo  2009 Non neurogenic Series 49 Transcutaneous sacral 2yr later 73% cured 
Capitanucci 
2009 

Non neurogenic Series 33 Percutaneous tibial nerve Complete /partial response 78% 2 yrs later 

Lordelo 2010 Non neurogenic RCT (sham) 21 (test) 
16(control) 

Transcutaneous sacral 62% cured test group. None in control 
(p<0.001) 

Haddad 2010 Non neurogenic RCT crossover 33 Sacral implant Effective (p<0.001) 
Improvements: 
75% for urinary 

81% bowel 
Lordelo 2010 Non neurogenic 

(NMNE) 
Series 19 Transcutaneous sacral 42% resolved 

21% improved 
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Reported changes on bladder function with neuro-
modulation	 include:	 signiicantly	 increased	 bladder	
capacity, decreased severity of urgency, improved 
continence, and decreased frequency of urinary tract 
infection.	Signiicant	improvement	in	urodynamic	pa-
rameters of bladder compliance, number of involun-
tary	contractions,	and	bladder	volume	at	irst	detru-
sor contraction have also been noted. 

More	recently	the	irst	reports	on	sacral	nerve	stimu-
lation with implantable electrodes have been pub-
lished. In a group of 20 patients between 8 and 17 
years old followed prospectively. Urinary inconti-
nence, urgency and frequency, nocturnal enuresis 
and	constipation	were	improved	or	resolved	in	88%	
(14	of	16),	69%	(9	of	13),	89%	(8	of	9),	69%	(11	of	16)	
and	71%	(12	of	17)	of	subjects,	respectively.	Compli-
cations	were	seen	in	20%	of	patients	[126]	.	Due	to	
the uncontrolled design the level of evidence is low. 
Experience from adults offered this treatment modal-
ity suggests future positive development in children 
to be likely.

Level of evidence: 3. 

Grade of recommendation C

5. ALARM TREATMENT 

Alarm therapy has traditionally been used for the 
treatment of nocturnal enuresis and has rarely been 
used	for	daytime	wetting.	Only	one	randomised	clini-
cal	trial	has	been	published	to	establish	the	eficacy	
of this form of treatment. Halliday et al compared a 
contingent alarm which sounded when the child wets 
with a noncontingent alarm system (which sounded 
at intermittent intervals to remind the child to void) 
[103]. Forty-four children participated in the study, 
50%	were	assigned	to	each	form	of	therapy	for	a	3	
month period. Success was measured as 6 consecu-
tive weeks without daytime wetting. Nine children 
in the non-contingent group and 6 children in the 
contingent group had persistent wetting. Although 
the risk of persistent wetting with the contingent 
alarm	 was	 67%	 of	 the	 risk	 of	 persistent	 wetting	
with the noncontingent alarm, the difference in the 
reduction in wetting between the groups was not 
signiicant	 (RR	 0.67,	 95%	 CI	 0.29	 to	 1.56).	 In	 a	
more	 recent	 retrospective	 review	 by	 Van	 Laecke	
et	al,	a	cure	rate	of	35%	after	the	use	of	a	daytime	
alarm was described[127]. Due to the retrospec-
tive design of the study the level of evidence is low.

Level of evidence: 3 

Grade of recommendation C

6. CONCLUSION

Most clinical studies describe combinations of thera-
pies rather than single interventions, which makes it 
dificult	 to	 evaluate	 the	 results.	 Physiotherapy	 and	
biofeedback	 both	 focus	 on	 the	 pelvic	 loor.	 Relax-
ation	of	the	pelvic	loor	during	voiding	is	essential	for	

normal voiding and most of these patients are unable 
to	relax	their	pelvic	loor	muscles.	Biofeedback is im-
portant for showing the children the effect of their re-
laxation efforts. Most studies only state the clinical 
responses, and do not provide information on urody-
namic	parameters	before	and	after	treatment.	A	‘nor-
mal’	low	curve	may	not	mean	normal	voiding	 if	no	
information is provided on post-void residual urine. 
In most papers the inclusion and exclusion criteria 
are not clearly documented, and it may very well be 
that	the	more	dificult	patients	with	both	storage	and	
voiding dysfunction were included in the study popu-
lation. Furthermore, different series may describe dif-
ferent	groups	of	patients	due	to	poor	deinitions	and	
an	inadequate	classiication	system.	In	children	with	
a suspected bladder outlet obstruction, endoscopic 
investigations should be performed. Most often the 
anatomic abnormality causing abstruction can be 
treated at the same time. In girls, a meatal web may 
cause	a	delection	of	 the	 stream	upwards	 [causing	
stimulation	of	the	clitoris	and	bulbocavernosus	relex.	
A meatotomy may cure this problem, though no infor-
mation on the long-term effects is available [73]. 

1. ANTIMUSCARINIC THERAPY

Antimuscarinic therapy remains one of the com-
mon forms of therapy for detrusor overactivity. Its 
use is predicated on the concept that parasympa-
thetic mediated stimulation of muscarinic receptors 
in the bladder causes detrusor overactivity, which 
is responsible for the symptoms of detrusor over-
activity. Antimuscarinic agents have been dem-
onstrated to increase bladder capacity, increase 
bladder compliance and decrease detrusor con-
tractions in neurogenic detrusor overactivity. De-
trusor overactivity is believed to play a role in many 
children with functional incontinence, vesicoure-
teral	relux	and	urinary	tract	infections	[128].	More	
commonly, pharmacotherapy is instituted when 
behavioral therapy has failed to achieve a satisfac-
tory outcome. Some clinicians use pharmacologic 
therapy	as	a	irst	line	therapy	in	children	with	mod-
erate to severe daytime incontinence [60]. 

Despite the frequent use of anticholinergic therapy, 
often in conjunction with a behavioral therapy regi-
men, the outcome of pharmacologic therapy for 
daytime urinary incontinence is “unpredictable and 
inconsistent” and there are few randomized stud-
ies	available	to	assess	drug	safety	and	eficacy.	

a) Oxybutynin

Currently the pharmacologic therapy most widely 
used in children with detrusor overactivity is oxybu-
tynin	[129].	More	recently,	a	long-acting	formulation,	
Oxbutynin-	XL,	has	been	approved	by	 the	FDA	 for	
use in children [130]. Historically, oxybutynin use has 
been	 limited	 by	 its	 adverse	 effect	 proile	with	 such	

VI. PHARMACOLOGICAL
TREATMENT
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side	effects	as	dry	mouth,	constipation,	facial	lush-
ing and CNS effects. The incidence of side effects 
seems to be dose-related, both for oral and intravesi-
cal administration [131]. The CNS effects are related 
to the ability for oxybutynin to cross the blood brain 
barrier.	Oxybutynin-	XL	utilizes	a	novel	delivery	sys-
tem, which results in absorption in the large intestine, 
thereby	 bypassing	 the	 irst	 pass	metabolism	 in	 the	
liver. This leads to a decrease in the amount of ac-
tive metabolite [produced in the liver]: resulting in a 
more	 favorable	 tolerability	proile.	The	delivery	sys-
tem requires an intact tablet and thus it cannot be cut 
or crushed to facilitate swallowing. Another method 
of delivery of oxybutynin is intravesical therapy. This 
method	of	 delivery	also	avoids	 the	 irst	 pass	effect	
and leads to increased amounts of oxybutynin avail-
able compared to immediate release oxybutynin. Its 
use in the neurologically intact patient is limited by 
the need for catheterization [132].

There are only a few studies, none randomized and 
double	 blinded,	 assessing	 the	 eficacy	 of	 oxybu-
tynin in detrusor overactivity in children. Curran et 
al,	 in	 a	 retrospective	 review	 assessed	 the	 eficacy	
of several agents, primarily oxybutynin in children 
with	non-neurogenic	detrusor	overactivity,	conirmed	
by urodynamics, who were refractory to behavioral 
therapy. Some children were treated with combina-
tion therapy. Eighty percent had complete resolution 
or	 a	 signiicant	 improvement	 in	 their	 urinary	 symp-
toms. The authors noted an average time to reso-
lution of symptoms of 2.7 years [range 0.2 to 6.6], 
however patients were not followed frequently [133]. 
In	a	study	by	Van	Hoeck	et	al,	holding	exercises	with	
and	without	oxybutynin	showed	no	beneicial	effect	
on	bladder	volume	of	adding	oxybutynin.[134].	

Level of evidence: 3. 

Grade of recommendation C

b) Tolterodine

Tolterodine, a nonselective antimuscarinic is cur-
rently being used for the treatment of detrusor over-
activity	 in	adults.	 It	 is	 the	irst	antimuscarinic	agent	
designed	speciically	for	use	in	detrusor	overactivity	
and	 is	 felt	 to	 be	 “bladder	 selective”.	 It’s	 afinity	 for	
the bladder compared to other organ systems leads 
to	an	improved	tolerability	proile.	The	chemical	na-
ture of tolterodine makes it less likely to penetrate 
the blood brain barrier, which is supported by EEG 
studies	[135].	The	delivery	system	of	the	long	acting	
preparation is such that the capsule may be cracked 
and “sprinkled” on food. Tolterodine has not been ap-
proved for use in children but there are several stud-
ies,	which	evaluate	its	safety	and	eficacy	in	children	
with detrusor overactivity. Hjålmas reported the re-
sults of an open label, dose escalation study using 
immediate release tolterodine in 33 children [136]. 
Doses	ranged	from	0.5	mg	po	BID	to	2	mg	po	BID	for	
14	days.	The	results	demonstrated	a	21%	(23%	with	
2 mg po BID) mean decrease from baseline in mic-

turition	 frequency	 and	a	 44%	mean	decrease	 from	
baseline for the number of incontinence episodes in 
children treated with 1 mg and 2 mg po BID. Bolduc 
et	al	reported	on	a	prospective	crossover	study	of	34	
children followed for > 1 year who were crossed over 
from oxybutynin to tolterodine because of adverse 
effects with oxybutynin [137]. Detrusor overactivity 
was	conirmed	in	19/20	who	had	urodynamic	studies	
performed prior to therapy. Children received either 1 
mg or 2 mg po BID and the median treatment period 
was	11.5	months.	Eficacy	was	assessed	by	a	ques-
tionnaire and was comparable for oxybutynin and 
tolterodine.	Sixty-eight	percent	noted	a	>	90%	reduc-
tion in wetting episodes at 1 year and an additional 
15%	noted	a	>	50%	reduction	 in	wetting	episodes.	
Fifty nine percent reported no side effects with tolt-
erodine	and	18%	 reported	 the	 same	side	effect	 as	
with oxybutynin, but felt it was less severe. Eight pa-
tients	[24%]	discontinued	tolterodine.	

Munding et al reported on the use of tolderodine in 
children with “dysfunctional voiding” manifested as 
daytime wetting, frequency or urgency [138]. There 
was	 no	 documentation	 of	 urolow	 studies	 to	 make	
the diagnosis of “dysfunctional voiding” and from 
the symptoms these children appeared to have de-
trusor overactivity. Children were started on behav-
ioral	modiication	 for	4-6	weeks	and	pharmacologic	
therapy was instituted if they failed or had only slight 
improvement with behavioral therapy. A minimum of 
1 month’s follow-up was needed for inclusion, but the 
mean	follow-up	was	only	5.2	months.	Doses	ranged	
from	1	mg	po	BID	 to	4	mg	po	BID.	Assessment	of	
results was made by telephone survey. Thirty three 
percent	had	>	90%	reduction	 in	daytime	and	night-
time	wetting	episodes	and	60%	had	>	50%	reduction.	
Four	patients	[13.3%]	had	side	effects,	constipation	
in 2, dry mouth in 1 and diarrhea in 1. 

Reinberg et al performed an open label parallel 
group	retrospective	study	of	the	eficacy	and	safety	
of immediate release and long acting tolterodine and 
extended	release	oxybutynin	[139].	Children	started	
out with the lowest possible dose, 2 mg tolterodine 
and	5	mg	oxybutynin	and	titrated	up	according	to	re-
sponse and side effects. Children were arbitrarily as-
signed to therapy based on the formulary restrictions 
of the health plan and there was an uneven distribu-
tion of patients in the treatment groups. Final dose 
and duration of treatment were not noted. Study 
nurses asked about side effects and a voiding diary 
was	used	to	assess	eficacy.	The	authors	concluded	
that	extended	release	tolterodine	[p<0.05]	and	oxy-
butynin [p<0.01] were more effective than immediate 
release tolterodine in improving urinary incontinence 
symptoms and that extended release oxybutynin 
was more effective than extended release tolterodine 
in	resolving	diurnal	incontinence	(p<0.05)	Long	term	
tolerability of tolterodine extended release in a large 
pediatric	population	has	been	shown.	[140]	

Level of evidence: 3.
Grade of recommendation C
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c) Terodiline

One	of	 the	drugs	which	has	been	 investigated	 in	a	
randomized placebo controlled trial was terodiline 
[141,142].	 Because	 of	 serious	 cardiac	 side	 effects	
terodiline has been withdrawn from the market. Tros-
pium chloride is another agent, which has been used 
in small series in children. It is currently available in 
a twice a day dosing formulation. In the adult pop-
ulation,	 there	 is	 a	 16%	 intra-individual	 variability	 in	
bioavailability	and	36%	inter-individual	variability.	Ab-
sorption is affected by food intake. Trospium’s chemi-
cal structure make it unlikely to penetrate the blood 
brain	 barrier	 as	 supported	 by	 EEG	 studies	 [135].	
Lopez Periera et al evaluated the use of trospium 
in 62 children with documented detrusor overactiv-
ity	and	absence	of	 ‘detrusor	sphincter	dyssynergia’	
[143].	 Children	were	 randomly	 assigned	 to	 10,	 15,	
20	 or	 25	mg	of	 trospium	administered	 in	 2	 divided	
doses or placebo. Fifty-eight children were evaluat-
ed. Response rates were assessed by incontinence 
episodes	and	urodynamic	parameters.	Overall,	32%	
had	 an	 excellent	 response,	 42%	 a	 good	 response	
and	8%	a	 fair	 response.	Detrusor	overactivity	com-
pletely	 resolved	 in	35%.	Four	children	had	medica-
tion related adverse effects including headache, diz-
ziness, abdominal cramps and dry mouth.

Level of evidence: 3. 
Grade of recommendation C

d) Trospium and propiverine

Like trospium, propiverine has been used in children, 
but results are variable and inclusion and outcome 
criteria	 were	 not	 in	 accordance	 with	 ICCS	 deini-
tions	making	comparison	with	other	studies	dificult.	
Recently a randomized, double-blind, placebo-con-
trolled phase 3 trial with propiverine in children aged 
5-10	 yr	 was	 performed.	 Of	 171	 randomized	 chil-
dren,	87	were	 treated	with	propiverine	and	84	with	
placebo.	 The	 primary	 eficacy	 parameter	 showed	
a decrease in voiding frequency (-2.0 episodes for 
propiverine versus -1.2 for placebo; p=0.0007). Su-
periority could also be demonstrated for increase in 
voided	volume	(31.4	vs.	5.1ml;	p<0.0001)	and	reduc-
tion	in	incontinence	episodes	(-0.5	vs.	-0.2	episodes	
per	d;	 p=0.0005.	This	 clinical	 trial	 showed	superior	
eficacy	of	propiverine	over	placebo	and	good	toler-
ability	for	the	treatment	of	children	suffering	from	DO	
and	 urinary	 incontinence.[144,145]	 This	 is	 the	 irst	
study	with	level	of	evidence	1	that	shows	beneicial	
effect of anticholinergic therapy.

Level of evidence: 1. 

Grade of recommendation B/C ( only single study) 

e) Solifenacin

Solifenacin is the last antimuscarinic agent recently 
used	in	children	with	OAB:	Hoebeke	et	al	treated	139	
children	with	therapy	resistant	OAB,	with	favourable	
results,	and	few	side	effects	[146].	

Some authors try combinations of anticholinergics 
for	refractory	OAB:	Bolduc	et	all	treated	33	children	
with a combination of oxybutinin and solifenacin or 
tolterodine	with	good	success	[147].

f) Botulinum toxin

Botulinum toxin is currently being used in children, 
mainly with neurogenic detrusor overactivity. Initial 
results seem promising, but more studies need to be 
done. In children. 300 Units on average, are injected 
in	30-40	spots	[`148].	The	trigone	should	not	be	in-
jected,	as	there	is	an	increased	risk	of	relux	devel-
oping.	The	results	last	about	6-9	months.	Botulinum	
toxin is not registered for injection in the detrusor or 
the sphincter in children. It is off label used and fur-
ther prospective studies are needed before a general 
recommendation	can	be	made	[149].

One	prospective	uncontrolled	study	by	Hoebeke	et	
all	shows	beneicial	effects	of	botulinum	toxin	in	70%	
of children with therapy resistant detrusor overactiv-
ity	[150].	Injection	of	botulinum	toxin	is	also	possible	
into the external sphincter, but the results are more 
variable	and	 last	only	3-4	months	 [151]	Radojici	 et	
al describe excellent results in the treatment of dys-
functional voiding. In 20 children good results are de-
scribed	for	17	patients.	[152]	In	a	retrospective	study	
by Franco et al, similar results are described in 16 
children,	however	using	a	higher	dosage.	[153]

Less invasively, botulinum toxin can be administered 
electromotively:	a	small	study	in	15	children	shows	the	
administration is feasible, safe, and results in consid-
erable	improvement	on	urinary	incontinence	[154].

Level of evidence: 3 
Grade of recommendation C

g) Alpha-adrenergic blockade

Treatment	of	the	overactive	pelvic	loor	and	sphincter	
is	much	more	dificult.	Treatment	with	alpha-adrener-
gic blockade seems promising, but from the present-
ed	studies	 it	 is	dificult	 to	draw	irm	conclusions:	as	
most series are small, not randomized and describe 
a	mixed	patient	population	[155-157].	

In a more recent uncontrolled study by Donohoe et 
al a total of 26 patients with Primary Bladder Neck 
Dysfunction (20 males, 6 females, mean age 12.8 
years) were treated with alpha-blockers. Mean av-
erage	 and	maximum	 urolow	 rates	 improved	 from	
5.5	 to	 12.6	 cc	 per	 second	 and	 from	 10.3	 to	 19.7	
cc per second, respectively, while mean EMG lag 
time	decreased	from	24.4	to	5.7	seconds	and	post-
void	 residual	urine	volume	 from	98.9	 to	8.9	cc	 (all	
p <0.001). Mean follow-up was 31 months and no 
major	 adverse	 side	 effects	 were	 observed.[158]	
Further randomized controlled studies are needed 
to	deine	the	place	of	alpha-blockers.

Level of evidence: 3. 
Grade of recommendation C
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Because there is much variability in presenting 
symptoms as well as the underlying pathology 
an individual approach is advisable: a step by 
step algorithm has been developed by Marschall-
Kehrel, which seems to deal with many of these 
variables	[159].	

Level of evidence 3. 

Grade of recommendation B/C 

The	 limited	 number	 of	 identiied	 randomized	 con-
trolled trials does not allow a reliable assessment 
of	 the	 beneits	 and	 harms	 of	 different	 methods	 of	
management in children. Further work is required 
in	 this	 dificult	 clinical	 area.	 The	 establishment	 of	
outcome measures is needed, to facilitate random-
ized controlled trials of routine therapy. Interven-
tions	 that	 would	 beneit	 from	 further	 investigations	
include: bladder and voiding education, bladder re-
tention training, bowel management, hypnotherapy 
and alternative therapies, psychology, prophylactic 
antibiotic medication, neuromodulation, biofeedback 
therapy	and	pelvic	loor	muscle	awareness	and	spe-
ciic	 relaxation.	 Only	 then	 can	 the	 eficacy	 of	 new	
interventions be measured in children with detrusor 
overactivity or dysfunctional voiding. 

In summary, while there is a wide therapeutic choice 
available to clinicians, many of the commonly used 
treatments are of dubious value and have not been 
rigorously evaluated in careful clinical trials with an 
appropriate study design. Children who suffer this 
distressing condition, and their families, and those 
who care for them clinically, need clear guidance as 
to which treatments are of proven value. They need 
access to treatments which work, and they need pro-
tection from treatments which do not work. 

Children who present with urinary symptoms may 
have been victims of sexual abuse. In these cases, 
the	 use	 of	 invasive	 diagnostic	 procedures	 (VCUG	
and urodynamic studies) must be regarded as con-
traindicated, as must the use of invasive intra-anal 
treatment devices. Development of less invasive 
methods of diagnosis and treatment should therefore 
be encouraged.

Neurogenic detrusor-sphincter dysfunction 
(NDSD) can develop as a result of a lesion at any 
level in the nervous system. This condition con-
tributes to various forms of lower urinary tract dys-
function which may lead to incontinence, urinary 

tract infections	 (UTIs),	 vesicoureteral	 relux	 (VUR),	
and renal scarring. Surgery may be required to es-
tablish adequate bladder drainage, and potentially, if 
not managed properly, NDSD can cause renal fail-
ure, requiring dialysis or transplantation.

Management of neurogenic detrusor sphincter dys-
function in children has undergone major changes 
over the years. While the use of diapers, permanent 
catheters, external appliances and various forms of 
urinary diversion were acceptable treatment modali-
ties; these are now reserved for only a small num-
ber of resistant patients [1]. Initially, long term renal 
preservation was the only aim of therapy and early 
diversion had the best long term results for preserv-
ing renal function. Despite some of the complications 
of ileal conduits and cutaneous urostomies requiring 
secondary surgery, this form of treatment offered the 
best outcome for renal preservation with socially ac-
ceptable continence [2]. 

Introduction of clean (self) intermittent catheteriza-
tion revolutionized the management of children with 
NDSD. It, not only made conservative management 
a very successful treatment option, but also made 
surgical creation of continent reservoirs a very effec-
tive alternative with a good quality of life [3].

The most common cause of NDSD in children is 
neurospinal dysraphism and this condition presents 
with various patterns of detrusor-sphincter dysfunc-
tion	within	 a	wide	 range	 of	 severity.	About	 15	%	 of	
neonates with myelodysplasia have no signs of lower 
urinary tract dysfunction (LUTD) when initially studied 
[4].	 However	 there	 is	 a	 high	 chance	 of	 progressive	
changes in the dynamics of the neurological lesion in 
time and even babies with normal LUT function at birth 
have a 1 in 3 risk of developing either detrusor sphinc-
ter dyssynergia or acontractile detrusors by the time 
they	reach	puberty	[5].	Nearly	60	%	of	the	neonates	
with neurospinal dysraphism may develop upper tract 
deterioration	 due	 to	 increased	 detrusor	 illing	 pres-
sures	and	infections,	with	or	without	relux	[6,7].	

As our understanding of urodynamic studies has 
evolved it allowed us to understand the nature and 
severity of the problems and administer manage-
ment in a more rational manner differing according 
to the functional characteristics of each detrusor 
sphincter unit. Although the last quarter century has 
witnessed a remarkable progress in understanding 
pathophysiology, pathogenesis and the manage-
ment of these children, the main goals of treatment 
remained the same i.e. the prevention of urinary tract 
deterioration and the achievement of continence at 
an appropriate age. 

Neurogenic detrusor sphincter dysfunction can de-
velop as a result of a lesion at any level in the ner-
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vous system, including the cerebral cortex, spinal 
cord or the peripheral nervous system. The type 
and degree of detrusor sphincter dysfunction is 
poorly correlated with the type and spinal level of 
the neurologic lesion. 

The closure of spinal canal in utero takes place 
in caudad direction from cephalic end and is com-
pleted	 at	 around	 35	 days	 of	 gestation.	 The	 fail-
ure of mesodermal in-growth over the developing 
spinal canal results in an open lesion most com-
monly seen in the lumbosacral area. The degree 
of	this	closure	deiciency	contributes	to	a	variable	
presentation of neural injury with varying degrees 
of LUTD and lower extremity problems. Develop-
mental anomalies that result from defects in neural 
tube closure are termed as myelodysplasia. This 
term	 includes	 a	 group	of	 lesions	 like	 spina	 biida	
occulta, meningocele, lipomyelomeningocele, or 
myelomeningocele. Myelomeningocele is by far 
the most common defect seen and the most detri-
mental. Traumatic and neoplastic spinal lesions of 
the cord are less frequent in children. [8]

The neurologic lesions produced by myelodyspla-
sia are variable and contingent on the neural ele-
ments that protrude within the meningocele sac. 
The bony vertebral level correlates poorly with the 
neurologic lesions produced. Additionally, different 
growth rates between the vertebral bodies and the 
elongating spinal cord can introduce a dynamic 
factor to the lesion, and scar tissue surrounding 
the cord at the site of meningocele closure can 
tether	the	cord	during	growth	[9-10].	

In occult myelodysplasia, the lesions are not overt 
and often with no obvious signs of neurologic le-
sion. The diagnosis of this condition has increased 
since the advent of spinal ultrasonography and 
magnetic	 resonance	 imaging.	 Yet,	 in	 nearly	 90%	
of patients, a cutaneous abnormality overlies the 
lower spine and this condition can easily be sus-
pected by simple inspection of the lower back. 
These cutaneous lesions can vary from a dimple 
or a skin tag to a tuft of hair, a dermal vascular 
malformation, or an obvious subdermal lipoma. 
[8] Alterations may be found in the arrangement 
or	coniguration	of	the	toes,	along	with	discrepan-
cies in lower extremity muscle size and strength 
with weakness or abnormal gait. Back pain and an 
absence of perineal sensation are common symp-
toms in older children. 

Incidence of abnormal lower urinary tract function 
in	patients	with	spina	biida	occulta	 is	as	high	as	
40%.	 Occult	 lesions	 may	 also	 become	 manifest	
with tethering of the cord later in life. This can lead 
to changes in bowel, bladder, sexual and lower ex-
tremity function.

Sacral agenesis  is a rare congenital anomaly that 
involves absence of part or all of one or more sacral 

vertebrae. Perineal sensation is usually intact and 
lower extremity function is usually normal and the 
diagnosis	is	made	when	a	lattened	buttock	and	a	
short gluteal cleft is seen on physical examination. 
This lesion may produce variable degrees and pat-
terns of LUTD. 

Cerebral palsy  patients may also present with 
varying degrees of LUTD usually in the form of 
overactive detrusor and wetting.

Imperforate anus  is a rare anomaly and presents 
with a closed rectum that does not open onto anal 
skin verge. These children may present with ac-
companying spinal cord pathology. This is more 
common when the rectum ends above the pelvic 
loor	muscles	and	they	should	undergo	a	MR	imag-
ing for detection. Early detection of this problem in 
imperforate anus patients is important to improve 
the child’s chance of maintaining healthy kidneys 
and becoming continent.

The	purpose	of	any	classiication	system	is	 to	 fa-
cilitate the understanding and management of the 
underlying pathology. There are various systems 
of	classiication	of	the	neurogenic	bladder.

Most	 systems	 of	 classiication	 were	 formulated	
primarily to describe those types of dysfunction 
secondary to neurologic disease or injury. Such 
systems are based on the localization of the neu-
rologic	 lesion	 and	 indings	 of	 the	 neuro-urologic	
examination.	 These	 classiications	 have	 been	 of	
more value in adults as neurogenic lesions are 
usually	due	to	trauma	and	more	readily	identiied.	

In children, the spinal level and extent of con-
genital lesion is poorly correlated with the clinical 
outcome. Indeed, severe detrusor sphincter dys-
function has been associated with minimal bony 
defects.	Various	possible	neuropathologic	lesions	
of the spinal cord including syringomyelia, hydro-
myelia, tethering of the cord and dysplasia of the 
spinal cord are the causes of these disparities 
and they may actually extend several segments 
above and below the actual site of the myelome-
ningocele. Therefore urodynamic and functional 
classifications have been more practical for defin-
ing the extent of the pathology and planning treat-
ment in children. 

The detrusor and sphincter are two units working 
in harmony to make a single functional unit. The 
initial approach should be to evaluate the state of 
each	 unit	 and	 deine	 the	 pattern	 of	 bladder	 and	
sphincter dysfunction. Determined by the nature 
of	 the	 neurologic	 deicit,	 they	 may	 be	 either	 in	
an overactive or in an inactive state. The detru-
sor may be overactive with increased contractions 
during	 illing,	 with	 a	 diminished	 bladder	 capacity	

III. CLASSIFICATION: PATTERN 
RECOGNITION
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and compliance or be underactive with no effec-
tive contractions during voiding; the bladder out-
let (urethra and sphincter) may be independently 
overactive causing functional obstruction or para-
lyzed	 with	 no	 resistance	 to	 urinary	 low	 leading	
stress incontinence. 

These	conditions	may	exist	in	any	combination	[9-14].

Urodynamic evaluation (preferably in combination 
with	luoroscopy)	makes	pattern	recognition	possi-
ble. Four major types are usually used to describe 
the detrusor-sphincter dysfunction: 

1.  Detrusor overactivity with overactivity of the 
sphincter (mostly dyssynergia), 

2.  Detrusor overactivity with normal or underactiv-
ity of the sphincter,

3.  Detrusor underactivity with sphincter overactiv-
ity and 

4.		Detrusor	underactivity	with	sphincter	underactivity.	

Besides	 these	 4	 patterns,	 one	 can	 use	 the	 ICS	
classiication:	 overactive	 detrusor,	 underactive	
detrusor, overactive sphincter and underactive 
sphincter. Sometimes this is more helpful, as the 
detrusor	may	 be	 overactive	 during	 illing,	 but	 un-
deractive	during	‘voiding’.

The urodynamic investigation is considered nor-
mal when there is suitable age appropriate ca-
pacity, good compliant bladder with no overactiv-
ity and normal innervation of the sphincter with 
normal sacral reflexes and an increase in pelvic 
floor activity during filling and no activity during 
voiding. Presence of detrusor overactivity dur-
ing filling with or without decreased capacity and 
compliance, is usually seen when there is upper 
motor neuron lesion and this is usually accom-
panied by overactivity of the sphincter and fail-
ure to relax during voiding. A lower motor neuron 
lesion is considered when the voiding detrusor 
contractions are weak or lost and the sphincter 
is underactive. Urodynamic investigations make it 
possible to establish a management plan for each 
individual patient.

Evidence level 3

Grade of recommendation B

For the very young child the combination of an 
overactive detrusor and sphincter is potentially 
dangerous	 because	 of	 the	 high	 intravesical	 ill-
ing pressures, which will put the upper tract at 
risk	 (vesicoureteral	 relux	 and	 hydronephrosis),	
whereas an underactive detrusor and a paralysed 
sphincter is relatively safe, providing a low-pres-
sure	reservoir	[15-17].	

Level of evidence: 2

The main aim in management of NDSD in children 
is to ensure and maintain a reservoir with normal 
age-matched capacity and good compliance that 
can be emptied completely at low pressures and 
at regular intervals.

1. ASSESSMENT

In	 the	 irst	 years	 of	 life,	 the	 kidneys	 are	 highly	
susceptible to backpressure and infection. In this 
period, emphasis will be on documenting the pat-
tern of neurogenic detrusor- sphincter dysfunction 
and assessing the potential for functional obstruc-
tion and whether or not there is vesicoureteral 
relux	[17,18].	Ultrasound	studies	and	a	VCUG	or	
video-urodynamics	 to	 exclude	 relux	 have	 to	 be	
performed soon after birth. Measurement of re-
sidual urine during both ultrasound and cystogra-
phy should also be done. These studies provide 
a baseline for the appearance of the upper and 
lower urinary tracts, can facilitate the diagnosis of 
hydronephrosis	 or	 vesicoureteral	 relux,	 and	 can	
help identify children at risk for upper urinary tract 
deterioration and impairment of renal function. 

A urodynamic evaluation can be done after 
some weeks and needs to be repeated at regu-
lar intervals, in combination with evaluation of 
the	upper	tracts	[19].	

Level of evidence 3. 

Grade of recommendation: B

2. TREATMENT

Overwhelming	 experience	 gained	 over	 the	 years	
with early management of neurogenic bladder in 
infants has lead to a consensus that children do 
not develop upper tract deterioration when man-
aged early with CIC and antimuscarinic medication 
[19-22].	 Therefore	 initial	 treatment	 should	 consist	
of oral or intravesical antimuscarinic drugs in 
combination with clean intermittent catheterisa -
tion , to start soon after birth in all babies and espe-
cially in those with signs of possible outlet obstruc-
tion [23-27].

Level of evidence 2. 

Grade of recommendation: B

The early initiation of intermittent catheterization  
in the newborn period, makes it easier for parents 
to master it and for children to accept it as they 
grow	older	[28,29].

With early management not only are upper tract 
changes less, but also bladders are better protect-
ed and incontinence rates are much lower. 

It has been suggested that increased bladder pres-
sures due to detrusor sphincter dyssynergia cause 

IV. MANAGEMENT
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secondary	changes	of	the	bladder	wall.	These	ibro-
proliferative changes in the bladder wall may cause 
further loss of elasticity and compliance: resulting 
in a small non-compliant bladder with progressively 
elevated pressures. It is believed that early institu-
tion of intermittent catheterization and anticholiner-
gic drugs may prevent this in some patients [30-32].

Level of evidence 3.

Retrospective evaluation of patients has also shown 
that	signiicantly	fewer	bladder	augmentations	were	
required	in	patients	with	early	start	of	CIC	[23,24].	

Level	of	evidence	4

The main disadvantage of CIC is bacteriuria which 
is	 found	 in	 60%	of	 the	 patients,	 but	 symptomatic	
UTIs	are	less	common	(20%)	with	CIC	when	com-
pared	 to	 the	group	without	CIC	 (40%).	Since	 the	
risk	of	 relux	 is	 similarly	 lower	with	CIC	 the	 renal	
scar rates are lower. CIC alone, when begun in in-
fancy	 can	 achieve	 continence	 at	 a	 rate	 of	 60	%.	
When combined with newer and more potent an-
timuscarinic	drugs	continence	rates	approach	75-
80%.	[33-36]

At present oxybutynin, tolterodine, trospium and 
propiverine are the most frequently used anticho-
linergic drugs to treat detrusor over activity in chil-
dren. Some clinical studies are available, but no 
randomised placebo controlled studies have been 
performed	[31,37-41].	

A prospective controlled trial evaluating trospium 
in children reports that trospium is effective and 
safe in correcting detrusor overactvity in children 
but this study does not include patients with a neu-
rogenic	bladder	[42].	

Two different forms of tolterodine have been investi-
gated in children with neurogenic bladder and extend-
ed release formulation of tolterodine is found to be as 
eficient	as	 the	 instant	 release	 form	with	 the	advan-
tages	of	being	single	dosage	and	less	expensive	[43].

Level of evidence 3. Grade of recommendation: B

Use of medication in children with neurogenic 
bladder to facilitate emptying has not been studied 
well in the literature. Few studies investigating the 
use of alpha-adrenergic blockade in children with 
neurogenic bladder report good response rates 
but they are non-controlled studies and long-term 
follow-up	is	lacking	[44-46].

Level	of	evidence	4.

Use of intravesical oxybutynin  in children with 
poorly compliant neurogenic bladder has been in-
vestigated in some studies and incontinence has 
been	 shown	 to	 be	 improved	 signiicantly	 in	most	
studies, with “dry and improved” rates ranging from 
61%	to	83%	[47].	Use	of	lidocain	intravesically	also	
has been shown to be effective to improve bladder 

capacity and compliance and decrease overactiv-
ity	 in	children	with	neurogenic	bladder	 [48].	None	
of these studies are randomized controlled trials 
and	 evidence	 available	 is	 insuficient	 to	 strongly	
recommend this therapy. There are no data avail-
able on long term use.

Level of evidence 3. 

Grade of recommendation: C

In neurogenic bladders that are refractory to anti-
muscarinics and still remain to be in a small capac-
ity and high-pressure state, injection of botulinum 
toxin  into the detrusor has been introduced to be a 
new	 treatment	alternative	 [49-50].	 Initial	promising	
results in adults have also initiated its use in chil-
dren. So far pediatric studies have been open-label 
studies and prospective controlled trials are lacking 
[51-53].	 Injection	 of	 botulinum	 toxin	 in	 therapy	 re-
sistant bladders seems to be an effective and safe 
treatment alternative. This treatment seems to be 
more effective in bladders with evidence of detrusor 
overactivity, while non-compliant bladders without 
obvious detrusor contractions are unlikely to re-
spond to this treatment. Dosage in children should 
be determined by body weight, with caution regard-
ing total dose if also being used for treatment of 
spasticity,	and	minimum	age	[54-57].	

Level of evidence 3. 

Grade of recommendation C

In a single study urethral sphincter botulinum-A toxin 
injection has been shown to be effective in decreas-
ing urethral resistance and improve voiding.The evi-
dence is still too low to recommend its routine use in 
decreasing outlet resistance, but it could be consid-
ered	as	an	alternative	in	refractory	cases	[58].	

Intravesical electrical stimulation of the blad -
der was introduced more than four decades ago 
and it has been tested in some open clinical tri-
als	in	children	since	1984.	Its	practice	is	limited	to	
a few centres who have reported varying results. 
The nature of this type of treatment (time consum-
ing and very dedicated personal) does not make it 
attractive	for	the	majority	of	treatment	centres	[59].	

Level of evidence 3. 

Grade of recommendation C

Children with neurogenic bladder also have distur -
bances of bowel function.  Fecal incontinence in 
these children is frequently unpredictable; it is related 
to the loss of lower bowel sensation and function, al-
tered	relex	activity	of	 the	external	sphincter	and	the	
consequent failure to fully empty the rectum [60].

The majority of children with a neurogenic bladder 
also have constipation  and this is managed most 
commonly with laxatives, such as mineral oil, com-
bined with enemas to facilitate removal of bowel 
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contents.	 A	 regular	 and	 eficient	 bowel	 emptying	
regimen is often necessary to maintain fecal conti-
nence and this may have to be started even at a very 
young age. With antegrade or retrograde enemas, 
the majority of these children’s constipation can be 
managed and they may attain some degree of fecal 
continence	[61-65].	

Level of evidence 3. 

Grade of recommendation C

Biofeedback training  programs to strengthen the 
external anal sphincter have not been shown to be 
more effective than a conventional bowel manage-
ment program in achieving fecal continence [66]. 
Electrostimulation of the bowel may also offer a vari-
able improvement in some patients [67]. 

Level of evidence 3. 

Grade of recommendation D

Urinary tract infections  are common in children 
with	neurogenic	bladders.	 In	 the	absence	of	 relux,	
patients with urinary tract infections should be treat-
ed if symptomatic. There is strong evidence not to 
prescribe antibiotics to patients with bacteriuria with-
out clinical symptoms [68-71]. Bacteriuria is seen in 
more than half of the children on clean intermittent 
catheterization (CIC), but patients who are asymp-
tomatic do not need treatment. 

Level of evidence 3. 

Grade of recommendation B

Patients with vesicoureteral relux and urinary 
tract infection often should be placed on prophylac-
tic antibiotics to reduce the incidence of pyelonephri-
tis, which can potentially lead to renal damage [72]. 

Sexuality , while not an issue in childhood, becomes 
progressively more important as the patient gets 
older. This issue has historically been overlooked in 
individuals with myelodysplasia. Patients with myelo-
dysplasia have sexual encounters, and studies indi-
cate	 that	 at	 least	 15-20%	 of	males	 are	 capable	 of	
fathering	children	and	70%	of	females	can	conceive	
and carry a pregnancy to term. Therefore counseling 
patients regarding sexual development is important 
in early adolescence.

Children with a good response to antimuscarinic 
treatment and an overactive sphincter may be con-
tinent in between catheterizations. Bladder pressure 
and (normal) development of the upper tracts will 
determine whether additional treatment is necessary. 

Children with therapy resistant overactivity of the 
detrusor, or small capacity and poor compliance will 
usually need additional surgical treatment such as 
bladder augmentation.

Children with detrusor overactivity but with un -
deractive sphincters  will be in a better shape in 

terms of protecting their upper tracts, but they may 
be severely handicapped because of their inconti-
nence. Initial treatment will be intermittent catheter -
ization  (as it may reduce the degree of incontinence 
and offers a much better control over urinary infec-
tions) in combination with antimuscarinic drugs. At a 
later age the outlet resistance has to be increased 
in order to render them continent [73]. There is no 
medical	 treatment	of	proven	eficacy	 that	 increases	
bladder outlet resistance. Alpha-receptor stimulation 
of the bladder neck has not been very effective. Sur-
gical procedures need to be considered for maintain-
ing	continence	[75-77].

It is important to establish adequate bowel empty -
ing  before attempting to correct bladder dysfunction 
surgically or medically.

Patients with a neurogenic bladder require lifelong 
supervision and monitoring of renal function  is 
extremely important. Periodic investigation for upper 
tract changes, renal function and bladder status is 
mandatory. Therefore repeat urodynamic studies are 
needed more frequently at younger ages and less 
frequently at later ages. A repeat urodynamic study 
is warranted when the patient has a change in symp-
toms or undergoes any neurosurgical procedure. In 
case of any apparent changes both in the upper and 
lower urinary tract or any changes of neurological 
symptoms, a more detailed examination including 
urodynamics and MRI of the spine is indicated. Re-
nal failure usually progresses slowly but may occur 
with startling rapidity in these children.

Intermittent catheterization and drug therapy are 
usually	 suficient	 in	 the	majority	 of	 cases	 for	main-
taining continence and preserving upper tracts. Sur-
gical procedures should be considered if conserva-
tive measures fail to achieve continence between 
catheterizations or preserve upper tracts.

Surgical intervention is required for congenital and 
acquired diseases interfering with the function of the 
storage function of the bladder, the sphincter mecha-
nisms or which bypass normal sphincter mecha-
nisms. A plethora of different surgical procedures 
has been proposed to maintain continence by using 
different	mechanisms.	Various	procedures	using	dif-
ferent mechanisms for maintaining continence may 
be used in the same patient. 

In many cases measures such as intermittent cath-
eterization and drug therapy are needed in addition 
to surgery since most of the surgical procedures can 
achieve	‘dry-	ness’,	but	rarely	restore	normal	voiding.

Patients with bladder neck incompetence pose a real 
challenge and require a different approach. All sur-
gical procedures to “reconstruct” the bladder neck 
have one thing in common; an obstruction is created 

F. Surgical management of 
urinary incontinence in children
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to enhance bladder outlet resistance. Even if suc-
cessful, normal spontaneous voiding with low pres-
sures without external help is not possible in most 
patients. Considering the long-term outcome, it may 
be better not to void spontaneously when bladder 
outlet resistance is increased because longstanding 
outlet resistance may cause secondary changes of 
the bladder wall.

The rarity and complexity of the conditions associ-
ated with congenital incontinence in children pre-
cludes the establishment of higher levels of evidence 
because of the rarity and spectrum of the pathology. 
Results are highly dependent on the skills of the indi-
vidual surgeon. Therefore graded recommendations 
for	 speciic	 procedures	 cannot	 be	 provided.	 There	
are no randomized controlled trials (level 1 and 2 evi-
dence). Based on the available literature most stud-
ies	have	a	level	of	evidence	3-4	and	grade	of	recom-
mendation C or D.

Bladder Exstrophy : The incidence of bladder ex-
strophy is 1 per 30,000 live births. (male to female 
ratio 2:3.1-6.1). Closure of the bladder is generally 
performed within the first days of life; pelvic oste-
otomies facilitate reconstruction of the abdominal 
wall and may improve ultimate continence [1,2,3]. 
Some children will develop more or less normal 
capacities. Even after successful closure there 
will be some children who end up with a poorly 
compliant small bladders, requiring later bladder 
enlargement or urinary diversion (ureterosigmoid-
ostomy)	 [4,5,6,7].	 Patients	 with	 a	 good	 bladder	
template who develop sufficient bladder capacity 
after successful primary closure and epispadias 
repair can achieve acceptable continence without 
bladder augmentation and intermittent catheter-
ization	[8,9,10].

Reconstruction of the bladder neck can either be 
done at the time of bladder closure or at a later 
stage. Early reconstruction may facilitate normal 
bladder function, but should be attempted only at 
centers experienced with such surgery [11,12]. 
Continence rates vary from center to center and 
may	range	between	43	to	87%	[13,14].	

Cloacal Exstrophy : The incidence of cloacal 
exstrophy is 1 per 200,000 live births. This is a 
much more complex deformity that requires an 
individual approach. Most of these children have 
anomalies of the nervous system, upper urinary 
tract and gastrointestinal tract that can adversely 
affect urinary tract reconstruction. Before recon-
structive procedures are considered, an extensive 
evaluation has to be carried out.

Agenesis and duplication of the bladder  are 
both extremely rare. Agenesis is rarely compatible 
with life. In bladder duplication other associated 

congenital anomalies are often observed such as 
duplication of external genitalia or lower gastroin-
testinal tract.

Abnormal storage function  in combination with 
other anomalies is usually caused by a neurologic 
deficit or is secondary to bladder outlet obstruc-
tion. Sacral anomalies are frequently seen with 
cloacal	malformations	 and	 imperforate	 anus	 [15,	
16, 17,18]. 

Posterior urethral valves may cause severe hyper-
trophy of the detrusor with a small poorly compli-
ant	bladder	[19,20]	.	

Unfortunately, following valve ablation, these blad-
ders may not return to normal function [21,22] . 

Epispadias  (without exstrophy): incidence 1 in 
60,000	 live	births,	male	to	female	ratio:	3-5:1.	All	
patients with bladder exstrophy also have com-
plete epispadias. 

In male patients with complete epispadias and all 
females, the sphincteric mechanism is deficient 
and the child has complete incontinence. Recon-
struction of the bladder neck is either performed 
at the time of epispadias repair or at a later stage. 
The bladder function may or may not be normal in 
these	patients	[23,24].

Malformation of the Urogenital Sinus  occurs ex-
clusively in phenotypic females. The incidence is 1 in 
50,000	live	births.	In	patients	with	classical	urogenital	
sinus or cloaca, the sphincteric mechanism is insuf-
icient	and	due	to	associated	neurological	abnormali-
ties the bladder function may be abnormal.

Ectopic ureteroceles  protruding into the urethra 
may be responsible for a partial defect of the blad-
der neck. In these rare cases, sphincteric inconti-
nence may be the result. 

Sphincter abnormalities  secondary to spina bifi-
da and other neurologic disorders are of particular 
importance. The sphincter may be overactive (like 
in detrusor sphincter dyssynergia) or underactive. 
Overactivity	 of	 the	 sphincter	 causes	 secondary	
changes of the bladder wall (increased collagen 
type III with decreased elasticity and compliance). 
Continence is usually achieved with antimuscarin-
ic drug treatment or bladder augmentation (using 
the overactivity of the sphincter for continence). 
In cases of incompetence of the sphincter, differ-
ent types of surgical intervention are possible to 
enhance the sphincteric mechanism. In general 
all patients with a neurogenic bladder need Clean 
Intermittent Catherization (CIC). In patients bound 

I. ABNORMALITIES OF STORAGE 

II. ABNORMALITIES OF SPHINCTERIC 
FUNCTION
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to a wheelchair a suprapubic channel can be cre-
ated (Mitrofanoff) to facilitate CIC.

Ectopic Ureter  is an abnormally located terminal 
portion of the ureter. Instead of the ureter opening 
in the bladder, it opens in the urethra, vagina, or 
uterus. Ectopic ureters occur more frequently in 
girls and are commonly part of a duplex system: 
in girls the ectopic orifice of the upper pole moiety 
drains into the urethra below sphincteric level or 
vaginal	vestibule,	thus	causing	incontinence	[25].	

When the ectopic ureter represents a single sys-
tem, the trigone is usually asymmetrical and not 
well developed. These children may suffer from 
continuous incontinence as well as a deficient 
sphincteric mechanism: this is particularly true in 
bilateral ectopia of single systems. In these pa-
tients the trigone and bladder neck are function-
ally abnormal and treatment includes surgical 
reconstruction of the bladder neck. When the up-
per pole ureter opens in the mid or distal female 
urethra or outside the urinary tract (i.e. vulva or 
vagina) incontinence results. Upper pole nephrec-
tomy or ipsilateral uretero-ureterostomy solves 
the problem.

A rare and a challenging condition is when there 
are bilateral ectopic ureters. Since the bladder 
is hypoplastic, in these children achieving nor-
mal bladder capacity and function may require 
additional procedures to ureteric reimplantation 
[26,27,28] . 

Urethral duplications . Most patients with urethral 
duplication will leak urine from the abnormal me-
atus during voiding. In rare cases, when the ure-
thra bypasses the sphincteric mechanisms, con-
tinuous	leakage	may	be	present	[29]	.

Vesicovaginal fistulas. Acquired fistulas may be 
traumatic or iatrogenic, following procedures on 
the bladder neck.

A detailed history and physical examination in 
combination with imaging studies and urodynamic 
evaluation are the corner stones for successful 
management. Imaging studies are essential to 
define the anatomical abnormalities responsible 
for and associated with incontinence. Ultrasonog-
raphy of bladder and kidneys as well as a void-
ing cystourethrogram are the basic studies. In 
infants and small children sacral ultrasonography 
can demonstrate normal position and mobility of 
the spinal cord.The scout film of the contrast void-
ing	cystourethrogram	(VCUG)	assesses	the	lower	

spine and sacrum, intersymphyseal distance, 
and fecal retention. The contrast films will show 
bladder configuration, presence of vesicoureteral 
reflux, incomplete voiding, bladder neck compe-
tence,	 urethral	 anatomy,	 and	 vaginal	 reflux.	 Oc-
casionally, an intravenous urogram will provide 
the clearest assessment of the urinary tract. MRI 
and CT scanning can be helpful in defining spinal 
abnormalities as well as congenital abnormalities 
in the urinary tract.

In addition to imaging studies, urodynamic stud-
ies (cystometrography, and when needed, elec-
tromyography of the sphincters and urinary flow 
studies) are useful for all patients with neurogenic 
incontinence, and after surgery in some cases 
of bladder exstrophy and after posterior urethral 
valves resection to help define the mechanism of 
any continued incontinence. However in many pa-
tients much useful information on the function of 
the lower urinary tract can be obtained with very 
basic studies including ultrasound and cystometry.

1. STORAGE FUNCTION

Reduced bladder capacity is the main indication 
for simple bladder augmentation. Reduced ca-
pacity can be congenital (bilateral single ectopic 
ureters, bladder exstrophy) or caused by previous 
surgery e.g. bladder neck reconstruction in exstro-
phy patients, where a part of the bladder is used to 
create	an	outlet	 resistance.	Other	 indications	are	
low functional bladder capacity as it may be pres-
ent in neurogenic detrusor overactivity, or poor 
bladder compliance (meningomyelocele), or blad-
der scarring from previous surgery or obstruction. 
Bladder scarring from bilharzia remains common 
in endemic areas and is increasingly common with 
immigration to the developed world. In all such 
cases surgery is indicated when conservative 
treatment has failed.

Several studies suggest that aggressive early in-
tervention with CIC and anticholinergic therapy 
improves bladder compliance and may protect 
children from augmentation surgery [30,31]. 

Yet in a recent survey has reported that there has 
been no change in augmentation rates during the 
last	 5	 years:	 they	 demonstrated	 significant	 inter-
institutional variability [32].

2.  SPHINCTER FUNCTION DURING STOR-
AGE

Most of the diseases in childhood requiring surgical 
repair	for	incontinence	not	only	have	an	inluence	
on bladder capacity but also on sphincter function. 

III.  BYPASS OF SPHINCTERIC 
MECHANISM

IV. EVALUATION AND DIAGNOSIS

V.  INDICATIONS FOR SURGICAL 
PROCEDURES TO CORRECT 

URINARY INCONTINENCE
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Conservative measures to improve sphincter func-
tion have limited value and surgery is required in 
many cases. There are different surgical options; 
either to increase outlet resistance or to create 
or implant a new sphincter mechanism. In neuro-
logically normal patients such as classic exstrophy 
patients, early anatomic reconstruction may allow 
‘normal’	bladder	and	sphincter	function.	Sling	pro-
cedures are indicated when the residual sphincter 
function	 is	 not	 suficient	 to	 avoid	 incontinence.	
This may be the case in patients with neurogenic 
bladder disturbances and urethral incontinence. If 
there is no residual sphincter function or outlet re-
sistance, an autologous tape or colposuspension 
in	girls,	and	an	artiicial	sphincter	in	boys,	may	be	
required. Primary urinary diversion (rectal reser-
voirs / continent stoma) offers an alternative solu-
tion to this problem.

3. PROCEDURES TO BYPASS THE SPHINCTER

If bladder outlet surgery fails or urethral catheter-
ization is not possible, a continent stoma may be 
constructed. Some patients prefer catheterizing 
through a continent stoma rather than through the 
sensate urethra. The continent stoma (Mitrofanoff 
principle) may be combined with bladder augmen-
tation and/or bladder neck reconstruction or clo-
sure. An alternative to such procedures would be 
the use of the anal sphincter for urinary continence 
with the use of colon as the storage reservoir.

1. URETEROSIGMOIDOSTOMY

This type of continent urinary reconstruction may 
be utilized in reconstruction for bladder exstrophy, 
an incontinent urogenital sinus or the traumatic 
loss of the urethral sphincter. As this reconstruc-
tion is totally dependent on the normal function of 
the anal sphincter, contraindications include in-
competence of the anal sphincter, anal prolapse, 
previous anal surgery, and irradiation. Because of 
the potential for electrolyte resorption, renal insuf-
iciency	is	also	a	contraindication.	

Low pressure rectal reservoirs are superior to 
simple ureterosigmoidostomy because the aug-
mented or reconfigured rectal bladder achieves 
lower pressure storage and accordingly, en-
hances continence. 

There are two techniques which have been utilized:

a)  The augmented rectal bladder in which.the 
rectosigmoid is opened on its antimesenteric 
border and augmented by an ileal segment. 
The sigmoid may be invaginated to form a 
nipple valve to avoid reflux of urine into the 
descending colon and thus to minimize meta-
bolic complications.

b)  The sigma-rectum pouch (Mainz pouch II) in 
which there is an antimesenteric opening of 
the recto-sigmoid and a side to side detubu-
larization anastomosis. Ureteral reimplanta-
tion of normal sized ureters is by a standard 
submucosal tunnel (Goodwin, Leadbetter). If 
the ureter is dilated the technique utilizing a 
serosa lined extramural tunnel may be more 
appropriate	[33,34].

As reported by D’elia et al, the results of these low-
pressure rectal reservoirs are excellent with day 
and	night	continence	better	than	95%	and	compli-
cations related to the surgical procedure range from 
0	-10%	with	the	sigma-rectum	pouch	to	34%	for	the	
augmented	rectal	bladder	[35].	Late	complications	
for	 the	 sigma-rectum	 pouch	 range	 from	 6-12.5%	
and the late complications for the augmented rec-
tal	 bladder	 are	 17%.	 Early	 complications	 include	
pouch leakage while late complications are mainly 
related to the ureteral implantation into the bowel 
and pyelonephritis. Metabolic acidosis also occurs 
(69%	of	 the	patients	had	a	capillary	base	excess 
of	–2.5	mmol/L	and	used	oral	alkalinizing	drugs	to	
prevent hyperchloraemic acidosis). 

Periodic follow-up studies are important to check 
the upper urinary tract and prevent metabolic ac-
idosis. Due to the risk of malignancy at the ure-
terointestinal anastomosis, colonoscopy should 
be performed annually beginning at postoperative 
year	10	[30,36,37,38,39].	

Level of evidence : 3. 

Grade of recommendation: B

2.  BLADDER AUGMENTATION, BLADDER RE -
PLACEMENT AND CONTINENT URINARY 
DIVERSION, USING INTESTINE

The indication for bladder augmentation, replace-
ment of the bladder, or the creation of a continent 
urinary diversion, is either the morphological or 
functional loss of normal bladder function. The main 
goal of this surgery is to relieve high pressure and 
low capacity of the urinary bladder and create a new 
reservoir with low storage pressures that can be 
emptied periodically. It is particularly important that 
the patients understand that spontaneous voiding 
will not be possible after such surgery and life long 
intermittent catheterization will be required.

Before deciding on what type of procedure can be 
performed	 some	 signiicant	 factors	 must	 be	 ad-
dressed. These are:

1.  Physical and mental capacity of the patient to do 
intermittent catheterization.

2. Previous surgery (on urinary tract and bowel)

3. Renal function status ( including acid base state)

4.	Absence	or	presence	of	relux

VI.  BLADDER RESERVOIR 
CONSTRUCTION
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5.	Outlet	resistance

6. The need for a catheterizable channel

The different technical approaches to bladder 
augmentation or replacement are dependent on 
the clinical presentation of the patient:

•		a	 simple	 bladder	 augmentation	 using	 intestine	
may be carried out if there is any bladder tissue, 
a competent sphincter and/or bladder neck, and 
a catheterizable urethra,

•		an	 augmentation	 with	 additional	 bladder	 outlet	
procedures such as bladder neck reconstruction 
or other forms of urethral reconstruction are re-
quired when both the bladder and outlet are defi-
cient. This occurs most commonly in spina bifida 
or bladder exstrophy. It must be appreciated that 
bladder outlet procedures may complicate trans-
urethral catheterization. 

•		augmentation	with	 surgical	 closure	of	 the	blad-
der neck may be required primarily, or as a sec-
ondary procedure in certain rare clinical situa-
tions. In this situation a continent stoma will 
be required. Most urologists however prefer to 
leave the bladder neck and urethra patent as a 
safety precaution: when the bladder is very full 
leakage will occur and it allows transurethral 
manipulations such as catheterization if the con-
tinent reservoir cannot be emptied through the 
suprapubic catheterizable channel.

•		an	augmentation	with	additional	continent	stoma	
is utilized primarily following failure of previous 
bladder outlet surgery. It is advisable also when 
it can be anticipated that there will be an inability 
to catheterize transurethrally. An abdominal wall 
continent stoma may be particularly beneficial to 
the wheelchair bound spina bifida patient who of-
ten can have difficulty with urethral catheteriza-
tion or who is dependent on others to catheterize 
the bladder. For continence with augmentation 
and an abdominal wall stoma, it is essential that 
there be an adequate bladder outlet mechanism 
to maintain continence.

•		total	bladder	replacement	 in	anticipation	of	nor-
mal voiding in children is very rare, as there are 
infrequent indications for a total cystectomy, with 
preservation of the bladder outlet and a compe-
tent urethral sphincter. This type of bladder re-
placement is much more common in adult uro-
logic reconstruction.

The main contraindications are the inability of the 
patient to be catheterized, or perform CIC him or 
herself and the anticipation of poor patient compli-
ance. When there is reduced renal function gen-
erally with a creatinine above 2 mg/dl or a cre-
atinine	clearance	below	40	ml./min/1.73	m2,	there	
is a relative contraindication to the use of ileum 

or colon because of metabolic acidosis secondary 
to reabsorption. The stomach with its excretion of 
acid may be used with a low creatinine clearance 
possibly in preparation for transplantation. It is, 
however, not wise to use stomach in any voiding 
patient or one with any questions of an incompe-
tent bladder outlet because of the severe skin irri-
tation that the acid urine may produce (hematuria-
dysuria syndrome). 

3.  WHICH INTESTINAL SEGMENT SHOULD 
BE UTILIZED?

a) Stomach

Stomach has limited indications primarily because 
of the complications that have been seen. It is the 
only intestinal segment suitable in patients with 
significantly	reduced	renal	function	[40,41,42].	

Additionally, when no other bowel may be avail-
able, as after irradiation or there exists the phys-
iology of a short bowel syndrome, as in cloacal 
exstrophy, this may be the only alternative remain-
ing. 

b) Ileum / Colon

Clinically these two intestinal segments appear 
to be equally useful. In children, sigmoid colon 
is widely used except in those who have been 
treated for imperforate anus. Use of the ileocecal 
region can be associated with transient and some-
times prolonged diarrhea. This segment should be 
avoided in patients with a neurogenic bowel such 
as in myelomeningocele or who have been subject 
to previous pelvic irradiation. If the ileocecal valve 
must be used, it can easily be reconstructed at the 
time of performing the ileo-colonic anastomosis. 
The ileum can be satisfactorily used for bladder 
augmentation: however because of its smaller di-
ameter a longer segment of ileum is required to 
create a comparable reservoir to that created from 
colon. Colon has greater flexibility for ureteral im-
plantation and construction of a continent cath-
eterizable channel. 

c) General principles

There are several important principles for bladder 
augmentation and replacement that should be re-
spected:

•		use	the	minimal	amount	of	bowel	and	if	available	
use hindgut segments or conduits from previous 
surgical procedures,

•		a	low-pressure	large	capacity	reservoir	is	essen-
tial. This requires detubularization of any intesti-
nal segment used.

•		for	 colonic	 reservoirs	 a	 sigmoid	 segment	 of	
20-30 cm is generally satisfactory. A slightly 
longer segment of ileum is generally used. The 
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length of the segments can be scaled down in 
smaller children. Care should be taken not to 
use	 more	 than	 50	 to	 60	 cm	 of	 ileum	 in	 ado-
lescents and comparable lengths in younger 
children because of reduction of the intestinal 
resorptive surface.

•		the	 jejunum	 is	 contraindicated	 in	 intestinal	 re-
construction of the urinary tract because of its 
metabolic consequences (hyponatremia, hyper-
calcemia, and acidosis).

•		it	 is	wise	 to	strive	 to	achieve	an	anti-reflux	ure-
teral anastomosis into the reservoir to avoid the 
potential for reflux and consequently ascending 
infection: in high pressure bladders with reflux 
the reflux usually disappears spontaneously fol-
lowing	augmentation	[43,44].	

•		a	 reliable	continence	mechanism	(continent	uri-
nary outlet) must be assured.

•		because	 of	 the	 risk	 of	 stone	 formation	 only	 re-
sorbable sutures and staples should be used in 
bladder augmentation and reservoir construc-
tion. 

d) Bladder augmentation techniques

1.		In	 gastric	 augmentation	 a	 10-15	 cm	 wedge-
shaped segment of stomach is resected. Most 
commonly this is based on the right gastroepi-
ploic artery but can be based on the left one as 
an alternative. The segment is brought down to 
the bladder easily in the retroperitoneal space 
along the great vessels.

2.  When using large or small bowel the segment 
to be utilized is opened on the antimesenteric 
border and detubularized prior to anastomosis 
to the bladder remnant. The anastomosis of the 
intestinal segment to the bladder remnant and 
to itself is usually carried out in one running 
layer of inverting absorbable sutures.

3.  The techniques for urinary diversion with conti-
nent stoma (Mainz pouch, Indiana pouch, Kock 
pouch) are covered in the chapter on urinary 
diversion	in	adults	[45,46,47].

Currently, augmentation cystoplasty is the stan-
dard treatment for low capacity and/or low compli-
ance bladders secondary to neurogenic, congenital 
and	 inlammatory	 disorders.	Due	 to	 the	 relatively	
high morbidity of conventional augmentation there 
is	 renewed	 interest	 in	 alternative	 methods	 [48,	
49,50,51,52,53].	 These	 alternative	 techniques	 try	
to avoid the contact between urine and intestinal 
mucosa and include gastrocystoplasty, bladder 
auto-augmentation, seromuscular augmentation, 
alloplastic or biodegradable scaffolds grafted with 
autologous urothelium developed in cell culture, 
and ureterocystoplasty.

e) Auto-augmentation

The principle of auto-augmentation of the blad-
der is the excision of a great portion of the detru-
sor while leaving the urothelium intact, creating a 
large diverticulum for the storage of urine at lower 
pressures. This urine stored at a low pressure can 
be drained by intermittent catheterization. The 
theoretical advantages of this procedure are the 
low complication rates of the surgery, reduced op-
erative morbidity with shorter stay in the hospital, 
absence of urine salt resorption, less mucous pro-
duction in the urine and possibly absence of car-
cinogenic potential. Although some series showed 
good	 results	 with	 this	 procedure	 [54,55,56,57],	
most authors have been unable to achieve previ-
ously	reported	success	[58].	

Long-term results have been rather disappointing: 
MacNeily et al concluded that of 17 patients with 
neurogenic bladder following auto-augmentation, 
71%	were	clinical	 failures	and	14	out	of	15	were	
urodynamic	 failures	 [59].	 Similar	 findings	 have	
been reported by others [60,61]. The inability of 
this procedure to achieve long-term good results 
may be due to the regeneration of nerve fibers di-
vided during the surgery as well as the ischemic 
atrophy of the mucosa. 

Although there are many potential advantages to 
this approach to a small poorly compliant blad-
der the inconsistency of success make it a less 
favorable option at this time. It is generally felt 
that pressures can be lowered but that capacity 
remains unchanged. 

More recently, some authors have proposed the 
laparoscopic auto-augmentation as a minimally in-
vasive procedure for the treatment of low capacity/
low compliance bladder. [62,63]. Despite the indif-
ferent results some still suggest its consideration 
before a standard augmentation because of the 
reasons	listed	above	[64,65,66].

Level	of	evidence	4.	

Grade of recommendation C

f) Seromuscular patch

To overcome one of the major disadvantages 
of a conventional augmentation that is mucus 
formation several techniques have been devel-
oped to use intestinal segments free of mucosa. 
The first attempts at using intestinal segments 
free of mucosa to improve bladder capacity re-
sulted in viable seromuscular segments covered 
with urothelial mucosa [67,68]. The intense in-
flammatory response and shrinkage observed 
in the intestinal segment discouraged its use in 
humans	 [69].	 Further	 attempts	 consisted	 of	 us-
ing the association between demucosalized in-
testinal segments and auto-augmentation. In the 
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initial model using sheep, the animals tolerated 
the demusculization procedure poorly, reflected 
by inflamed, hemorrhagic colonic segments in 
the animals sacrificed within one month. In ad-
dition, colonic mucosa regrowth occurred in one 
third of the animals[70] . Follow-up studies in a 
dog model with previously reduced bladder ca-
pacity suggested that the contraction of the in-
testinal patch in seromuscular enterocystoplasty 
can be avoided by the preservation of both the 
bladder urothelium and lamina propria, together 
with the submucosa and muscularis mucosa of 
the intestinal patch [71,72] . This form of bladder 
augmentation was shown to prevent absorption 
of toxic substances like ammonium chloride [73]. 
Other	authors	using	 the	same	 technique	 to	 line	
de-epithelialized gastric patches in the mini-pig 
model found it useless due to the fibrotic chang-
es	and	decreased	surface	of	the	patch	[74].

The initial experience in treating humans with colo-
cystoplasty lined with urothelium were reported by 
Gonzales and Lima who developed a slightly dif-
ferent	 technique	 independently	 [75,76]	 .	 Bladder	
capacity	increased	signiicantly	while	bladder	pres-
sures decreased. Biopsies demonstrated urothe-
lium covering the augmented portion of the bladder 
in the majority of cases. 

Longer term follow-up is now available and although 
the results are very encouraging, the results seem 
to be highly operator dependent and the way the 
mucosa is removed seems to be a crucial factor. 
Lima et al do no longer preserve the bladder uro-
thelium and use a silicone balloon to prevent the 
augmented segment from contracting (they remove 
the balloon after 2 weeks: urine is diverted using 
ureteral stents): in 123 patients no ruptures were 
found	and	only	10%	were	regarded	as	failures	[77].

Gonzalez et al found seromuscular colocystoplasty 
in	 combination	 with	 an	 artiicial	 urinary	 sphincter	
successful	 in	89%	of	 their	patients	and	 that	 it	ef-
fectively achieves continence with no upper tract 
deterioration, and concludes that this is their pre-
ferred method of augmentation when adverse blad-
der changes occur after implanting the AUS [78].

Although more authors have now reported their 
results it still remains a more complex form of aug-
menting the bladder. This procedure has not re-
ceive a general acceptance among the paediatric 
urological community but is being done in some 
designated	 centres	 [79,80,81,82].	 A	 recent	 com-
parison of the long term outcome of this technique 
with standard intestinocystoplasty has indicated 
that	most	 of	 the	 risks	 and	 beneits	 of	 augmenta-
tion cystoplasty performed using intestine and se-
romuscular patch appear similar .

Level of evidence 3. 

Grade of recommendation C

g) Ureteral bladder augmentation

Another alternative to avoid the morbidity of intes-
tinal bladder augmentation is the use of ureteral 
segments to improve bladder capacity and/or com-
pliance. Megaureters associated with poorly or 
nonfunctioning kidneys provide an excellent aug-
mentation material with urothelium and muscular 
backing, free of potential electrolyte and acid base 
disturbance,	and	mucus	production	[83,84].

Another alternative in patients with ureteral dilation 
and good ipsilateral renal function, is to combine 
transureteroureterostomy with ureterocystoplasty 
[85].Another	alternative	in	bilateral	dilated	ureters	
with preserved renal function is bilateral reimplan-
tation and the use of bilateral distal ends for detu-
bularized bladder augmentation [86,87]. 

Bladder augmentation with ureter may be effective 
in a small sub group of patients with ureteral dilata-
tion	and	poor	bladder	 capacity.	Overall	 long-term	
results are good and remain so over a longer pe-
riod	of	time	[88,89,90,91,92,93].	

In a recent evaluation of the long term functional 
outcome of this technique it is reported that ure-
terocystoplasty provides durable functional urody-
namic	 improvement,	 yet	 some	patients	 (	 4	out	 of	
17 in this series) would eventually need a standard 
intestinal	cystoplasty	[94].

Level of evidence 3. 

Grade of recommendation B

It has been shown that this type of augmentation 
can also be employed in children who require a 
kidney	transplantation	[95,96,97].

h)  Experimental Methods

The	artiicial	bladder	has	been	the	topic	of	specula-
tion and experiment that remains still outside the 
bounds of clinical application. Somewhat nearer 
to clinical application may be the concept of tis-
sue engineering using autologous urothelium and 
bladder muscle cells. These cells may be grown on 
biodegradable scaffolds—both naturally derived 
and synthetic—for the temporary support of grow-
ing tissues and then can be used for augmenting 
the bladder. A number of synthetic materials and 
natural matrices have been used in experimental 
and clinical settings and major improvement have 
been gained in techniques of cell harvest, culture, 
and expansion as well as polymer design. 

A range of applications of engineered bladder 
tissues are at different stages of development. 
There have been a few in preclinical trials, re-
cent progress suggests that engineered bladder 
tissues may have an expanded clinical applica-
bility in the future.
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Clinical trials with these methods are not far away 
[98-110].	

Although this field of research may represent the 
future of bladder reconstructive surgery, currently 
only few experimental studies are available and it 
may be some time before all this knowledge can 
be used clinically. We strongly encourage further 
research in this field.

1. URETHRAL ENHANCEMENT

In those children where sphincteric incompetence 
is the only cause of incontinence or plays a mayor 
role in association with decreased bladder capac-
ity or compliance, surgical procedures to enhance 
outlet resistance should be considered. In many 
cases bladder outlet surgery needs to be com-
bined with other procedures aimed at creating a 
large low pressure storage reservoir.

2. BULKING AGENTS

The injection of bulking substances in the tissues 
around the urethra and bladder neck to increase 
outlet resistance in children dates back to at least 
1985.	 However,	 concern	 about	 distant	 migration	
of the injected substance and risk of granuloma 
formation prevented this technique from gaining 
widespread acceptance [111,112].

The search for safer, biocompatible substances 
to create periurethral compression has first led to 
the use of cross-linked bovine collagen, with ini-
tially	reported	success	in	about	20-50%	of	children	
[113,114,115].	

Collagen injection appeared to effectively improve 
urethral resistance, but this did not always trans-
late into satisfactory dryness, besides, the effect 
of the injection is of short duration and repeated 
injections were often necessary [116,117]. Be-
cause of this collagen is no longer recommended 
for this indication.

At present the following substances are available 
and have been tested in children with inconti-
nence: dextranomer / hyaluronic acid copolymer 
(a nontoxic, nonimmunogenic, non-migrant syn-
thetic substance) and polydimethylsiloxane.

Usually the substance is injected endoscopically 
in the bladder neck area (finding the best spot 
is often the most difficult part of the procedure): 
more	 than	one	procedure	may	be	necessary.	On	
average	2.8	–	3.9	ml	 is	 injected.	More	 than	50%	
of patients need more than one injection. Initial 
results	 of	 75%	 success	 have	 been	 reported,	 but	
after 7 years there is a gradual decrease and only 
40%	remained	dry	[118,119,120].

Others	have	 reported	success	 rates	of	0	 -	 70%	
[121-128]. 

Despite limited success it remains an option for all 
patients who are poor surgical candidates and those 
who want to avoid extensive BN reconstruction.

An alternate route may be the injection around the 
urethra	using	laparoscopy	[129].	

Level of evidence : 3. 

Grade of recommendation C

3. ARTIFICIAL URINARY SPHINCTER

Since	its	introduction	in	1973	the	AUS	has	under-
gone major transformations over the years. Differ-
ent devices are currently in use: one of the most 
frequently used devices is the AS800-T that has 
been in use for almost 20 years [130]. It consists 
of	an	inlatable	cuff,	a	pressure	regulating	balloon	
and a unit containing a pump and control mecha-
nisms.	 The	 inlatable	 cuff	 can	 only	 be	 implanted	
around the bladder neck in females and pre-puber-
tal males. In post-pubertal males the bulbar ure-
thral placement is possible but not recommended 
for wheelchair patients or those who perform inter-
mittent catheterization [131]. In patients who have 
had extensive urethral surgery (exstrophy and epi-
spadias) it may also not be technically feasible.

Implantation of an AUS requires special training 
and	 dificulties	 may	 be	 encountered	 in	 the	 dis-
section of the space around the bladder neck in 
obese, post-pubertal males or in patients with a 
history of previous bladder neck procedures. A 61-
70	 cm	H2O	 pressure	 balloon	 is	 used	 exclusively	
when the cuff is around the bladder neck and a 
lower pressure balloon when it is around the bul-
bous	 urethra.	Although	 high	 in	 cost,	 the	 artiicial	
sphincter remains the most effective means or 
increasing urethral resistance and preserving the 
potential for voiding.

The ideal candidate for AUS implantation is a pa-
tient with pure sphincteric incompetence who voids 
spontaneously and has good bladder capacity and 
compliance. Unfortunately only a small proportion 
of children with sphincteric incontinence meet the 
criteria. The AUS may also be used in patients de-
pendent on clean intermittent catheterization. The 
compatibility of the AUS with intermittent catheter-
ization and enterocystoplasty is well documented 
[132,133,134].	

The ability to empty the bladder spontaneous-
ly	or	by	Valsalva	maneuver	may	be	preserved	
after AUS implantation. In series reporting 
children with AUS, the majority having neuro-
genic	 incontinence,	 25%	 void	 spontaneously	
[135].	When	 the	AUS	 is	 implanted	before	pu-
berty, the ability to void spontaneously may be 
lost after puberty. 

VII. BLADDER OUTLET SURGERY
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Overall,	40	to	50%	of	neurogenic	patients	require	
a bladder augmentation concomitantly or subse-
quently to the AUS implantation [133,136,137,138]. 

The	continence	rate	ranges	from	63	to	97%	[139-146].	

Herndon	 et	 al	 reported	 a	 success	 rate	 of	 86%	
(of	 134	 patients):	 22%	 voided,	 11%	 had	 to	 per-
form	CIC	after	 voiding,	 48%	only	 performed	CIC	
through	 the	urethra,	16%	performed	CIC	 through	
a	continent	channel	and	3%	used	diversion	[147].	
Mechanical	problems	occurred	in	30%	of	patients	
who	had	an	800	model	implanted	(versus	64%	in	
the	 old	 model).	 Revisions	 (in	 16%)	 were	 signifi-
cantly less in the 800 model. Erosion occurred in 
both	groups	(16%).	A	major	complication	was	per-
foration of the augmented bladder in this group (it 
occurred	in	10	patients).	In	28%	a	secondary	blad-
der augmentation was necessary. 

Another interesting aspect of the AUS is that in 
some children the device is either deactivated or 
no longer functions but they remain dry: others 
have reported that placing a cuff only without acti-
vation	is	all	that	is	required	to	make	them	dry	[148].	

The complications most commonly encountered 
in patients with AUS are mechanical failures. The 
longevity of the present devices is expected to ex-
ceed 10 years, although Spiess et al reported a 
mean	lifetime	of	only	4.7	years	[149].	

The second most common problem is the devel-
opment of reduced bladder compliance with time. 
This may result from an error in the preoperative 
evaluation or the reaction of the detrusor to ob-
struction (a reaction noted in some patients with 
spina bifida). These changes can be seen after 
many years of follow-up. The results of decreased 
capacity and compliance may be incontinence, 
upper tract deterioration, or the development of 
vesicoureteral reflux. Therefore long term follow-
up with ultrasound, renal scintigraphy and if in-
dicated urodynamics is mandatory in all patients 
with an AUS.

Infection of the prosthesis should occur in no more 
than	15%	of	all	cases.	Erosions	of	 the	 tissues	 in	
contact with the prosthesis are rather infrequent. 
Bladder neck erosions are practically non-existent 
when the sphincter is implanted around a “virgin” 
bladder neck. When the AUS is used as a salvage 
procedure following bladder neck reconstruction, 
the	erosion	rate	may	be	as	high	as	30%	[137].	De-
spite the high complication and revision rate, AUS 
results show that acceptable continence rates can 
be achieved in the long-term. For this reason AUS 
implantation may be better considered as the ini-
tial	treatment	in	selected	cases	[150].

4. FASCIAL SLINGS

Fascial slings constructed with the fascia of the 
anterior rectus muscle have been used to in-

crease outlet resistance in incontinent children, 
particularly those with neurogenic dysfunction 
since	 1982	 [151].	 The	 sling	 is	 used	 to	 elevate	
and compress the bladder neck and proximal ure-
thra. The dissection around the urethra may be 
facilitated by a combined vaginal and abdominal 
approach, however, this option is limited to post-
pubertal	females	[152].	

Several technical variations of the sling have 
been reported. The fascial strip may be a graft 
or a flap based on the rectus sheath on one 
side. The fascial strip can be crossed anteriorly 
or wrapped around the bladder neck to enhance 
urethral compression. 

Although the short-term success rate reported by 
most authors is encouraging, there are no series 
reporting	detailed	results	at	5	years	[153-154].	Most	
authors report a greater success when fascial slings 
are used in conjunction with bladder augmentation 
and success seems more likely in females than in 
males	[155-158].	In	patients	with	neurogenic	inconti-
nence postoperative CIC is recommended.

The pubovaginal sling in girls may also be placed 
through	the	vagina:	in	24	girls	with	spina	bifida	this	
procedure	was	successful	 in	19,	while	another	3	
became dry following additional injections with 
bulking agent around the bladder neck via a su-
prapubic needle introduction. CIC was possible in 
all	patients.	One	patient	developed	a	vesicovagi-
nal	fistula	[159].	

Complications of sling procedures include difficul-
ties with intermittent transurethral catheterization, 
erosion of the urethra and persistent incontinence. 
Overall,	the	increase	in	outlet	resistance	provided	
by slings seems less than that provided by the 
artificial sphincter. Experience with these proce-
dures	 suggests	 an	 overall	 success	 between	 50	
and	80%	in	females. 

Numerous alternatives are being used nowadays: 
small intestinal submucosa has been used in 20 
children and showed equivalent rates of conti-
nence. The advantage being that it is available 
off-the-shelf. Results were better in girls than in 
boys	(85	vs	43%	being	dry)	[160,161,162].

When combining bladder augmentation with a 
Gore-tex	sling	in	19	children	the	results	were	bad:	
because of erosion the sling had to be removed 
in	14	patients,	all	except	one	also	had	a	bladder	
stone. In this respect this type of sling should not 
be used [163]. 

From the data published it presently seems that 
the AUS provides more consistent results in 
boys and for girls capable of spontaneous void-
ing who have not had previous bladder neck sur-
gery. Bladder neck slings may be used for the 
enhancement of bladder outlet resistance in the 
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majority of patients with neurogenic bladder who 
need augmentation cystoplasty and whom we 
do not expect will be capable of voiding sponta-
neously. Sling procedures are probably equally 
effective for girls dependant on intermittent 
catheterization and in conjunction with bladder 
augmentation. At present, given the cost and 
lack of effectiveness of injection procedures, 
their use does not appear justified in incontinent 
children. The cost of the AUS may restrict its use. 

Level of evidence 2. 

Grade of recommendation B 

It is important that one should be aware of the fact 
that these patients who undergo bladder outlet sur-
gery need long-term follow-up not only because of 
the complications but also because their bladder 
behavior may undergo unexpected clinically as-
ymptomatic changes that could negatively affect 
their upper tracts if augmentation is not performed 
at	the	same	time[164].	

5. BLADDER NECK CLOSURE

In	 ‘desperate’	 cases	 the	 bladder	 neck	 may	 be	
closed, the indication being persistent leakage 
despite several attempts to enhance outlet re-
sistance by bulking agents or other surgical pro-
cedures. Although initial results are acceptable, 
long-term results are usually disappointing: per-
sistent urinary leakage, stomal stenosis and leak-
age	or	stone	formation	(in	up	to	40%)	[165,166].	
One	 of	 the	 most	 important	 factors	 seems	 to	 be	
compliance with intermittent catheterization and 
bladder irrigation.

6. BLADDER OUTLET RECONSTRUCTION 

Surgical procedures to achieve urinary continence 
are	 dictated	 by	 functional	 and	 anatomic	 deicien-
cies and by the ultimate goal of either continence 
(with normal voiding) or dryness (dependent on in-
termittent catheterization).

Construction of a functional urethra for continence 
usually implies an anatomic defect without a neu-
rogenic component (epispadias / esxtrophy) and 
includes urethral and bladder neck narrowing and 
urethral lengthening [167-172]. 

Such procedures may initially require intermittent 
catheterization or occasional post voiding catheter-
ization, but bladder empting by voiding is anticipated. 

Urethral reconstruction for dryness, however, 
mandates intermittent catheterization. The goal in 
surgery to achieve dryness is to create a urethra 
suited to catheterization, which has closure such 
that intra-luminal pressures always exceed intra-
vesical pressure. The most dependable proce-
dures for dryness utilize a flap valve or tunnel to 

achieve urethral closure, although urethral slings, 
wraps and injections have also been used [173]. 

Level of evidence 3. 

Grade of recommendation C

Reconstruction to achieve continence  is based 
on the principle that proximal reduction of the cali-
ber of the urethra supports the inherent proximal 
sphincteric mechanism of the bladder neck and 
proximal urethra. The narrowing must be dynamic 
to permit closure for continence and yet permit 
opening with funneling during voiding. Several 
techniques have been described to achieve this 
goal	[3,	166-176].	Young	[1922]	performed	a	“dou-
ble sphincter technique” that involved the excision 
of a wedge of tissue at the anterior bladder neck, 
as well as removal of a wedge of tissue just proxi-
mal to the epispadiac meatus (external sphinc-
ter).	Dees	[1949]	added	the	concept	of	lengthen-
ing the urethral tube to that of narrowing. In his 
procedure parallel incisions were made through 
the existing bladder neck area which created a 
posterior urethral plate from what had previously 
been the trigone of the bladder. This is tubular-
ized to give added length to the proximal urethra. 
The added length provides increased potential for 
urethral closure and moves the bladder neck and 
proximal urethra into the abdominal cavity. Lead-
better	[1964]	modified	the	Young-Dees	procedure	
by creating muscular flaps from the area of the 
bladder neck and proximal urethra which were 
used to wrap the newly created proximal tube. 
This	 procedure	 was	 popularized	 by	 Jeffs	 [1983]	
who applied it to a staged repair of exstrophy. He 
supported a lengthened urethra by a suspension. 
They report their long term continence rate with 
this	 procedure	 as	 greater	 than	80%,	without	 the	
need for CIC or augmentation [177]. 

Presently, this represents the gold standard for 
reconstruction for continence, however, modi-
fications of the technique have reported similar 
or improved results. Most urethral lengthening 
procedures utilizing the posterior urethra and 
bladder neck require ureteral reimplantation and 
preservation of the posterior urethral plate. Be-
cause part of the bladder is used to create the 
functional lengthening of the urethra, bladder ca-
pacity decreases following the procedure. It also 
remains to be seen whether the created urethra 
is actually a functioning urethra: in many patients 
fibrosis around the urethra prevent it from being 
really	 ‘functional’:	 in	 these	patients	 it	may	act	as	
an anatomic obstruction and long-term follow-up 
is necessary to follow not only the bladder but 
also the upper tract. 

Surgery for dryness  is dependent on the effec-
tiveness of intermittent catheterization and is usu-
ally reserved for patients with neurogenic dysfunc-
tion or multiple previous surgeries. Procedures to 
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achieve dryness usually create a urethral closure 
pressure that exceeds bladder pressure. 

A	lap	valve	can	be	constructed	by	using	an	ante-
rior	or	posterior	bladder	lap	(full	thickness)	to	con-
struct a tube that is placed in a submucosal tunnel 
[171,175,176].	

The	major	disadvantage	of	these	procedures	(lap	
valves) is that the valve will not allow leakage with 
high intravesical pressures, potentiating renal 
damage. Therefore, these procedures can be dan-
gerous to the patient who is not totally committed 
to follow catheterization recommendations. 

Unfortunately, the ideal procedure for surgi-
cal reconstruction of the bladder neck does 
not exist. The surgical approach to urinary in-
continence in the child must be multifaceted 
because of the inherent complex and varied 
nature of the problem. 

Recent data would support the concept that very 
early reconstruction in the exstrophy / epispadias 
group may result in physiologic bladder cycling 
which facilitates normal bladder and urethral de-
velopment. This results in higher potential for con-
tinence without the need for bladder augmentation 
and bladder neck reconstruction (Level 3). More 
work and clinical experience in this area is strongly 
recommended. (Grade A)

7. ALTERNATIVE CONTINENCE CHANNELS

In the surgical treatment of incontinence in chil-
dren every effort must be made to preserve the 
natural upper and lower urinary tract. The bladder 
is the best urinary reservoir, the urethra the best 
outlet and the urethral sphincters the best control 
mechanism. If the bladder is partly or wholly unus-
able it may be augmented or replaced by a variety 
of techniques.

Urethral failure may occur either because the sphinc-
ters are incompetent or because it is overactive and 
does not allow spontaneous voiding. It would be pref-
erable for the former to be treated by one of the tech-
niques described above and the latter by intermittent 
catheterization (CIC). If all of these fail, continent su-
pra pubic diversion is indicated.

a) The Mitrofanoff principle.

Mitrofanoff’s name is given to the principle of burying 
a narrow tube within the wall of the bladder or urinary 
reservoir whose distal end is brought to the abdomi-
nal wall to form a catheterizable stoma suitable for 
intermittent catheterization [178]. The technique is 
simple and familiar to all urologists who are accus-
tomed to re-implanting ureters. Several narrow tubes 
are	 available	 for	 the	 Mitrofanoff	 conduit	 [179,180].	
In the original description, the appendix was used. 
However, even if the appendix is still present, it may 
be	unusable	in	31%	of	patients	[181].	

If no suitable tube is found, a good tube can be 
formed by tailoring ileum transversely so that only 
2-3cm of ileum can be made into a 7-8 cm con-
duit.	This	modiication	was	originally	described	by	
Yang in humans and by Monti in experimental ani-
mals[182,183]. It is increasingly used though great 
care must be taken in its construction to avoid an 
internal	istula	[184].	

The ureter may be used but there may be some 
dificulty	in	achieving	suficient	

calibre with a previously normal ureter. Earlier re-
ports that the Fallopian tube could be used have 
not stood the test of time.

The Mitrofanoff system achieves reliable conti-
nence which is maintained in long term follow-up, 
for a high proportion of patients. Long-term follow-
up data shows that in the original series of Paul 
Mitrofanoff of 23 patients after a mean follow-up 
of 20 years, 1 patient had died, but in the other 
22 patients no metabolic changes were noted. The 
bladder neck was closed in 21 patients. Secondary 
bladder augmentation had to be performed in 8, 
while	 in	4	children	a	non-continent	diversion	was	
created. With time the need for additional surgery 
decreased and after 20 years 16 patients had a 
good	and	stable	continent	diversion	[185].	

The pressure generated within the lumen of the con-
duit is 2 to 3 times higher than that within the res-
ervoir so that continence is preserved even when 
the intra abdominal pressure is raised by straining. 
Conversely, the pressure in the lumen of a Kock nip-
ple is only slightly higher than that in the reservoir 
so that continence is less reliable[186,187]. 

The conduit may be buried either between the mu-
cosal and muscle layers of the reservoir, or may be 
completely imbrocated in the full thickness of the 
reservoir wall. Any well supported tunnel of about 
2-	4	cm	will	 sufice.	The	choice	depends	both	on	
the nature of the reservoir and on the conduit [188]. 

Continence	 rates	of	90-100%	with	 the	Mitrofanoff	
Principle are reported, regardless of diagnosis, 
reservoir	 or	 conduit	 type	 [188,189].	Follow-up	 for	
at least ten years has shown that the system is 
resilient	[190,191,192].	

A	modiied	technique	of	vesicostomy	 is	described	
using a gastrostomy button, which could be used 
as a continent urinary stoma in children with in-
complete voiding. Button vesicostomy is a useful 
addition to the options available for a catheteriz-
able continent urinary stoma in children in the 
short	or	medium	term	[193].	

Although perfect continence seems attractive, it 
may	not	be	in	the	child’s	best	interests.	A	‘pop-off’	
valve may be in the interest of the child if catheter-
ization is impossible or forgotten.
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b) The Ileo-cecal valve.

The ileo-cecal valve is an obvious sphincter to 
combine with cecum and ascending colon as the 
reservoir and the terminal ileum as the conduit. The 
early	 continence	 rate	 of	 94%	was	 not	 sustained	
because of high pressures in the tubular reservoir 
and	weakness	of	the	valve	[194,195,196].	

The Indiana system is based on the competence 
of the ileo-caecal valve but with a detubularized 
reservoir	 [197].	The	valve	 itself	 is	 reinforced	with	
non-absorbable plicating sutures and the terminal 
ileum which forms the conduit is tailored. The best 
reported	continence	rate	is	96%	with	a	2%	rate	of	
catheterization difficulties.

In the complete Mainz I pouch a length of termi-
nal ileum is intussuscepted through the ileo-cecal 
valve	 as	 a	 Kock	 nipple	 [198].	 It	 is	 impossible	 to	
say whether the nipple or the ileocecal valve (or 
both) produce the continence which is reported in 
96%	of	patients.	

Both these systems work well as complete recon-
structions and are widely used as bladder replace-
ments in children. The sacrifice of the ileo-cecal 
valve may cause gastro-intestinal complications. 

c) Kock pouch

The first workable continent diversion was the 
Kock	pouch	[42].	The	reservoir	is	made	from	40cm	
ileum reconfigured to reduce the intrinsic pres-
sure. The continence mechanism is formed by 
intussusception of 12cm of ileum. In a complete 
form it requires 72cm of ileum which may be more 
than can be spared from the gastro-intestinal tract. 

Although first described as a mechanism for a 
continent ileostomy in children the Kock pouch is 
now not commonly used in children because of the 
problem with large amount of bowel needed, stone 
formation and mediocre success with dryness of 
the	catheterizable	stoma	[199,200].	

d) Artificial Sphincter

As a last resort, the AUS may be considered to 
give continence to a reconstructed outlet. Experi-
mental evidence suggests that AUS cuffs can be 
placed safely around intestine providing the cuff 
pressure is low [201]. The AUS has been used 
successfully around large bowel, in three of four 
children with follow-up to 11 years [202]. 

e) Where to place the cutaneous stoma

In patients with spina bifida, particularly non-walk-
ers, the site must be chosen with particular care. 
The natural tendency is for the spine to collapse 
with time so that the lower half of the abdomen 
becomes more pendulous and beyond the range 
of vision. A low site may seem appropriate in the 

child, but will become unusable in the adult. It is 
best to use a high, midline site, preferably hidden 
in the umbilicus. The site should be determined 
in a sitting position and marked before surgery 
because in the supine position the position will 
change dramatically. In some patients the best 
position may not be in the midline at all: special 
care must be taken that the patient can manage 
bladder emptying and irrigation him/herself. 

For most other patients, the site of the stoma 
should be chosen by cosmetic criteria. The umbi-
licus can be made into a very discrete stoma; the 
risk of stenosis is low and it is a readily identifiable 
landmark.	Otherwise,	the	stoma	should	be	as	low	
on the abdominal wall as possible and certainly 
below the top of the underpants. However, many 
surgeons find the best results by placing the cath-
eterizable stoma in the umbilicus.

The problem of stomal stenosis remains ever 
present. It can occur at any time so that only fol-
low up of many years could determine whether 
any system of anastomosis to the skin is bet-
ter than any other. The published rate of stomal 
stenosis	 is	 between	 10	 and	 20%.	The	multi-flap	
V.Q.Z.	 stoma	 is	 claimed	 to	 have	 the	 lowest	 rate	
but follow up is short and it may well not pass the 
test of time [203]. 

1. STORAGE AND EMPTYING COMPLICATIONS

In the short term, it has been shown that the 
continent diversions can store urine and can 
be emptied by clean intermittent catheterization 
(CIC). It is apparent that there is a constant need 
for review and surgical revision. This observa-
tion mirrors the late complications of augmenta-
tion cystoplasty for neuropathic bladder where 
the median time to revision surgery is as long as 
ten	years	[204,205].	

In general, once continent, they remain continent, 
although there are occasional reports of late de-
velopment of incontinence. The problem lies more 
in	dificulties	with	catheterization,	particularly	ste-
nosis and false passages which may occur in up 
to	34%	of	patients[188].	 In	a	 recent	 retrospective	
evaluation	 of	 500	 augmentations	 over	 25	 years	
with a median follow-up of 13.3 years, the cumu-
lative risk of further surgery at the bladder level 
was	0.04	operations	per	 patient	 per	 year	 of	 aug-
mentation	 and	 34	 %	 of	 the	 patients	 needed	 fur-
ther surgery for complications. Bladder perforation 
occurred	 in	 43	 patients	 (8.6%)	with	 a	 total	 of	 53	
events	and	125	surgeries	done	for	bladder	stones	
in	75	cases	[206].	

VIII. COMPLICATIONS OF CONTI-
NENCE SURGERY IN CHILDREN
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The principal complications arise because the 
reservoir is usually made from intestine. Ideally, 
urothelium should be used and preservation of the 
bladder epithelium gives fewer complications than 
enterocystoplasty [207]. 

Combinations of detrusor myomectomy and 
augmentation with de-mucosalised colon have 
given promising results in the short term. The 
surgery is difficult as the bladder epithelium 
must not be damaged and the intestinal mucosa 
must be removed completely. When achieved 
there are no metabolic problems and many pa-
tients can void [207].

When augmentation can be done with a dilated 
ureter, the results are good and the complication 
rate low even in children with compromised renal 
function or transplantation [208]. 

All intestinal reservoirs produce mucus. The 
amount is difficult to measure and most estimates 
are subjective. No regime has been shown to de-
pendably	reduce	mucus	production	[209].	

2. RESERVOIR RUPTURE 

The incidence of spontaneous rupture varies be-
tween different units. There may be delay in di-
agnosis although the history of sudden abdomi-
nal pain and diminished or absent urine drainage 
should make it obvious. The patient rapidly be-
comes very ill with symptoms of generalized peri-
tonitis	[210,211].	A	‘pouchogram’	may	not	be	sen-
sitive enough to demonstrate a leak. Diagnosis is 
best made by history, physical examination, ul-
trasonography and a CT cystogram. If diagnosed 
early, catheterization and broad spectrum antibiot-
ics may sometimes lead to recovery. If the patient 
fails to respond within 12 hours on this regime or if 
the patient is ill, laparotomy should be performed 
at once. If there is any instability of the patient 
laparotomy should be considered as an immediate 
necessity as bladder rupture in this clinical situa-
tion can be lethal. 

Level of evidence 2. 

Grade of recommendation A 

Figures are not available on the incidence of this 
complication in reservoirs made only of bowel but 
come from patients with intestinal segments in 
the urinary tract. Most papers report small num-
bers. In a multicentre review from Scandinavia an 
incidence	 of	 1.5%	 was	 noted.	 There	 were	 eight	
patients with neurogenic bladder which was said 
to be disproportionately high [210]. In a series 
of	 264	 children	 with	 any	 sort	 of	 bowel	 reservoir	
or enterocystoplasty, 23 perforations occurred in 
18 patients with one death [211]. Therefore, as 
this complication is more common in children it 
becomes a very important consideration [212]. 

A	 review	 of	 500	 bladder	 augmentation	 proce-
dures	 performed	during	 the	 preceding	 25	 years,	
spontaneous	perforations	occurred	in	43	patients	
(8.6%),	 for	 a	 total	 of	 54	 events.	 The	 calculated	
risk was 0.0066 perforations per augmentation-
year [213]. 

Patients and their families should be warned of 
this possible complication and advised to return 
to hospital at once for any symptoms of acute ab-
domen, especially if the reservoir stops draining 
its usual volume of urine. All young patients with 
urinary reconstructions including intestinocysto-
plasty should carry suitable information to warn 
attending physicians of their urinary diversion in 
case of emergency. 

3. METABOLIC COMPLICATIONS

Metabolic changes are common when urine is 
stored in intestinal reservoirs and must be care-
fully monitored. It is uncertain whether they are 
commoner in children or whether they just live lon-
ger and are more closely monitored. 

Nurse et al found that all patients absorbed so-
dium and potassium from the reservoirs but the 
extent	 was	 variable	 [214].	A	 third	 of	 all	 patients	
(but	50%	of	those	with	an	ileocecal	reservoir)	had	
hyperchloremia. All patients had abnormal blood 
gases, the majority having metabolic acidosis with 
respiratory compensation. The findings were unre-
lated to renal function or the time since the reser-
voir was constructed. 

In 183 patients of all ages at St Peter’s Hospitals 
who had any form of enterocystoplasty, hyper-
chloraemic	 acidosis	 was	 found	 in	 25	 (14%)	 and	
borderline hyperchloraemic acidosis in an addi-
tional	40	(22%)	patients.	The	incidence	was	lower	
in reservoirs with ileum as the only bowel segment 
compared	 to	 those	containing	some	colon	 (9%	v	
16%).	When	arterial	blood	gases	were	measured	
in	 29	 of	 these	 children	 a	 consistent	 pattern	 was	
not	found	[215].	

In	a	series	of	23	patients,	Ditonno	et	al	found	that	52%	
of patients with a reservoir of right colon had hyper-
chloraemic acidosis [216]. In ileal reservoirs, Poulsen 
et al found mild acidosis but no patients with bicarbon-
ate results outside the reference range [217]. 

Many authors do not distinguish between patients 
with normal and abnormal renal function. All of 12 
patients in one series with a pre-operative serum 
creatinine	 above	 2.0mg%	 developed	 hyperchlor-
aemic acidosis within 6 months of enterocysto-
plasty[218]. It is prudent to monitor patients for 
metabolic abnormalities, especially hyperchlorae-
mic	acidosis,	and	to	treat	them	when	found	[219].	

With increasing experience, it has become clear 
that there is a risk of developing vitamin B12 defi-
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ciency, sometimes after many years of follow up. 
It is likely that resection of ileum in children leads 
to an incomplete absorption defect. Stores of B12 
may last for several years before the serum level 
becomes abnormal. At a mean follow up of six 
years,	low	levels	of	B12	have	been	found	in	14%	
of children. There was a corresponding rise in the 
serum methyl malonic acid which is a metabolite 
that accumulates in B12 deficiency suggesting 
that the finding was clinically significant. Similarly, 
in	adults,	18.7%	have	B12	deficiency	at	five	years.	
In the adults the mean B12 level was significantly 
lower when the ileo caecal segment as opposed to 
ileum	alone	had	been	used	(413	ng/ml	compared	
to	257	ng/ml)	[220,221].	In	order	to	avoid	the	se-
rious neurological complications, regular monitor-
ing of B12 levels is essential. 

In	 a	 review	 of	 500	 augmentations	 starting	 at	 7	
years	postoperatively,	6	of	29	patients	(21%)	had	
low	 B12	 values,	 while	 12	 of	 29	 (41%)	 had	 low-
normal values [222]. 

Pediatric patients who have undergone ileal en-
terocystoplasty are at risk for development of vi-
tamin B12 deficiency. These patients are at the 
highest risk beginning at 7 years postoperatively, 
and the risk increases with time. An annual serum 
B12	value	in	children	beginning	at	5	years	follow-
ing bladder augmentation is recommended.

Level of evidence 2. 

Grade of recommendation B

The stomach has had a checkered career as a 
urinary reservoir. Its non-absorptive role in the 
gastro intestinal tract has made it particularly 
useful in reconstruction of children with inade-
quate intestine, such as those with cloacal ex-
strophy. There is little effect on gastro intestinal 
function. Metabolically, the acid production lead-
ing to hypochloraemic alkalosis may be posi-
tively beneficial in children with renal failure. It 
produces no mucus and the acidic urine is less 
easily infected and seldom grows stones. How-
ever about a third of children have had serious 
long term complications, often multiple. The 
quite severe dysuria / haematuria and the skin 
complications from the acid urine, particularly, 
have	limited	its	use	[223,224].	

4.  EFFECTS ON THE GASTROINTESTINAL TRACT

Little attention has been paid to the effects on 
gastro intestinal motility of removing segments of 
ileum or cecum for urinary reconstruction in chil-
dren. In adults, disturbance of intestinal function 
has been found to be more frequent and more de-
bilitating than might be expected.

Disturbance of bowel habit does not mean diar-
rhoea alone. It also includes urgency, leakage and 

nocturnal bowel actions. It is clear that quality of 
life may be seriously undermined by changes in 
bowel	habit	[225].	

It is known that the bowel has a considerable 
ability to adapt, especially in young animals, 
when parts are removed. Nonetheless, recon-
struction should be undertaken with the smallest 
length of bowel possible. Particular care should 
be taken in children with neurologic abnormal-
ity in whom rectal control is already poor. Poorly 
controlled fecal incontinence may occur in a third 
of patients [226,227]. 

5. RENAL FUNCTION

Obstruction	and	high	pressures	in	the	bladder	dur-
ing storage have devastating effects on the upper 
urinary tract. Bladder augmentation eliminates 
these high pressures. Urinary diversion with recur-
rent urinary tract infections and stone formation 
also may have deleterious effects on renal func-
tion. It is therefore of utmost importance to evalu-
ate renal function in young children who have un-
dergone undiversion or continent diversion. In the 
follow-up so far available, these procedures do not 
seem to affect renal function. When function has 
improved after such surgery it is likely to be the 
result of eliminating obstruction or high bladder 
storage pressure.

In rats with near complete nephrectomy the rate 
of progression of renal failure is no worse in those 
with ileocystoplasty compared to those with normal 
bladder [228]. This suggests, experimentally, that 
storage of urine in small intestine is not, on its own, 
harmful to renal function. 

Clinically, in the longer term, renal deterioration 
has	been	 related	 to	 obstruction,	 relux	and	 stone	
formation. In one long-term study of Kock pouch 
patients, these complications occurred at the same 
rate as that found in patients with ileal conduits: 
29%	at	 ive	 to	11	years	 [229].	Similarly,	 in	a	pro-
spective follow-up to a minimum of 10 years, it was 
found	that	the	deterioration	in	glomerular	iltration	
rate	 (GFR),	 that	 was	 found	 in	 10	 of	 53	 patients,	
was	due	to	a	‘surgical’	cause	in	all	but	one	[230].	

Although a more complicated procedure, a renal 
transplant can be anastomosed to an intestinal 
reservoir with similar long term results as those 
using an ileal conduit [231,232]. 

6. INFECTIONS AND STONES

The incidence of bladder reservoir stones varies be-
tween	12	and	25%.	This	is	higher	in	children	com-
pared to adults. Palmer et al reported an incidence 
of	52.5%	during	a	follow-up	of	four	years[233].	Re-
nal	stones	are	uncommon,	occurring	in	about	1.6%	
of patients, an incidence which would be expected 
in a group with congenital urinary tract anomalies. 
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In a series comparing the Kock pouch with the In-
diana	pouch	(which	does	not	have	staples),	43.1%	
of 72 Kock reservoirs formed stones compared to 
12.9%	of	54	Indiana	reservoirs[234].	Furthermore,	
no patient with an Indiana pouch formed a stone 
after	4	years,	but	patients	with	Kock	pouches	con-
tinued to do so at a steady rate up to eight years. 

Apart from the presence of a foreign body, several 
factors have been blamed for the high stone risk. 
Almost all reservoir stones are triple phosphate 
on analysis, though Terai et al found carbonate 
apatite,	urate	and	calcium	oxalate	in	up	to	50%	of	
stones	 from	patients	with	 an	 Indiana	pouch[235].	
This suggests that infection rendering the urine 
alkaline is a key factor. Micro-organisms that pro-
duce urease and split urea to form ammonia are 
the main culprits. The incidence of infection in 
reservoirs	 is	high,	95%	in	one	series,	and	yet	the	
majority of patients do not form stones, suggesting 
that there are predisposing factors other than in-
fection and the anatomical abnormality of the urine 
reservoirs [236]. 

It has been suggested that the immobility associated 
with	spina	biida	may	be	responsible,	but	this	seems	
to have been in series with a predominance of such 
patients	and	was	not	conirmed	in	other	studies[237].	

The production of excess mucus has also been 
blamed. The problem is that the measurement of 
mucus	is	dificult.	

The	inding	of	a	spectrum	of	stone	formation	from	
mucus,	 through	 calciication	 to	 frank	 stone	 lends	
some support to this aetiology. However, it could 
be a secondary event, with mucus becoming ad-
herent to a stone that has already formed. Many 
surgeons encourage patients to wash out their res-
ervoirs vigorously with water two or three times a 
week. There seem to be fewer stones in those that 
claim to practice regular washing. In a prospective 
study a regime of weekly washouts did not improve 
the incidence of stones in 30 children compared to 
historical controls [238]. 

Mathoera	et	al	 found	an	 incidence	of	16%	during	
a	 follow-up	of	4.9	years	 in	90	patients:	girls	were	
more frequently affected than boys and concomi-
tant bladder neck reconstruction, recurrent infec-
tions	and	dificulties	with	CIC	were	other	risk	 fac-
tors	identiied,	while	the	frequency	of	irrigation	did	
not	appear	to	be	a	risk	factor	[239].	

Mucins are an important component of the epithelial 
barrier and protect the epithelium from mechanical 
and chemical erosion. Mucins are known to act as 
important adhesion molecules for bacteria. Mucins 
may	 also	 enhance	 the	 formation	 of	 crystals[240].	
Mucin expression changes after incorporating the 
intestinal segment in the bladder. Upregulation 
of	 MUC1	 and	 MUC4	 expression	 occurs	 in	 trans-
posed ileal segments resembling normal epithe-

lium, whereas ileal segments in enterocystoplasty 
showed	an	upregulation	of	MUC2,3,4	and	5AC	ex-
pression towards the site of anastomosis with the 
ileal segment. These changes which may be due 
to exposure to urine coincide with a change from 
ileal sialomucins to colonic sulfomucins by a change 
in glycosylation. The mucins bind calcium and may 
form a template resembling the crystal structure on 
which crystals are formed and grow. From these 
studies it is concluded that inhibition of bacterial 
adhesion	 (by	using	different	 irrigation	luids	based	
on sugars) could be of eminent importance in the 
prevention of certain types of infection stones. 

An interesting comparison has been made between 
children with a native bladder alone and those with 
an augmentation, all of whom were emptying by 
self	catheterization.	There	was	no	signiicant	differ-
ence in the incidence of stones with or without an 
augmentation[241].	

Stones are associated with inadequate drainage in 
the sense that CIC through the urethra, the most 
dependent possible drainage, has the lowest stone 
rate.	Patients	with	the	most	‘up	hill’	drainage,	that	
is with a Mitrofanoff channel entering the upper 
part of an orthotopic reservoir have a higher inci-
dence	of	stones	[239].	

Kronner et al made the observation, that the inci-
dence of stones was statistically associated with 
abdominal wall stomas and a bladder outlet tight-
ening	 procedure	 (21.1%	 compared	 to	 6%	 in	 pa-
tients with augmentation alone)[236]. 

Once	a	bladder	stone	has	been	diagnosed	 it	has	
to be removed: several methods are available, but 
ESWL	should	be	avoided	as	it	is	dificult	to	remove	
all fragments (and small particles may get trapped 
in mucus and the pouch wall), which may form the 
focus of a new calculus. Because of the recurrent 
nature of these stones the least invasive method 
should	be	recommended	[242,243].	

Because of the high incidence of stones follow-
ing enterocystoplasty several measures should be 
recommended to the patients and their parents. 
Regular CIC under hygienic circumstances with 
adequate	luid	intake	and	irrigation	seem	to	be	the	
most	important	[244].	It	is	unclear	whether	prophy-
lactic antibiotics are useful, but a clinical infection 
should be treated adequately. Maybe in the future 
different	types	of	irrigation	luid	may	prove	helpful.	

7. GROWTH

The suggestion that enterocystoplasty delayed 
growth in height seems to have been ill founded. 
In	a	group	of	60	children	 reported	 in	1992	 it	was	
stated	 that	 20%	 had	 delayed	 growth	 [245].	 Cur-
rent follow up of the same group has shown that all 
have	caught	up	and	achieved	their	inal	predicted	
height. Furthermore, measurements in a group of 
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123 children from the same unit have shown no 
signiicant	delay	in	linear	growth	[246].	

Enterocystoplasty may have an effect on bone me-
tabolism even if growth is not impaired. At least in rats 
with	enterocystoplasty	there	is	signiicant	loss	of	bone	
mineral density especially in the cortical compartment 
where there is endosteal resorption. These changes 
are not associated with HCA and are lessened by con-
tinuous	antibiotic	administration	[247,248].	

More recent follow-up data shows either no effect 
on	growth	or	a	decreased	linear	growth	[249-252].	

8. PREGNANCY

When reconstructing girls it is essential to have a 
future pregnancy in mind. The reservoir and pedi-
cles	should	be	ixed	on	one	side	to	allow	enlarge-
ment of the uterus on the other. 

Pregnancy may be complicated and requires the 
joint	care	of	obstetrician	and	urologist	 [253].	Par-
ticular problems include upper tract obstruction 
and changes in continence as the uterus enlarges.

Pregnancy with an orthotopic reconstruction ap-
pears to have a good outcome but chronic urinary 
infection is almost inevitable and occasionally an 
indwelling catheter is needed in the third trimester 
[254].	With	a	suprapubic	diversion,	catheter	drain-
age for incontinence or retention may be needed in 
the	third	trimester	[255].	

Except	in	patients	with	an	artiicial	urethral	sphinc-
ter and extensive bladder outlet reconstruction, 
vaginal delivery is usual and caesarean section 
should generally be reserved for purely obstetric in-
dications	(distorted	pelvis	in	spina	biida	patients).	
During the delivery the bladder reservoir should be 
empty	and	an	artiicial	sphincter	deactivated.	The	
urologist should be present during Caesarean sec-
tion to ensure protection for the reservoir, the con-
tinent channel and its pedicles.

9. MALIGNANCY

The possibility of cancer occurring as a complica-
tion of enterocystoplasty is a constant source of 
worry. Currently cancer following augmentation 
cystoplasty is a recognized risk factor. It is known 
to be a frequent complication of ureterosigmoid-
ostomy after 20 to 30 years of follow up. Animal 
evidence suggests that faecal and urinary streams 
must be mixed in bowel for neoplasia to occur. 
However, if it is chronic mixed bacterial infection, 
rather than the faeces per se, then all bowel uri-
nary reservoirs are at risk.

In patients with colonic and ileal cystoplasties high 
levels of nitrosamines have been found in the urine 
of	most	patients	examined	[256].	Clinically	signii-
cant levels probably only occur in chronically in-
fected	 reservoirs	 [257].	 Biopsies	 of	 the	 ileal	 and	
colonic segments showed changes similar to those 

that have been found in ileal and colonic conduits 
and in ureterosigmoidostomies. More severe histo-
logical changes and higher levels of nitrosamines 
correlated with heavy mixed bacterial growth on 
urine	culture	[258].	

In	a	review	by	Filmer	et	al,	14	cases	of	pouch	neo-
plasm	were	identiied	[259].	Special	features	could	
be found in nearly all the cases. Ten patients had 
been reconstructed for tuberculosis; four tumors 
were not adenocarcinomas; one patient had a 
pre-existing	 carcinoma;	 six	 patients	 were	 over	 50	
years old. Cancer was found in bowel reservoirs at 
a mean of 18 years from formation. This is a few 
years earlier than the mean time at which malignant 
neoplasms are seen in ureterosigmoidostomies. 

In a review of 260 patients with a follow-up of more 
than 10 years, Soergel et al found 3 malignancies 
(all transitional cell carcinoma): 2 following ileo-
cecal and 1 after cecal augmentation. The age at 
augmentation	was	8,	20	and	24	years	respectively:	
the	tumors	were	found	when	they	were	29,	37	and	
44	years	old.	All	had	metastatic	desease	and	died.	
The incidence of malignancy in this group was 
1.2%:	considering	that	the	development	of	tumors	
usually	 takes	20-25	years	 the	probable	 incidence	
of malignancy following enterocystoplasty may be 
as	high	as	3.8	%	[260].	

Hussmann	et	studied	a	group	of	153	patients	with	
a	mean	follow-up	of	27	years	(10-52	yrs)after	aug-
mentation cystoplasty. In those with a Neurogenic 
bladder	 (n=97)	 they	 found	 2	 patients	 with	 transi-
tional cell carcinoma (both smokers), in 38 patients 
with bladder exstrophy 3 multifocal adenocarcino-
mas in the augmented segment were found and in 
2 of 18 patients with urethral valves an adenocar-
cinoma was discovered. The overall risk of cancer 
was	4.5%	after	a	median	period	of	32	years.	Of	the	
7	patients	5	died	suggesting	that	these	tumors	are	
very aggressive and metastazise early [261].

This	was	also	conirmed	by	Sung	[262].

Patients who undergo bladder augmentation with a 
gastric remnant are at increased risk for malignancy, 
probably similar to that in patients with enterocysto-
plasty.	 In	a	 review	of	119	patients	underwent	aug-
mentation cystoplasty with stomach in 2 institutions, 
three patients had gastric adenocarcinoma, while 
the other had poorly differentiated transitional cell 
carcinoma. Each case progressed to malignancy 
more	than	10	years	after	augmentation	[263-265).	

If cancer is going to be a common problem, there 
will	 be	 some	 dificulty	 in	 monitoring	 the	 patients	
at risk [266]. Endoscopy with a small instrument 
through	a	stoma	may	not	be	suficient.	Ultrasound	
may not be able to distinguish between tumors and 
folds of mucosa. Three dimensional reconstruc-
tion of computerised tomography may be helpful, 
though the equipment is expensive and not widely 
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available at present [267]. At present it is advised 
to perform an annual endoscopic evaluation in all 
patients following enterocystoplasty starting 10 
years after surgery.

10.  PSYCHOLOGICAL CONSEQUENCES AND 
QUALITY OF LIFE

The	main	justiication	for	performing	a	bladder	re-
construction or continent diversion is to improve 
the individual’s Quality of Life (QoL).

It would seem logical that continent urinary diver-
sion would be better than a bag. This is not always 
the case. In adults the only sure advantage is 
cosmetic.	Validated	QoL	surveys	 in	children	have	
not been reported, primarily because of the lack 
of	suitable	instruments	[268].	Our	prejudice	is	that	
reconstruction does, indeed, improve the lives 
of children. Supporting evidence is very thin and 
based on experience in adults.

The ileal conduit has been a standard part of uro-
logical	surgery	for	over	50	years.	It	has	well	known	
complications but few would seriously suggest that 
they were more troublesome than those of the com-
plex operations for bladder replacement. In an early 
investigation into quality of life issues, Boyd et al 
investigated 200 patients, half with an ileal conduit 
and half with a Kock pouch: there was little difference 
between the groups except that those with a Kock 
pouch engaged in more physical and sexual contact. 
The	 only	 patients	 that	 were	 consistently	 ‘happier’	
were those who had had a conduit and subsequently 
were	converted	to	a	Kock	pouch	[269].	

In a recent QoL survey in adults, a wide range of 
complications were considered to be acceptable, 
although an ordinary urological clinic would be full 
of patients trying to get rid of such symptoms: mild 
incontinence	(50%),	nocturia	(37%),	bladder	stones	
(12%),	 urinary	 infections	 (9%),	 hydronephrosis	
(5%).	 Nonetheless,	 their	 QOL	 was	 judged	 to	 be	
good,	 primarily	 because	70%	had	experienced	no	
adverse effect on their normal daily lives [270]. 

Quality of life does not mean absence of disease 
or a level of complications acceptable to the re-
viewing	 clinician.	 It	 is	 a	 dificult	 concept	 to	mea-
sure	 because	 lack	 of	 validated	 instruments,	 difi-
culties in translating from one culture or language 
to	another,	and	 the	dificulties	 in	selecting	control	
groups and variations in clinical situations. Gerharz 
et al have constructed their own 102 item instru-
ment and compared 61 patients with a continent 
diversion and 131 with an ileal conduit. Patients 
with a continent diversion did better in all stoma 
related items indicating that containment of urine 
within the body and voluntary emptying is of ma-
jor importance. In addition they had better physical 
strength, mental capacity, social competence and 
used their leisure time more actively. There was 
little difference in satisfaction with professional life, 

inancial	circumstances	and	in	all	interactions	with-
in the family including sexual activity [271]. 

Forms of urinary incontinence in children are wide-
ly diverse, however, a detailed history and physical 
and voiding diary obviate the need for further stud-
ies. These should identify that limited group that 
may require surgery. Many patients in this group 
will have obvious severe congenital abnormalities.

Because	of	 the	 spectrum	of	 problems	 the	 speciic	
treatment is usually dictated by the expertise and 
training of the treating physician. The rarity of many 
of these problems precludes the likelihood of any 
surgeon having expertise in all areas. Furthermore, 
nuances in surgical procedures develop gradually 
and often are tested without rigorous statistics.

Nevertheless it may be that newer forms of very early 
aggressive surgical approach to severe complex 
anomalies such as exstrophy, myelodysplasia and 
urethral valves may provide a successful model for 
signiicant	impact	on	the	ultimate	continence	in	such	
patients. Ultimately this may provide a basis for ran-
domized	studies	 to	determine	 the	most	speciic	and	
effective mode of therapy.

The committee would encourage vigorous research in 
the molecular basis of bladder development and also 
support the development of surgical and treatment strat-
egies which would utilize the natural ability of the blad-
der to transform in the early months of development and 
immediately after birth. Furthermore efforts to promote 
bladder healing, and protecting and achieving normal 
bladder function should be supported. Such studies and 
research may lead to earlier and more aggressive treat-
ment of many of the complex anomalies now treated by 
the surgical procedures outlined in this report. 

IX. CONSENSUS STATEMENT ON 
SURGICAL TREATMENT OF URINARY 

INCONTINENCE IN CHILDREN

G. PSYCHOLOGICAL ASPECTS OF 
URINARY INCONTINENCE, ENURESIS 

AND FAECAL INCONTINENCE

LIST OF ABBREVIATIONS

ADHD

CBCL

DSM-IV

DW

HKD

ICD-10

NW

ODD

Attention-Deicit/Hyperactivity	Disorder

Child Behavior Checklist

Diagnostic and Statistical Manual of Mental 
Disorders	–	IV

Daytime wetting (urinary incontinence)

Hyperkinetic Disorder

International	Classiication	of	Diseases	–	10

Nighttime wetting (nocturnal enuresis)

Oppositional	Deiant	Disorder
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Since	 the	publication	of	 the	 ICI	 report	 in	2009	 [1]	
an increasing body of studies has been published 
on psychological factors of incontinence in children 
including some comprehensive reviews [2-7]. This 
part includes an update based on the recent lit-
erature and especially the ICCS standardisation 
document on psychological aspects in urinary and 
faecal incontinence [8]. 

Children with urinary incontinence, enuresis and 
faecal incontinence carry a higher risk for manifest 
behavioural disorders, as well as for subclinical 
emotional and behavioural symptoms. It is impor-
tant to assess and integrate psychological factors 
in treatment for two reasons:

1.  As can be seen in table 3 , the rate of comorbid 
behavioural and emotional disorders is much higher 
than possible organic causes [7,8]. The same care 
used to exclude organic causes should be applied to 
the assessment of behavioural aspects. Therefore, 
even paediatricians and urologists should have a 
basic understanding of psychological principles in 
order to treat their young patients adequately.

2.  In functional elimination disorders, provision of 
information, cognitive therapy and behavioural 
modiication	are	the	most	effective,	irst-line	ap-
proaches to treatment. Medication can be help-
ful in many cases, but are usually not the main-
stay of treatment. Surgery is rarely indicated. As 
most of the techniques used in “urotherapy” are 
based on cognitive-behavioural psychotherapy, 
it is essential to be acquainted with the basic 
psychological principles.

This chapter provides information on comorbid 
manifest clinical disorders, as well as symp-

toms which might be emotionally distressing for 
children and parents, but do fulfil the criteria for 
a	disorder.	Often,	these	will	resolve	upon	attain-
ing continence, while manifest disorders usually 
do not. In addition, children with psychological 
disorders are less compliant, and this explains 
why the failure rate of children’s incontinence 
treatment is much higher. It is recommended 
that both incontinence and any comorbid psy-
chological disorder are treated separately to 
ensure effective therapy.

Also, the relevance of psychological factors for 
the different subtypes of incontinence will be 
considered. The terminology of the ICCS for en-
uresis and urinary incontinence as well as of the 
Rome-III classification for faecal incontinence 
will	be	used	[9,10].

The rate of clinically relevant behavioural disorders 
in	 children	 and	 adolescents	 lies	 between	 12.0%	
(ICD-10	criteria)	and	14.3%	(DSM-IV)	[11-13].	The	
rate of comorbid behavioural disorders is increased 
in children with all types of incontinence. Comorbid-
ity denotes the co-occurrence of two or more disor-
ders at the same time (concurrent comorbidity) or 
in sequence (sequential comorbidity). The focus on 
comorbidity allows a descriptive approach without 
making reference to possible causal associations. 
Basically, four combinations are possible: 

•		A	behavioural	disorder	can	be	a	consequence	of	
the wetting problem,

•		A	behavioural	disorder	can	precede	and	induce	a	re-
lapse when a genetic disposition for enuresis is pres-
ent, for example in secondary nocturnal enuresis,

I. INTRODUCTION

II. CLINICAL BEHAVIOURAL DISORDERS

Noctur nal enuresis  

Organic causes < 1% 

Behavioural comorbidity* 20-30% 

Urinary  incon tinenc e  

Organic causes <10% 

Behavioural comorbidity* 20-40% 

Faecal incontinen ce with c onstipation  

Organic causes < 5% 

Behavioural comorbidity* 30-50% 

Faecal incontinen ce wit hou t constipation  

Organic causes < 1% 

Behavioural comorbidity* 30-50% 

Table 3: Organic causes and comorbidity of clinically relevant psychological disorders or symptom scores*
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•		Wetting and a behavioural disorder can both be due 
to a common neurobiological dysfunction (such as 
in nocturnal enuresis and ADHD),

•		With	 such	 common	 disorders,	 no	 causal	 relation-
ship can be present and the two may co-exist by 
chance.

Psychological disorders (synonyms: psychiatric, 
psychic, mental disturbances) indicate that there is 
“a	 clinically	 signiicant	behavioural	 or	psychological	
syndrome or pattern (not a variant of normal behav-
iour) that occurs in an individual, that it is associated 
with present distress, disability or impairment and 
carries a risk for the future development of the indi-
vidual”	(DSM-IV)[12].	

Clinically relevant disorders can be assessed by two 
basic methods: the categorical and the dimensional 
approach. The categorical method is based on a de-
tailed diagnostic process (including: history, obser-
vation, exploration, mental state examination, ques-
tionnaires, testing, physical examination and other 
procedures) and are professional diagnoses accord-
ing	 to	 standardised	 classiication	 schemes:	 ICD-10	
[11]	 or	 DSM-IV	 [12].	 Dimensional	 assessment	 is	
based on symptom scores by questionnaires, but do 
not	represent	diagnoses.	Cut-offs	are	deined	to	de-
lineate a clinical (and sub-clinical) range. 

One	can	differentiate:

-  externalising or behavioural disorders with outward-
ly-directed, visible behaviour (examples: conduct 
disorders and ADHD),

-  internalising, i.e. inwardly-directed, intrapsychic 
disorders such as emotional disorders (examples: 
separation anxiety, social anxiety, phobias, sibling 
rivalry and depressive disorders),

-		and	other	disorders	that	do	not	it	into	the	two	cate-
gories, such as anorexia nervosa, tic disorders and 
autistic syndromes.

Children with urinary incontinence show a higher rate 
of comorbid behavioural and emotional problems 
than non-wetting children, in both epidemiological 
and	in	clinical	studies.	The	overall	relative	risk	is	1.4	
–	4.5	times	higher	(table 2 ) [7]. 

1. EPIDEMIOLOGICAL STUDIES

Epidemiological studies have the advantage of re-
vealing representative associations. They often can-
not differentiate well between subgroups.

Not all epidemiological studies on enuresis actually 
assess behavioural problems in a standardised form 
[14].	Only	those	studies	that	clearly	deine	the	group	

of clinically deviant children are reported in table 4 . If 
a control group is reported, the relative risk for a be-
havioural problem can be calculated; otherwise the 
normative data is used. 

a) Nocturnal Enuresis

In	 the	 Isle-of	Wight	 study,	 25%-28%	of	 enuretics	
were seen by their parents to show problematic 
behaviour according to the Rutter Child Scale, 
3-4	times	more	often	than	the	controls	[15].	Using	
the same instrument, the longitudinal Study from 
Christchurch (New Zealand) came to similar rates 
for the primary children with nocturnal enuresis, 
while the children with secondary nocturnal enure-
sis	 showed	a	much	higher	 rate	 of	 52%	 [16].	The	
same study assessed rates of DSM-III diagnoses 
at a later age, with marked differences between 
the primary and the secondary children with noc-
turnal enuresis [17].

In	 the	 Dutch	 study	 by	 Hirasing	 et	 al	 [19],	 23%	 of	
children with enuresis scored in the clinical range of 
the CBCL total problem scale. In the cross-sectional 
Chinese study by Liu et al [18], a third of all wetting 
children	were	in	the	clinical	range,	3.6-4.5	more	often	
than controls. The US-Study by Byrd et al [13] used 
the 32-item-BPI (Behavior Problem Index), which is 
modelled after CBCL. The rates are lower than in the 
other studies, but included infrequent wetters, with 
as few as one wetting episode per year.

In	a	British	population-based	study	of	8242	children	
at the age of 7 ½ years, children with enuresis were 
affected	by:	separation	anxiety	(8.0%),	social	anxiety	
(70%),	speciic	phobia	(14.1%),	generalised	anxiety	
(10.5%),	depression	(14.2%),	ODD	(8.8%),	conduct	
disorders	(8.5%)	and	ADHD	(17.6%)	[21,22].	

In summary, the epidemiological studies show clearly 
that,	depending	on	deinitions	and	instruments	used,	
20-30%	 of	 all	 nocturnal enuretic children  show 
clinically	relevant	behavioural	problems,	2	to	4	times	
higher than non-wetting children. 

Children with primary nocturnal enuresis  were 
not different from controls in epidemiological studies 
[17]. Secondary nocturnal enuresis  was preceded 
by a higher rate of weighted life-events [23] and was 
signiicantly	associated	with	a	higher	rate	of	DSM-III	
psychiatric disorders, which can persist into adoles-
cence [17]. By adolescence, the attainment of dry-
ness after the age of 10 years increased the risk for 
behavioural problems, independently of the primary 
or	secondary	status	[14].

The only epidemiological study addressing mono-
symptomatic	nocturnal	enuresis	included	8242	chil-
dren	 aged	 7	 ½	 years	 [24].	 Though	 not	 adhering	
to the ICCS criteria, children with monosymptom-
atic nocturnal enuresis showed fewer behavioural 
symptoms than those with daytime problems (i.e. 
the non-monosymptomatic forms), although the 
differences	did	not	reach	signiicance.

III. CLINICAL BEHAVIORAL DISOR-
DERS IN CHILDREN WITH ENURESIS 

AND URINARY INCONTINENCE
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Study Age (years) N Type of wetting Incontinent children Controls Relative risk 

    Rutter Child Scale; cut-off > 13   

Rutter 1973 [15] 5-14 4481 NW/DW Boys: 25.6% 
Girls: 28.6% 

7.9% 
7.8% 

3.2 
3.7 

       
McGee 1984 [16] 7-9 1037 NW Primary: 30.8% 

Secondary: 51.9% 
21.6% 1.4 

2.4 

    DSM-III diagnoses   

Feehan 1990 [17]  11-15 1037 NW Total: 23.4% 
Primary: 0% 

Secondary: 42.3% 

9.5% 
 

2.5 
 

4.5 

    CBCL Total > 90th p.   

Liu 2000 [18] 6-18 3344 NW 30.3% 9.1% 4.3 

Hirasing 1997 [19] 9 1652 NW 23.0% 10.0% 2.3 

    BPI > 90th p.   

Byrd 1996 [13] 5-17 10960 NW 16.5% 
 

10.2% 
 

1.6 

    DAWBA  Odd’s ratio 

Joinson 2006 [20] 7-9 8213 DW Separation anxiety: 11.4% 6.8% 1.8 

    Attention/activity: 24.8% 13.8% 2.1 

    Oppositional behaviour:10.9% 5.8% 2.0 

    Conduct problems: 11.8% 6.2% 2.0 

Joinson  2007 [21] 7  years 8242 NW Separation anxiety: 8.0% 6.4% 1.3 

    Social anxiety: 7.0% 4.6% 1.5 

    Specific phobia: 14.1% 11.5% 1.2 

    Generalised anxiety: 10.5% 7.7% 1.4 

    Depression: 14.2% 10.9% 1.3 

    ODD: 8.8% 4.7% 1.9 

    Conduct disorders: 8.5% 5.7% 1.5 

    ADHD: 17.6% 11.9% 1.5 

 Table 4: Epidemiological studies: Percentage of children with clinically relevant behavioural problems in comparison to controls and their relative risk*
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b) Urinary Incontinence (Daytime Wetting)

Daytime wetting  has been neglected in epidemio-
logical	 research.	 Only	 recently,	 the	 irst	 study	 was	
published based on a cohort of 8213 children aged 7 
½	to	9	years	[20].	Children	with	daytime	wetting	had	
signiicantly	 increased	 rates	 of	 psychological	 prob-
lems,	 especially	 separation	 anxiety	 (11.4%),	 atten-
tion	deicit	 (24.8%),	oppositional	behaviour	 (10.9%)	
and	conduct	problems	 (11.8%).	Externalising	disor-
ders predominate in daytime wetting children which, 
in turn, will interfere with treatment. In the same co-
hort,	 10,000	 children	 aged	 4	 to	 9	 years	were	 ana-
lysed.	 Delayed	 development,	 dificult	 temperament	
and maternal depression / anxiety were associated 
with	daytime	wetting	and	soiling	[25].	In	another	pop-
ulation-based	 study,	 36.7%	of	 children	with	 urinary	
incontinence had ADHD symptoms, in comparison to 
3.4%	of	dry	children	[22].

2. CLINICAL STUDIES

Clinical studies are limited by selection biases, but 
allow a much more detailed assessment of patients. 
Overall,	children	with	nocturnal	enuresis	have	lower	
rates	 of	 comorbid	 disorders	 (33.6%)	 than	 children	
with	daytime	wetting	(52.6%)	[26].	In	another	study,	
the	rates	were	29%	and	46%,	respectively	[27].	Van	
Hoecke et al could also show that children with day-
time	wetting	(or	combined	DW/NW)	had	signiicantly	
higher CBCL total problem scores than pure noctur-
nal enuretics or controls [28]. (Table 5 )

a) Nocturnal Enuresis

In	an	early	study	of	Berg	et	al	[29]	nearly	30%	of	chil-
dren presented in a paediatric clinic were deemed 
“clinically disturbed”. In another study in a paediat-
ric	setting,	similar	rates	of	26%	were	found	20	years	
later using the CBCL [20]. These rates are almost 

identical to our own studies in a child psychiatric 
setting using the same instruments [26]. The rates 
of a selected group of treatment-resistant children 
with nocturnal enuresis undergoing Dry Bed Train-
ing	were	2.2	 times	higher	 [31].	 In	 the	study	of	Van	
Hoecke et al [32], internalizing symptoms predomi-
nated in a mixed group of day and night wetting chil-
dren	with	signiicantly	higher	scores	 for	withdrawal,	
physical complaints, anxious / depressed, social 
problems and internalising behaviour scales com-
pared to controls. 

According to the ICCS terminology, four subgroups 
of nocturnal enuresis can be differentiated:

•		primary	monosymptomatic	nocturnal	enuresis

•		primary	non-monosymptomatic	nocturnal	enuresis

•	secondary	monosymptomatic	nocturnal	enuresis

•		secondary	non-monosymptomatic	nocturnal	en-
uresis

Regarding the subtypes of nocturnal enuresis, chil-
dren with primary nocturnal enuresis showed behav-
ioural	 problems	 less	 frequently	 (19.5%)	 than	 those	
with	the	secondary	type	(75.0%)	[26].	The	group	with	
the lowest comorbidity – no higher than in the nor-
mative population – were those with monosymptom-
atic	nocturnal	enuresis	(10.0%)	without	any	daytime	
symptoms such as urgency, postponement or dys-
functional	voiding.	In	a	replication	study,	29%	of	chil-
dren with nocturnal enuresis had at least one ICD-10 
diagnosis,	24%	of	those	with	monosymptomatic	and	
33%	of	 those	with	non-monosymptomatic	nocturnal	
enuresis [27].

Regarding the types of behavioural and emotional 
disorders, externalising disorders predominate [26]. 
The	most	speciic	comorbid	disorders	with	enuresis	

Study Age 
(years) 

N Type of wetting Incontinent children Controls  Relative risk  

    ICD-10 diagnoses   

von Gontard 1999 [26] 5-11 110 NW 33.6% 12.0% 2.8 

von Gontard 1999 [26] 5-11 57 DW 52.6% 12.0% 4.4 

Zink 2008 [27] 5-16 97 NW 29% 12.0% 2.4 

 5-16 69 DW 46% 12.0% 3.8 

    Rutter A questionnaire, cut off > 18 
[interview) 

  

Berg 1981 [29] 6-13 41 NW 29.3% (26.8%)   

    CBCL Total >90th p.   

Baeyens 2001 [30] 6-12 100 NW/DW 26% 10.0% 2.6 

von Gontard 1999 [26] 5-11 167 NW/DW 28.2% 
 

10% 
 

2.8 
 

Hirasing 2002 [31] 6-15 91 NW 21% 10% 2.1 

Van Hoecke 2004 [32] 9-12 84 NW/DW 20.4% 6.1% 3.3 

Zink 2008 [27] 5-16 166 NW/DW 40% 10% 4.0 

Table 5: Clinical studies: Percentage of children with clinically relevant behavioural problems in comparison 
to controls and their relative risk*
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are	ADHD	 (DSM-IV)	or	 the	Hyperkinetic	Syndrome	
(ICD-10). In our own studies, the rates ranged from 
9.3%	 (HKS)	 to	 13.5%	 (HKS	 and	 ADHD)	 [26,	 34].	
ADHD	 is	 not	 associated	 with	 any	 speciic	 type	 of	
nocturnal enuresis [33].

In a retrospective study of patients with ADHD, 
20.9%	wetted	at	night	and	6.5%	during	the	day.	The	
odds-ratios	were	2.7	and	4.5	 times	higher,	 respec-
tively,	which	means	that	there	is	a	nonspeciic	asso-
ciation of ADHD and both night and daytime wetting 
[35].	25%	of	140	children	with	ADHD	were	affected	
by	 nocturnal	 enuresis	 compared	 to	 10.8%	 of	 120	
controls	 [36].	The	highest	comorbidity	rates	of	40%	
for ADHD and nocturnal enuresis were reported by 
Baeyens et al. [33], possibly due to selection bias: 
15%	had	a	combined,	22.5%	an	inattentive	and	only	
2.5%	a	hyperactive	 type	of	ADHD.	 In	a	community	
based sample, the prevalence rate was much lower 
[37].	ADHD	continued	to	be	present	in	72.5%	of	chil-
dren in a two-year follow-up indicating a high stabil-
ity [37]. Children with ADHD continued to wet at fol-
low-up	much	more	often	(65%)	than	controls	(37%)	
(Odds-ratio	3.17)	[37].	At	a	4-year	follow-up,	64%	still	
had	ADHD:	of	these,	42%	continued	to	wet	at	night	
(compared	to	37%	of	the	controls)	[38].	

In	clinical	practice,	children	with	ADHD	are	more	difi-
cult to treat. In a retrospective study, 113 children with 
ADHD and nocturnal enuresis had a worse outcome 
on alarm treatment than controls (with nocturnal en-
uresis	 only):	 43%	 (vs.	 69%)	were	 dry	 at	 6	months	
and	19%	(vs.	66%)	at	12	months.	There	was	no	dif-
ference if they were treated with medication, which 
does not require active cooperation. Non-compliance 
was	reported	in	38%	of	children	with	ADHD,	but	only	
in	22%	of	the	controls	[39].	This	means	that	children	
with both enuresis and ADHD require special atten-
tion – and both need to be treated separately.

b) Urinary Incontinence (Daytime Wetting)

Only	a	few	studies	have	addressed	the	speciic	prob-
lems of children with daytime wetting. In a study of 
418	children	aged	5	–	17	years,	day	wetting	children	
were described as being more stubborn, oppositional 
and	secretive	than	nocturnal	enuretic	children[40].	In	
a	subgroup	of	58	children,	those	with	and	without	uri-
nary	tract	infections	were	compared:	11	%	of	day	wet-
ting children with urinary tract infections had a CBCL 
total	score	in	the	clinical	range,	35	%	of	day	wetting	
children	without	urinary	tract	infections	and	16	%	of	
nocturnal wetters. This indicates that children with a 
higher risk for behavioural problems were day wet-
ting	 children	without	 urinary	 tract	 infections	 [40].	 In	
another	study,	90	girls	with	recurrent	UTI’s	had	signif-
icantly more behavioural abnormalities than controls 
[41],	so	the	issue	of	behavioural	problems	in	children	
with and without UTI’s remains to be settled.

ADHD is a common problem among day wetting chil-
dren, as well. Compared to controls, children with 
ADHD had more symptoms of incontinence, con-

stipation,	 infrequent	 voiding	 and	 dysuria	 [42].	With	
ADHD, treatment outcome is worse. In a retrospec-
tive	analysis,	68%	of	day	wetting	children	with	ADHD	
became	dry	compared	to	91%	of	controls.	Non-com-
pliance	was	much	higher	for	timed	voiding	[39].

Daytime wetting is a heterogeneous group of disor-
ders. According to the ICCS terminology, following 
subgroups	can	be	differentiated	[9]:	

•	Over-active	bladder	including	urgency	incontinence

•	Voiding	postponement

•	Underactive	detrusor

•	Dysfunctional	voiding

•	Obstructive	voiding

•	Stress	urinary	incontinence

•	Vaginal	relux

•	Giggle	incontinence

•	Extraordinary	daytime	urinary	frequency

Only	 some	 of	 these	 subgroups	 have	 been	 studied	
regarding comorbid psychological disorders.

Children with urgency incontinence  have previous-
ly been considered to have few behavioural problems 
[43].	29	%	of	children	with	urgency	incontinence	had	
an	 ICD-10	diagnosis	and	14%	had	an	 internalizing	
disorder.	13.5	%	had	a	clinical	total	problem	score	in	
the	CBCL,	again	mainly	 internalizing	problems	 [44,	
45].	The	children	are	distressed	by	their	wetting	and	
family	functioning	is	intact	[45].	In	a	new	study,	35%	
of	children	with	urgency	incontinence	fulilled	the	cri-
teria for an ICD-10 diagnosis [27]. Children with ur-
gency incontinence have lower rates of comorbid dis-
orders	 than	 those	with	voiding	postponement	 (36%	
vs.	59%),	but	higher	than	controls	(9%)	[46].	Children	
with urgency incontinence predominantly have emo-
tional, introversive disorders, while the most typical 
disorder	 in	voiding	postponement	 is	ODD	 [46].	Co-
morbid disorders are usually a consequence of wet-
ting	in	urge	incontinence,	while	ODD	seems	to	be	the	
underlying disorder in voiding postponement in many 
children. In summary, children with urgency inconti-
nence have only a slightly increased rate of comorbid 
psychiatric disorders. If they are affected, emotional, 
introversive symptoms predominate. 

Children with voiding postponement , on the other 
hand, fall into two groups: in some it represents an 
acquired habit, in others, it is associated with exter-
nalising psychological disorders, especially opposi-
tional	deiant	disorder	(ODD).	In	a	systematic	study	
of children with voiding postponement in a paedi-
atric	 and	 child	 psychiatric	 setting,	 53.8	%	 fulilled	
the	criteria	 for	at	 least	one	 ICD-10	diagnosis	 [44].	
These were mainly externalizing disorders in a third 
of	all	children	such	as	Oppositional	Deiant	Disorder	
(ODD).	Also,	37.3	%	of	children	had	a	CBCL	 total	
score in the clinical range, again, with externalizing 
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symptoms predominating. In addition, family func-
tioning	was	impaired	[44,45].	In	a	new	sample,	53%	
of children with voiding postponement had at least 
one ICD-10 diagnosis [27]. In summary, children 
with voiding postponement have highly increased 
psychiatric risks.

Systematic studies on comorbid behavioural prob-
lems in children with underactive bladder  have not 
been performed, although by clinical impression the 
rate of associated problems is high. In the original 
article, the “lazy bladder syndrome” was described 
as an acquired behaviour: it has “developed from the 
habitual neglect of the patient to empty the bladder 
on	getting	the	urge	to	micturate”	[47].	

Systematic investigations of psychological aspects 
of dysfunctional voiding  are rare. Again, in some 
children it represents an acquired habit, in others 
severe psychological disturbances are present 
[48].	 Dysfunctional	 voiding	 following	 severe	 sexu-
al abuse and deprivation as well as other familial 
stressors such as migration has been described in 
case	reports	[49].

There have been no systematic investigations of 
children with giggle incontinence . From clinical 
experience, they are highly distressed by the symp-
tom and try to avoid situations in which they might 
be forced to laugh. Social withdrawal, not going to 
parties and meeting with friends has been observed. 
It is not known if the rate of behavioural disorders is 
increased.

Regarding the other subtypes of urinary inconti -
nence , not even anecdotal data is available. 

According	to	the	Rome-III	classiication,	two	subtypes	
of faecal incontinence can be differentiated [11]:

•	Functional	constipation	(with	or	without	incontinence)

•	Non-retentive	faecal	incontinence.

1. EPIDEMIOLOGICAL STUDIES

In	the	large	ALSPAC	study	of	8242	children	aged	7-8	
years,	children	with	 faecal	 incontinence	had	signii-
cantly	increased	rates	of	separation	anxiety,	speciic	
phobias,	generalised	anxiety,	ADHD	and	ODD	(table 
6)	[50].	In	other	words,	soiling	children	show	a	com-
pletely heterogeneous pattern of both internalising 
and externalising disorders. Again, these will require 
assessment in the individual child, as they will inter-
fere with treatment of the incontinence. 

2. CLINICAL STUDIES

As many studies have used the Child Behaviour 
Check	List	(CBCL)	[51],	the	results	can	be	compared	

easily. As shown in table 4 ,	35%	to	50%	of	all	chil-
dren with faecal incontinence had a total behavioural 
score in the clinical range in this parental question-
naire.	Compared	to	the	normative	population	(10%),	
3.5	to	5	times	more	children	with	faecal	incontinence	
have total behaviour scores in the clinical range. As 
all studies were conducted in a paediatric setting, 
this rate cannot be due to selection effects of mental 
health clinics. Children with behavioural maladjust-
ment are less compliant than children without psy-
chological	disorders	(71%	vs.	38%	non-compliant)	–	
so if these behavioural problems are not addressed 
treatment	will	be	less	successful	[52].

Children with faecal incontinence and constipation 
have the same rate of behavioural scores in the clini-
cal	 range	as	children	without	constipation	(39%	vs.	
44%,	[52]	and	37%	vs.	39%,	[53]).	This	means	that	
the two major types of faecal incontinence cannot be 
differentiated according to the behavioural comorbid-
ity. More importantly, regarding the aetiology, there 
is no evidence that one type (i.e. with constipation) 
has more somatic aetiology, while the other type (i.e. 
without constipation) has a more psychogenic aeti-
ology.	There	 is	 no	 speciic	psychopathology	 typical	
for faecal incontinence: all types of behavioural and 
emotional disorders can co-exist.

Internalising	clinical	behavioural	scores	(32%)	were	
twice	as	common	as	externalizing	ones	(17%)	in	one	
study	[58].	In	others,	single	behavioural	items,	denot-
ing oppositional behaviour and attentional problems 
predominate	[53,	59].	Compared	to	controls,	children	
with	 faecal	 incontinence	 rated	 signiicantly	 higher	
regarding anxious/depressed behaviour, attentional 
dificulties	 and	 disruptive	 behaviour	 on	 the	 CBCL	
subscales. For example, the rate of children with 
attentional problems in the clinical and borderline 
range	was	6	-	7	times	higher	than	in	controls	(20%	
vs.	3%;	norms	5%)	[60].	Again,	the	heterogeneity	of	
behavioural symptoms is apparent.

Only	 few	 studies	 have	 assessed	 behavioural	 and	
emotional disorders according to standardized child 
psychiatric criteria. They also show a high general 
rate and heterogeneity of comorbid disorders. Thus, 
34%	of	41	children	with	faecal	incontinence	had	an	
emotional	 disorder,	 12%	 a	 conduct	 disorder	 and	
10%	 a	 hyperkinetic	 syndrome	 according	 to	 ICD-
criteria	 [61].	 In	another	study	of	85	highly	selected	
child psychiatric inpatients with faecal incontinence, 
83	%	fulilled	the	criteria	for	at	least	one	ICD-10-di-
agnosis.	32%	had	a	hyperkinetic	syndrome,	21%	an	
emotional	disorder	and	9%	a	conduct	disorder	[62].	
Children with faecal incontinence and urinary incon-
tinence have an even higher rate of behavioural and 
emotional disorders than children with wetting prob-
lems alone [63]. 

The co-occurrence of faecal incontinence and 
sexual abuse has been described by several 
authors	 [64].	 In	 one	 study,	 36%	of	 abused	 boys	
had	faecal	incontinence	[65],	but	other	symptoms	

IV. CLINICAL BEHAVIORAL DISOR-
DERS IN CHILDREN WITH FAECAL 

INCONTINENCE
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 Table 6: Epidemiological and clinical studies: Percentage of children with clinically relevant behavioural problems in comparison to controls and their relative risk *

Study Age 
(yrs) 

N Type of faecal incontinence Incontinent children Controls Relative risk 

Epidemiol og ical stud ies    DAWBA   

Joinson 2006 [50] 7-8 8242 Not specified Separation anxiety: 4.3% 0.8% 5.4 

    Specific phobia: 4.3% 1.0% 4.3 

    Generalised anxiety: 3.4% 0.4% 8.5 

    ADHD: 9.2% 1.9% 4.8 

    ODD: 11.9% 1.9% 6.3 

       

Clinical stud ies    CBCL Total >90th p.   

Gabel 1986 [53] 6-11 55 Not specified 49% 10.0% 4.9 

Young 1995[54] 5-17 76 Not specified 51% 10.0% 5.1 

Nolan 1991 [52] 4-16 169 Not specified 43% 10.0% 4.3 

       

Loening-Baucke 1987 [55] 6-11 38 Functional constipation 42% 10.0% 4.2 

Benninga 1994 [56] 5-17 111 Functional constipation 39% 10.0% 3.9 

Benninga 2004 [57] 5-17 135 Functional constipation 37% 10.0% 3.7 

       

Benninga 1994 [56] 5-17 50 Nonretentive faecal incontinence 44% 10.0% 4.4 

Van der Plas 1997 [58] 5-17 71 Nonretentive faecal incontinence 35% 10.0% 3.5 

Benninga 2004 [57] 5-17 56 Nonretentive faecal incontinence 39% 10.0% 3.9 
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can co-exist [66,67]. However, in a retrospective 
analysis	of	466	children	having	experienced	sex-
ual	 abuse,	 429	 children	with	 externalising	disor-
ders	 and	 641	 controls,	 the	 occurrence	 of	 faecal	
incontinence did not differ between groups (faecal 
incontinence	 in	 10.3%,	 10.5%	 and	 2%,	 respec-
tively) [68].

Subclinical behavioural signs and symptoms are 
common, understandable, adequate reactions 
towards the wetting problem and not disorders. 
Many studies have addressed the impact of wet-
ting on children. 

1. IMPACT ON CHILDREN 

Most children are distressed by enuresis. For ex-
ample,	35%	said	that	they	felt	unhappy,	25%	even	
very unhappy about wetting at night in one study 
(40	 children	 aged	 5-15	 years)[69].	 In	 a	 Finnish	
population-based	study,	156	day	and	night	wetting	
children	 (from	 3375	 7-year	 olds)	 showed	 signifi-
cant differences compared to 170 controls regard-
ing following personality traits [70]: they were more 
fitful (vs. peaceful), more fearful (vs. courageous), 
more impatient (vs. calm), more anxious (vs. does 
not worry) and had more inferiority feelings (vs. 
feels equal). In a large population-based British 
study	of	8209	children	aged	9	years,	36.7%	of	chil-
dren consider bed-wetting to be “really difficult” – 
ranking 8th behind other stressful life-events [71].

In	a	clinical	study,	70.3%	of	day	and	night	wetting	
children	aged	5	to	11	years	could	clearly	indicate	
that the wetting was of disadvantage [72]. The 
types of disadvantages or negative consequenc-
es	 were:	 social	 (I	 can‘t	 sleep	 at	 friends‘	 house,	
friends	can’t	stay	over	night	–	in	32.1%),	affective	
(I	feel	sad,	ashamed,	annoyed	–	in	16.4%),	of	iso-
lation (I feel like a baby, nobody is allowed to know 
about it, I feel different from other children – in 
6.7%),	of	sensation	(it	feels	unpleasant,	cold,	wet,	
itchy,	nasty	–	 in	32.1%)	or	referred	to	direct	con-
sequences (I have to take a shower, sleep in pam-
pers,	won’t	get	a	bicycle	–	 in	17.6%).	Only	4.9%	
reported any advantages of the wetting at all (I like 
the wet feeling, I get more attention from mother).

One	 construct	 of	 special	 importance	 is	 that	 of	
self-esteem . In one study, lower self-esteem in 
children with enuresis disappeared upon attaining 
dryness [73]. In another, global self-esteem was 
significantly lower in children with nocturnal en-
uresis	than	in	controls	[74]	and	in	yet	another,	the	
self-esteem total score was higher among enuret-
ics	 than	norms	 [75].	Therefore,	 it	was	concluded	
that there is no clear evidence that bedwetting 
leads to lower self-esteem [76] – but there can be 
no doubt that self-esteem can improve upon at-
taining	dryness	 [75].	Self-esteem	 increases	even	

if treatment of enuresis is not successful [77], 
showing that care and “good doctoring” for chil-
dren and parents is of great help – regardless of 
outcome. Recently, a focus has been on quality 
of life , which is reduced in children with urinary 
incontinence [78].

In	a	population-based	study	of	75	boys	with	 fae-
cal incontinence  were compared to 73 matched 
controls	[79].	Specifically,	encopretic	boys	showed	
higher rates of food refusal, general negativism, 
strong anxiety reactions, lack of self-insurance, 
poor tolerance to stress, both inhibited and ag-
gressive behaviour, a strong fixation to their moth-
er and difficulties in relationships. Also, children 
with faecal incontinence tended to feel less in con-
trol of positive life events and had a lower sense of 
self-esteem than children with other chronic condi-
tions [80]. However, in a more recent study, self-
esteem did not differ between children with fae-
cal incontinence and controls on the Piers-Harris 
questionnaire [81]. Although some of these sub-
clinical symptoms will diminish under successful 
treatment	[57,58],	 it	 is	not	known	which	ones	will	
persist and become chronic. 

2. IMPACT ON PARENTS

Enuresis and urinary incontinence  may be just 
as distressing for parents as for children. Gener-
ally, parents are very concerned about the welfare 
of	 their	 child.	 In	 a	 population	 based	 study,	 17%	
worried	a	great	deal	and	46%	some	or	a	little	[82].	
In one study, the greatest maternal concerns were: 
emotional impact, social relationships, smell, ex-
tra washing and financial aspects [83]. Mothers 
of children with nocturnal enuresis had a reduced 
quality of life scores (bodily pain and emotional 
role)	and	more	depressive	symptoms	[84].	

Parents also believe that their child should be dry 
at a very early age, which can induce anxiety and 
stress: the mean anticipated age of dryness was 
3.18	years	in	one	study	[85]	and	2.75	years	in	an-
other [86]. Also, many parents think that emotional 
factors are the cause of nocturnal enuresis and 
forget that they might be the effect of the wetting 
problem	instead	[85,86].

A minority of parents show an attitude that was 
described as “maternal intolerance” by Butler et 
al [83]. Convinced that their child is wetting on 
purpose, the risk for punishment is increased. The 
reported	 rates	 of	 punishment	 varied	 from	 37%	
[89],	35.8%	 [85],	23%	 [86]	 to	5.6%	 [87].	 In	other	
cultures,	punishment	is	even	more	common:	42%	
of	Turkish	children	were	spanked	and	13%	beaten	
[89].	 Chinese	 parents	 show	 a	 high	 level	 of	 par-
enting stress associated with externalising behav-
ioural	problems	or	their	child	[90].	These	parental	
attributions and experiences have to be taken into 
account in all treatment plans for enuresis, as they 
can decisively influence the outcome. 

V. SUBCLINICAL SIGNS AND SYMP-
TOMS OF WETTING CHILDREN
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Parents of children with faecal incontinence  are 
also	stressed	and	worried	the	problem	[91].	In	one	
study, children with faecal incontinence had family 
environments with less expressiveness and poorer 
organisation than controls [81]. In another study 
of	104	families,	nearly	half	(51%)	had	no	unusual	
family problems; 23 had severe and widespread 
dificulties	including	sexual	abuse;	11	families	de-
scribed	moderate	dificulties	and	18	a	single	trau-
matic	event	 [92].	 In	other	words,	 the	atmosphere	
was	warm	and	supportive	without	major	dificulties	
in at least half of the families. 

1. ASSESSMENT

a) Screening Questionnaires 

Due to this high comorbidity of psychological symp-
toms as well as disturbances, every child should be 
screened as part of the routine assessment. The 
best screening instrument is still a good history and 
careful clinical observation, which requires some 
training and experience in addition to a screening 
questionnaire, such as the Child Behavior Check 
List	 (CBCL)	 [51],	 which	 contains	 113	 empirically	
derived behavioural items. These are checked on 
a three-point scale and are formulated in simple 
wording.	From	these	items,	eight	speciic	syndrome	
scales and three general scales can be calculated.

Recently, even shorter screening instruments have 
been	derived	from	the	CBCL.	Thus,	Van	Hoecke	et	
al.	 [93]	validated	a	short	questionnaire	consisting	
of 7 items for emotional problems, 3 for attention 
problems and 3 for hyperactivity/impulsivity. This 
is an extremely useful short questionnaire both for 
clinical and research uses.

In the recent ICCS document, a general screening 
for emotional and behavioural problems in all set-
tings (paediatric, urologic, child psychiatric, etc.) with 
a validated and standardised parental behavioural 
questionnaire is recommended because of the high 
rate	of	comorbid	disorders	in	30-50%	of	children	[8].	
This can be done in two steps (short screening ques-
tionnaire	such	as	 the	SSIPPE	 [93]	irst,	 long	ques-
tionnaire next) or in one step (validated, long ques-
tionnaires such as the CBCL only). If many problem 
items are checked, a child psychological or psychiat-
ric assessment should follow. If comorbid disorders 
are present, counselling or treatment, if necessary, is 
recommended ( see igure 14).

Also, other useful questionnaires addressing spe-
ciic	 aspects	 of	 enuresis	 have	 been	 developed	
[94].	These	assess	the	subjective	views	and	attri-
butions of parents and children, such as parental 
intolerance. Another potentially useful question-
naire addresses aspects of everyday burden of 
enuresis	on	children	and	their	families	[95].	Other	
non-validated questionnaires for the assessment 

of children with all types of incontinence can be 
found	 in	 von	 Gontard	 and	 Neveus	 [9].	 For	 chil-
dren	with	 faecal	 incontinence,	 the	Virginia-Faecal	
incontinence-Constipation-Apperception	Test	(VE-
CAT), a validated, picture-based questionnaire for 
children and parents was shown to be good at dif-
ferentiating	bowel-speciic	problems	[96].	

One	 construct	 of	 special	 interest	 in	 children	with	
elimination disorders is that of self esteem. Well-
known self-esteem questionnaires include the 
Piers-Harris	Children’s	self	–	concept	scale	[97]	as	
well	as	others	[98].	Another	important	construct	is	
that	 of	 health	 related	 quality	 of	 life	 (HQOL).	This	
is a complex construct that tries to assess health 
related wellbeing in different domains of daily life. 
Generic	 HQOL	 questionnaires	 allow	 comparison	
between children with different medical disorders 
[99].	These	range	 from	short	screening	 to	 longer,	
more detailed questionnaires (such as the KINDL-
questionnaire)[101].	 Recently,	 the	 irst	 speciic	
quality of life questionnaire for children with wet-
ting problems was developed by Bower et al. [102]. 
This	has	the	advantage	that	 the	speciic,	elimina-
tion-related effects on daily life can be assessed. 
For children with faecal incontinence, a health-
related quality of life questionnaire with good psy-
chometric properties was described: the Defeca-
tion Disorder List (DDL) consists of 37 items and 
can be used in children with all types of faecal in-
continence and/or constipation [103]. 

b) Child Psychiatric Assessment

A child psychiatric assessment is a professional 
procedure with the goal of to coming to a categori-
cal decision: to see if a diagnosis, according to the 
standardised	 classiication	 schemes	 (ICD-10	 or	
DSM-IV)	is	present	in	the	child	or	not.	

The	 irst	 step	 is	 a	 detailed	 developmental,	 be-
havioural and family history in much greater de-
tail than provided in the outline in the appendix. 
The next step is to observe the child as well as 
the parent-child-interaction, followed by an active 
exploration of the child. The information gained 
from history, observation and exploration forms 
the basis of the mental state examination. This is 
a descriptive, phenomenological assessment of 
mental and behavioural signs and symptoms (for 
example:	CASCAP-D)[104].	

Questionnaires are always an essential part of 
child psychiatric assessment. They are a time-
economical way to gather information from differ-
ent informants. They can contribute towards but 
do not provide a diagnosis. Behavioural ques-
tionnaires can again be divided into general and 
speciic	 questionnaires.	 The	 best	 known,	 most	
widely used general parental questionnaire is the 
Child Behavior Check List, which has been trans-
lated	into	many	languages	(CBCL/4-18)[51].	In	the	
meantime, Achenbach and co-workers have pro-

VI. GENERAL PRINCIPLES
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Figure 14: Flow chart for assessment of psychological symptoms (subclinical) or disorders (clinical). The spe -
ciic treatment for enuresis / incontinence is the same for all children including those with symptoms requiring 
counselling, and those with disorders needing treatment [8)

duced a whole “family” of questionnaires for dif-
ferent age groups (infants, children – adolescents, 
young adults) and different informants (parents, 
teachers and for children themselves starting from 
age	11).	 In	addition,	other	speciic	questionnaires	
address circumscribed areas such as depressive 
symptoms or ADHD problems.

An intelligence test is not routinely indicated in the 
assessment of children with elimination disorders, 
as the IQ is in the normal range for most children 
with wetting, as well as soiling problems. How-
ever, the rate of elimination disorders is clearly 

increased in children with general developmental 
disorders, including those with mental and physical 
handicap	[105-107].	 If	a	 lower	 intelligence	 is	sus-
pected, one-dimensional tests (such as the CFT 
or CPM/SPM tests) or multidimensional tests such 
as the Kaufman or the Wechsler tests can be per-
formed.	 If	 speciic	 developmental	 disorders	 such	
as	dyslexia	or	dyscalculia	are	suspected,	speciic	
tests for these circumscribed disorders are indi-
cated. Disorders of speech or language (such as 
articulation, expressive and receptive speech dis-
orders) require a detailed assessment by an audi-
ologist and speech therapist. 
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Motor disorders can be assessed clinically by in-
cluding soft neurological signs in the physical ex-
amination of children or by standardized tests such 
as	the	Zurich	Motor	Tests	[108,109].	

After the diagnostic process has been completed, 
the child’s disorder is diagnosed according to stan-
dardized	 classiication	 schemes.	 The	 two	 standard	
classiication	systems	are	 the	 ICD-10	 [11],	which	 is	
widely used in Europe and in other parts of the world 
and	the	DSM-IV	[12]	employed	in	the	United	States.	

In	 child	 psychiatry,	 a	 multi-axial	 classiication	 is	
used. Six different axes denoting different domains 
are used, including:

1.  Axis: clinical psychiatric diagnosis (such as an-
orexia nervosa, depressive episodes, etc.)

2.		Axis:	speciic	developmental	disorders	(such	as	dyslexia)

3.  Axis: intelligence (such as dyslexia, speech and 
motor disorders)

4.		Axis:	 somatic	 diagnosis	 (such	 as	 epilepsy	 and	
other paediatric diagnoses)

5.		Axis:	 psychosocial	 risks	occurring	within	 the	 last	
six months (such as distorted intra-familial interac-
tion, isolated family and other stressful life events)

6.  Axis: the global severity of a disorder (ranging 
from mild incapacitation to disorders requiring 
constant supervision and guidance) 

Only	after	 the	diagnostic	process	has	been	com-
pleted and discussed with parents and children, 
should therapeutic interventions be planned. 

2. OF PSYCHOLOGICAL DISORDER

For most children with elimination disorders, a 
symptom-oriented	 approach	 is	 suficient.	 If,	 how-
ever, another, co-occurring child psychiatric disor-
der is present, additional types of treatment will be 
necessary. In these cases, a differential indication 
for therapy is mandatory. The question is: which 
treatment is most effective for this child in this fam-
ily at this moment? 

For some disorders (such as ADHD), medica-
tion plays a major role. For most others, psy-
cho-therapeutic interventions are the first-line 
treatment. There can be no doubt that psycho-
therapy in children is effective. In one of the 
best	 and	 largest	meta-analysis	 of	 150	 studies,	
Weisz et al. [110] conclude that “psychotherapy 
with young people produces positive effects of 
respectable magnitude“ (i.e. effect sizes in the 
medium	to	large	range	-	0.5	to	0.8).	It	has	been	
estimated	 that	 over	 500	different	 types	of	 psy-
chotherapies exist in the USA for children and 
adolescents	 alone	 [111].	 Of	 those	 which	 have	
been evaluated, four basic schools of psycho-
therapy can be differentiated: 

 1.  Depth psychology (or psycho-analysis), which 
addresses and works with unconscious aspects 
of the psyche; 

 2.  Client-(or child-) centred-psychotherapy, which 
focuses on the current conscious experience of 
the child and the healing aspects of their thera-
peutic relationship; 

 3.  Family therapy, which focuses on the interac-
tion between family members but not the indi-
vidual person; 

	4.		Cognitive-behavioural	 therapy,	 focussing	 on	
cognitions and observable behaviour.

Before initiating any psychotherapy, a differential 
indication	for	therapy	as	to	be	made.	The	irst	ba-
sic question should be: is treatment needed at all? 
In many cases counselling of parents and child is 
all that is required. In other cases, changes in the 
child’s environment (such as changing school) or 
help from social services can be more useful than 
psychological treatment in the narrower sense.

The modality has to be considered. Although par-
ents are nearly always included, the focus can 
be on an individual, group or family therapy. The 
intensity and duration have to be addressed: is 
a	 short	 focal	 therapy	 focussed	 on	 one	 speciic	
problem needed, or a longer more general treat-
ment? The age of the patient plays an important 
role: while older children and adolescents can be 
reached verbally, younger children require play or 
other non-verbal media in their therapy.

Psychotherapies can be combined with other 
methods, such as pharmacotherapy, but also by 
using speech, occupational, physiotherapy, mu-
sic and other types of therapies – if indicated. 
The decision should no longer be based on per-
sonal inclinations. Instead, empirically based 
“practice parameters” or “guidelines” have been 
developed in many countries. These interven-
tions are usually performed on an out-patient 
basis. Day clinic treatment can be indicated in 
more severe disorders, which require a more 
intense approach and management. Finally, in-
patient child psychiatric treatment is indicated in 
severe disorders, in which a more intense type of 
treatment is possible. 

3. UROTHERAPY

A major part of therapy of incontinence in children 
is non-pharmacological and non-surgical. The term 
urotherapy  is used in some countries. It is an um-
brella	 term	which	has	been	deined	as	a	 “type	of	
training which makes use of cortical control of the 
bladder, teaching children to recognize and em-
ploy conscious command over their lower urinary 
tract. Its main ingredients are information about 
normal	lower	urinary	tract	function	and	the	speciic	
dysfunction in the child, instruction about what to 
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do about it and support and encouragement to go 
through with the training program” [112].

Although not a psychotherapy in a narrow sense, 
it employs many psycho-therapeutical techniques 
borrowed especially from counselling and cogni-
tive-behavioural therapies. As these approaches 
have been shown to be most effective, basic prin-
ciples	and	indings	shall	be	outlined.

4. NON-SPECIFIC APPROACHES

The first step in any diagnostic and therapeuti-
cal process is to create a good  relationship with 
both	the	child	and	the	parent.	One	should	enquire	
and talk about all relevant facts, signs and symp-
toms openly. It is also important to ask about the 
subjective meanings and connotations. Next, the 
provision of information  is essential, because 
many facts are not known. It is often forgotten that 
not only parents but each child needs information, 
as well. This should be provided in words and 
concepts that a child understands and in a format 
that is attractive. Increasing motivation and alle-
viation of stress and guilt feelings are also part of 
all patient contacts.

5. COUNSELLING

Counselling  is already part of the treatment pro-
cess,	which	has	been	deined	as	 the	provision	of	
assistance and guidance in resolving personal, 
social,	or	psychological	dificulties.	For	many	chil-
dren, even with psychological disorders, counsel-
ling	 is,	 in	 fact,	 suficient.	 Sometimes,	 it	 can	 be	
helpful to enhance the verbal counselling by other 
techniques.	One	simple	technique	is	that	of	“dem-
onstration”, e.g. actively showing how an alarm 
works. In “coaching”, parents and children take an 
even more active role, e.g. they set and activate 
an alarm themselves. They can be observed and 
corrected.	Other	techniques	might	include	“model-
ling” and “role-playing”. The learning effect is much 
greater in these active forms of teaching than in 
solely verbal counselling. 

6. COGNITIVE-BEHAVIOURAL THERAPY

Cognitive-behavioural therapy (CBT) is a sub-
type of psychotherapy that has shown to be ef-
fective for many disorders. Cognitive therapy 
focuses on irrational, dysfunctional conditions, 
thoughts and beliefs. Cognitive therapy encom-
passes a whole variety of techniques such as 
“self-monitoring” (observation and registration), 
“activity scheduling” (organisation of activities) 
and “labelling” (using positive suggestive state-
ments). Behavioural therapy concentrates on ob-
servable behaviour, which it aims to modify with 
a variety of techniques. These include “classical 
conditioning” and “operant conditioning”, which 
basically means learning by success, which can 
be achieved by different strategies using positive 
or negative reinforcement. 

7. BASELINE AND OBSERVATION

Baseline  and observation  are effective tech-
niques used in cognitive-behavioural therapy. 
Children (and parents) are advised to observe a 
deined	 symptom.	 Different	 parameters	 such	 as	
frequency (how often it occurs), severity (how 
marked it is), symptomatology (in what form it oc-
curs) and in which situation (associated factors) 
can be registered, e.g. in an observation chart. 
The mere observation and registration actually has 
a therapeutic effect and many symptoms actually 
diminish if they are simply observed.

In nocturnal enuresis,  children are asked to 
fill out a calendar or chart depicting the wet and 
the dry nights symbolically for two to four weeks 
[113,114].	 These	 non-specific	 measures	 have	
been shown to be successful and are associ-
ated	 with	 fewer	 wet	 nights	 [3,115].	 In	 one	 clini-
cal	 trial,	 for	 example,	 18%	 became	 dry	 after	 an	
8-week baseline [116]. The authors of the recent 
Cochrane Review conclude that “simple methods 
could be tried as first line therapy before consid-
ering alarms or drugs, because these alternative 
treatments may be more demanding and may 
have	adverse	effects”	[3,5].	

In urgency incontinence , the cognitive aspects 
are stressed in treatment: children are asked 
to register feelings of urgency, refrain from us-
ing holding manoeuvres, to void and register 
the voiding (or any wetting) in a chart [117,118]. 
For children with voiding postponement , timed 
voiding 7 times a day and registration in a chart 
is recommended [118]. 

For all children with faecal incontinence , stool 
regulation is an essential part of treatment. 
Children are asked to sit on the toilet three 
times a day after meal-times in a relaxed mode 
for	five	to	ten	minutes	[119].	This	is	documented	
in a chart and can be reinforced positively. In 
one	 study,	 15	%	 of	 children	were	 cured	within	
six weeks by simple methods such as these 
[57].	 If constipation  is present and the large 
amount of faecal masses has accumulated, di-
simpaction has to be performed at the begin-
ning of treatment. To avoid re-accumulation of 
faecal masses, maintenance therapy with oral 
laxatives, such as polyethylenglycol (PEG) is 
recommended for at least six, and up to twenty-
four months [120]. The preferred oral laxatives 
are osmotic laxatives such as PEG. “These be-
havioural interventions when used together with 
laxative therapy may improve continence” ac-
cording to a Cochrane review of 18 RCT’s and 
1168 children [6] and other reviews [121].

8. BIOFEEDBACK

Biofeedback  has been shown to be effective in 
some elimination disorders such as dysfunctional  
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voiding 	 [122].	 It	 is	 deined	 as	 a	 variety	 of	 tech-
niques, by which physiological activity is regis-
tered, enhanced and presented to the patient in 
real time by visual and acoustical signals [122]. 
In faecal incontinence , biofeedback is no more 
effective than standard behavioural techniques in 
faecal incontinence both with [123] and without 
constipation	 [124]	 and	 is	 not	 recommended	 in	 a	
systematic Cochrane Review [6].

9. ALARM TREATMENT

Alarm treatment for nocturnal enuresis is also a type 
of cognitive behavioural therapy. It works by positive 
reinforcement, as well as aversive, negative experi-
ences and has been shown to be highly effective 
and	was	introduced	by	Mowrer	and	Mowrer	[125].	

It is the most effective form of treatment of noc-
turnal enuresis with the best long-term results 
(grade I level of evidence according to reviews 
and meta-analyses). Houts et al. [126] compiled 
a systematic review and meta-analysis on 78 ran-
domised	studies	on	nocturnal	enuresis.	62%	were	
dry	 at	 the	 end	 of	 treatment	 and	 47%	 at	 follow-
up. The authors conclude that “urine alarm treat-
ments should not only be considered the treat-
ment of choice, but the evidence from this review 
suggests that cure rather than management is a 
realistic goal for the majority of children suffering 
from nocturnal enuresis”.

Lister-Sharp	 et	 al	 [115]	 provided	 a	 systematic	
review, including only RCT’s on nocturnal enure-
sis.	The	 likelihood	 for	 14	 consecutive	 dry	 nights	
was13.3 times higher than without treatment. The 
authors conclude that “in the long term, alarm 
treatment would appear to be the most clinically 
effective, and because the cost of drug therapy, 
also the most cost effective intervention”. Mel-
lon and McGrath’s [127] compiled a systematic 
review on 70 well-controlled outcome studies. 
With	a	dryness	rate	of	77.9%,	alarm	treatment	is	
deemed clearly efficacious. A comprehensive nar-
rative review was written by Moffat [128] conclud-
ing that “all the current evidence suggests that 
conditioning gives the best long-term outcomes 
for	bed	wetters”.	Finally,	a	Cochrane	review	of	50	
RCT’s	involving	3257	children	concluded:	“Alarm	
interventions are an effective treatment for noc-
turnal enuresis. Alarms appear more effective 
than Desmopressin or tricyclics because around 
half of the children remain dry after alarm treat-
ment stops” [2]. 

Therefore, when indicated, alarm has been en-
dorsed	as	a	irst	line	treatment	by	multidisciplinary	
European	 [129],	 world-wide	 [130],	 German	 [114]	
and American child psychiatric guidelines [113], as 
well as various individual authors [131].

The effect of alarm treatment can be enhanced by 
adding additional behavioural components to the 

treatment. Programmes that include alarm in addi-
tion to other behavioural components showed fol-
lowing	general	effects:	72%	of	children	became	dry	
at	 the	 end	 of	 treatment,	 and	 56%	 remained	 so	 at	
follow-up (meta-analysis)[126], so that combina-
tions were considered as “probably effective” [127]. 

These	 speciic	 programmes	 including	 alarm	 are	
all essentially cognitive-behavioural techniques. 
Arousal training  is a simply and easily performed 
[132,133]. Children are instructed to turn off the 
alarm within three minutes, go to the toilet and reset 
the alarm. This goal is reinforced positively with two 
tokens. If the goal is not reached, one token has to 
be	returned.	The	initial	success	rate	(89	%)	and	the	
rate	of	dryness	after	2	½	years	(92	%)	were	higher	
than	with	 alarm	 treatment	 alone	 (73	%	 and	 72	%	
respectively) [132]. 

Dry Bed Training  is a complicated program 
starting with an intensive night and maintenance 
treatment and using positive, as well as negative 
reinforcers	[134].	Despite	high	success	rates	re-
ported	in	early	studies	[134],	recent	meta	analy-
sis have shown that DBT is no more effective 
than	alarm	treatment	alone	[115].	The	likelihood	
to	attain	14	consecutive	dry	nights	was	10	times	
higher than in controls without treatment – but 
not different from alarm treatment alone. Also, 
alarm is the most important component of DBT. 
DBT	without	alarm	showed	only	a	2.5	times	high-
er likelihood of attaining dryness than controls. 
The relapse rates were not improved by DBT 
compared	 to	 alarm	 treatment	 alone	 [115].	As	 it	
is a cumbersome treatment, it nowadays it is re-
served for children and especially adolescents 
with therapy-resistant nocturnal enuresis, as it 
“may augment the effect of an alarm” and “might 
reduce the relapse rate” [3]. Thus, Hirasing et al. 
[30] could show that behavioural problems were 
reduced in children with persistent nocturnal en-
uresis treated with DBT.

Other	 programmes	 include	 the Full spectrum 
home treatment. This is a combination package 
including a written contract, full arousal, over-
learning and bladder retention exercises [126]. 
78.5%	of	 children	became	dry	 in	2	 studies	 [127],	
but the alarm exerts the main effect [3]. Over-
learning  is a relapse prevention programme: after 
attaining	 dryness,	 increasing	 luids	 are	 given	 be-
fore	 sleep	 to	 stabilise	 the	achieved	effects	 [135].	
The	relapse	rate	could	be	reduced	from	20-40%	to	
10%	through	this	“provocation	method”.

Finally, alarm treatment can be combined with 
pharmacotherapy , although the evidence for 
combination treatment is conflicting. The com-
bination of desmopressin  and alarm treatment 
has	been	 reported	 in	several	studies	 [136-139].	
The combination with anticholinergics  plays an 
important part in clinical practice, but has not 
been investigated systematically.
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This review summarised the most important psy-
chological aspects in children with enuresis, uri-
nary incontinence and faecal incontinence. 

The rate of comorbid clinical behavioural disor-
ders is increased. Children with urinary inconti-
nence are more affected than those with nocturnal 
enuresis. Children with secondary and non-mono-
symptomatic nocturnal enuresis have especially 
high rates of comorbid psychological disorders. 
The most common single diagnosis is ADHD.

Children with daytime wetting have mainly exter-
nalising behavioural disorders. Children with ur-
gency incontinence have a low comorbidity, those 
with voiding postponement are characterised by 
oppositional behaviour. Children with faecal in-
continence have the highest rate of associated 
disorders – both internalising and externalising. 

These disorders will not disappear upon attain-
ing dryness. They have to be addressed, as they 
will interfere with the incontinence therapy due 
to low compliance.

Even if comorbid disorders are not present, chil-
dren and parents are highly stressed by the in-
continence. These subclinical symptoms will often 
recede upon successful treatment.

Questionnaires are useful as screening instru-
ments in the assessment process. It is recom-
mended that questionnaires are used as a general 
screening procedure for emotional and behav-
ioural problems routinely in all settings (8]. If a 
psychological disorder is suspected, a full child 
psychiatric assessment and subsequent treatment 
is needed. The basic principles, including those 
of psychotherapy, are outlined. Psychotherapeu-
tic techniques are used in urotherapy, especially 
cognitive-behavioural elements. Non-pharma-
cological and non-surgical techniques are most 
effective for most forms of incontinence based 
on systematic reviews. Therefore, it is important 
that psychological aspects are integrated into the 
treatment of children with incontinence problems. 
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Neurologic Urinary and Faecal
Incontinence

m.J. drAKe

A. Apostolidis, A. emmAnuel, J. GAJewsKi, s.c.w. HArrison,

J. HeesAKKers,G. lemAcK, H. mAdersbAcHer, J. pAnicKer, p. rAdziszewsKi, 

r. sAKAKibArA, J.-J. wyndAele

This chapter deals with neurologic urinary and faecal 
incontinence; it draws on previous ICI reports, and 
complements information in other ICI chapters. In de-
veloping the content, literature searches were under-
taken with the keywords; “neurologic”, neurogenic”, 
“bladder”, “bowel”, “lower urinary tract”, “anorectal”, 
“incontinence “, “continence”, “urinary”, “faecal”, 
“paralysis”, “dysfunction”, “retention”, “constipation”. 
Searches	 for	 speciic	 neurologic	 diseases	 (section	
E) were undertaken, looking into selected neurologi-
cal diseases of particular relevance to neurourology, 
comprising the more prevalent or more challenging 
in terms of incontinence diagnosis and treatment. 

 

Continence relates to reservoir functions of the blad-
der and rectum, and closure of their respective outlets 
by	 contraction	of	 smooth	muscle	 (bladder	 neck	and	
internal bowel sphincter) and striated muscle urethral 
and anal sphincters. Expulsion requires relaxation of 
these latter structures, and contraction of the muscu-
lature of the respective reservoirs, to permit a physi-
ological	relex	evacuation	of	urine	or	faeces.

The	 lower	urinary	 tract	 (LUT)	and	 the	 lower	bowel	
tract	(LBT)	are	interrelated	structures.	Embryologi-
cally, bladder and rectum originate from the same 
basic structure, the cloaca [1]. Anatomically both 
viscera lie in close proximity to each other, and to 
the	muscular	structures	of	the	pelvic	loor.	Both	are	
innervated	by	autonomic	and	somatic	nerves,	 (Ta-
ble 1 ) and have similar principles of central control 
[2,	 3].	The	 LBT	 differs	 from	 the	 bladder	 in	 having	
an enteric nervous system [4]. Interactions between 
the two organ systems are increasingly recognised, 
and their activity is co-ordinated. Voiding can occur 
without defecation [5], and the initiation of micturi-
tion often precedes that of defecation, even if both 
organs	are	considered	equally	full	[6].	The	illing	sta-
tus	of	the	bladder	inluences	sensation	in	the	rectum	
and vice versa [7], and the potential for mutual in-
luence	 in	pathology	 is	emerging	 [8].	Nonetheless,	
little information is available on co-ordination of both 
functions in patients with neurological pathology. 

A. Introduction

The evidence base

Neurogenic	lower	urinary	tract	dysfunction	(NLUTD)	
is a term that applies to an extraordinarily diverse 
spectrum of clinical conditions. This heterogene-
ity can be appreciated by considering the different 
challenges faced by the infant born with myelome-
ningocoele and the elderly patient with dementia-
associated incontinence. Some order can be im-
posed by grouping conditions based on their cause 
and	site	of	impact	on	the	neuraxis	(see table 2 ) [9]. 

Historical data demonstrates that the management 
of	NLUTD	has	made	huge	advances	over	 the	 last	
century, largely based on a trial and error approach 
and the dissemination of expert opinion [10]. Im-
proved outcomes for patients were the result of the 
development of a urodynamic-based understand-
ing of pathophysiology, the introduction of effective 
treatments to allow safe and reliable urine storage 
and intermittent catheterisation, the advent of more 
effective antibiotics and the development of better 
catheters and appliances. However, the historical 
approach	 is	accompanied	by	signiicant	problems.	
Dangerous	or	ineffective	treatments	can	be	trialled	
out-with an appropriate ethical framework and suc-
cessful therapies can be slow to be introduced 
because their proponents may not convince their 
peers of the merits of the new treatment.

There is an inherent risk when an area of clinical 
practice has not been accompanied by a culture of 
high	quality	scientiic	research,	and	where	the	data	
which is available is used uncritically. For example, 
there has long been concern that management of 
NLUTD	 by	 indwelling	 catheter	 drainage	 results	 in	
excessive	morbidity	and,	at	irst	glance,	published	
data on complication rates between different blad-
der	management	systems	would	appear	to	conirm	
that catheters are damaging to upper urinary tract 
function. However, this is based on cross-sectional 
data; such studies do not effectively take into ac-
count the preceding bladder management methods, 
the inability to randomise to different management 
approaches, and that catheters are typically used 
as a last resort in patients who have already de-
veloped problems with their urinary tracts [11]. 
Prospective longitudinal evaluation accounting for 
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antecedent bladder management actually indicates 
that indwelling catheterisation is protective for the 
upper urinary tract [12].

The	extensive	evidence	base	concerning	NLUTD	is	
clearly demonstrated by the content of this chapter, 
but much of the evidence is contained in reports of 
studies which fail to meet contemporary standards 
for high quality evidence. How then should the clini-
cal community respond to the challenge of improv-
ing	the	scientiic	foundations	of	our	care	for	patients	
with	NLUTD?

There are many aspects of modern management 
of	 NLUTD	which	 will	 never	 be	 tested	 in	 deinitive	
clinical trials because they appear to be of self-ev-
ident value. As a result, no trial could be conduct-
ed because the hypothesis that was to be tested 
would lack equipoise. For example, it would be im-
possible to conduct a trial that randomised spinal 
cord-injured patients between urodynamic-led and 
clinical-led treatment planning. However, that does 
not preclude the need to question these standard 
approaches. For example, such a study could be 
conducted in the context of multiple sclerosis where 
different approaches have been advocated [13, 14].

Despite	the	dificulties	of	conducting	high	quality	tri-
als	 in	 the	ield	of	NLUTD,	 there	are	an	 increasing	

number of studies that demonstrate the feasibility 
of	such	studies.	Large,	 industry-sponsored	studies	
have been conducted and are capable of providing 
near-deinitive	data	on	 important	clinical	questions	
[15, 16]. However, even where high-quality data ex-
ists for some patient groups, there may be little or 
no data for others; spinal cord-injured and multiple 
sclerosis patients have been shown to respond to 
intra-detrusor injections of botulinum neurotoxin A 
but there is a dearth of data on patients with neu-
rogenic	detrusor	overactivity	 (DO)	due	 to	 intracra-
nial conditions. Extrapolation from one condition to 
another is inevitably going to be needed but would 
be aided by even small, well-conceived trials that 
looked at patients with less common conditions.

There are a large number of interventions that have 
only been assessed by low quality methodologies, 
typically uncontrolled case-series. In some cases, 
such	as	that	of	the	artiicial	urinary	sphincter,	there	
is	 suficient	 data	 on	which	 to	 base	 an	 evaluation,	
whereas other procedures still await a more com-
plete assessment; the majority of alternative opera-
tions used to treat neurogenic stress incontinence 
fall in this category.

Finally, there is the question of how to evaluate new 
investigative	and	treatment	 techniques.	Drug	thera-
pies are tightly controlled by regulatory authorities but 

 Sympathe tic T10-L1 Par asympathe tic S2-4 Somatic S3-5 

Bladder - +  
Bladder neck + -  

External urethra l sph incter exp exp + 
Bowel  +  
Interna l anal sph incter + -  

Externa l anal sph incter exp exp + 
Pelvic  floor   + 

Table 1: Overview of function of the abdominal sympathetic, the pelvic parasympathetic and somatic 
nerves in the LUT and LBT

Table 2: Categorisation of neurological lesions according to time of onset, clinical course and CNS loca -
tion, with example conditions

Exp= only suggested in animal experiments, no deinite clinical evidence

*Conditions that can arise in more than one region of the CNS

Brain and 
brainstem 

Sacral spinal 
cord
Subsacral 

Suprasacral 
spinal cord 

Cerebral palsy

Hereditary spastic parapa-
resis, Spinal dysraphism*

Spinal dysraphism, Sacral 
agenesis, Ano-rectal anomaly
Spinal dysraphism, Familial 
dysautonomia

Stroke, Head injury

Trauma

Conus injury

Cauda equina injury, 
Pelvic nerve injury 

Multiple sclerosis,* Parkinson’s disease, 
Dementia, Multiple System Atrophy*

Congenital and perinatal 
lesions

Acquired, stable 
conditions

Acquired, progressive conditions

Multiple sclerosis*, Spondylosis 
with myelopathy

Tumour

Tumour, Peripheral neuropathy 
(e.g.  diabetic)
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it is common for drugs to be extensively investigated 
in the non-neurogenic population but not in patients 
with	NLUTD.	It	is	to	be	hoped	that	tighter	regulation	
and	the	demonstration	that	NLUTD	trials	are	feasible	
will encourage drug evaluation in this patient group. 
For devices and surgical procedures, regulation is 
less tight and it is therefore for the clinical body to 
resist the premature introduction of techniques that 
lack an appropriate evidence base. There is a need 
for multi-centre cooperation in clinical trials that are 
designed	to	look,	not	only	at	short-term	clinical	efi-
cacy, but also at long term results, complications and 
cost-effectiveness of new interventions.

With a neurologic lesion the type of dysfunction that 
follows	in	LUT	and	LBT	will	depend	on	the	site,	the	
extent and the evolution of the lesion. Traditionally 
neurourological pathology has been divided into the 
upper	motor	 neurone	 lesions	 (UMNL),	 comprising	
suprapontine	 (cerebral)	 and	 suprasacral	 (brain-
stem, and spinal cord); and lower motor neurone 
lesions	 (LMNL),	 comprising	 sacral	 and	 subsacral	
(cauda	equina	and	peripheral	nerve).	Brainstem	le-
sions are rarely compatible with more than short-
term survival, so they are only infrequently encoun-
tered in neurourological practice. 

Patients with lesions above the pons usually continue 
to	have	relex	contractions	of	the	detrusor.	However,	
they may lose one or more of the cerebral contribu-
tions	 to	LUT	and	bowel	 function,	 such	as	volitional	
control over timing of emptying, inhibition of reser-
voir	 (bladder,	 rectum)	 contractility,	 conscious	 illing	
and emptying sensations and some integration func-
tions with other organ systems. This is the case in 
brain lesions, such as stroke, head injury, etc., which 
mostly	continue	to	have	a	normal	synergic	LUT	func-
tion. However these patients may purposely increase 
sphincter activity during an overactive detrusor con-
traction [1] to prevent urinary incontinence which 
would otherwise occur. This has been termed “pseu-
do-dyssynergia”	because	 it	 is	dificult	 to	distinguish	
from	true	detrusor	sphincter	dyssynergia	(DSD)	on	a	
urodynamic	record.	Nonetheless,	in	suprapontine	le-
sions, sphincter activity is synergic with the bladder. 
Urinary	 incontinence	 in	suprapontine	 lesions	 is	due	
to bladder overactivity [2], or due to disinhibition of 
the	micturition	relex	(enuresis).

Isolated pontine lesions are rare and most often oc-
cur in the setting of a neoplasm or vascular event. 
Urinary	 retention	 was	 described	 in	 children	 with 

pontine tumours [3] and case histories have been 
described of patients with retention and focal pon-
tine lesions [4-7]. Amongst patients with brainstem 
stroke, it was dorsally situated lesions that resulted 
in	 lower	 urinary	 tract	 dysfunction	 [8].	 Proximity	 of	
the medial longitudinal fasciculus to the pontine 
micturition centre means that a disorder of eye 
movements, such as internuclear ophthalmoplegia, 
is highly likely in patients with pontine pathology 
causing voiding disorders [9]. 

When a lesion is located below the pons in the spi-
nal	cord	(or	medulla	oblongata),	DSD	is	a	common	
inding.	Incontinence	may	still	be	caused	by	detru-
sor overactivity, but can be accompanied by reten-
tion	due	to	the	DSD.	For	lesions	above	T6	where	the	
isolated spinal cord below the injury level remains 
viable, an additional feature can be autonomic dys-
relexia.	This	is	a	severe,	potentially	life-threatening,	
rise in blood pressure precipitated by stimulation in 
the part of the body supplied by the autonomous 
distal spinal cord [10]. Clinically, it is characterised 
by headache, bardycardia, hypertension, and al-
tered	cutaneous	bloodlow	(vasoconstriction	 in	 the	
skin below the level of SCI, vasodilation above). 

A spinal cord lesion above the lumbosacral cord 
level eliminates voluntary and supraspinal control of 
micturition,	leading	to	DO	mediated	by	spinal	relex	
pathways.	The	 relex	bladder	 function	 is	 thus	very	
different	from	normal;	(1)	 it	 involves	different	affer-
ent	ibres	(experiments	 in	cat	 indicate	the	relevant	
afferents	are	the	C-ibres	)	[11],	(2)	bladder	contrac-
tions	are	poorly	sustained,	(3)	the	urethra	and	blad-
der	 become	 dyssynergic,	 and	 (4)	 previously	 irrel-
evant	stimuli	 inluence	 the	bladder	and/or	external	
sphincter activity. Voluntary inhibition of the mictu-
rition	relex	 is	 lost,	 though	some	consciousness	of	
bladder	 sensation	may	 be	 still	 be	 present.	 Of	 the	
269 patients with suprasacral spinal cord injuries 
investigated by Weld et al., 12.3 % had no dyssyn-
ergia,	7.4	%	had	intermittent	and	80.3	%	continuous	
DSD.	There	was	no	signiicant	association	between	
the	speciic	level	of	lesion	and	the	DSD	type.	Blai-
vas found that 64.9% of patients with suprasacral 
lesions	 demonstrated	 detrusor	 overactivity	 and/or	
DSD,	41.8	%	had	low	bladder	compliance	and	40	%	
had	high	detrusor	leak	point	pressure.	DSD	causes	
a	functional	outlow	obstruction;	the	clinical	 impact	
is impaired voiding, with elevated residual urine, 
sometimes also prolonged detrusor contractions, 
structural bladder damage and vesico-ureteric re-
lux.	When	combined	with	recurrent	urinary	tract	in-
fections, renal failure may result. This is more com-
mon	with	 continuous	 than	 intermittent	 DSD.	More	
than half of men develop urological complication.

After	 spinal	 cord	 injury,	mechano-sensitive	C-ibre	
afferents mediate the abnormal sacral segmental 

B. Pathophysiology

I. SUPRAPONTINE LESIONS

III. SUPRASACRAL SPINAL CORD 
LESIONS 

II. PONTINE LESIONS
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bladder	relex.	The	mechanism	of	this	change	from	
chemo-sensitivity	to	mechano-sensitivity	of	C-ibres	
is unclear. In animal models, afferent neurons inner-
vating the bladder increase in size, a change pre-
vented by urinary diversion, perhaps mediated by 
nerve	growth	factor	(NGF).There	is	also	a	change	in	
excitability, mediated by a shift in expression of so-
dium channels from high threshold to low threshold 
sensitive channels.

The intermediolateral nucleus is the part of the spi-
nal cord containing the nuclei of the autonomic ner-
vous	 system	 (ANS).	 In	 the	 sacral	 spinal	 cord,	 the	
intermediolateral nucleus is parasympathetic, and 
damage to the nucleus renders the detrusor are-
lexic.	Resulting	retention	of	urine	can	cause	incon-
tinence	 (formerly	 termed	 overlow	 incontinence).	
Sensation	 can	 be	 impaired	 as	well,	 affecting	 LUT	
illing	 sensations,	 and	 urethral	 sensation	 of	 urine	
low	during	voiding.	Constipation	occurs	due	to	loss	
of spinal-cord mediated, though the myenteric plex-
uses of the enteric nervous system can continue to 
generate segmental colonic peristalsis. 

Onuf’s	nucleus,	located	medially	in	the	ventral	horn	
of	the	sacral	spinal	cord,	is	a	mixed	autonomic/	so-
matic nucleus containing the motor nuclei for the 
external	 sphincters	 of	 the	 LUT	 and	 LBT.	 Damage	
to	 this	 structure	affects	 sphincters	 (and	some	pel-
vic	loor	musculature),	and	thus	stress	incontinence	
may result. If the pudendal nerve is also impaired, 
there	is	an	increased	risk	for	incontinence.	Loss	of	
function of the puborectalis muscles leads to reduc-
tion of the rectal angle. 

The same effects as seen with lesions of the conus 
medullaris can result from lesions of the subsacral 
nerves	(the	cauda	equina,	or	the	peripheral	nerves-	
including	 the	 pudendal	 nerves).	 Both	 parasympa-
thetic and somatic motor function will potentially be 
impaired;	the	detrusor	can	be	underactive	or	laccid	
and the external sphincter can be paralyzed. These 
lesions	can	also	cause	a	variety	of	sensory	deicits.	
Some pain sensation can be retained because of in-
tact sympathetic hypogastric nerves [3], which enter 
the spinal cord in thoracic roots. The bladder neck 
normally can function independently of the external 
sphincter, for example closing the sphincter is open 
at the time of ejaculation in men, while the bladder 
neck should be closed. Since it is predominantly 
innervated by sympathetic pathways, it can retain 
some function in sacral injury. If there is extensive 
autonomic damage, the bladder neck remains open; 
this will lead to retrograde ejaculation if ejaculatory 
function is preserved. 

NLUTD	may	be	caused	by	a	variety	of	neurological	
diseases	and/or	events	affecting	the	various	parts	of	
the	nervous	systems	controlling	the	LUT.	The	resul-
tant dysfunction depends grossly on the location, ex-
tent, and nature of the causative neurological lesion 
or	lesions.	Overall	prevalence	estimates	for	NLUTD	
in the general population are scarce, but data are 
available on the prevalence of the underlying con-
ditions and, in some cases, the relative risk for the 
development	of	NLUTD.	It	is	important	to	realise	that	
most of these data show a very wide range of preva-
lence	igures,	due	 to	 low	 level	of	evidence	 in	most	
published data and smaller sample sizes.

A Pubmed search was conducted, using the publica-
tion	range	from	2008	until	2011	with	search	words-	
epidemiology, neurogenic bladder, neurologic in-
continence, neurologic patients, and prevalence, 
as	well	as	using	the	speciic	neurological	conditions	
noted	 in	 the	discussion	below.	 In	general,	 speciic	
disease states were reported in retrospective analy-
ses,	 with	 the	 prevalence	 of	 symptoms	 and/or	 ab-
normal	 physiological	 indings	 in	 those	 populations	
typically	 highlighted.	Only	 rarely	were	multi-centre	
studies	conducted	and/or	prospective	analyses	per-
formed. Thus, in general, the cohorts studied are 
small, and the prevalence estimates are typically 
based on patients referred for the assessment of 
LUTS.	Applying	the	prevalence	estimates	to	an	af-
fected	group	of	neurological	patients	 (who	may	or	
may	not	have	NLUTD)	therefore	may	not	always	be	
appropriate due to the manner in which most of the 
data are reported, and due to the possible coexis-
tence of other anatomical or functional abnormali-
ties unrelated to the neurological lesion. 

1.  NEUROLOGICAL LESION BY DISEASE LO -
CATION

a) Diseases Affecting Brain/Brainstem

Brain tumours 	 Brain	 tumours	 can	 cause	 NLUTD	
in up to 24% of the patients [1]. Case reports and 
small series note the development of urinary reten-
tion	and	other	LUTS	in	patients	with	pontine	glioma,	
metastatic oligodendrioma, as well as other lesions 
[2-5]. In a series of patients with brain tumours void-
ing	dificulty	was	 reported	 in	46/152	 (30	%)	of	pa-
tients with tumours in the posterior fossa, while uri-
nary	incontinence	occurred	only	in	3	(1.9	%),	though	
urodynamic data are largely lacking.

Dementia 	 One	 cannot	 easily	 distinguish	 LUTS	
caused by age-related changes of the bladder or 
other lower urinary tract pathology from that due 

IV. SACRAL (CONUS MEDULLARIS) 
LESIONS

I. EPIDEMIOLOGY

V. SUBSACRAL LESIONS (CAUDA 
EQUINA OR PERIPHERAL NERVES) 

C. Neurological urinary 
incontinence
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to dementia [6]. Therefore the true prevalence of 
LUTS	caused	by	dementia	is	dificult	to	estimate.	It	
has been shown that in geriatric patients with de-
mentia, incontinence is much more frequent than 
in	non-dementia	patients	 [7-8].	Additionally,	Lewy	
body	 dementia	 (LBD),	 Binswanger,	 Nasu-Hakola	
and Pick diseases have all been associated with 
NLUTD	 [9-13].	 One	 recent	 study	 found	 that	 pa-
tients	 with	 LBD	 were	 much	 more	 likely	 to	 have	
urge	incontinence	(53%)	compared	to	Parkinson’s	
disease	(PD;	27%)	and	Alzheimer	’s	disease	(AD;	
12%). With the exception of detrusor overactivity, 
which	was	much	higher	in	patients	with	LBD	(92%),	
all other urodynamic parameters were similar be-
tween	groups	and	similar	 to	expected	indings	for	
this age group [14]. 

With	regard	to	AD,	the	occurrence	of	incontinence	
is	 reported	 to	be	between	23%	and	48%	 [15-16].	
The onset of incontinence usually correlates with 
disease progression, and a male to female ratio 
of dementia-related incontinence was reported to 
be 1:15 [17]. 

 Mental Retardation Assessing 	LUTS	in	the	setting	
of	mental	retardation	is	often	dificult	due	to	signii-
cant	cognitive	impairment.	A	NLUTD	prevalence	of	
12 % -65 % has been described, which has been 
shown to vary with the severity of mental retardation 
[18-19].	A	recent	case	control	study	of	children	with	
mental retardation noted a much higher prevalence 
of	 voiding	 dysfunction	 (35.2%)	when	 compared	 to	
age	matched	controls	(8.3%),	and	similarly,	a	high-
er prevalence of incontinence [20]. Similarly, adults 
with severe intellectual disability due to mental re-
tardation appear to be at greater risk for carrying a 
PVR	>	150	ml	than	those	with	lesser	disability	[21].

Cerebral Palsy  A	study	of	97	children	 (mean	age	
8)	with	cerebral	palsy,	who	were	not	necessarily	re-
ferred for urological evaluation, found a prevalence 
of	NLUTD	of	61%	and	incontinence	of	44%.	In	other	
populations,	LUTD	has	been	reported	in	30	–	40	%	
of patients [22-24]. 

 Normal pressure hydrocephalus (NPH)  Case re-
ports	have	indicated	the	presence	of	NLUTD	in	pa-
tients	with	NPH	[25-27]	A	recent	study	of	42	patients	
with	 idiopathic	NPH	 reported	 urinary	 symptoms	 in	
93%	of	patients	(storage	symptoms	more	common	
than voiding), and detrusor overactivity was noted 
urodynamically	in	95%	[28].	

 Basal Ganglia Pathology – Parkinson’s Disease 
(PD), Huntington, Shy-Drager, Multiple System 
Atrophy Parkinson’s disease  is accompanied by 
NLUTD	 in	 37.9-70%	 [29-31].	 Progressive	 neuro-
logical disability has been associated with greater 
voiding	dysfunction	 in	patients	with	PD	[32].	While	
there is some disagreement as to whether NLUTD	
is	 independently	 associated	 with	 PD	 progression	
versus expected age-related pathology, consensus 
indicates a higher prevalence of symptoms and uro-

dynamic	disturbances	in	patients	with	PD.	Control-
based	studies	noted	a	prevalence	of	LUTS	of	27-
63.9%	using	LUT	symptom	questionnaires	[33-38].

NLUTD	is	extremely	common	in	patients	with	Shy-
Drager	syndrome	(one	form	of	Multiple	System	At-
rophy) [31] while incontinence is present in up to 73 
%	[34].	LUTS	appear	to	occur	earlier	in	the	course	
of	MSA	when	compared	 to	PD	 [39].Indolent	LUTS	
may	 arise	 in	 young	men	with	 PD,	 even	with	 rela-
tively	minor	 neurological	 impairment	 [37].	Urethral	
dysfunction appears to be common in patients with 
MSA,	with	an	open	bladder	neck	at	 rest	noted	on	
VUDS,	and	external	sphincter	denervation.

Cerebrovascular Accident (CVA)  CVA causes 
NLUTD	in	20-50%	of	patients	[40-41]	with	decreasing	
prevalence	in	the	post-insult	period	[42].	Over	half	of	
patients	report	persistent	LUTS	at	3	months	following	
a CVA [43] and, without proper treatment, symptoms 
such as incontinence remain in 20-30% at 6 months. 
[44].	The	most	common	urodynamic	inding	is	detru-
sor overactivity, with sphincteric dysfunction relatively 
uncommon [45-50].

Location	 of	 the	 CVA	may	 impact	 the	 likelihood	 of	
LUTD.	 Sakakibara	 et	 al.	 [51]	 reported	 the	 urinary	
symptoms of 39 patients who had brainstem strokes. 
Almost half the patients had urinary symptoms; noc-
turia	and	voiding	dificulty	were	seen	 in	28	%,	uri-
nary retention in 21 % and urinary incontinence in 
8	%.	The	side	of	the	stroke	(dominant	hemisphere,	
non-dominant, bilateral) does not appear to affect 
the	likelihood	of	developing	NLUTD	[52].

Traumatic Brain Injury  Traumatic brain injury can 
cause	signiicant	NLUTD.	In	a	study	of	57	patients,	
the majority [30] had symptoms of overactive blad-
der.	Urodynamically,	49%	were	found	to	have	DO,	
while	 32%	 had	 detrusor	 underactivity.	 DO	 was	
found to be associated with the presence of right 
hemispheric damage, while impaired contractility 
was associated with left hemispheric damage [53]. 

b) Diseases of the spinal cord

 Demyelinating lesions - multiple sclerosis (ms), 
transverse myelitis (tm)  Multiple	 sclerosis	 causes	
NLUTD	in	50-90%	of	the	patients	[54-57].	DO	(mean	
65%),	DSD	(35%),	and	detrusor	underactivity	 (25%)	
are	the	most	common	urodynamic	indings	[58].	There	
is	 a	 very	 high	 likelihood	 of	NLUTD	when	 pyramidal	
dysfunction	has	been	diagnosed	neurologically	 (and	
progressive gait abnormalities noted on exam). With 
regard to symptoms, urgency, urgency incontinence, 
and	 impaired	 bladder	 emptying/	 voiding	 dysfunc-
tion are the most common reported. Though contro-
versial,	MS	severity	based	on	EDSS	 (extended	dis-
ability symptom score) does appear to correlate with 
LUTS	overall	[59].	It	is	uncommon	for	LUTS	to	be	the	
presenting	symptom	in	MS	(2-	12%	of	 the	patients),	
though this may be as high as 34 % depending on the 
method	of	symptom	assessment	[60].	Upper	tract	im-
pairment	is	relatively	uncommon	in	MS,	perhaps	ow-
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ing to the fact that detrusor pressures do not appear 
to be markedly increased, even among patients with 
DSD	[61,62].	

Spinal Cord Lesions Spinal cord lesions can 
be traumatic, vascular, medical, or congenital.  
Traumatic	spinal	 cord	 injury	 (SCI)	occurs	with	an	
incidence	of	10.4	to	83	per	million	inhabitants	per	
year and a prevalence of 223-755 per million in-
habitants worldwide, with a male to female ratio 
of	3.8:1,	and	mean	age	of	 injury	of	33	 [63].	Most	
patients	 will	 develop	 NLUTD	 [64].	 The	 nature	 of	
detrusor and sphincteric dysfunction depends on 
the location and completeness of the lesion, with 
suprasacral	 lesions	 typically	 associated	 with	 DO	
and	DSD,	while	those	with	lower	level	lesions	most	
commonly have detrusor underactivity and a com-
petent sphincter [64]. Patients with lesions at T10 
and	below	have	an	increased	likelihood	of	signii-
cant sphincteric incompetence which can result in 
troublesome	 stress	 urinary	 incontinence.	 Mainte-
nance of low intravesical pressures remains a cor-
nerstone of management, in efforts to reduce the 
risk of long term upper tract sequelae [65].

For spina bifida and other congenital nerve tube 
defects,	the	prevalence	in	the	UK	is	8-9	per	10,000	
aged 10-69 years with the greatest prevalence in 
the	 age	 group	 25-29	 years	 [66].	 In	 the	 USA	 the	
incidence is 1 per 1000 births [67]. The preva-
lence	 of	 NLUTD	 in	 patients	 with	 myelomeningo-
cele has been estimated to be as high as 90% 
-97%	[68].	About	50%	of	 these	children	will	have	
DSD,	 though	combination	defects	 -	 detrusor	and	
sphincteric	 dysfunction	 (either	 incompetence	 or	
dyssynergia) are quite common [69-70]. Indeed, 
the unpredictability of urodynamic findings, often 
severe	 ones,	 is	 substantial.	 Risk	 of	 upper	 tract	
damage and incontinence may be life-long, and 
ongoing surveillance with urodynamics and renal 
imaging is typically recommended, particularly in 
symptomatic patients.

Disc Disease 	Disc	disease,	such	as	prolapsed	in-
tervertebral	disc,	may	cause	NLUTD	in	28-87%	of	
the patients [71-72]. Importantly, data suggesting 
that	NLUTD	is	clearly	reversed	following	surgical	
intervention for disc disease is lacking, in most 
cases, with the exception of patients who develop 
cauda equina syndrome. Cauda equina due to 
central lumbar disc prolapse has been reported 
to be relatively rare, the incidence being from 1 
to	5%	of	all	prolapsed	lumbar	disc	[73-80].	In	this	
instance, surgical intervention is frequently effec-
tive at restoring normal voiding and eliminating 
incontinence	[81].

Spinal Stenosis And Spine Surgery  About 50 % 
of the patients seeking help for intractable leg pain 
due	to	spinal	stenosis	report	LUTS,	such	as	sense	
of incomplete bladder emptying, urinary hesitancy, 
incontinence, nocturia or urinary tract infections 

[82].	When	evaluated	urodynamically,	nearly	75%	
of	 patients	 may	 be	 found	 to	 have	 LUTD,	 though	
this is often an older population with coexisting 
anatomical	abnormalities	that	could	contribute	[83-
85].	 Surgical	 intervention	 for	 stenosis	 has	 been	
shown to improve certain urodynamic parameters 
(capacity,	low	rate,	residual	volume)	while	not	af-
fecting	others	(detrusor	pressure	at	maximum	low,	
compliance).	[86].

Spinal surgery itself has been associated with the 
development	of	LUTD	(most	commonly	retention)	in	
38%-60%	of	patients,	depending	on	the	complexity	
of	the	surgical	intervention	[87-88].

c) Peripheral nerve problems

Diabetes 	 Diabetes	 mellitus	 has	 a	 prevalence	
of	 1-6%	 in	 the	 United	 States,	 depending	 on	 the	
specific criteria utilized to identify the disease. 
Overall,	up	to	59%	of	diabetic	patients	will	 report	
urinary symptoms, while 75-100% of those with 
evidence of peripheral neuropathy will develop 
NLUTD	[89,90].	The	classic	“diabetic	cystopathy”	
(impaired	 bladder	 sensation,	 increased	 capacity,	
ultimately increased post void residual) has been 
estimated	 to	 occur	 in	 43%	 to	 87%	 of	 insulin-de-
pendent diabetics, with no sex or age differences, 
[91], though typically, severely impaired blad-
der emptying is thought to occur in patients with 
more long-standing poorly controlled diabetes. It 
is also described in about 25% of diabetic patients 
on	oral	hypoglycemic	treatment	[92].	More	recent	
urodynamic studies have noted a spectrum of find-
ings	 in	 DM;	 those	 presenting	 relatively	 late	 with	
severe	LUTS	have	a	higher	likelihood	of	impaired	
bladder sensation, detrusor underactivity and im-
paired emptying, while those investigated earlier 
are more likely to have detrusor overactivity and 
urgency incontinence [93].

Alcohol Abuse  Chronic alcohol use may cause 
peripheral neuropathy, though its reported prev-
alence	 varies	 from	 5%	 to	 64%	 [94].	 No	 recent	
studies	 have	 conirmed	 a	 prevalence	 estimate	 of	
LUTD,	 though	 impaired	 sensation	 and	 emptying	
have been previously noted in patients with chron-
ic alcohol use.

 Herpes Virus Infections 	 The	 incidence	 of	 LUT	
dysfunction	 is	 as	 high	 as	 28	 %	 if	 only	 patients	
with lumbosacral dermatome-involvement are 
considered.	 The	 overall	 prevalence	 of	 NLUTD	
may be as low as 4% [95,96], and is transient in 
most patients, typically with symptoms resolving 
within 2 months.

 Guillaine-Barre Syndrome  This demyelinating dis-
order often results in severe autonomic dysfunction 
[97]. The prevalence of micturition disorders varies 
from	 25%	 to	 over	 80%	 [98-99]	 with	 severely	 im-
paired emptying or frank urinary retention being the 
most	common	inding.	
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d) Other

Systemic Lupus Erythematosis (SLE) .Though 
nervous system involvement occurs in about half 
of	 patients	 with	 SLE,	 overt	 LUTS	 appear	 to	 be	
only	 rarely	 attributable	 to	 the	 disease	 (1%)	 [100-
101]. An interstitial cystitis syndrome has been 
described	 in	 the	 setting	 of	 SLE,	 which	 has	 been	
reported to result in asymptomatic hydronephrosis 
in at least one instance [102].

 HIV Voiding dysfunction occurs in 12% of HIV-
infected patients, mostly in an advanced stage of 
the	disease	[103,	104].	Urinary	retention	associated	
with other viral-induced neuropathies has also been 
reported [105].

 Iatrogenic Abdominoperineal resection for rectal 
cancer	has	been	described	to	cause	NLUTD	in	up	
to	50	%	[106-108],	which	results	in	chronic	voiding	
dysfunction in at least 10%. Surgical prevention 
with nerve preservation was shown to be impor-
tant to try to minimize the risk of urinary retention 
[109,110]. Simple [111] and radical [112-116] hys-
terectomy, as well as pelvic radiation have been 
associated	 with	 NLUTD	 (voiding	 dysfunction,	 al-
tered	compliance)	in	8	to	57%.	Nerve-sparing	pro-
cedures have been shown to reduce the risk of 
altered	 compliance	 and	 improve	 LUT-associated	
QOL	following	radical	hysterectomy	[117,118].	

Conclusions

•  Dysfunction of the LUT occurs in patients with 
a variety of neurologic diseases but precise 
epidemiological data is seldom available.

•  Common manifestations of NLUTD include 
urinary incontinence, voiding dificulties, and 
urinary retention.

•  Because neurological disease is often present 
in elderly populations, it is frequently dificult 
to discriminate if LUTS are due to aging alone, 
or due to the presence of neurological disease. 
This dificulty is relected in widely varying 
prevalence estimates.

Recommendations

•  Patients with neurologic disease known to be 
associated with NLUTD should be evaluated for 
the presence of lower urinary tract symptoms.

•  In certain neurologic disease states, NLUTD 
may be relatively asymptomatic, yet represent 
a risk of upper urinary tract impairment.

•  In the appropriate clinical setting, a neuro-
logical evaluation may be recommended in a 
patient with unexplained LUTS and no known 
neurological disturbance. This is particularly 
true in the case of a young patient with idio-
pathic severe LUTS after proper ofice evalua-
tion for common etiologies.

•  Prevalence estimates of NLUTD would be im-
proved by multicenter co-operative studies 
from large tertiary centers utilizing established 
outcomes and evaluation tools.

Before	 any	 functional	 investigation	 is	 planned,	 all	
“basic” data should be gathered and used for fur-
ther	 interpretation	of	 the	NLUTD.	Relevant	 investi-
gations include; voiding diary, urodynamic studies 
(cystometry,	 electromyography	 (EMG),	 video-uro-
dynamics,	 urolowmetry,	 pressure-low	 study),	 di-
agnostic imaging with voiding cystourethrography 
and ultrasonography. In this chapter are highlighted 
some	data	specially	related	to	NLUTD.	Some	tests	
developed for the diagnosis of neurologic dysfunc-
tion	are	considered	speciically;	the	bethanechol	su-
persensitivity test, and the ice water or bladder cool-
ing	test.	Neurophysiologic	studies	are	discussed	in	
the	 chapter	 “Clinical	 Neurophysiological	 testing”,	
and	only	some	data	for	NLUTD	is	given	here.

1. HISTORY

The general history aims at gathering information 
on the neurological and congenital abnormalities, 
previous urinary complications or treatments. The 
use of medication with known or possible effects on 
the	LUT,	menstrual,	sexual	and	bowel	function,	and	
obstetric history are also important. Hereditary or 
familial risk factors, metabolic diseases and other 
must	be	known.	Lifestyle	factors	such	as	smoking,	
alcohol, or addictive drug use should be assessed 
as	well	as	an	evaluation	of	Quality	of	Life.	Patients	
with a spinal cord lesion above Th6 may develop 
autonomic	dysrelexia,	so	a	history	of	severe	head-
aches should be explored.

The signs and symptoms that bring the patient to 
consultation must be documented. Symptoms re-
lated	to	storage	and	voiding,	continence	and	/or	re-
tention,	as	well	as	onset	and	nature	of	the	NLUTD	
(acute	or	insidious)	should	be	determined.	If	appro-
priate this information should be compared with the 
patient’s	 condition	 before	 the	 NLUTD	 developed.	
Bladder	 sensation	 and	 mode	 and	 type	 of	 voiding	
(catheterization)	 should	 be	 considered.	 Warning	
signs and symptoms that warrant early further in-
vestigation include; fever, pain, hematuria, cath-
eterization problems, clinical infections and signs of 
autonomic	dysrelexia.	Individuals	with	NLUTD	may	
not be accurate at determining whether they have a 
UTI	based	on	their	symptoms	[3].	UTI	management	
is not standardised and clinical practice suffers from 
a weak evidence base [4]. 

A urinary diary can be used to capture information 
on	 the	 number	 of	 voids	 (frequency	 and	 nocturia),	
the sensation at each void, volumes voided, inconti-
nence,	and	volume/	time	of	luid	intake.	Little	informa-
tion	is	available	on	optimal	diary	duration	in	NLUTD,	
considering information captured balanced against 

II. SPECIFIC DIAGNOSTICS
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inconvenience	to	the	patient	 [5].	Nonetheless,	such	
diaries deliver useful assessment for evaluating 
treatment outcomes [6].

2. PHYSICAL EXAMINATION

A	general	impression	of	patient’s	physical	and	men-
tal possibilities is relevant to the choice of investi-
gations and treatment. Severely impaired mobility, 
extreme spasticity, severe mental disorder or gen-
eral weakness are all important in this respect. The 
physical examination evaluates the lower abdomen, 
external genital organs and perineal skin. Palpation 
per vagina or per rectum is done in search of pelvic 
organ	 descent,	 or	 cervix-uterus/	 prostate	 disease.	
The	strength	of	 the	pelvic	loor	muscles	should	be	
assessed. Cardiovascular function should be con-
sidered. Patients with very high neurological lesions 
may	suffer	from	a	signiicant	drop	in	blood	pressure	
when changing position. 

Speciic	 examination	 of	 the	 lumbo-sacral	 innerva-
tion	includes:	sensation	of	ine	touch	and	pin-prick	
in	the	different	perineal	dermatomes	(igure 1 and 
2),	evaluation	of	bulbocavernosus/	anal/	cremaster	
relexes,	tone	of	anal	sphincter	and	voluntary	con-
traction	of	the	anal	sphincter	/	pelvic	loor	muscles.	
Clinical	 neurological	 indings	 correlate	 well	 with	
NLUTD	in	some	types	of	neuropathy	such	as	single	
level traumatic spinal cord lesions [7] but less in 
other types like meningomyelocoele or combined 

traumatic	 spinal	 cord	 lesions	 [8,9].	 Urinary	 symp-
toms	and	pathological	urodynamic	indings	increase	
along with the degree of motor function impairment 
in infantile cerebral palsy [10].

3. URODYNAMIC TESTS

Urodynamic	 techniques	 evaluate	 multiple	 func-
tional	parameters	in	NLUTD	[11].	The	International	
Urodynamic	 Basic	 Spinal	 Cord	 Injury	 (SCI)	 Data	
Set sets out data to be included in the urodynamic 
evaluation of patients with spinal cord injury. Vari-
ables	 included	 are;	 bladder	 sensation	 during	 ill-
ing cystometry, detrusor function and compliance 
during	 illing	 cystometry,	 detrusor	 function	 during	
voiding, detrusor leak point pressure, maximum 
detrusor pressure, cystometric bladder capacity 
and post-void residual [12]. 

Often,	the	nature	of	NLUTD	is	impossible	to	antici-
pate	from	clinical	assessment	alone,	exempliied	by	
CNS	tumours	in	children	[13].	Likewise,	severity	of	
NLUTD	 does	 not	 necessarily	 correspond	 with	 se-
verity of neurological lesion. 

a) Electromyography (EMG) during cystogram 

The	 basis	 of	 EMG	 has	 long	 been	 a	 question	 of	
debate [13a]. Sundin and Petersen [14] used cys-
tometry	(EMG)	investigation	in	NLUTD	for	patients	
with an active detrusor contraction associated with 

Figure 1: Dermatomes of spinal cord levels L2-S4
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impaired bladder emptying. A voluntary control of 
external urethral sphincter relaxation was found in 
most of the healthy volunteers, and cystometry-
EMG	gave	reliable	information	on	DSD	in	patients.	
Perkash [15] found rhythmic detrusor contractions 
on cystomanometry with associated marked in-
crease	 in	EMG	activity	on	attempted	voiding	to	be	
relevant	 characteristics	 of	 patients	 with	 DSD.	 Ro-
driquez	et	al.	 [16]	used	EMG-gas	cystometrogram	
to select SCI patients for removal of a Foley cath-
eter. Important factors governing success were the 
amplitude of the detrusor contraction, the presence 
of detrusor-sphincter synergy and the presence of 
a	laccid	sphincter.	Mayo	and	Kiviat	[17]	used	multi-
channel urodynamic studies in patients with incom-
plete bladder emptying secondary to suprasacral 
spinal cord lesions. They found that bladder pres-
sure	and	sphincter	EMG	measurement	during	void-
ing,	combined	with	luoroscopy,	are	 ideal	methods	
to identify the factors responsible for incomplete 
emptying	in	problem	cases.	Perlow	and	Diokno	[18]	
and	Koyanagi	et	al.	[19]	found	cystometry-EMG	in-
formative in SCI patients.

Blaivas	et	al.	[20]	described	three	types	of	dyssyn-
ergia.	Type	1	had	a	crescendo	increase	in	EMG	ac-
tivity that reached a maximum at the peak of the 
detrusor contraction, type 2 had clonic sphincter 
contractions interspersed throughout the detrusor 
contraction and type 3 was characterized by a sus-
tained sphincter contraction that coincided with the 
detrusor contraction. There was no correlation be-
tween the clinical neurologic level and the type of 
dyssynergia.	In	DSD,	Rudy	et	al.	observed	clinically	
that	increases	in	EMG	activity	and	external	urethral	
sphincter pressure were associated clearly with a 
positive slope of the intravesical pressure trace, 
whereas decreases in both parameters were asso-
ciated with a negative slope [21]. 

Simultaneous recording of intravesical pressure, 
sphincter	electromyography	and	urolowmetry	was	
compared	by	Aoki	et	al.	[22]	with	cystometry	EMG.	
They	 found	 some	 inluence	 of	 the	 catheter	 in	 the	
urethra.	Micturition	pressure	and	opening	pressure	
were	larger	with	cystometry	EMG,	and	incidence	of	
DSD	was	greater.	The	authors	also	 found	 that	 the	
Credé	 manoeuvre	 exaggerated	 the	 DSD.	 Urody-
namics	with	EMG	permitted	Kirby	[23]	to	differenti-
ate between patients with pelvic nerve injury, distal 
autonomic neuropathy, progressive autonomic fail-
ure - multiple system atrophy, and idiopathic Parkin-
son’s	disease.	This	 inluenced	the	selection	of	pa-
tients for transurethral surgery. Pavlakis et al. [24] 
studied	cystometry	concomitant	with	perineal	 loor	
and	 rectus	 abdominis	 EMG	 and	 were	 able	 to	 im-
prove the recognition of intravesical pressure eleva-
tion owing to voluntary contraction of the abdominal 
musculature.	EAS	motor	unit	potential	(MUP)	analy-
sis	and	EMG	cystometry	were	used	to	differentiate	
multiple	 system	 atrophy	 (MSA)	 from	 Parkinson’s	
disease	 in	 the	 irst	 ive	 years	 after	 disease	onset.	
It	 showed	 that	 involvement	 of	 Onuf’s	 nucleus	 in	
MSA	 is	 time-dependent;	before	 the	ifth	year	of	 ill-
ness, the prevalence of neurogenic change does 
not seem to be high, so a negative result cannot 
exclude	 the	 diagnosis	 of	 MSA	 [25].	 Rapidi	 et	 al.	
used combined urodynamic and electrophysiologi-
cal study of diabetic cystopathy [26]. 

b) Filling parameters

The importance of detrusor pressure has been ac-
knowledged for many years. Filling rate is important 
in	NLUTD,	and	slow	illing	is	recommended	by	the	
International Continence Society to minimise arte-
factually affecting compliance [27]. 

Bruschini	 et	 al.	 [28]	 undertook	 clinical,	 urodynamic	
and imaging evaluation of the upper and lower uri-
nary tract in inadequately managed myelomenin-
gocele patients. The urodynamic data correlated 
with	the	status	of	the	upper	urinary	tract	(UUT).	The	
cystometry	showed	detrusor	overactivity	(DO),	poor	
compliance, increased bladder capacity and normal 
cystometry	 in	48,	49,	2	and	1%	of	 the	patients,	 re-
spectively.	Detrusor	leak	point	pressure	(DLPP)	over	
40	cm	H2O	was	associated	with	UUT	damage.	Pa-
tients with decrease of functional bladder capacity 
(FBC)	had	more	renal	scars	than	their	counterparts.	
Incomplete	SCI	patients	with	neurogenic	DO	should	
be evaluated with the same caution as complete SCI 
patients, as there can be little difference in cystomet-
ric capacity and leak point pressure between com-
plete and incomplete spinal cord injury patients [29].

The importance of urodynamic tests for diagnosis 
and follow up was demonstrated in the study by 
Abrahamsson et al. [30] on urodynamic changes 
with untethering in myelomeningocoele children. Af-
ter untethering, 35% experienced improved bladder 
function and 5% deteriorated. All of the patients who 
deteriorated before untethering improved afterward, 

Figure 2: Urogenital and other relexes in lower spi-
nal cord
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and 90% of those who were stable preoperatively 
continued	 to	 be	 stable	 postoperatively.	 Regular	
evaluation of bladder function in children with 
myelomeningocele	is	recommended.	Kang	et	al.	
[31] used urodynamic tests to determine prog-
nostic factors affecting urological outcome after 
untethering surgery for lumbosacral lipoma.

Perkash and Friedland [32] found simultaneous 
transrectal ultrasonography helpful. They recom-
mended not to irritate the bladder when introducing 
the urodynamic catheter, and to examine the entire 
curve	of	the	CMG,	not	simply	the	initial	rise	[33].

c) Filling technique

In	 SCI	 patients	 with	 neurogenic	 LUT	 dysfunction,	
Ko	et	al.	 [34]	determined	whether	cystometry	per-
formed	by	illing	using	diuretics	(FMCG)	reveals	dif-
ferent	 indings	 compared	 with	 conventional	 CMG.	
Signiicant	differences	between	the	two	techniques	
were found in pressures and compliance in neuro-
genic	DO,	but	not	in	hyporelexic	or	arelexic	blad-
ders.	Natural	 illing	by	 the	production	of	urine	can	
change the results of cystometry considerably, and 
should be considered when performing urodynamic 
investigations and interpreting the results. 

De	Gennaro	et	al.	[35]	performed	continuous	urody-
namic monitoring over six hours in children and com-
pared this with standard urodynamics. They found 
continuous monitoring feasible, permitting a better 
diagnosis than standard cystometry in some cases. 
Zermann et al. [36] investigated the diagnostic val-
ue	 of	 natural	 ill	 cystometry	 (NFC)	 in	 children	 with	
neurologic bladder in comparison to conventional 
videocystometry.	 In	 45%,	 NFC	 detected	 additional	
indings.	The	extra	value	of	ambulatory	urodynamics	
as compared to conventional urodynamics in spinal 
cord	 injury	patients	was	 investigated	by	Martens	et	
al. They concluded that ambulatory urodynamics do 
not seem necessary for diagnosis and risk assess-
ment	in	SCI	patients	suspected	for	DO	when	conven-
tional urodynamics are done properly [37].

d) The outlet during voiding

Pressure-low	study	can	demonstrate	an	obstructive	
pattern	(high	pressure	voiding)	in	neurologic	patients	
due	to	urethral	relaxation	failure	[38,39].	Videourody-
namics	 (VUDS)	offers	visualisation	of	bladder	neck	
and	urethral	sphincter	activity	during	illing	and	void-
ing	[40,41].	Accordingly,	VUDS	is	a	test	that	can	de-
termine the site of obstruction. Zerin et al. [42] found 
that the urographic position of the bladder neck in 
relation to the pubic symphysis was correlated with 
lower	motor	 neuron	 (LMN)	 denervation	 of	 the	 ure-
thral sphincter as detected with electromyography in 
infants and children with myelodysplasia. They con-
cluded that, although not as precise as urodynamic 
testing,	signiicant	descent	of	 the	bladder	neck	 is	a	
reliable	urographic	inding	of	complete	LMN	dener-
vation of the external urethral sphincter in infants and 
children with myelodysplasia. In men with SCI, some 

cystometric variables and detrusor overactivity may 
remain consistent over sequential studies [43].

e) Bladder sensation

In a large cohort study it was shown that impaired 
perception	of	bladder	illing	during	CMG	is	a	sign	of	
neuropathy	[44].	Nonetheless,	despite	spinal	abnor-
mality,	patients	can	experience	bladder	illing	sen-
sation, signifying the presence of afferent pathways 
joining the spinal cord at higher levels. In 52 SCI 
patients, 26 % of those with a supposed complete 
lesion	 had	 sensation	 of	 bladder	 illing	 during	 cys-
tometry [45]. In 41 patients with myelodysplasia the 
perception	of	bladder	illing	was	present	in	a	major-
ity [46]. In a study of 26 SCI patients, bladder sen-
sation was reported by 73% of patients in daily life. 
However, only 41% of patients had analyzable blad-
der sensation concomitant with detrusor overactivity 
during	ambulatory	Urodynamics	[47].	

Ersoz	 and	 Akyuz	 [48]	 investigated	 bladder	 illing	
sensation in 73 SCI patients with complete lesions 
above T11 and below T10 and with incomplete le-
sions.	Bladder	illing	sensation	was	present	to	some	
degree	 in	 all	 incomplete	 SCI	 patients,	 in	 82.4%	 of	
the patients with complete lesions below T10, and in 
38.9%	of	 the	 patients	with	 complete	 lesions	 above	
T11.	Bladder-illing	sensation	investigations	were	re-
producible	in	terms	of	bladder	illing	sensation	cate-
gory	in	36	SCI	patients	who	had	a	second	CMG.	The	
authors	 concluded	 that	 presence	 of	 bladder-illing	
sensation in many SCI patients reveal the potential 
for sensation-dependent bladder emptying, especial-
ly in the ones with complete lesions below T10 and 
the ones with incomplete lesions. The safe use of 
sensation-dependent bladder emptying was shown 
to be dependent on the urodynamic situation [49]. 

The	 amplitude	 of	 the	 irst	 overactive	 contraction	
and the maximal detrusor contraction were found to 
be statistically greater in female patients with mul-
tiple sclerosis and neurogenic detrusor overactivity 
compared to women with idiopathic overactivity. The 
threshold volume for detrusor overactivity was great-
er, likely secondary to the elevated post void residual 
urine	volume	in	the	MS	patients.	In	this	study	using	
a	cut	off	value	of	30	cm	H2O	for	amplitude	of	the	irst	
overactive contraction achieved a positive predictive 
value	of	88%	for	identifying	multiple	sclerosis	[50].

f) Complications of urodynamic testing

Complications of cystometry include hematuria due 
to the urethral catheter, the development of oede-
ma in the urinary bladder wall and urinary bladder 
spasm	 as	 a	 result	 of	 catheter	 irritation.	One	 case	
report of twist and knot formation in the double lu-
men urethral catheter after cystometry of a patient 
with a hypocompliant bladder has been published 
[51]. Another case report describes bladder rupture 
during	 illing	 cystometry	many	 years	 after	 bladder	
augmentation in a girl with meningomyelocoele [52]. 
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Symptomatic urinary tract infections after cystome-
try are not infrequent and antibiotic prophylaxis has 
been	advocated	 [53].	Randomised	controlled	 trials	
(RCTs)	 comparing	 effectiveness	 of	 prophylactic	
antibiotics with placebo or nothing in reducing bac-
teriologically	 proven	UTI	 after	 invasive	 cystometry	
for	 all	 patients,	 including	NLUTD	 [54].	The	 use	 of	
prophylactic antibiotics in urodynamics reduced the 
risk	of	signiicant	bacteriuria.

Conclusions

•  Findings of Urodynamic tests can be dificult 
to anticipate from clinical assessment alone 
in NLUTD (LOE 2).

•  A combination with EMG and /or imaging adds 
to the diagnostic possibilities (LOE 2).

•  Filling rate can inluence the outcome of sev-
eral urodynamic parameters (LOE 2).

•  Pressure development in the bladder is one 
of the important parameters to be studied and 
high leak point pressure is a risk factor for re-
nal deterioration (LOE 2).

•  Sensation of illing may be preserved despite 
spinal abnormality (LOE 2).

•  Complications of urodynamic testing are 
rare, but antibiotic prophylaxis can be advo-
cated (LOE 2).

Recommendations

•  Urodynamic tests should selectively be em-
ployed to supplement clinical assessment in 
determining management in NLUTD.

•  Methods of Urodynamic testing in NLUTD 
should follow International Continence Soci-
ety recommendations.

4. SPECIAL TESTS

a) Bladder-cooling relex; the ice water test (IWT)

The	 ice	water	 test	 (IWT)	 is	a	C-iber	mediated	 re-
lex,	irst	described	as	a	way	to	differentiate	upper	
from lower motor neuron lesions. It is based on the 
principle that mucosal temperature receptors can 
elicit	 a	 spinal	 relex	 contraction	 of	 the	 detrusor,	 a	
relex	that	is	normally	inhibited	by	supraspinal	cen-
ters. An upper motor neuron lesion interrupts these 
inhibitory pathways, resulting in manifestation of the 
relex,	whereas	a	 lower	motor	neuron	 lesion	does	
not. A positive test should therefore theoretically 
occur in patients with upper motor neuron lesions, 
whereas those with lower motor neuron lesions and 
neurologically normal patients should have a nega-
tive test. Simultaneous measurement of intravesical 
pressure	with	cold	luid	 instillation	enables	evalua-
tion of the response. Patients without neurogenic 
disease have a greater perception of cold during the 
IWT than neurogenic patients; this must be consid-

ered when evaluating test results [55]. The bladder 
cooling	 relex	was	 blocked	 in	 16	 out	 of	 17	 neuro-
genic patients when 30 mg intravesical oxybutinin 
was instilled [56]. 

There	 is	 a	 signiicant	 correlation	 between	 a	 posi-
tive	 IWT	with	abnormal	sensation	of	bladder	illing	
and inability to inhibit micturition voluntarily. A nega-
tive IWT also corresponded with the occurrence 
of phasic detrusor contractions during cystometry. 
The IWT may be useful for functional subdivision 
of overactive bladders. In patients with voiding 
dysfunction	in	the	absence	of	LUT	inlammation,	a	
positive test is an indicator of a silent or overt neuro-
logical	disorder.	Geirsson	[57]	reported	positive	or	a	
false	negative	IWT	in	a	large	cohort	study.	Geirsson	
and	Fall	[58]	used	the	IWT	in	patients	suspected	of	
DSD	(cystometry	and	needle	EMG).	A	positive	test	
with a high detrusor pressure was stated to indicate 
DSD,	whereas	the	contrary	applies	to	the	negative	
test. All patients who responded to cold stimulation 
with	 detrusor	 contraction	but	without	 luid	 leakage	
(called	positive	non-leakage	IWT),	manifested	DSD	
on	 EMG.	 The	 authors	 concluded	 that	 the	 simpler	
IWT	could	substitute	for	a	needle	EMG	study.

Ishigooka et al. [53] evaluated urinary bladder sensa-
tion to ice water instillation in patients with diabetes 
mellitus. There was no apparent relationship between 
prevalence of peripheral neuropathy and that of nega-
tive sensation of IWT. Impairment of ice water percep-
tion was less frequent than that of mechanoreceptor 
sensation in patients with diabetic cystopathy. 

Ronzoni	et	al.	[60]	studied	the	IWT	in	148	patients	
with neurologic bladder dysfunction resulting from 
a traumatic lesion and in 130 patients with neuro-
logic bladder dysfunction and multiple pathogenic 
disorders. IWT was positive in 95% of patients af-
fected	 by	 complete	 and	 in	 86%	 of	 patients	 with	
incomplete medullary lesions. The IWT in patients 
with lower motor neuron medullary lesions was al-
ways negative. The test was used diagnostically in 
patients with lower motor neuron lesions. In those 
with upper motor lesions it was used as a rehabili-
tation method during the medullary-shock phase to 
accelerate	the	appearance	of	the	micturition	relex.	
In 9% of patients it was used to induce micturition 
during cystography. The authors consider IWT as a 
useful complement to urodynamic examinations in 
patients with neurological bladder disease. 

Chancellor et al. [61] determined the clinical utility 
of IWT during urodynamic evaluation in SCI patients 
and found that it did not contribute to their manage-
ment	because	of	the	insensitivity	and	non	speciicity.	
Autonomic	dysrelexia	can	occur	during	evaluation.	

Repeating	 the	 IWT	has	been	shown	to	 increase	 its	
positivity [62]. Combining the IWT and electrical per-
ception	threshold	(EPT)	testing	will	reinforce	the	re-
sults of both tests and can indicate more clearly the 
possibility of an unsuspected neurologic pathologic 



840

inding	 in	 patients	 with	 idiopathic	 DO.	 In	 multiple	
sclerosis it may have pathophysiological value, in-
dicating a spinal rather than cerebral mechanism of 
overactive bladder, and diagnostic value, indicating 
multifocal demyelination [63]. 

Conclusions : 

•  The literature results from IWT show value in 
the diagnosis of NLUTD and in the differentia -
tion between relexic and arelexic neurologic 
bladder (LOE 2).

Recommendation :

•  The ice water test is an optional test which 
should be interpreted in the context of all data 
from the diagnostic evaluation (B). 

b) Bethanechol supersensitivity test (BST)

Bethanechol	 is	 a	 muscarinic	 agonist	 which	 may	
improve bladder emptying in some non neurologic 
patients, and correspondingly increase bladder sen-
sitivity	[64].	The	BST	was	developed	by	Lapides	et	
al. in 1962 [65] to try to distinguish between a neu-
rologic and a myogenic etiology in an acontractile 
bladder. It is based on the observation that after an 
organ is deprived of its nerve supply, it develops hy-
persensitivity to the normal excitatory neurotrans-
mitters. A neurologically intact bladder should have 
a	pressure	increase	of	less	than	15	cm	H2O	above	
the control value, whereas a denervated bladder 
shows	 a	 response	 greater	 than	 15	 cm	 H2O.	 The	
clinical utility has not been studied in detail recently. 

The test is considered unreliable by some [66]. Pend-
ers [67] considered the test reliable when the indica-
tions	 are	 good	 (large	 capacity,	 hypotonic	 bladder,	
clinical suspicion of lower neuron lesion) and when 
the interpretation is based on a right understanding 
of	its	mechanism.	Pavlakis	et	al.	[68]	suggest	that	the	
BST	 is	more	sensitive	and	more	speciic	 than	peri-
neal	loor	electromyography	in	corroborating	bladder	
neuropathy. Sidi et al. [69] studied patients with neu-
rologic	or	non-neurologic	detrusor	arelexia	with	the	
BST,	EMG	of	 the	urethral	 rhabdosphincter	and	bul-
bocavernosus	relex	latency	and	found	the	sensitivity	
of these tests in detecting neurologic mechanisms 
to	be	90,	87.5	and	78.1%,	and	the	speciicity	96,	76	
and	80%,	respectively.	When	all	three	tests	were	per-
formed together, the combined accuracy approached 
100 %. They conclude that these combined tests are 
useful in the diagnosis of patients with equivocal 
bladder neurologic conditions and in those with sub-
tle	neurological	lesions.	Denervation	supersensitivity	
to bethanechol was demonstrated in acute idiopathic 
autonomic neuropathy [70].

Wheeler	et	al.	[71]	found	the	positive	BST	not	diag-
nostic	 of	 neurologic	 detrusor	 arelexia	 because	 of	
the	many	variables	that	can	inluence	the	test.	In	a	
later	study,	the	same	group	[72]	suggested	that	low 
rate, surface electromyography, and bethanechol 

supersensitivity test cannot help differentiate neuro-
logic from non-neurologic detrusor failure. Although 
no test can accurately differentiate neurologic from 
non-neurologic female urinary retention, careful 
neurourologic evaluation will help guide to more ap-
propriate management.

Conclusion : 

•  The literature on the value of the bethanechol 
test for the diagnosis of neurologic pathology 
is contradictory. The test may contribute to 
overall evaluation of neurologic LUT dysfunc -
tion. (LOE 2)

Recommendation:

•  The bethanechol supersensitivity test has limi-
tations, and result should be interpreted in con -
junction with established diagnostic results. (B) 

c) Electrodiagnostic tests

1. EMG of thE UrEthral SphinctEr

EMG	of	the	urethral	sphincter	has	been	used	for	de-
cades	in	the	diagnosis	of	NLUTD;	its	value	in	prac-
tice	 remains	 uncertain.	 Use	 of	 needle	 or	 surface	
electrodes	 is	 debated.	 Urethral	 concentric	 needle	
electrodes were found to be superior to surface patch 
electrodes for evaluating relaxation of the muscle 
during voiding in neurologically intact women [73]. 
Nordling	and	Meyhoff	 [74]	used	cystometry	 in	com-
bination	with	urethral	and	anal	sphincter	EMG	in	pa-
tients	with	suspected	NLUTD	and	found	anal	sphinc-
ter	EMG	to	be	highly	unreliable.	Koyanagi	et	al.	[75]	
also found discordant activities between the anal and 
the external urethral sphincters in 39 % of male pa-
tients with SCI. The degree of bladder dysfunction 
was related more to the degree of dyssynergia of 
the	 urethral	 than	 the	 anal	 sphincter.	 Nevertheless,	
Podnar	states	 that	anal	sphincter	EMG	 is	 the	most	
useful diagnostic test, particularly for focal sacral le-
sions, and atypical Parkinsonism [76]. Fowler et al. 
[77]	introduced	a	technique	of	recording	EMG	activity	
of striated muscle in the urethral sphincter by using a 
concentric needle electrode and an oscilloscope with 
a delay line and trigger. Individual motor units were 
isolated and measured. Vodusek also studied indi-
vidual	motor	units	[78].	Both	conclude	that	quantita-
tive	EMG	may	be	a	helpful	technique	in	the	investiga-
tion of patients with disorders of micturition.

Ziemann	 and	 Reimers	 [79]	 found	 the	 sphincter	
EMG	the	most	sensitive	technique	in	the	diagnosis	
of chronic pudendal lesions. However, pure affer-
ent lesions cannot be detected by the sphincter 
EMG.	In	this	case,	the	BCR,	using	unilateral	stimu-
lation of the dorsal nerves of the penis, provides 
the opportunity to distinguish between afferent and 
efferent lesions of the sacral innervation. Fowler 
[80]	 concluded	 that	 sphincter	 electromyography	
(EMG)	has	is	valuable	for	identifying	patients	with	
Parkinsonism who have multiple system atrophy. 
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Tests which examine aspects of nerve conduction 
velocity have proved to be of lesser value both 
because such investigations test conduction of 
nerve	ibres	rather	than	levels	of	innervation.	Fur-
thermore,	they	examine	large	myelinated	ibre	con-
duction,	rather	than	the	unmyelinated	ibres	which	
comprise the autonomic innervation. Sphincter 
EMG	is	a	diagnostic	 test	of	Fowler’s	syndrome	in	
young	women	with	urinary	retention	[81].	Sphincter	
EMG	can	be	used	in	gauging	timing	of	stimulation	
for	suppressing	DO	[82].	

De	E	J	et	al.	[83]	found	a	signiicant	disagreement	
between	 needle	 EMG	 and	 voiding	 cystourethro-
gram	(VCUG)	for	diagnosis	of	DSD.	A	combination	
of	EMG	and	VCUG	may	identify	more	cases	of	DSD	
than either modality alone and underscores the 
need	for	more	strict	criteria	when	deining	this	entity	
from a urodynamic standpoint.

Anal	 sphincter	 EMG	 as	 well	 as	 external	 urethral	
sphincter	EMG	can	be	used	 to	detect	 the	onset	 of	
detrusor contractions in patients with both neurogen-
ic	detrusor	overactivity	 (NDO)	and	detrusor	sphinc-
ter	dyssynergia	(DSD)	opening	a	door	for	the	use	of	
triggered devices to inhibit unwanted contractions 
through continuous electrical stimulation of sensory 
nerves	[84,	85].	Light	et	al.	[86]	found	in	patients	with	
detrusor	arelexia	and	a	high	spinal	cord	lesion,	EMG	
of	the	pelvic	loor	muscles	is	the	neurophysiological	
test which best predicts detrusor contractility.

EMG	of	the	urethral	sphincter	has	been	used	to	in-
vestigate	retention	in	multiple-system	atrophy	[87],	
LUT	function	in	Machado-Joseph	disease	[88],	the	
impact of pregnancy and delivery on vesico-urethral 
disorders	in	patients	with	multiple	sclerosis	[89]	and	
children with cerebral palsy [90].

2. EMG of DEtrUSor MUSclE

Detrusor	EMG	has	not	been	widely	studied	 in	neu-
rologic	 patients.	 La	 Joie	 et	 al.	 [91]	 recorded	 simul-
taneous	EMG	recordings	 from	the	bladder	detrusor	
muscle and the inferior rectus abdominis muscle in 
6	 normal	 subjects,	 in	 4	 patients	 with	 LMN	 bladder	
disease	and	in	2	patients	with	an	UMN	type	of	blad-
der lesion. The bladder electrodes did not appear 
to record muscle activity remote from the abdomi-
nal muscles so that any increased detrusor electri-
cal activity with abdominal contraction must have 
some	other	explanation.	Kaplan	and	Nanninga	 [92]	
analysed	detrusor	EMG	in	upper	motor	neuron	type	
NLUTD.	Kinder	et	al.	did	not	advocate	detrusor	EMG	
[93].	Recent	data	are	 lacking	and	so	 the	 technique	
cannot be considered a standard diagnostic test.

Conclusion

•  Sphincter EMG can be valuable in the diagno-
sis of patients with neurologic bladder dys-
function (LOE 2).

•  Detrusor EMG is not established as a diag-
nostic test.

Recommendation:

•  EMG of the urethral sphincter can be consid-
ered as a diagnostic method in patients with 
neurologic LUT dysfunction and neurologic uri -
nary incontinence (B B).

3. DynaMic BUlBocavErnoSUS rEflEx (Bcr).

Walter	et	al.	[94]	studied	dynamic	BCR	during	mic-
turition induced by using periodic dorsal penile 
nerve	stimulation;	 the	evoked	relex	response	was	
recorded with an anal sphincter pressure sensing 
balloon.	Results	indicate	that	an	enhanced	BCR	is	a	
factor contributing to increased urethral resistance 
during micturition.

Kaiho	et	al.	[95]	recorded	the	evoked	potential	of	the	
BCR	(BCR-EP)	with	a	concentric	needle	electrode	
at the periurethral striated muscle. They found was 
BCR-EP	 suppressed	 during	 voluntary	 voiding	 in	
normal	subjects,	but	it	was	insuficiently	suppressed	
in	 the	patients	with	NLUTD.	 It	was	suggested	 that	
the	measurement	of	BCR-EP	could	distinguish	 in-
voluntary voiding caused by pathological urethral 
sphincter relaxation from voluntary voiding. The 
same group [96] investigated the change of sacral 
relex	activity	of	the	striated	urethral	sphincter	in	the	
urine	 storage	 phase	with	BCR-EP	 in	 normal	male	
subjects	and	male	patients	with	NLUTD	due	to	su-
prasacral	 spinal	 cord	 injury.	 Sacral	 relex	 activity	
was	accelerated	by	bladder	illing	in	both	the	normal	
subjects and SCI patients, particularly in the latter. 
In addition to the conventional evaluation of the in-
tegrity	of	sacral	relex	arc	by	BCR	examination,	the	
observation	of	changes	of	BCR	affected	by	bladder	
illing	may	provide	 information	on	 the	continuity	of	
sacral segment and supraspinal micturition center. 
Niu	et	al.	showed	that	in	8%	of	patients	with	SCI	and	
in 70% of patients with peripheral nerve lesions the 
BCR	was	abnormal	[97].	

4. Motor EvokED potEntialS 

Motor	evoked	potentials	(MEP)	has	been	used	to	as-
sess neurogenic lesions affecting the urethral com-
pressive musculature with simultaneous recording 
of	 evoked	pressure	 curves	 [98].	MEP	 recording	 is	
an accurate and easily applicable test for the diag-
nosis of lumbosacral spinal cord lesions [99]. 

5. nErvE conDUction StUDiES

In patients with diabetes mellitus, conduction ve-
locities are decreased [100]. Vereecken et al. [101] 
found urethral and anal responses produced by 
electrical stimulation of penis, bladder neck and 
anus were delayed and the duration reduced. Car-
bone et al. [102] assessed the effect of urinary 
bladder	 illing	 on	 the	 excitability	 of	 somatic	 spinal	
motor neurones in patients affected by neurogenic 
and	non-neurogenic	DO	and	proposed	that	H-relex	
modulation may be considered a tool in the differen-
tial diagnosis of voiding dysfunctions.
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6. SoMatoSEnSory EvokED potEntialS 

In	the	committee’s	literature	search,	no	recent	pub-
lications were found on somatosensory evoked po-
tentials	 (SSEP).	 Badr	 et	 al.	 [103]	 described	 tech-
niques of recording evoked potentials in humans 
in response to stimulation of the urinary bladder. 
Galloway	et	al.	[104]	described	a	method	of	sacral	
evoked response to measure the integrity and func-
tion of the lower sacral segments by stimulation at 
the urethral and anal sphincters.

Mochida	 et	 al.	 [105]	 studied	 evoked	 spinal	 cord	
potentials	 (ESCP)	 in	 surgical	 patients	 with	 cer-
vical	 myelopathy.	 The	 presence	 of	 NLUTD	 was	
closely correlated with severe limb symptoms and 
relatively slow ESCP velocity. However, for 47% 
of the patients with urinary complaints, findings 
of urodynamic examinations were negative; these 
patients may have had pathologic or psychoso-
matic factors other than neurogenic bladder due 
to cervical myelopathy. 

Curt	et	al.	 [106]	studied	 the	signiicance	of	SSEP	
recordings in predicting the recovery of blad-
der function in acute, traumatic spinal cord injury 
(SCI).	They	 found	a	good	correlation	with	 the	 re-
covery of the external urethral sphincter function, 
but not with the urodynamic impairment. SSEP in 
response to stimulation of the tibial nerve have 
been studied in patients with hyperactive urinary 
bladder to clarify their role in prognosis of tibial 
neuromodulation	eficacy	[107].	

7. affErEnt nErvE rEcorDinG on Sacral rootS

Afferent nerve activity from the sacral dermatome, 
bladder and rectum can be recorded using cuff 
electrodes placed on the extradural S3 sacral root 
in humans, but improvements in recording quality 
and sophisticated signal processing methods are 
needed for chronic application. The applicability in 
clinical	practice	is	very	limited	[108,109].

Conclusions : 

•   Detrusor EMG, BCR-EP and MEP are tech-
niques of experimental interest, but with in-
suficient basis for use as standard clinical 
diagnostic tests. 

•  There are some arguments that nerve conduc-
tion studies can be useful in the further differ -
entiation of the nerve deicits in cases of neuro-
logic pathology of the bladder (C).

•  Direct measurement of sacral afferent nerve ac-
tivity is still experimental. 

Recommendation:

•  Somatosensory evoked potentials can be of 
use in the further diagnosis of nervous deicits 
related to LUT dysfunction (C).

8) ElEctroSEnSation in thE lUt

Measurement	of	 the	sensory	 threshold	of	 the	LUT	
towards electrical stimulation was attempted as 
early	as	1899	[110].	After	re-introduction	of	the	tech-
nique	by	Markland	et	al.	[111]	several	authors	have	
studied its value in neurologic bladder dysfunction. 
Kieswetter	 [112],	 and	 Powell	 and	 Feneley	 [113]	
demonstrated abnormal electrosensation in pa-
tients	with	NLUTD.	Frimodt-	Möller	[114]	described	
pathological electrosensation in patients with Par-
kinson’s	 disease,	multiple	 sclerosis	 and	meningo-
myelocoele. He also found abnormal electrosensa-
tion in half of patients with diabetes and generalized 
sensory neuropathy, but only in 10% of the diabetic 
patients with a neurologic bladder. Electro sensa-
tion was present in many meningomyelocoele pa-
tients	with	absent	skin	sensation	and	absent	relex-
es, and in many patients with suspected complete 
spinal cord injury on clinical evaluation [44, 46].

Wyndaele [115] determined the threshold of sensi-
tivity to electrical stimulation in several parts of the 
LUT	in	436	consecutive	patients.	In	the	groups	with	
different patterns of disturbed sensation a higher in-
cidence of neuropathy was found than in the group 
with a normal sensation. Further neurological in-
vestigation revealed abnormal innervation in 29% 
of patients who lacked electrosensitivity in one or 
more	parts	of	the	LUT	but	who	had	no	previous	evi-
dence of neuropathy.

Standardization is necessary to develop the tech-
nique and achieve reproducible results [116]. While 
it is a constructive concept to be able to determine 
threshold	of	different	ibre	types	selectively	[117],	so	
far	no	such	ibre	selectivity	has	been	demonstrated	
in	 the	 bladder	 [118].	 In	 the	 committee’s	 literature	
search, no recent publications were found.

Conclusion:  

•  To determine the electrosensation in the LUT 
might be valuable to evaluate the afferent inner -
vation in cases of neurologic bladder. 

•   Absent electrosensitivity might guide further 
neurologic tests in patients with LUT dysfunc-
tion (LOE 2).

•  Further development and standardisation is 
needed for the use of electrosensation test to 
become established as a clinical test.

9. SyMpathEtic Skin rESponSE 

Schurch et al. [119] assessed the descending sym-
pathetic	 spinal	 tract	 and	 correlated	 these	 indings	
with bladder neck function in SCI patients. Evidence 
was presented that the integrity of the descending 
sympathetic spinal tract is necessary for a syner-
gic function of the vesicourethral complex and that 
sympathetic	 skin	 responses	 (SSR)	are	of	 value	 in	
the	diagnosis	 of	 bladder	 neck	dyssynergia.	SSR’s 
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are absent in case of bladder neck dyssynergia. 
For lesions below the T12 level, other investigative 
methods to exclude bladder neck dyssynergia are 
necessary.	Rodic	 et	 al.	 [120]	 found	 that	 recording	
the	perineal	SSR	in	addition	to	that	of	the	hand	and	
foot represents a sensitive diagnostic tool for as-
sessing sympathetic nerve function within the tho-
racolumbar spinal cord, representing a reliable and 
accurate diagnostic tool for assessing bladder neck 
competence and incompetence. 

SSR	 recordings	 above	 a	 spinal	 lesion	 level	 after	
urethral electrostimulation might provide a use-
ful and technically simple objective diagnostic tool 
to	assess	 integrity	of	autonomic	 (visceral)	afferent	
nerves	 from	 the	 LUT.	 Somatosensory	 deicits	 are	
not always paralleled by viscerosensory loss and 
vice	versa.	SSR	may	be	superior	to	visceral	senso-
ry	evoked	potentials,	which	are	more	dificult	to	re-
cord. The clinical utility needs to be further studied.

Conclusion

•  Sympathetic skin responses may help evaluate 
the integrity of LUT-related sympathetic func -
tion, including bladder neck competence and 
synergia (LOE 2)

Therapeutic principles in different patterns of 
NLUTD	depend	on	the	underlying	processes:	dys-
function of the detrusor, dysfunction of the sphinc-
ter	 or	 a	 combination	of	 both.	Neurogenic	 detrusor	
overactivity	 leads	 to	 relex-incontinence,	 detrusor	
arelexia	 to	 incontinence	 with	 retention	 (overlow	
incontinence).	An	arelexic	(incompetent)	sphincter	
causes neurogenic stress-incontinence, a hyper-
relexic	 (spastic)	 sphincter	 overlow-incontinence.	
Quite often detrusor and sphincter are affected si-
multaneously by the neurogenic lesions. In most pa-
tients the storage problem, leading to incontinence, 
is associated with an emptying problem; therefore 
both aspects have to be considered at the same 
time. Therapy of neurogenic incontinence is primar-
ily a conservative one. Timed bladder emptying, by 
whatever	means,	controlled	luid-intake	and	avoid-
ance of urinary tract infections are the prerequisites 
for successful treatment.

If incontinence persists, and if operative proce-
dures are not indicated or possible, containment 
products will be needed. The indwelling catheter 
remains an option for conservative therapy, and 
can offer acceptable quality of life outcomes [1] 
and long-term protection of the upper urinary tract 
[2,	 3].	 Most	 experts	 regard	 indwelling	 catheteri-
sation	 as	 being	 associated	 with	 signiicant	 prob-
lems [4]. While suprapubic catheters are generally 
preferred over urethral, there is little evidence on 
which	 to	 base	 practice	 [5].	 Urethral	 leakage	 can	

persist despite continuous drainage with a SPC, so 
additional steps such as bladder neck closure may 
need to be considered [6]. 

1.  OVERVIEW ACCORDING TO TYPE OF 
LESION

a) Supraspinal lesions

In	 supraspinal	 lesions,	 neurogenic	 DO	 is	 mostly	
combined with normal sphincter function; overactiv-
ity incontinence is the main symptom and antimus-
carinic therapy together with behavioural treatment 
is the method of choice, especially in patients with 
cognitive impairment. 

b) Suprasacral lesions

Spinal lesions mostly cause simultaneous dysfunc-
tion of the detrusor and the sphincter. In suprasa-
cral	lesions,	the	spinal	relex	bladder	manifests	the	
combination	of	DO	with	an	overactive/	dyssynergic	
sphincter.	 For	 these	 patients,	 spontaneous	 relex	
voiding may be possible. However, detrusor con-
tractions may inadequate, and detrusor striated 
sphincter dyssynergia is present, both potentially 
leading	to	ineficient	voiding.	Triggered	relex	void-
ing is recommended only if it is urodynamically safe 
and	relex	 incontinence	is	manageable;	according-
ly, careful support is needed to achieve adequate 
symptom control [7] and long-term renal safety [3]. 
Treatment to lower tone and spasticity of the ure-
thral sphincter can be used to aid emptying, such as 
sphincterotomy	 [8],	 stenting	 [9]	 or	 botulinum	 toxin	
injections into the sphincter [10]. Any unit manag-
ing patients with SCI should be appropriately set up 
to	manage	acute	autonomic	dysrelexia.	Sphincter-
otomy may help in reducing episodes of autonomic 
dysrelexia	[11a].	

The mainstay of treatment in current practice is inter-
mittent	 catheterization	 (IC)	 [12],	 undertaken	 by	 the	
patient or carer. However, to achieve low pressure 
LUT	urine	storage	and	continence	between	catheter-
isations, additional pharmacotherapy may be neces-
sary. If bladder relaxing agents fail or are not toler-
able, electrotherapy is an alternative in incomplete 
lesions:	 ano-genital	 electrostimulation	 (penile,	 clito-
ral, vaginal and anal) can inhibit neurogenic detrusor 
overactivity by stimulating pudendal nerve afferents. 

c) Lower motor neuron lesions

For	complete	conus	lesions,	arelexia	of	the	detru-
sor	with	arelexia	of	 the	sphincter	 is	characteristic.	
Sphincter incompetence causes neurogenic urinary 
stress incontinence and may be combined with 
dribbling incontinence if adequate emptying is not 
achieved. Conservative treatment to achieve conti-
nence	is	often	unsuccessful.	Bladder	expression	is	
potentially dangerous, and pharmacotherapy is not 
helpful in this situation. Accordingly, appliances and 
condom catheters are often necessary, and consid-
eration of suitability of surgery may be needed [10]. 

III. CONSERVATIVE TREATMENT
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Arelexia	of	the	detrusor	combined	with	overactivity	
of the sphincter may occur in epiconal lesions. This 
pattern may also result from decompensation of a 
neurogenic overactive bladder after chronic urinary 
retention.	 With	 this	 combination,	 overlow	 incon-
tinence can be controlled by intermittent catheter-
ization- mostly without adjunctive additional phar-
macotherapy. If intermittent catheterization is not 
possible, an indwelling catheter, preferable supra-
pubic, may be needed. If overactivity of the detrusor 
is	 combined	 with	 arelexia	 of	 the	 sphincter,	 relex	
incontinence is combined with neurogenic stress 
incontinence. This pattern is sometimes found in 
epiconal lesions, especially in myelomeningoceles. 
Bladder	 relaxant	 agents	may	 diminish	 neurogenic	
detrusor overactivity. In incomplete lesions, elec-
trical	 stimulation	 of	 the	 pelvic	 loor	 musculature	
may improve sphincter function. However, with this 
type	 of	 neurogenic	 LUT	 dysfunction,	 conservative	
treatment alone is generally unable to restore con-
tinence; therefore either appliances or operative 
treatment must be considered.

Cauda equina and peripheral nerve lesions are of-
ten	incomplete.	Hypoactivity	or	arelexia	of	the	de-
trusor may be combined with a normally functioning 
external striated sphincter, a combination which can 
be seen after intrapelvic surgery, when the puden-
dal nerves remain intact. Conversely, pudendal 
nerve lesions in which the pelvic plexus remains in-
tact, a combination of a normally functioning detru-
sor	with	a	hypo-	or	arelexic	external	sphincter	may	
be	present.	If	there	is	DO,	pharmacotherapy	is	the	
irst	choice	 treatment.	For	some	 lesions,	 intravesi-
cal electrotherapy has been reported to increase 
detrusor contractility [13]. Injection of botulinum tox-
in in the striated sphincter has created a potential 
new treatment option, but more research is needed. 

2. SPECIFIC INTERVENTIONS

During	the	acute	period	of	spinal	or	cerebral	shock,	
bladder management comprises proper bladder 
drainage. For the post shock period, or for non-
acute neurogenic dysfunctions, several conserva-
tive treatments are in use [14, 15]:  

a) Behavioral therapy

1. triGGErED rEflEx voiDinG 

“Automatic”	or	 “relex”	bladder	behavior	can	occur	
following recovery from spinal shock in spinal cord 
lesions not involving the conus or cauda equina. 
This can be used as a means to empty the bladder, 
using voluntary approaches to provoking a bladder 
contraction by stimulation of the sacral and lumbar 
dermatomes. The most commonly used manoeu-
vres are suprapubic “tapping”, thigh scratching and 
anal/rectal	manipulation.	A	quadriplegic	patient	who	
is unable to perform ISC may choose this option 
because it gives more independence. If the effer-
ent	branches	of	the	pelvic	nerve	are	impaired,	relex	
emptying is much less complete, and considerable 

voluntary straining is additionally required to empty 
the bladder to a satisfactory degree. Integrity of the 
sacral	relexes	predicts	the	potential	to	use	this	ap-
proach.	The	aims	of	regular	triggered	relex	voiding	
are to achieve “balanced voiding”, decreasing in-
continence	but	ensuring	safe	(low	pressure)	urody-
namic function. The possibility of collecting the urine 
in a socially acceptable way and a reasonable time 
period for bladder emptying are needed. Frequency 
of	 emptying	 has	 to	 be	 speciied	 for	 each	 patient.	
Whether bladder outlet obstruction is present also 
has to be considered; this is not often considered 
in published literature. To improve emptying, control 
autonomic	dysrelexia	related	to	bladder	illing	and	
contraction, and avoid upper tract damage, alpha-
blockers or botulinum toxin sphincteric injections 
should	be	tried;	sphincterotomy	and/or	bladder	neck	
incision	may	sometimes	be	needed.	Regular	follow-
up is essential, though the frequency of check-up 
appointments is not validated.

Triggered voiding should not be recommended as 
irst	line	management;	in	current	practice,	IC	is	the	
accepted standard for continence, upper urinary 
tract protection and improvement of quality of life.

Conclusions  

•  Relex voiding is based on an unphysiological 
sacral relex. It is potentially dangerous and 
has a limited role in managing the relex blad-
der (LOE3).

•  Costs of appliances and of adjuvant therapies 
(pharmacotherapy, surgery, urethral prosthe -
sis etc) have to be evaluated (LOE 2).

•  Treatment of co-existing sphincteric spastic-
ity/ bladder neck obstruction and co-morbidity 
should be taken into consideration (LOE 1 and 2) 

Recommendations

•  Triggered voiding could be recommended only 
for patients whose situation has proven to be 
urodynamically safe and stable, and who can 
manage relex incontinence. 

•  Triggered voiding can be considered for pa-
tients after sphincterotomy and/or bladder neck 
incision and/or alpha-blockers and/or intra-
sphincteric botulinum toxin injections, in order 
to improve spontaneous relex voiding (C).

•  Relex voiding can be recommended only if an 
adequate follow-up is guaranteed (C)

•  Any unit managing patients with SCI should 
be appropriately set up to manage acute 
autonomic dysreflexia.

2. BlaDDEr ExprESSion (créDé anD valSalva) 

Bladder	 expression	 comprises	 various	 techniques	
aimed at increasing intravesical pressure in order 
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to facilitate bladder emptying. The most commonly 
used	 are	 the	 Valsalva	 (abdominal	 straining)	 and	
the	Crédé	(manual	compression	of	the	lower	abdo-
men). It has been recommended for a long time for 
patients	with	a	combination	of	an	arelexic	detrusor	
with	an	arelexic	 sphincter	or	with	an	 incompetent	
urethral	 closure	 mechanism	 of	 other	 origin	 (e.g.	
after	 sphincterotomy).	 Dificulties	 in	 emptying	 the	
bladder by expression may be due to an inability to 
open the bladder neck. However, especially in men, 
these techniques may induce a functional obstruc-
tion at the level of the striated external sphincter de-
spite complete paralysis of the musculature of the 
pelvic	loor.	Over	time,	a	high	proportion	of	patients	
manifest	problems	such	as	relux	 into	 the	prostate	
and	seminal	vesicles,	or	epididymo-orchitis.	More-
over,	the	high	pressures	could	cause	relux	into	the	
upper	 urinary	 tract.	 The	 stress	 to	 the	 pelvic	 loor	
with these techniques several times a day also can 
make incontinence worse, and causes additional 
genital-rectal prolapse and haemorrhoids.

Adjunctive	 therapy	 to	decrease	outlow	assistance	
includes alpha-blockers, sphincterotomy or botuli-
num toxin injections. If effective, they usually cause 
or increase neurogenic urinary stress incontinence. 
Expression of the bladder for voiding by Crédé and 
Valsalva can be effective. To empty the bladder, the 
pressures measured may be high and potentially 
dangerous	 for	 the	upper	urinary	 tract.	Bladder	ex-
pression	 is	 often	 not	 safe.	 Sphincter-hyperrelexia	
and detrusor-sphincter dyssynergia are contra-indi-
cations for bladder expression.

Conclusions

•  Bladder expression by Valsalva or Credé is po-
tentially hazardous for the urinary tract due to 
functional obstruction at the level of the pelvic 
loor (LOE 3).

•  It is contraindicated if it creates a high intra-
vesical pressure, particularly in association 
with relux into the ureters or seminal vesicles. 
Hernias, pelvic organ prolapse, haemorrhoids 
and urethral pathology (strictures) are relative 
contraindications (LOE 3).

•  Bladder expression may adversely affect a lac-
cid pelvic loor, potentially exacerbating incon-
tinence (LOE 3).

•  Alpha-blockers, sphincterotomy or botulinum 
toxin may reduce the outlow resistance, but 
may also induce or increase urinary stress in -
continence (LOE 3).

 Recommendations

•  Before recommending bladder expression by 
Valsalva or Credé, it must be proven that the 
LUT is urodynamically safe. (B)

•  Exclude contraindications, such as vesico-

ure teric relux, pelvic organ prolapse, herni-
as, urethral pathology and symptomatic UTIs 
before recommending this type of bladder 
emptying. (B)

•  In general, bladder expression should be re-
placed by CIC in most patients with neurogenic 
bladder-sphincter dysfunction. (B)

•  Adjunctive therapy of outlow obstruction can 
be considered. (B).

3. toilEtinG aSSiStancE: tiMED voiDinG, haBit rEtrain-
inG, proMptED voiDinG.

See also the chapters on adult conservative treat-
ment and frail elderly.

Adaptation of the drinking and voiding regimen re-
quires education and can be implemented by the 
patient	 and/or	 caregivers.	The	 aim	 of	 the	 behav-
ioural process in adults is to re-establish the con-
trol of urinary continence. The goals include cor-
recting faulty habit patterns of frequent urination, 
improving ability to control bladder urgency, pro-
longing voiding intervals, increasing bladder ca-
pacity, reducing incontinent episodes, and building 
a	 patient’s	 conidence	 in	 controlling	 his/her	 blad-
der. In dependent patients all these techniques 
can be proposed and tried, provided that caregiv-
ers	(physiotherapist,	nurse,	family	members,	etc.)	
are supportive.

Timed	voiding	 is	characterized	by	a	ixed	 interval	
between toileting. It is a passive toileting assis-
tance program, initiated and maintained by care-
givers. It is considered appropriate for patients 
who cannot participate in independent toileting. 
It has been used where incontinence is associ-
ated	 with	 cognitive	 and/or	 motor	 deicits.	 Its	 aim	
is more to avoid incontinence than to restore a 
normal bladder function. For neurologic patients it 
has also been considered as an adjunct to tapping 
and/or	Crédé	manoeuvre	and/or	intermittent	cath-
eterisation. Timed voiding can be recommended 
in management of patients with excessive bladder 
volumes,	exempliied	by	diabetic	patients	with	im-
paired	bladder	illing	sensation.

Habit retraining and prompted voiding have to be 
initiated and maintained by caregivers. They are 
more suited to patients with brain diseases than 
spinal cord diseases, and for patients with cogni-
tive	and/or	motor	deicits.	The	aim	of	habit	retrain-
ing is to help patients to avoid incontinence by 
decreasing voiding intervals. Such program has to 
be	 adapted	 to	 each	 patient	 and	 needs	 a	 speciic	
analysis of voiding patterns to select a good in-
dividual schedule for voiding. Such a program is 
very useful for institutionalised patients. Prompted 
voiding is used to teach people to initiate their own 
toileting through requests for help and positive re-
inforcement	from	caregivers.	There	are	no	speciic	
evaluations on neurologic patients in the literature. 
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Conclusions

•  Behavioural techniques should be used in con-
junction with other therapies (pharmacological 
treatment, catheterisation) (LOE 2).

•  When appropriate, toileting assistance should 
be used to improve continence of neurologic 
impaired patients (LOE 3).

•  Prompted voiding may be able to decrease in-
continence episodes. Patients likely to beneit 
from the technique are those with less cognitive 
impairment and higher dependency (LOE 2/3).

Recommendations

•  Behavioural techniques are a suitable compo-
nent of the rehabilitation program for each in -
dividual. (C)

•  There are no guidelines or consensus on 
suitable intervals for bladder emptying. They 
should ideally be derived from the voiding di -
ary and other related factors (bladder volume, 
luid intake, post-void residual urine volume, 
urodynamic parameters). (C)

•   The mental status of a patient must be taken 
into consideration, and a rehabilitation pro -
gram realistically tailored to the patient’s pos -
sibilities. (B/C).

b) Catheters and appliances

1. intErMittEnt cathEtErization

Intermittent	 catheterization	 (IC),	 including	 intermit-
tent	self-catheterization	(ISC),	aims	to	resume	nor-
mal bladder storage and regularly complete urine 
evacuation. They avoid some of the complications 
of	indwelling	catheterization	(IDC).	IC	can	improve	
incontinence, or make patients with neurogenic 
bladder	continent,	 if;	bladder	capacity	 is	suficient,	
bladder pressure is kept low, urethral resistance is 
adequate,	and	luid	intake	is	balanced	with	frequen-
cy of catheterization. In children with SCI, IC used 
with anticholinergic drugs appears to minimise up-
per urinary tract deterioration, improve continence 
and decrease infections; safe increase in capacity 
appears to increase with growth [16, 17]. Post-void 
residual signifying the need to institute IC remains 
to	be	clariied.	However,	Dromerick	et	al.	[18]	(LOE	
2) demonstrated in a series of stroke patients that a 
post-void residual greater than 150ml is an indepen-
dent	risk	factor	for	development	of	UTI.	

Most	appropriate	technique	and	catheter	depend	on	
individual anatomic, social and economic possibili-
ties	[19]	(LOE	1).	Two	main	techniques	have	been	
adopted,	 sterile	 IC	 (SIC)	 and	 clean	 IC	 (CIC).	The	
sterile non-touch technique involves the use of ster-
ile materials handled with sterile gloves and forceps. 
In an intensive care unit, some advocate wearing a 
mask	and	a	sterile	gown	as	well	[20].	De	Ridder	et 

al. [21] compared SpeediCath hydrophilic-coated 
catheters	versus	uncoated	polyvinyl	chloride	(PVC)	
catheters, in SCI patients. This 1-year, prospective, 
open, parallel, comparative, randomised, multi cen-
tre study included 123 male patients injured within 
the preceding 6 months. Primary endpoints were 
occurrence	 of	 symptomatic	 UTI	 and	 hematuria.	
Secondary endpoints were development of urethral 
strictures and convenience of use. The results indi-
cate	 a	 beneicial	 effect	 regarding	UTI	when	 using	
hydrophilic-coated	 catheters.	 Bjerklund-Johansen	
et al. evaluated patient willingness to change and 
satisfaction with catheters for IC in neurogenic 
bladder dysfunction. They also compared patient 
response to conventional catheters and a packaged 
hydrophilic	catheter:	LoFric	Primo	[22].	409	neuro-
genic	patients	were	recruited	and	378	(283	males,	
95 females; mean age 43.5 years) completed a 
short-term trial. Patient satisfaction was expressed 
on a Visual Analogue Scale for seven topics cov-
ering	use	and	general	satisfaction.	Differences	 re-
garding satisfaction, handling, time spent, and abil-
ity	 to	 cope	with	daily	 life	were	 reported.	Kovindah	
and	Madersbacher	 investigated	whether	a	silicone	
catheter reused over years for clean IC was safe 
for	men	with	SCI	[23].	Reused	silicone	catheter	ap-
peared to function as well as disposable. However, 
to reuse urinary catheters, one should consider the 
increased risk of infection. The authors suggest that 
for SCI patients in developing countries, CIC with 
a reusable silicone catheter may be a suitable and 
safe choice if one cleans and applies it. In the same 
way,	Getliffe	performed	a	systematic	Cochrane	re-
view summarizing current evidence on the relation-
ship between sterile single-use catheters or clean 
reused	catheters	and	the	incidence	of	UTIs	[24].	13	
trials met the inclusion criteria. There was consider-
able	 variation	 in	 length	 of	 follow-up,	 deinitions	 of	
UTI,	and	numbers	of	subjects.	Attrition	was	a	prob-
lem for several studies, and all were underpowered. 
Several studies were more than 10 years old, and 
outcome measures were imprecise, making it dif-
icult	to	draw	conclusions	on	the	beneit	of	one	cath-
eterization method over another. They concluded 
that	 there	 are	 no	deinitive	 studies	 illustrating	 that	
incidence	 of	UTIs	 is	 affected	 by	 sterile	 single-use	
or coated catheters compared to clean reused cath-
eters. However the current research base is weak 
and	design	issues	are	signiicant.	Based	on	the	cur-
rent data, it is not possible to state that one catheter 
method is better than another and further research 
is	needed	(LOE1).	Research	to	evaluate	clean	vs.	
sterile PVC catheter use, and hydrophilic vs PVC 
use	(both	sterile	and	reused),	is	needed.	

Frequency of catheterization depends on many fac-
tors,	e.g.	bladder	volume,	luid	intake,	post	void	residu-
al,	and	urodynamic	parameters	(compliance,	detrusor	
pressure).	Usually	 it	 is	 recommended	 to	 catheterize	
4	–	6	times	a	day	during	the	early	stage	after	spinal	
cord lesion. Some will need to keep this frequency 
if	IC	is	the	only	way	of	bladder	emptying.	Others	will	
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catheterize	1	–	3	times	a	day	to	check	and	evacuate	
residual urine after voiding. To overcome high detru-
sor pressure, adjunctive therapy with antimuscarinic 
drugs or other bladder relaxants can be indicated. For 
those who develop a low compliance bladder, upper 
tract deterioration or severe incontinence, injection of 
Botulinum	toxin	in	the	bladder wall or surgery, such as 
bladder augmentation, may be necessary. 

If catheterization is begun by patients with recurrent 
or	chronic	UTI	and	urinary	retention,	the	incidence	
of infection usually decreases. If symptomatic in-
fections occur, improper CIC or misuse should be 
considered. Chronic infection persists if the cause 
of	the	chronicity	remains.	Treatment	of	UTI	is	nec-
essary	 if	 the	 infection	 becomes	 symptomatic.	 Lin-
dehall et al. evaluated the rate of complications as-
sociated with catheterization and the risk of urethral 
lesions in myelomeningocele treated with clean IC 
for a minimum of 10 years. They found that there 
were remarkably few problems [25]. The incidence 
of major urethral lesions did not increase during 
puberty.	Larger	catheters	seemed	 to	be	protective	
against	major	lesions	[26]	(LOE3).	In	contrast,	Chen	
et al. found that the incidence of urethral strictures 
increases with a longer follow-up, and bladder stone 
formation is associated with long-term use of CIC in 
SCI	patients	[27]	(LOE3).	

Oh	 et	 al.	 evaluated	 health-related	 quality	 of	 life	
(HRQOL)	with	IC	in	neurogenic	bladder.	They	con-
ducted	a	prospective	trial	involving	132	patients	(81	
men	and	51	women,	mean	age	41.8	years,	 range	
18	to	80	years)	with	SCI	[28].	Patients	using	IC	have	
a reduced quality of life in all health domains, as as-
sessed	by	the	SF-36	(LOE2)	[29].

Conclusions

•    IC in the neurogenic bladder is effective and 
safe in short- and long- term use. (LOE 1)

•  Complications such as UTI are regularly seen 
and seem to be related to both the catheteriza -
tion itself and the pre-existing LUT condition 
(LOE 2).

•    Urethral and bladder complications seem to in-
crease in the long- term (LOE 3).

•  In order to reduce and prevent complications, 
appropriate materials and correct techniques 
should be taught and performed (LOE 3).

•  Adequate frequency of CIC, a non-traumatizing 
technique and suitable materials are the key 
factors for a successful outcome (LOE 2).

Recommendations

•  IC is the irst choice treatment for those with 
inability to empty the bladder adequately and 
safely in neurogenic voiding dysfunction. It is 
a valuable tool for achieving continence. (A)

•  Proper education and teaching are necessary 
to achieve a good outcome. (B)

•  To prevent and reduce complications, a non-
traumatizing technique (external lubricant or 
lubricant coated catheters) with adequate fre-
quency of catheterization and complete empty -
ing should be achieved. (B)

•  Annual follow-up is needed. (B/C)

•  It is not currently possible to state whether any 
IC method is advantageous (Grade D) and further 
research on the topic is strongly recommended.

2. inDwEllinG cathEtEr (iDc)

The Foley catheter was developed in the early 20th 
century. After the World War I, most SCI and other 
neurologic patients were treated with indwelling 
urethral	catheterization	(IDUC)	or	suprapubic	cathe-
terization	(SPC)	due	to	dificulty	in	voiding	or	urinary	
incontinence. While IC is nowadays recommended 
for	neurologic	patients,	many	still	choose	 IDC	due	
to	dificulty	 in	performing	 IC,	or	persistent	 leakage	
between catheterizations. In developing countries, 
IDC	can	still	be	the	method	of	choice	for	those	with	
urinary retention or incontinence. 

IDUC	 placement	 requires	 meticulous	 technique.	
More	 frequent	 catheter	 changes	 may	 be	 needed	
in	 patients	 with	 recurrent	 UTIs.	 IDUC	 can	 cause	
various complications, such as; urethral trauma 
and bleeding, urethritis, bladder stones, cystitis, 
acute	 and	 chronic	 UTI,	 bladder	 neck	 incompe-
tence, meatus and urethral sphincter erosion, and 
bladder carcinoma. Fistulas can result from pres-
sure effects, caused by improper catheter size and 
inadequate securing technique, particularly with 
long-term use. Therefore many experts advocate 
removal	of	an	 IDUC	as	soon	as	possible,	and	us-
age	of	other	methods	such	as	IC	or	SPC.	Nowadays	
the	complications	of	IDC	seem	less,	presumed	due	
to better materials, judicious size selection and a 
proper technique of securing the catheter. For CIC 
wet	patients,	overnight	IDUC	self-placement	seems	
to	 decrease	 risk	 of	 febrile	 episode	due	 to	UTI,	 as	
compared to CIC alone [30]. In the morning, the 
catheter was removed, washed with tap water and 
stored	in	disinfectant	(LOE3).

The	study	by	Pannek	(LOE	3)	reported	an	incidence	
0.11% for bladder cancer in catheterised SCI indi-
viduals	 (48	 out	 of	 43,561	 patients),	 similar	 to	 that	
observed in the general population [31]. However, 
more than 60% of the patients with SCI initially pre-
sented	with	muscle-iniltrating	bladder	 cancer.	Hy-
pothetically, the expression of inducible nitric oxide 
synthase	with	IDC	[32]	might	predispose	to	forma-
tion of potentially carcinogenic nitrosamines in the 
bladder.	Hamid	et	al.	[33]	did	not	ind	bladder	can-
cer on bladder biopsies in patients with SC I and a 
mean	IDC	use	of	12.1	years.
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Routine	antibiotic	prophylaxis	for	patients	with	IDC	
is not recommended. Attempts at eliminating bac-
teriuria associated with indwelling or intermittent 
catheters	are	generally	unsuccessful	[34,	35]	(LOE	
4).	For	prevention	of	UTI,	general	cleanliness	and	
local hygiene should be encouraged. In symptomat-
ic	UTI,	it	is	important	to	consider	catheter	blockage	
and problems such as urinary stones. Symptomatic 
UTIs	have	to	be	treated	with	the	most	speciic,	nar-
rowest spectrum antibiotics available for the short-
est	possible	time.	Guidelines	for	selecting	antimicro-
bial agents in SCI patients are similar to guidelines 
for	the	treatment	of	complicated	UTIs	in	the	general	
population. Characteristics of the quinolones make 
them	well	suited	for	treating	UTI	in	SCI	patients	[36]	
(LOE	4).	Recommendations	of	 the	 local	microbiol-
ogy department should be sought. 

The	beneit	and	 risks	of	SPC	are	similar	 to	 IDUC,	
including	the	risk	for	UTI,	stone	formation	and	main-
tenance cost of catheter and bag. Advantages in-
clude: minimized risk of urethral trauma and pain- in 
neurologically impaired women with even relatively 
short-term	IDUC,	urethral	destruction	is	a	signiicant	
risk. The key disadvantage is that SPC placement 
requires	a	minor	‘surgical’	produce	to	insert	the	su-
prapubic catheter, with potential to injure nearby 
organs [37]. While most centres favour SPC use, 
complications are well-recognised and literature is 
limited.	Most	publications	are	old,	there	are	no	pro-
spective	studies	and	no	RCTs	on	SPC.

Conclusions:

•  Long-term IDUC use in neurologic patients can 
predispose to complications. (LOE 2) 

•  Catheters should have as large a lumen as 
possible to maximise time to blockage by en-
crustation, and 5-10 ml self-retaining balloons 
to minimise the pressure effect on the bladder 
neck. (LOE 4)

•  Closed drainage systems are associated with 
lower infection risk. (LOE 1)

•  Frequency of change largely depends on time 
to blockage, which is inluenced by catheter 
materials and lumen, patient factors and infec -
tion. (LOE 3)

•  SPC is a reasonable alternative to IDUC, but IC 
is the irst line intervention (LOE 3).

•  SPC is a safe and effective short-term manage-
ment of urinary retention. (LOE 3)

Recommendations: 

•  Silicone or hydrogel-coated catheters are pref-
erable. (A/B) 

•  Use sterile materials and aseptic technique, 
and routine catheter care in the context of a 
closed drainage system. (C/D)

•  Catheters should be changed regularly, to try 
to pre-empt obstruction or infection. (C/D)

•  Bladder irrigation and antibiotic prophylaxis 
are not recommended as a routine infection-
control measure. Symptomatic UTI should 
be treated with narrowest spectrum antibi-
otic possible, according to local microbiology 
practice. (B) 

•  Patient education on daily cleanliness and hy-
giene care are mandatory. (C)

•  Short-term IDC during the acute phase of neu-
rological injury is a safe management for neu -
rologic patients. (B)

•  Long-term IDC may be safe only if a careful 
check-up of urodynamic, renal function, and 
upper and lower tract imaging are performed. 
(B)

•  Bladder screening for bladder cancer is 
strongly recommended, especially those with 
IDC more than 5-10 years. (C)

•  Annual cystoscopy and biopsy may be neces-
sary for those with gross hematuria, or chronic 
symptomatic UTI refractory to therapy. (C)

•  Consider the use of antimuscarinic drugs in 
individuals with suprasacral lesions using 
chronic indwelling catheters. (C)

•  Patient comfort, convenience, sexuality and 
quality of life need to be considered. ( C)

3. conDoM cathEtErS anD ExtErnal appliancES

Male	 patients	with	 neurogenic	 bladder	 and	 chronic	
urinary incontinence can be candidates for a condom 
catheter connected to a collection bag. However, 
some	men	have	dificulty	 in	applying	condom	cath-
eters, e.g. due to obesity, penile atrophy or retraction.

Conclusions 

•  Condom catheters facilitate urinary contain-
ment in neurologic male patients (LOE 3).

•  Long-term use does not increase the risk of 
UTI when compared to other methods of blad-
der management. (LOE 3)

•  Complications may be less if technique, hy-
giene, replacement and maintenance of low 
bladder pressures are optimised. (LOE 3)

Recommendations

•  Size selection should consider control of leakage, 
and prevention of penile compressive effects. (B)

•  Regular bladder emptying with low bladder 
pressures and low post void residual should 
be conirmed (B).
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This	chapter	deals	only	with	speciic	issues	of	conti-
nence pharmacotherapy in neurologic patients. For 
a fuller description of the drugs in use, see chap-
ter	8.	The	principal	causes	of	urinary	 incontinence	
in	 this	 subpopulation	 are	 neurogenic	 DO	 and/or	
incompetence of urethral closing function. Accord-
ingly, treatment aims to decrease storage-phase 
detrusor	 activity,	 increase	 bladder	 capacity	 and/
or increase bladder outlet resistance. This picture 
is	 blurred	 by	 the	 occurrence	 of	 DSD,	 which	 can	
be	present	 concomitantly	with	DO.	Pharmacologic	
therapy is particularly helpful in relatively mild de-
grees of neurogenic bladder dysfunction. Patients 
with more profound neurogenic bladder disturbanc-
es may require pharmacologic treatment to improve 
results of other forms of management, such as IC. 

The two most commonly used classes of agents are 
antimuscarinics and alpha-adrenergic antagonists. 
However most drugs have not been evaluated spe-
ciically	in	neurogenic	bladder	dysfunction.	

1.  DRUGS FOR NEUROGENIC STORAGE 
DYSFUNCTION

a) Bladder relaxants 

General	 indications	 of	 pharmacological	 treatment	
in	 neurogenic	 DO	 are	 to	 improve	 relex	 inconti-
nence, ameliorate high intravesical pressure and 
support	 other	 interventions	 e.g.	 IC	 and	 IDC.	An-
timuscarinic therapy is a symptomatic treatment. 
In	 neurogenic	 DO,	 antimuscarinics	may	 increase	
post void residual urine. 

The evidence base for the use of antimuscarinics in 
patients with a neurogenic bladder is limited. In fact, 
in a recent Cochrane review performed on all cur-
rent literature regarding anticholinergic therapy for 
MS-related	 incontinence,	 only	 ive	 usable	 studies	
were	 found,	 and	 no	 conclusion	 supporting	 beneit	
could be drawn from the analysis [1]. 

1. oxyBUtynin 

Oxybutynin	 hydrochloride	 is	 a	 moderately	 potent	
antimuscarinic agent with a pronounced muscle re-
laxant activity and local anesthetic activity as well- 
the clinical relevance of the latter is debatable. In 
a prospective, 12-week dose titration trial of con-
trolled	release	oxybutynin	(OXY-XL),	Bennett	et	al.	
[2]	evaluated	 the	eficacy	and	 tolerability	of	higher	
dose oxybutynin chloride in patients with neurogen-
ic bladder and multiple sclerosis, spinal cord injury 
or	Parkinson’s	disease.	A	7-day	washout	period	was	
used before initiation of the starting dose of 10 mg 
OXY-XL.	Doses	of	OXY-XL	were	increased	by	5	mg	
at weekly intervals to a maximum dose of 30 mg 
per	day	guided	by	patient	perception	of	eficacy	ver-
sus side effect. At the end of the study statistically 
signiicant	decreases	 in	 the	number	of	voids	 in	24 

hours, episodes of nocturia and incontinence epi-
sodes	were	observed.	Residual	urine	remained	un-
changed.	No	 patient	 experienced	 serious	 adverse	
events	(LOE2).	In	a	prospective,	open	label	trial	of	
3	formulations	of	oxybutynin	(tablets,	syrup	and	ex-
tended release tablets), Franco et al. [3] evaluated 
the	eficacy	and	safety	of	oxybutynin	in	children	with	
neurogenic	DO.	The	effect	of	treatment	on	average	
urine volume per catheterization and on secondary 
urodynamic	outcomes	was	evaluated.	Maximal	cys-
tometric capacities increased, and mean detrusor 
and	 intravesical	 pressures	 were	 signiicantly	 de-
creased at week 24. Improvements in bladder func-
tion were consistent across all oxybutynin formula-
tions	 (LOE	 2).	 Gajewski	 et	 al.	 demonstrated	 in	 a	
prospective randomized study that oxybutynin was 
more effective than propantheline in the treatment 
of	DO	in	patients	with	multiple	sclerosis	(LOE	1)	[4].

2. propivErinE

In a randomized, double-blind, prospective multi-
center	clinical	study,	Stöhrer	et	al.	[5]	compared	the	
eficacy	 and	 tolerability	 of	 propiverine	 and	 oxybu-
tynin in patients with neurogenic detrusor overac-
tivity. Propiverine and oxybutynin were equally ef-
fective in increasing bladder capacity and lowering 
bladder pressure. The trend for better tolerability of 
propiverine compared to oxybutynin achieved sig-
niicance	for	dryness	of	the	mouth	(LOE1).	Propiv-
erine hydrochloride has also been shown to be 
effective in neurogenic detrusor overactivity in chil-
dren and adolescents, even in some of those cases 
unresponsive to other anticholinergics [6, 7]. The 
low incidence rate of adverse events evidenced a 
favourable	risk-beneit	proile	of	propiverine	hydro-
chloride	(LOE3).

3. troSpiUM 

Trospium is a quaternary ammonium derivative with 
mainly antimuscarinic actions. Trospium has been 
shown	 to	 signiicantly	 reduce	 the	 number	 of	 urina-
tions, increase cystometric capacity and mean effec-
tive volume of the bladder, and reduce the incidence 
of	urgent	voids	in	neurogenic	patients	[8,	9]	(LOE1).	

4. toltEroDinE

Tolterodine is a competitive muscarinic receptor 
antagonist. Tolterodine has a high selectivity in vi-
tro and exhibits selectivity for the urinary bladder 
over the salivary glands in vivo. Several phase II 
studies	have	demonstrated	the	eficacy	and	safety	
of tolterodine in patients with overactive bladder 
[10]. Ethans conducted a prospective, randomized, 
double-blind, crossover trial plus open-label com-
parative stage, aiming at comparing tolterodine with 
oxybutynin and placebo in people with neurogenic 
DO.	Tolterodine,	when	used	at	self-selected	doses	
(SSDs)	was	 comparable	with	 oxybutynin	 at	 SSDs	
in enhancing bladder volume and improving conti-
nence, but with less dry mouth. It seems that larger 

IV. PHARMACOTHERAPY 
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doses of tolterodine are needed to achieve best ef-
fect	on	neurogenic	bladder	[11,	12]	(LOE3).

5. SolifEnacin SUccinatE

Solifenacin	 has	 been	 extensively	 studied	 in	 OAB	
[13,	14]	(LOE1).	In	a	prospective,	open-label	study	
of	 solifenacin	 for	 the	 treatment	 of	OAB	 in	MS	pa-
tients,	 van	 Rey	 et	 al.	 demonstrated	 a	 signiicant	
improvement in number of micturitions, number of 
pads used per day and severity of urgency com-
pared to baseline following eight weeks of treatment 
[15]	(LOE	2).	

6. DarifEnacin

Dariferacin	has	a	higher	 relative	selectivity	 for	 the	
M3	 receptor	compared	with	other	anticholinergics.	
Dariferacin	 has	 been	 extensively	 studied	 in	 OAB,	
but not in neurogenic bladder dysfunction. 

7. fESotEroDinE

Fesoterodine acts functionally as a prodrug, hydro-
lysed	by	nonspeciic	esterases	to	5-hydroxymethyl	
tolterodine	(5-HMT).	This	active	metabolite,	respon-
sible for the antimuscarinic activity of fesoterodine 
is also an active metabolite of tolterodine. Phase 3 
trials	have	evaluated	fesoterodine	in	OAB,	but	there	
is no current data on the effect of fesoterodine in 
neurogenic	LUT	dysfunction.

8. DUal thErapy with antiMUScarinicS

Dual	therapy	(between	combinations	of	oxybutynin,	
tolterodine and trospium) has been shown to be ef-
fective and well tolerated in a few patients with neu-
rogenic	bladder	dysfunction	[16]	(LOE	2).	

9. antiMUScarinicS in nEUroloGical patiEntS with coGni-
tivE iMpairMEnt

In the cognitively impaired, antimuscarinics should 
be prescribed with a warning about possible de-
terioration in memory or the onset of confusion. It 
would appear sensible to recommend the use of 
antimuscarinics that are likely to have less impact 
on cognition, either by lower propensity to cross 
the	 blood–brain	 barrier	 (e.g.	 trospium	 chloride)	 or	
by	relative	selectivity	for	the	M3	receptor	(e.g.	dari-
fenacin) which is not known to be involved in cog-
nition;	 evidence	 afirming	 these	 considerations	 is	
limited.	No	studies	have	speciically	evaluated	pa-
tients with neurological disease. In a randomised, 
double-blind, parallel group, multicentre study of 3 
weeks treatment with darifenacin in the healthy el-
derly,	no	signiicant	effects	on	memory	compared	to	
placebo was observed, in comparison to oxybutynin 
ER	which	caused	signiicant	memory	deterioration	
[17]	 (LOE	1).	 In	a	 single-centre,	 non-comparative,	
pre-post dose intervention phase IV study of healthy 
elderly that was primarily designed to evaluate CSF 
trospium levels after orally dosed trospium , no de-
cline in performance on tests of learning and mem-
ory	was	observed	following	ten	days	[18]	(LOE	2).	

Recommendations

• The evidence demonstrating the eficacy of an-
timuscarinics in the management of overactive 
bladder symptoms in patients with a neurogenic 
bladder is limited. Randomised control studies 
are needed to evaluate this further. 

b) Intravesical bladder relaxants

1. antiMUScarinicS. 

Since the first use of the intravesical application 
by	Brendler	et	al.	1989	[19],	there	have	been	sev-
eral articles reporting successes of intravesical 
oxybutynin	to	treat	OAB	and	neurogenic	DO.	The	
main findings were, at least at short term follow 
up;	improved	LUTS,	fewer	incontinence	episodes,	
an increase of maximum bladder capacity and 
decreased	DO.	George	et	al.	2007	compared	the	
therapeutic response of intravesical oxybutynin, 
propantheline, and capsaicin in the treatment of 
neurogenic	DO	[20].	Oxybutynin	5	mg	in	solution	
or propantheline 15 mg in solution and capsaicin 
were	 instilled	 intravesically	 in	each	patient.	Uro-
dynamic studies were done before and after the 
intravesical instillation of each drug. There was a 
significant difference in therapeutic response be-
tween intravesical oxybutynin, propantheline, and 
capsaicin in the treatment of detrusor overactivity 
for	 leak	 volume	 (LV)	 and	 leak	 frequency	 at	 2nd	
week. When comparing responses of oxybutynin 
and propantheline, more subjects demonstrated 
improvement with intravesical propantheline than 
oxybutynin for reflex volume, detrusor leak point 
pressure, clean intermittent catheterization vol-
ume,	and	LV	(LOE3).	However,	 there	 is	no	stan-
dard instillation protocol concerning the use of in-
travesical oxybutynin; doses used range between 
5-30 mg, diluted in 30-40 ml saline [20, 21]. Also 
the instillation frequency is not standardized and 
varies	between	1	to	3	times	/d.	Small	case	series	
report on long-term success of intravesical oxy-
butynin	 (up	 to	 3	 years	 in	 adults,	 up	 to	 one	 year	
in	 children	 with	 NDO	 (LOE4)	 [22,	 23].	 Despite	
favourable results on urodynamic parameters, 
there is also a low level of evidence for the use 
of intravesical oxybutinin in low-compliance neu-
rogenic	bladders	[24].	Modulation	of	the	ice-water	
test and suppression of the electrical perception 
threshold by oxybutynin has been studied [25]. An 
animal experiment suggested that early adminis-
tration of oxybutynin might have a protective ef-
fect on structural bladder alterations, at least in 
obstructed animals [26].

Fader	 et	 al.	 2007	 [27]	 tested	 the	 eficacy	 and	 side	
effect	 proiles	 of	 intravesical	 atropine	 compared	
to	 oxybutynin	 immediate	 release	 (IR)	 in	 MS.	 They	
performed a study to determine the most effective 
dose of atropine. Eight participants used increasing 
doses	 of	 intravesical	 atropine	 (2	 to	 6	mg	 in	 20	ml	
saline)	 during	 a	 12-day	 period.	 Bladder	 diary	 data	
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showed that the instillation of 6 mg atropine 4 times 
daily was most effective for increasing bladder ca-
pacity	 (voided/catheter	 volumes).	 Afterwards	 they	
performed a randomized, double-blind crossover 
trial. Participants received 14 days of treatment with 
oral	oxybutynin	IR	5	mg	twice	daily	(range	2.5	twice	
to 5 mg 4 times daily) or with intravesical atropine, 
followed by 14 days of alternative treatment. Partici-
pants recorded a bladder diary and rated side effects 
and quality of life. The primary outcome variable was 
bladder	capacity.	57	participants	with	MS	completed	
the study. Average change in bladder capacity was 
higher in the atropine arm. Changes in incontinence 
events and voiding frequency were not statistically 
different between the arms. Changes in total side ef-
fect	and	dry	mouth	scores	were	signiicantly	better	in	
the	atropine	treatment	arm.	These	indings	suggest	
that intravesical atropine is as effective as oxybutynin 
IR	for	increasing	bladder	capacity	and	has	less	anti-
muscarinic	side	effects	(LOE2).	However,	no	further	
results of clinical trials with intravesical atropine have 
been published since. 

2. nocicEptin/orphanin fQ (n/ofQ) 

Nociceptin	 is	 a	 peptide	 that	 exerts	 several	 physi-
ologic actions at both the central and the periph-
eral	level	by	activating	a	speciic	G-protein-coupled	
receptor	 named	 nociceptin	 orphan	 peptide	 (NOP)	
receptor. Animal studies have demonstrated that 
N/OFQ	inhibits	the	micturition	relex	in	the	rat	[28].	
Lazzeri	et	al.	recently	studied	the	feasibility,	safety	
and	eficacy	of	daily	intravesical	instillation	of	1	mg	
of	 the	 endogenous	 peptide	 N/OFQ	 in	 a	 selected	
group of patients who performed CIC for neurogenic 
DO	[29].	A	total	of	18	patients	were	randomized	to	
receive	1	mg	nociceptin/orphanin	FQ	 in	10	ml	sa-
line	 or	 placebo	 (saline)	 at	 the	 irst	 catheterization	
for	10	days.	Mean	daily	urine	leakage	episodes	sig-
niicantly	 decreased	 from	2.18	at	 baseline	 to	 0.94	
during	nociceptin/orphanin	FQ	 treatment,	while	no	
signiicant	 changes	 were	 reported	 in	 the	 placebo	
group.	The	bladder	capacity	signiicantly	increased	
in	 patients	 receiving	 nociceptin/orphanin	 FQ.	 The	
urodynamic parameters showed an increase in cys-
tometric capacity and a decrease in maximum blad-
der	pressure.	Although	these	indings	supported	the	
use	of	nociceptin/orphanin	FQ	peptide	receptor	ag-
onist	as	an	alternative	approach	for	controlling	NDO	
incontinence	(LOE2),	no	further	study	results	have	
been	published	in	ive	years.

3.  coMpoUnDS actinG via thE tranSiEnt rEcEptor po-
tEntial (trp) channElS

The	 vanilloids,	 capsaicin	 (CAP)	 and	 resiniferatoxin	
(RTX),	desensitize	afferent	nerves	by	binding	TRP-
V1 receptors. CAP has been the subject of small, 
short-lasting placebo-controlled trials in patients with 
SCI	or	MS	[30]	(LOE1-2).	Thus,	the	use	of	CAP	is	still	
largely experimental and limited by the fact of pro-
longed	and	painful	excitation	of	the	sensory	c-ibers.	
The alcoholic solvent may be a major factor in the 

poor tolerability of alcoholic CAP instillation, as sug-
gested by the result of one placebo controlled study 
showing that side effects appeared to be the same 
after intravesical instillation of CAP diluted in 30% 
ethanol	as	after	instillation	of	ethanol	alone	(LOE2).	

RTX	 acts	 without	 the	 potent	 neuronal	 excitatory	
effect of capsaicin, and therefore elicits less dis-
comfort. The difference in tolerability of the 2 vanil-
loids	 (CAP	 vs.	RTX)	was	 usually	 attributed	 to	 the	
differential	pungency	of	the	2	agents.	Nevertheless,	
because we know the role of the solvent in the ir-
ritative effect on bladder mucosa, it is reasonable to 
assume that differential effects could be related to 
the use of different vectors. From a technical point 
of view the choice of the solvent is limited because 
of the poor hydrosolubility of CAP, imposing the use 
of an alcoholic, lipidic or glucidic vector. The safety 
of the lipidic solution could be imperfect because 
of	dificulty	of	achieving	complete	elimination	of	 li-
pidic	solution	 from	 the	bladder.	On	 the	contrary,	a	
glucidic solution may represent a safe and valuable 
alternative	 to	 the	 alcoholic	 vector.	 De	 Seze	 et	 al.	
[31]	 compared	 the	 eficacy	 and	 tolerance	 of	 intra-
vesical	instillations	of	CAP	and	RTX	using	a	glucidic	
solvent for CAP and the 10% ethanol solvent for 
RTX	in	a	controlled	randomized,	double	blind	study	
in patients with severe urinary incontinence due to 
spinal	 cord	 injury.	 On	 day	 30,	 improvement	 was	
found	clinically	and	urodynamically	in	78%	and	83%	
respectively	 of	 patients	 treated	with	CAP	vs.	 80%	
and	60%	treated	with	RTX.	No	signiicant	difference	
between	 the	 2	 groups	 was	 observed.	 The	 beneit	
remained in two-thirds of the 2 groups on day 90. 
There were no differences in regard to incidence, 
nature	 or	 duration	 of	 side	 effects	 in	CAP	vs.	RTX	
treated patients. These results once more strongly 
argue for the importance of accounting the role of 
vanilloid	 solute	when	 interpreting	 eficacy	 and	 tol-
erance of vesical vanilloid instillation in neurogenic 
DO	cases.	They	suggest	that	a	glucidic	solution	is	a	
valuable	solvent	for	CAP	instillation	(LOE2).

RTX	 seems	 to	 have	 a	 beneicial	 effect	 on	 neuro-
genic	DO	(LOE	2).	However,	good	randomized	con-
trolled studies are needed to determine its place 
in	 the	 treatment	of	NDO.	Also	 the	optimum	doses	
(concentration)	as	well	as	the	inter	treatment	inter-
vals	need	to	be	determined.	Moreover,	the	long-term	
safety of vanilloid agents, particularly concerning 
mutagenic and carcinogenic effects on the bladder 
wall	is	not	perfectly	known.	RTX	belongs	to	the	fam-
ily of tumor promoting phorbol esters, strengthening 
the	need	to	ensure	the	safety	of	RTX	before	extend-
ing its therapeutic applications.

Initial	interest	in	RTX	has	declined	following	the	in-
troduction	of	intradetrusor	Botulinum	toxin	injections	
in	the	treatment	of	intractable	neurogenic	DO.	In	a	
randomized trial comparing onabotulinumtoxinA in-
jection to resiniferatoxin intravesical instillation in 25 
patients	with	spinal	neurogenic	DO	[32]	 there	was 
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a	signiicant	decrease	in	catheterization	and	incon-
tinence episodes for both treatments at 6, 12, and 
18-months	 of	 follow-up.	 However,	 onabotulinumA	
injections provided superior clinical and urodynamic 
beneits	as	compared	to	intravesical	resiniferatoxin,	
although	RTX	did	not	necessitate	subsequent	inter-
mittent	catheterisation	(LOE1-2).

Transient receptor potential channels are being in-
creasingly investigated as targets for the treatment 
of detrusor overactivity. Piperine, a novel vanil-
loid compound, was found to have both acute and 
prolonged in vitro effects [33]. In an animal model 
of	 chronic	 spinal	 NDO,	 systemic	 administration	 of	
GRC-6211,	a	novel	TRPV1	antagonist,	could	abol-
ish	 DO	 [34].	An	 antagonist	 of	 another	 TRP	 chan-
nel, the ankyrin-repeat transient receptor potential 1 
channel	(TRPA1),	could	decrease	the	number	and	
amplitude of non-voiding bladder contractions in 
SCI rats [35]. Finally, nitro-oleic acid, an electrophil-
ic fatty acid nitroalkene derivative which modulates 
gene transcription and protein function via post-
translational	 protein	 modiication	 demonstrated	
TRP-agonist	actions	affecting	both	the	TRPV1	and	
the	TRPA1	receptors	in	rat	bladders	[36].	

4. BotUlinUM nEUrotoxin typE a

Eficacy: The past decade saw the emergence of 
the most successful intravesical treatment for re-
fractory	neurogenic	DO	to	date,	namely	Botulinum	
neurotoxin	 (BoNT)	 intradetrusor	 injections.	Follow-
ing several publications from increasing numbers of 
centres worldwide and multicentre registration stud-
ies,	 BoNT	 type	A	 (BoNT/A)	 in	 the	 Onabotulinum-
toxinA	 (BOTOX™)	 format	has	become	 the	newest	
approved treatment for urinary incontinence in adult 
neurological patients with inadequate response to 
(or	reduced	tolerance	of)	an	anticholinergic	medica-
tion	(U.S.	Food	and	Drug	Administration	approval).	
Similar approval has been granted or is awaited 
in a number of European countries. Several sys-
tematic reviews [37-40], a number of randomized, 
placebo-controlled	trials	(LOE1,	four	fully	published	
studies [41-44], one active comparator-controlled 
trial	(LOE1-2)	[32],	three	LOE2	studies	[45-47],	and	
several	 LOE3	studies	have	 conirmed	 the	eficacy	
of	BoNT/A	in	the	treatment	of	refractory	neurogenic	
DO	 incontinence.	 Clinical	 improvement	 is	 accom-
panied	by	signiicant	ameliorations	in	bladder	func-
tion, as urodynamic parameters that matter in the 
management	of	NDO,	namely	maximum	cystomet-
ric	capacity,	maximum	detrusor	pressure	and	relex	
volume,	appear	to	gain	substantial	beneits	in	most	
published patient series [37-39]. Almost all studies 
have	published	on	 two	BoNT/A	preparations,	ona-
botulinumtoxinA	 (Botox)	 and	 abobotulinumtoxinA	
(Dysport)	[39].	The	two	formats	are	not	interchange-
able and there are no direct comparisons for dose, 
eficacy	and	safety,	at	least	in	urological	indications.	
Although	both	products	appear	to	be	eficacious	in	
NDO,	onabotulinumtoxinA	has	been	more	compre-

hensively studied than abobotulinumtoxinA [39]. An 
LOE1	 study	 has	 been	 published	 reporting	 abob-
otulinumtoxinA	 [46].	An	 LOE3	 study	 suggests	 that	
onabotulinumtoxinA	may	be	more	eficacious	 than	
a	novel	BoNT/A	preparation,	Prosigne,	in	the	treat-
ment	of	refractory	NDO	[48].	

The	mean	duration	of	eficacy	of	a	single	 injection	
is 6-16 months for onabotulinumtoxinA and 5-12 
months	for	abobotulinumtoxinA	[39].	The	FDA	regu-
latory	 trials	 (275	 and	 416	 patients,	 respectively)	
demonstrated a mean duration of effect of [37-42 
weeks for onabotulinumtoxinA compared to 13 
weeks for placebo [43, 49]. Complete continence 
was	achieved	 in	36-38%	and	40-41%	respectively	
with	the	200U	and	300U	doses	of	onabotulinumtox-
inA as opposed to 7.6-10% with placebo. Interest-
ingly,	signiicantly	higher	post-treatment	continence	
rates have been reported in single-centre studies 
with	both	preparations	(a	mean	71%	with	onabotu-
linumtoxinA and 65% with abobotulinumtoxinA) 
[39]. The concomitant use of anticholinergics did 
not	 appear	 to	 provide	 additional	 beneit,	 although	
this	needs	to	be	conirmed	in	speciically-designed	
studies. Several retrospective studies now attest to 
the	sustained	eficacy	of	repeat	treatment	sessions	
with	either	of	the	two	formulations	[50-58].	

Reported	 failure	 rates	 range	 was	 5-25%	 for	 ona-
botulinumtoxinA and 10-32% for abobotulinum-
toxinA	[39].	Clinical	predictors	of	success/failure	in	
NDO	have	not	been	studied.	A	study	of	patients	with	
MS	proposed	that	longer	duration	of	MS	may	be	a	
predicting	 factor	 for	 treatment	 failure	 [59]	 (LOE3).	
To date there is no robust evidence to link treatment 
failure	 with	 the	 formation	 of	 neutralizing	 BoNT/A	
antibodies, but a wide range of antibody forma-
tion rates following treatment has been reported 
(0-35%)	 [60-63]	and	 its	 clinical	 signiicance	needs	
further investigation. A small, controlled study in 
children	 (LOE1-2)	 found	 no	 association	 between	
antibody formation and treatment failure, but report-
ed an increased rate of antibody formation in those 
receiving	repeat	versus	single	injections	(71%	ver-
sus	38%)	[64]	in	the	mid-term	(up	to	4	months	post	
treatment). In the long-term, antibody titers returned 
to control levels. 

Patient populations:  The majority of the studies 
involved participants with neurogenic bladder due 
to	 SCI	 or	 MS,	 often	 mixed,	 while	 only	 small	 case	
series	 investigated	 eficacy	 in	 patients	with	Parkin-
son’s	 disease,	multiple	 system	atrophy	 or	 cerebro-
vascular	 accident	 (CVA)	 [65-68].	 Comparisons	 of	
eficacy	 between	 neurological	 subpopulations	 are	
generally	lacking,	although	a	small	LOE3	study	sug-
gested	better	continence	outcomes	and	more	signii-
cant improvements in maximum detrusor pressures 
in	 SCI	 patients	 compared	 to	 those	 with	 CVA	 [68].	
The	 largest	 RCTs	which	 involved	MS	 and	SCI	 pa-
tients	conclude	that	the	toxin	is	highly	eficacious	in	
both subpopulations [43, 49]. A lower placebo effect 
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in the SCI subpopulation could be noted, although 
the studies were not designed for head-to-head com-
parisons. The same studies demonstrated a similar 
eficacy	and	adverse	event	proile	for	the	200U	and	
300U	onabotulinumtoxinA	(BOTOX)	doses,	suggest-
ing	a	plateau	in	the	eficacy	of	the	toxin.	Similar	con-
clusions had been drawn by the results of an earlier 
study	in	the	IDO	population	(plateau	dose	150U	ona-
botulinumtoxinA)	[69].	Providing	the	best	beneit/risk	
ratio,	the	200U	onabotulinumtoxinA	dose	was	recom-
mended	for	the	treatment	of	refractory	NDO	inconti-
nence	[43,	49].	A	LOE2	study	suggested	a	trend	to-
wards better clinical and urodynamic improvements 
with	750U	as	opposed	to	500U	abobotulinumtoxinA	
[46].	Other,	non-randomised	and	inadequately	pow-
ered	 studies	 (LOE3)	 [45,	 56,	 70]	 could	 not	 identify	
a clear dose-response for higher doses of abobotu-
linumtoxinA,	 although	 1000U	 abobotulinumtoxinA	
might	produce	a	beneicial	effect	of	greater	duration	
than	that	with	500U	[45].	

Little	data	exists	on	lower	doses.	A	pilot	LOE3-4	study	
suggests	that	100U	onabotulinumtoxinA	could	be	ef-
fective	 in	 MS	 patients	 and	 minimize	 unfavourable	
side-effects, particularly the need for IC [71], while 
a	LOE1	dose-response	study	still	 in	abstract	 format	
conirms	a	more	signiicant	clinical	beneit	of	the	200U	
dose	as	opposed	to	the	50U	and	100U	doses	of	ona-
botulinumtoxinA in patients with SCI [72]. 

Effect on quality of life (QOL): 	Both	preparations	
have	been	shown	to	improve	patients’	QOL	in	RCTs.	
A single injection of 500 units abobotulinumtoxinA, 
diluted in 25 ml saline and injected into 25 injec-
tion sites, was compared to placebo in 31 patients 
with	 NDO-associated	 incontinence.	 At	 26	 weeks	
follow-up, patients in the abobotulinumtoxinA group 
had	a	more	signiicant	change	 in	clinical	QOL	and	
urodynamic parameters, and anticholinergic use 
[42].	Similarly,	200U	and	300U	onabotulinumtoxinA	
administered	 into	30	 injection	sites	 improved	QOL	
scores	signiicantly	more	than	placebo	in	all	LOE1	
studies	 [43,	 44,	 49,	 73].	 The	 I-QOL	 questionnaire	
has	been	used	in	the	majority	of	LOE1	studies.	

Administration technique:  A large variance in 
the number and volume of injections has been de-
scribed. However, in the majority of studies ona-
botulinumtoxinA was given at 30 injection sites 
(range	 10–40)	 at	 a	 dilution	 of	 10U/1ml	 per	 injec-
tion	site	(total	volume	of	30	ml,	range	3–30	ml),	as	
described in the original publication by Schurch et 
al. [74]. The same dilution and number of injection 
sites	was	used	when	administering	either	300U	or	
200U	onabotulinumA	in	the	regulatory	trials.	Admin-
istration of abobotulinumtoxinA is less standardized 
(10–30	injection	sites,	total	volume	of	5–30	ml),	but	
a total 30 ml given at 30 injection sites appears to 
be the most common again [39]. The effect of these 
variables on outcomes has little been studied. In a 
LOE3	study,	Karsenty	et	al.	compared	10	versus	30	
injection	sites	(300	U	Botox)	[75].	They	reported	no	

signiicant	difference	in	eficacy	measured	by	num-
ber of incontinence episodes or cystometric capac-
ity,	but	a	signiicant	reduction	in	post-procedure	pain	
was noted in the 10 injection-sites group. 

The majority of studies reported injections into 
the detrusor muscle sparing the trigone, as in the 
original	 technique	 [74].	 There	 is,	 however,	 LOE2	
evidence to suggest that trigonal injections may 
produce better continence rates than detrusor injec-
tions alone; urodynamic parameters were affected 
to	 a	 lesser	 extent,	 as	 only	 relex	 volume	was	 im-
proved	more	signiicantly	 in	patients	who	 received	
trigonal injections [47]. 

Alternative delivery techniques are being investigat-
ed in preclinical studies and include intravesical in-
stillation	of	BoNT/A	encapsulated	in	liposomes	[76]	
or	 via	 electromotive	 drug	 administration	 (EMDA)	
[77]. The latter method has also been tested in a 
pilot	LOE3-4	study	in	children	with	myelomeningo-
cele	and	signiicant	improvements	were	reported	in	
maximum cystometric capacity, detrusor pressure, 
urinary	incontinence,	vesicoureteric	relux	and	even	
fecal	incontinence	[78],	but	these	conclusions	need	
to	be	conirmed	in	controlled	trials.

Safety:  The treatment appears to be overall safe 
in currently used doses and techniques. The most 
common	 adverse	 event	 is	 the	 signiicant	 increase	
in postvoid residual in patients not using CIC prior 
to treatment. In onabotulinumA placebo-controlled 
trials, 12-22%, 30-47%, and 42-49% of patients in 
the	placebo,	200U,	and	300U	groups,	 respectively,	
initiated CIC post-treatment. Although earlier studies 
had	 reported	 a	 reduced	 incidence	 of	UTIs	 in	NDO	
patients	 treated	 with	 BoNT/A	 [55,	 79,	 80],	 recent	
large	 RCTs	 suggest	 a	 higher	 incidence	 of	 UTIs	 in	
those treated with onabotulinumtoxinA as opposed 
to placebo-treated patients [43, 49]. This might be 
associated with the increased rate of de novo CIC in 
the	Botox-treated	population.	Prospective,	long-term	
trials are needed to clarify this apparent discrepancy. 

Haematuria,	 constipation	 and	 lu-like	 symptoms	
have also been described [39, 43, 49], while inclu-
sion of trigonal injections does not appear to pro-
duce	vesicoureteral	relux	(LOE2-3)	[47,	81,	82].	A	
study in SCI male patients found a post-treatment 
decrease in the volume of ejaculate accompanied 
by improvements in semen quality, sperm mobility 
and	vitality,	as	well	as	semen	culture	 [83].	Further	
research	 is	 needed	 to	 conirm	 these	 results	 and	
explore whether they are due to a local re-organ-
isation of autonomic function which also affects the 
reproductive system. 

The most serious adverse event is generalised 
paraparesis/	 fatigue,	which	has	been	described	 in	
0.005% of patients receiving onabotulinumtoxinA 
and in 0.026% of patients receiving abobotulinum-
toxinA [39]. The effect resolves spontaneously af-
ter 4-6 weeks and appears to be dose-related, with 
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most cases reported in those patients injected with 
750-1000U	 abobotulinumtoxinA	 or	 300U	 onabotu-
linumtoxinA	[49,	53,	84].

As	BoNT/A	studies	 in	skeletal	muscles	have	 iden-
tiied	 autonomic,	 histological	 and	 other	 secondary	
effects	 [85,	86],	 further	 investigation	 is	needed	on	
safety issues, especially after repeat injections 
[38].	A	single	study	to-date	prospectively	examined	
distant	 effects	 post-BoNT/A	 bladder	 injection	 us-
ing	single-ibre	EMG;	one-third	of	 the	patients	had	
indings	of	neuromuscular	 jitter	post-treatment,	but	
there was no placebo arm or pre-treatment data for 
comparison	 [87]	 (LOE3).	 Other	 studies	 produced	
histological evidence of reduced or no additional 
ibrosis	after	one	or	multiple	injections,	including	in	
children	[88-90].	

Future research should highlight the gaps in our 
knowledge of long-term treatment, overall safety 
and different techniques of application.

5.  potEntial intravESical trEatMEntS with cannaBi-
noiD MoDUlatorS

While orally administered cannabinoid modulators 
appear	 to	 improve	 neurogenic	 OAB	 symptoms,	
particularly	 in	 MS	 patients	 [91],	 the	 identiication	
of	 functional	 cannabinoid	 receptors	 (CBs)	 in	 the	
human bladder urothelium [92, 93] has intensi-
ied	research	 in	 intravesical	cannabinoid	agonists	
for bladder dysfunctions. To date, only preclinical 
studies exist, and in non-neurogenic bladder mod-
els.	Cannabinor,	a	selective	CB2	receptor	agonist,	
was found to affect bladder function in both normal 
rats as well as rats with bladder outlet obstruction, 
by increasing intervals between bladder contrac-
tions	as	well	as	low	pressures	[94,	95].	In	rats,	but	
not humans, a Cannabis sativa extract enriched in 
cannabidiol drug substance reduced cholinergic-
mediated bladder contractility in vitro [96]. Intra-
vesical application of a non-selective cannabinoid 
agonist suppressed afferent activity via activation 
of	CB1	receptors	 [97].	Finally,	 intravesical	admin-
istration of the fatty acid amide hydrolase, the en-
zyme responsible for the degradation of the endo-
cannabinoid anandamide, altered afferent-related 
urodynamic	 parameters	 in	 normal	 rats	 [98].	 In	 a	
single study using a spinal cord injury model, sys-
temic	 administration	 of	 a	 CB2-selective	 agonist	
could improve spontaneous voiding, possibly via 
a	positive	effect	on	inlammatory	responses	in	the	
spinal cord [99]. 

c) Drugs for sphincter deiciency

Several drugs, including alpha-adrenergic agonists, 
estrogens, beta-adrenergic agonists and tricyclic 
antidepressants, and duloxetine have been used in 
an	effort	to	increase	outlet	resistance.	No	adequate-
ly designed controlled studies of any of these drugs 
for	 treating	 neurogenic	 sphincter	 deiciency	 have	
been published. 

2.  DRUGS FOR TREATING VOIDING DYS-
FUNCTION

a) Alpha-adrenergic antagonists 

Alpha-adrenoceptors are present in the bladder 
base, posterior urethra and prostate. Alpha-blockers 
have been already reported to be useful in neuro-
genic bladder by decreasing urethral resistance dur-
ing voiding. Tamsulosin has been shown to improve 
bladder	storage	and	emptying	in	MS	and	SCI	[100].	
Abrams	et	al.	[101]	evaluated	the	eficacy	and	safety	
of tamsulosin in patients with neurogenic lower uri-
nary tract dysfunction secondary to suprasacral spi-
nal cord lesions in a 4-week randomized controlled 
trial	 (RCT)	 followed	 by	 a	 1-year,	 open	 label,	 long-
term study. A total of 263 patients were randomized 
to 4-week double-blind therapy with placebo, or 0.4 
or	0.8	mg	tamsulosin	once	daily.	The	primary	eficacy	
parameter	was	maximum	urethral	 pressure	 (MUP).	
In	the	long-term	study,	but	not	in	the	RCT	trial,	there	
was	a	statistically	signiicant	mean	decrease	in	MUP	
from baseline to end point. In the long-term study 
tamsulosin also improved several cystometry pa-
rameters related to bladder storage and emptying, 
e.g. decreased maximum urethral closure pressure. 
It also increased mean voided volume based on the 
micturition	 diary.	 There	 was	 statistically	 signiicant	
improvement for the International Prostate Symptom 
Score	Quality	of	Life.	Both	doses	were	effective	and	
well	tolerated.	(LOE1).	

b) Botulinum toxin

Sphincter	injections	were	historically	the	irst	appli-
cation	of	BoNT/A	in	the	lower	urinary	tract	[102],	but	
there is still inadequate evidence to support its use. 
The most commonly injected volume is 4ml of either 
the onabotulinumtoxinA or the abobotulinumtoxinA 
preparations.	 Usually	 100U	 onabotulinumtoxinA	
or	 150U	 abobotulinumtoxinA	 have	 been	 delivered	
transperineally or transurethrally [103, 104]. There 
exists no direct comparison of injection techniques; 
there	is	LOE4	to	suggest	the	two	delivery	approach-
es are equally effective [105].

In	a	LOE1	study,	 the	effects	on	DSD	of	botulinum	
toxin	 versus	 placebo	 was	 studied	 in	 86	 multiple	
sclerosis	(MS)	patients	 [106].	The	study	employed	
a single transperineal injection of onabotulinum-
toxinA,	 100	 U	 in	 4	 ml	 normal	 saline,	 or	 placebo,	
into	the	striated	sphincter	with	EMG	guidance.	The	
primary endpoint was post void residual volume at 
30 days. The secondary endpoints included void-
ing	and	urodynamic	variables.	OnabotulinumtoxinA	
failed to decrease post-void residual volume in this 
group	of	MS	patients,	although	it	increased	voided	
volume and reduced pre-voiding and maximum de-
trusor	 pressures.	 These	 indings	 differ	 from	 those	
in patients with spinal cord injury and may be due 
to	lower	detrusor	pressures	in	MS	patients.	A	small	
LOE1	 study	 showed	 a	 superior	 effect	 of	 onabotu-
linumtoxinA over lidocaine 0.5% injected in the ure-
thral	sphincter	in	MS	patients	[104].	In	MS	patients	
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there	 is	 also	 LOE3	 to	 suggest	 that	 a	 combination	
of detrusor and sphincter injections may facilitate 
bladder	emptying	 [105].	 In	 children	with	NDO	and	
DSD	due	to	myelomeningocele	there	is	LOE1-2	to	
suggest that sphincter injections additional to the 
detrusor	 injections	accomplish	signiicant	 improve-
ments	in	post-void	residuals,	as	well	as	more	signii-
cant	beneits	 in	urinary	 incontinence,	constipation,	
vesicoureteral	relux	and	creatinine	levels	[107].	

c) Cholinomimetics

In general, bethanechol chloride seems to be of lim-
ited	beneit	 for	 detrusor	 arelexia	and	 for	 elevated	
residual urine volume. Elevated residual volume 
is often due to sphincter dyssynergia. It would be 
inappropriate potentially to increase detrusor pres-
sure	when	concurrent	DSD	exists.

Conclusions

•  Antimuscarinic drugs improve storage func-
tion (LOE 1). 

•  Antimuscarinic drugs have a high incidence of 
side effects (dry mouth, constipation, urinary 
retention, etc.). Tolterodine, propiverine, tros -
pium and controlled-release oxybutynin have 
signiicantly less side effects compared to im-
mediate-release oxybutynin (LOE 1).

•  High doses of oxybutynin have been used to 
treat patients with neurogenic bladder dysfunc-
tion (LOE 3).

•  Intravesical instillation of oxybutynin may be an 
alternative route of administration (LOE 4).

•  Intravesical instillation of capsaicin/resiniferatox-
in has been reported to improve spinal relex in-
continence. Resiniferatoxin is preferable (LOE 3). 
Recent results supporting their use are lacking. 

•  Botulinum neurotoxin A (BoNT/A) injection 
into the detrusor muscle improves clinical and 
urodynamic parameters (LOE1), and has been 
approved as second-line treatment for urinary 
incontinence associated with neurogenic detru-
sor overactivity in patients with inadequate re-
sponse to or intolerance of an anticholinergic. 

•  Repeat intradetrusor injections of BoNT/A pro-
vide sustained clinical beneits (LOE3)

•  Treatment with intradetrusor BoNT/A is con-
sidered overall safe, with increased post-void 
residual and need for post-treatment CIC being 
the most common adverse event (LOE1). 

•  Long-term alpha adrenergic antagonists are ef-
fective and well tolerated in patients with MS 
and suprasacral spinal cord lesion with neuro-
genic lower urinary tract dysfunction (LOE1).

•  BoNT/A is probably safe and effective for the 

treatment of DSD in spinal cord injury patients 
(LOE2). However, on the basis of one LOE1 
study, BoNT/A does not provide signiicant ben-
eit for the treatment of DSD in MS patients.

•  There is no adequately designed controlled study 
of any drug for neurogenic sphincter deiciency.

Recommendations 

•  Antimuscarinic drugs should be recommended 
for the treatment of neurogenic detrusor overac -
tivity (A). Titration of the dosage of these drugs 
individually should be done to optimal balance 
of therapeutic and adverse effects. If one drug is 
not tolerated, another drug should be tried (C/D). 

•  BoNT/A should be offered as a treatment option 
for incontinence associated with neurogenic 
detrusor overactivity (A).

•  Further research is needed on long-term out-
comes and safety, administration techniques, 
the bio-equivalence of the various preparations, 
the concomitant use of anticholinergic drugs, 
mechanisms of action, and wider effects (A).

•  Vanilloid intravesical therapy still remains ex-
perimental and therefore is not recommended 
except within clinical trials (C/D).

•  For decreasing outlet resistance in neuro-
genic bladder a-adrenergic antagonists may 
be used (B/C).

•  BoNT/A may be considered for DSD in spinal 
cord injury patients (B).

•  For neurogenic sphincter deiciency, no effec-
tive drugs are available up to now; further re-
search is needed (D).

•  For detrusor arelexia no effective drugs are 
available up to now; further research is needed .

1. ELECTRICAL NEUROMODULATION

In the last decade, sacral nerve neuromodulation 
(discussed	in	the	Surgical	Treatment	section	of	this	
chapter) has been established as a treatment op-
tion	for	patients	with	OAB.	The	success	with	sacral	
neuromodulation has increased the interest in other 
neuromodulation techniques. Additional methods 
include;	 (a)	 anogenital	 stimulation	 (b)	 pudendal	
nerve	stimulation,	 (c)	dorsal	genital	nerve	stimula-
tion	 (d)	 percutaneous	 tibial	 nerve	 stimulation,	 (e)	
magnetic	stimulation	and	(f)	deep	brain	stimulation.	
It is not really known how neuromodulation works, 
but there is evidence that sites of action are spinal 
and supraspinal [1]. Firstly the non-surgical ways of 
neuromodulation will be presented, followed by the 
surgical techniques. 

V. ELECTROSTIMULATION
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a) Anogenital Stimulation

This	 has	 been	 applied	 in	 children	with	OAB	 com-
plaints.	Gladh	et	al.	found	a	response	for	anogenital	
stimulation in 53% of the children [2]. Trsinar and 
Kralj	 used	 an	 endoanal	 electrode	 and	 reported	 a	
complete or partial response to the treatment in 
75% of the patients [3]. In a control group of patients 
who had the endoanal electrode introduced but not 
activated, no patient had the symptoms resolved 
completely.	No	recent	publications	could	be	found.

b) Pudendal Nerve Stimulation

Pudendal nerve stimulation and electrode position-
ing can be carried out under neurophysiological 
monitoring	 (using	 a	 St.	Mark’s	 electrode)	 in	 order	
to	 guide	 the	 electrode	 in	Alcock’s	 Canal	 as	 close	
as possible to the pudendal nerve [4]. Electrode 
implantation can also be carried out by a rear ap-
proach under local anesthesia according to the 
method	described	by	the	same	team	[5,	6].	On	the	
other hand, an anatomical study demonstrated that 
the technique for implanting electrodes at the pu-
dendal level may carry some risk [7]. 

Direct	 pudendal	 nerve	 stimulation	 has	 beneicial	
effects	 on	 numerous	 pelvic	 loor	 function	 impair-
ments	 such	 as	 urinary	 and/or	 fecal	 incontinence,	
retention, and constipation. In preceding literature 
the implant technique required a fairly complex and 
invasive procedure, although recent advances with 
percutaneous placement of the lead through an 
introducer have made the procedure much less in-
vasive. Electrical stimulation of pudendal nerve af-
ferents can inhibit bladder contractions in patients 
with SCI, and bladder capacity can be increased 
[8]	 (LOE3).	 Implants	such	as	 the	InterStim	system	
have made this treatment modality commercially 
available	 (see	 sacral	 nerve	 stimulation).	 Common	
to these implantable systems is that they use con-
tinuous	stimulation.	Detrusor	inhibition	is	in	principal	
only necessary during an involuntary contraction 
and, thus, stimulation could be turned off between 
contractions	 (i.e.	 conditional	 stimulation)	 [9].	Such	
a stimulation scheme could have a number of ad-
vantages. Power consumption may be decreased 
and, thus, extend battery lifetime. Furthermore, 
continuous	stimulation	of	a	relex	may	lead	to	habit-
uation, which would be minimized or prevented by 
conditional stimulation. Hansen et al. [10] examined 
the effect of the automatic, event driven electrical 
stimulation of pudendal nerve afferents on bladder 
capacity in patients with SCI. The study included 
two	women	and	 14	men	older	 than	 18	 years	with	
NDO,	bladder	capacity	below	500	ml	and	complete	
or	 incomplete	 suprasacral	 SCI.	 Detrusor	 pressure	
(Pdet)	was	 recorded	 during	 natural	 bladder	 illing.	
In a similar subsequent recording Pdet was used 
to trigger electrical stimulation when pressure ex-
ceeded	10	cm	H2O.	Of	the	16	patients	enrolled	 in	
this study, 13 had increased bladder capacity and 
reduced storage pressure decrease achieved by 

event-driven	 electrical	 stimulation.	 During	 stimu-
lated	illing,	Pdet	never	exceeded	55	cm	H2O.	An	
average bladder capacity increase of 53% was 
achieved	 (LOE	 3).	Ohlson	 et	 al.	 treated	 eight	 pa-
tients	with	NDO	in	whom	vaginal/rectal	stimulation	
failed, with acute pudendal nerve stimulation. Five 
achieved a decrease in urinary frequency and four 
had an increase in cystometric capacity [11].

Spinelli et al. [5] performed a staged procedure simi-
lar	to	that	of	sacral	neuromodulation	(SNM)	to	place	
a tined lead near the pudendal nerve, using neuro-
physiological guidance. They named this approach 
chronic	pudendal	nerve	stimulation	(CPNS).	Fifteen	
neurogenic	patients	(eight	male,	seven	female)	with	
urgency	incontinence	underwent	CPNS.	All	patients	
had complete neurophysiological and urodynamic 
evaluation at baseline and follow-up and were 
asked to complete a voiding and bowel diary for 7 
days.	During	screening,	the	average	number	of	in-
continent	episodes	per	day	decreased	from	7+/-3.3	
to	 2.6+/-3.3	 (P<0.02,	 paired	 t-test).	 Eight	 patients	
became	continent,	two	improved	by	more	than	88%	
(from	9	 to	1	daily	 incontinence	episodes)	and	 two	
patients reduced the number of incontinence epi-
sodes by 50%. The implantable pulse generator 
(IPG)	was	subsequently	 implanted	 in	those	12	pa-
tients. Three patients without improvement did not 
continue to second stage. In implanted patients with 
6 months follow-up, urodynamic evaluation showed 
an objective improvement in the maximum cysto-
metric	capacity	which	increased	from	153.3+/-49.9	
to	 331.4+/-110.7	 ml	 (P<0.01,	 paired	 t-test).	 The	
maximum	 pressure	 decreased	 from	 66+/-24.3	 to	
36.8+/-35.9	cmH2O	 (P=0.059,	paired	 t-test).	Eight	
patients	reported	signiicant	 improvement	 in	bowel	
function	(LOE3).	

c) Dorsal Genital Nerve (DGN) stimulation

DGN	stimulation	can	be	continuous	or	conditional.	
Goldman	et	al.	used	continuous	stimulation	for	one	
week [12]. They found a 55% increase in cystomet-
ric	 capacity.	 In	 47%	 there	was	 >50%	 reduction	 in	
incontinence	episodes,	and	in	81%	there	was	>50%	
reduction in number of urgency events. Increases 
in	 cystometric	 capacity	 vary	 signiicantly	 between	
studies	 using	 continuous	 stimulation	 (range	 11-
177%)	and	also	 conditional	 stimulation	 (range	37-
144%).	 Horvath	 et	 al.	 and	Oppisso	 et	 al.	 showed	
that	DO	was	suppressed	conditionally,	with	a	sub-
sequent increase in bladder volume and postpone-
ment	of	incontinence	[13,	14].	Martens	et	al.	found	
with conditional stimulation that increase in stimula-
tion current results in a more pronounced detrusor 
inhibition	[15].	Besides	DO	suppression,	 increases	
of the pressure at the bladder neck and the urethral 
sphincter contribute to continence [16]. In general, 
patients tolerate conditional stimulation well and 
they adapt to the sensation in long-term use [17]. 
Stimulation effectively suppresses urgency and de-
creases urgency episodes. Suppression of urgency 
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during stimulation might contribute to tolerance of 
stimulation. This might enable stimulation at higher 
current to increase effectiveness when stimulation 
is applied conditionally.

d) Posterior tibial nerve stimulation 

Percutaneous posterior tibial nerve stimulation 
(PTNS)	 was	 described	 20	 years	 ago	 as	 a	 mini-
mally invasive treatment for urge incontinence due 
to	neurogenic	detrusor	overactivity	 (NDO)	 in	 spinal	
cord	 injury	 (SCI)	patients.	 Interestingly,	 the	 location	
where the tibial nerve is stimulated is in the same 
area	as	the	Sanyinjiao	(SP6)	point	used	in	Chinese	
acupuncture	to	treat	pelvic	loor	organ	dysfunctions.	
The	PTN	is	derived	from	the	L4-S3	nerve	roots	and	
therefore shares common roots with those serving 
bladder functions. SCI and Parkinson patients with 
neurogenic	DO	have	been	treated	with	PTNS.	PTN	
seems to increase cystometric bladder capacity and 
bladder	 volume	 at	 which	 DO	 and	 associated	 leak-
age	occurs	 [18,	19]	(LOE3).	Gobbit	et	al.	 looked	at	
the	effect	 in	21	MS	patients.	Eighty-nine	percent	of	
patients reported a treatment satisfaction of 70%. 
Signiicant	 improvement	 in	 QoL	 was	 seen	 in	 most	
domains	of	the	King’s	Health	QoL	questionnaire	[20].	
Kabay	 et	 al.	 looked	 at	 the	 clinical	 and	 urodynamic	
effects	in	MS	and	Parkinson’s	disease	[21,	22].	They	
found	 signiicant	 clinical	 and	 urodynamic	 improve-
ments, although it was impossible to completely sup-
press	DO.	De	Seze	et	al.	 looked	at	transcutaneous	
PTNS	in	70	MS	patients	[23].	With	daily	stimulation	
sessions, they showed clinical improvement in ur-
gency	and	 frequency	 in	more	 than	80%	of	patients	
at three months. They also observed an initial acute 
cystometric	response	in	>	50%	of	the	patients	with-
out	 correlation	 with	 clinical	 eficiency.	 There	 still	 is	
debate	about	the	possibilities	to	really	inluence	void-
ing	behavior	via	the	posterior	tibial	nerve	[24].	PTNS	
is a stimulation technique that allows for sham com-
parison. It should therefore be tested in this fashion.

e) Repetitive transcranial magnetic stimulation 

Repetitive	 transcranial	magnetic	stimulation	 (rTMS)	
of the motor cortex induces a long-lasting modulation 
of spinal cord excitability [25]. Thus, it represents a 
potentially useful tool for the treatment of neurogenic 
urinary disturbances. Centonze et al. [26] investi-
gated	the	effects	of	high	frequency	(5	Hz)	excitatory	
rTMS	over	the	motor	cortex	on	LUT	dysfunction	in	a	
population	of	10	MS	patients	complaining	of	urinary	
symptoms. All but one of the patients reported an im-
provement	 of	 voiding	 phase	 LUT	 symptoms	 and	 a	
signiicant	reduction	of	post	void	residual	volume.	In	
patients with pure detrusor underactivity, there was 
increase of PdetQmax and Qmax. In patients with 
DSD,	on	 the	other	hand,	 rTMS	produced	negligible	
effects, although the observation of a reduction of 
PdetQmax in this context seems to suggest a bet-
ter	relaxation	of	the	urethral	sphincter	(LOE3).	Brusa	
et al. also observed positive effects lasting 2 weeks 
after	rTMS	in	8	patients	[27].	

f) Deep brain stimulation

1.  SUBthalaMic nUclEUS DEEp Brain StiMUlation (St-
Mn-DBS)

A large proportion of patients suffering from Par-
kinson’s	 disease	 present	 with	 urinary	 dysfunction	
including urgency, increased frequency or incon-
tinence	 [28].	 Deep	 brain	 stimulation	 (DBS)	 of	 the	
subthalamic	 nucleus	 (STN)	 has	 been	 established	
as a surgical treatment of motor symptoms in Par-
kinson’s	disease	patients	[29].	However,	data	from	
experimental urodynamic measures in men [30] and 
animal models [31] have also demonstrated a sig-
niicant	 inluence	 of	 STN-DBS	 on	 urinary	 bladder	
function.	 In	 these	studies,	 the	main	effect	of	STN-
DBS	appeared	to	be	a	normalization	of	urodynamic	
parameters	in	the	storage	phase	with	a	delayed	irst	
desire to void and an increased bladder capacity. 
Herzog	et	al.	investigated	the	effect	of	STN-DBS	on	
the neural mechanisms underlying cerebral bladder 
control.	Using	PET	to	measure	changes	in	regional	
cerebral	blood	low	(rCBF),	11	patients	with	bilateral	
STN-DBS	were	studied	during	urodynamic	bladder	
illing	 in	STN-DBS	ON	and	OFF	condition.	A	illed	
bladder	led	to	a	signiicant	increase	of	rCBF	in	the	
anterior cingulate cortex, which was further en-
hanced	during	STN-DBS	OFF.	A	signiicant	interac-
tion	between	bladder	state	and	STN-DBS	was	ob-
served	in	lateral	frontal	cortex	with	increased	rCBF	
when	 the	bladder	was	illed	during	STN-DBS	OFF	
[32,	33]	(LOE3).

2. thalaMic DEEp Brain StiMUlation

The precise mechanisms underlying cerebral 
regulation of lower urinary tract function are still 
poorly	 understood.	 Essential	 tremor	 (ET)	 is	 not	
known to induce lower urinary tract symptoms 
(LUTS)	or	neuropathological	changes	in	the	thala-
mus.	 Consequently,	 DBS	 in	 patients	 with	 ET	 of-
fers the unique opportunity to investigate the role 
of	the	thalamic	ventral	intermediate	nucleus	(VIM)	
nucleus	 in	 lower	urinary	 tract	 function.	Kessler	at	
al.	 [34]	 evaluated	 the	 effect	 of	 thalamic	 DBS	 on	
urodynamic parameters in patients with ET. Seven 
patients	were	examined	(two	females,	ive	males)	
with	 ET	 15–85	months	 after	 implantation	 of	DBS	
leads	 into	 the	 VIM.	 They	 compared	 urodynamic	
parameters	 during	 thalamic	 DBS	 (ON	 state)	 and	
30	min	after	turning	the	stimulator	off	(OFF	state).	
In	the	ON	compared	with	the	OFF	state,	there	was	
a	signiicant	decrease	in	bladder	volume	at	irst	de-
sire	to	void	(median,	218	ml	vs.	365	ml,	p	=	0.031),	
at	 strong	 desire	 to	 void	 (median,	 305	ml	 vs.	 435	
ml,	 p	 =	 0.031),	 and	 at	maximum	 cystometric	 ca-
pacity	(median,	345	ml	vs.	460	ml,	p	=	0.016).	No	
signiicant	 differences	 between	 the	 ON	 and	 OFF	
state were detected for changes in detrusor pres-
sure	during	illing	cystometry,	bladder	compliance,	
maximum detrusor pressure, detrusor pressure at 
maximum	 low	 rate,	 maximum	 low	 rate,	 voided	
volume,	and	postvoid	residual	(LOE3).
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Conclusions

•  Electrical neuromodulation is not irst line 
treatment for neurogenic DO. There are some 
limited reports showing that it may be benei-
cial (LOE 3).

•  Automatic, event-driven electrical stimulation in 
the treatment of neurogenic DO is feasible (LOE 3). 

•  Chronic pudendal nerve stimulation is feasi-
ble. Neurophysiological guidance seems to be 
mandatory to place the lead near the pudendal 
nerve (LOE3).

•  Percutaneous Tibial Nerve Stimulation gives 
improved clinical and urodynamic parameters. 
(LOE3), but its role is not established. 

•  Enhancing corticospinal tract excitability by 
rTMS might be useful to ameliorate detrusor 
contraction and/or urethral sphincter relaxation 
in MS patients with bladder dysfunction (LOE3).

•  Thalamic deep brain stimulation resulted in an 
earlier desire to void and decreased bladder ca -
pacity, suggesting a regulatory role of the thala -
mus in lower urinary tract function (LOE3).

•  STN-DBS appeared to tend to normalization of 
urodynamic parameters in the storage phase, 
with a delayed irst desire to void and an in-
creased bladder capacity (LOE3).

Recommendations

•  If pharmacotherapy fails to relax the hyper-
relexic detrusor, electrical neuromodulation 
may be optional in patients with neurogenic 
DO (C/D).

•  Although the setup for conditional, event-driven 
electrical stimulation is not suitable in a clinical 
setting, the treatment modality is promising and 
it warrants further investigation (D).

•  Further studies on chronic pudendal nerve 
stimulation must be carried out to identify the 
best stimulation parameters and to verify the 
long term results (D). 

•  The thalamus may be a promising target for the 
development of new therapies for lower urinary 
tract dysfunction. Further investigation on this 
matter is needed before its potential role can 
be elaborated.

2.  ELECTRICAL STIMULATION OF THE PEL -
VIC FLOOR MUSCULATURE

The aim of electrical stimulation in patients with 
neurogenic urinary stress incontinence is to im-
prove	 key	 functions,	 namely	 the	 strength	 and/or	
timing	of	the	pelvic	loor	muscle	contraction.	Electri-
cal stimulation is provided nowadays mostly by por-
table battery powered stimulation, offering a wide 

combination of wave forms, frequencies, intensities, 
electrode placements etc.

In patients with incomplete denervation of the pelvic 
loor	muscle	and	of	the	striated	sphincter,	electrical	
stimulation via anal or vaginal plugs performed over 
months,	may	improve	pelvic	loor	function,	and	may	
thus improve incontinence. The incompleteness of 
the lesion should be as such that the patient is able 
to	contract	voluntary	the	pelvic	loor	to	some	extent,	
even if such contraction is weak. 

Conclusions

•  There is no study published which deals with 
electrical stimulation via anal or vaginal plugs 
could be able to improve the strength of pelvic 
loor musculature (LOE 4). 

Recommendations 

•  In patients with incomplete denervation and 
some voluntary contraction of the pelvic loor 
muscle and the striated sphincter, electrical 
stimulation may be an option to improve pelvic 
loor function, thus improve incontinence (C/D).

3.  INTRAVESICAL ELECTRICAL STIMULA -
TION (IVES)

The technique involves a catheter with a stimula-
tion electrode, introduced into the bladder and con-
nected	 to	 the	 stimulator.	Saline	 (0.9	%)	 is	 used	as	
the current leading medium within the bladder. The 
neutral electrode is attached to the skin in an area 
with preserved sensation, usually in the lower up-
per abdomen. The afferent stimuli induced by IVES 
travel	along	afferent	pathways	 from	 the	LUT	 to	 the	
corresponding	CNS	 structures.	This	 “vegetative	 af-
ferention”	results	 in	sensation	of	bladder	illing/urge	
to void, with subsequent enhancement of active con-
tractions, and possibly also in voluntary control over 
the detrusor. Feedback training is mediated by en-
abling the patient to observe the change of the detru-
sor pressure on a water manometer, which enables 
the patient to notice when a detrusor contraction 
takes place. This also facilitates voluntary control.

Intravesical electrical stimulation of the bladder 
(IVES)	is	still	not	established	as	a	therapy	for	patients	
with neurogenic detrusor dysfunction. IVES may help 
to verify function of afferent pathways, proper indica-
tion is crucial and this type of therapy should only 
be	applied	in	those	with	afferent	ibers	between	the	
bladder and the cortex, proved by the evaluation of 
viscerosensory cortical evoked potentials. Intravesi-
cal electrotherapy may be able to improve neuro-
genic bladder dysfunction. Studies about IVES were 
reviewed in previous consultations [35].

Conclusions

•  Basic research during the last decade supports 
the underlying working concept of IVES (LOE 3).
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•  The results reported in the literature are con-
troversial, mainly because of varied inclusion 
and exclusion criteria (LOE 3).

•  In the only sham-controlled study the treatment 
period was short and the inclusion and exclu-
sion criteria were not fully deined (LOE 3).

Recommendations

•  Intravesical electrotherapy may improve neu-
rogenic bladder dysfunction, inducing bladder 
sensation and the urge to void (B/C).

•  IVES is the only available option to induce/
improve bladder sensation and to enhance the 
micturition relex in patients with incomplete 
central or peripheral nerve damage, but cor -
roborating controlled evidence is needed (B).

•  Selection of patients is crucial and IVES should 
be applied only if afferent ibers between the 
bladder and the cortex are still intact and if the 
detrusor muscle is still able to contract (B).

•  The ideal indication is the neurogenic hypo-
sensitive and hypocontractile detrusor (C).

1. SACRAL NEUROMODULATION 

Two indications for neuromodulation are clearly 
valid	in	urology:	overactivity/	urgency	urinary	incon-
tinence	 and	 chronic	 urinary	 retention	 (aside	 from	
vesicosphincteric dyssynergia) [1], as discussed 
elsewhere in the consultation. This section focuses 
on the possible application of sacral neuromodula-
tion in patients with neurological bladder dysfunc-
tion. The literature survey was undertaken with the 
key words: neurogenic bladder; spinal cord injury; 
spina	 biida;	 meningomyelocoele;	 multiple	 sclero-
sis, sacral neuromodulation.

a)  Hypotheses on the modes of action of neuro -
modulation 

The	irst	effects	of	electricity	on	the	bladder	were	re-
ported during electro stimulation treatment of pelvic 
loor	muscles	(with	the	aid	of	electrodes	situated	in	
the anus, the vagina, on the penis...) during urinary 
incontinence reeducation [2-5]. Inhibition of bladder 
contractions by electrostimulation was seen. Tana-
gho and Schmidt, the pioneers of neuromodulation, 
attributed	the	beneits	of	neuromodulation	in	urinary	
incontinence to a hypertrophy of the pelvic muscles, 
allowing better control [6]. Voluntary contractions of 
the	pelvic	loor	muscles	can	cause	relex	relaxation	
of the bladder. However, the most widely held hy-
pothesis currently is that neuromodulation allows a 
restoration	of	normal	vesical	relexes	[7-9]	(LOE4).	
This hypothesis explains that the stimulation can in-
hibit	the	guarding	relex	pathway	and	restore	normal	

urination or turn off supraspinally mediated overac-
tivity by blocking ascending sensory pathways. The 
role of cortico-subcortical structures was recently 
emphasized in studies of patients with incontinence 
[10,	 11]	 (LOE4)	 or	 retention	 [12]	 (LOE4).	 Somatic	
afferents as the vectors for neuromodulation mech-
anism of action is supported by the observation that 
visceral	 nerve	 ibers	 are	 not	 activated	 by	 the	 pa-
rameters	normally	used	 [13]	 (LOE4).	Despite	data	
obtained	in	animals	[14]	(LOE4),	it	seems	that	neu-
romodulation cannot be effective in patients with a 
non functional peripheral nerve circuit.

b)  Treatment of neurogenic detrusor overactiv -
ity incontinence

There is little in the literature concerning sacral 
neuromodulation	 (SNM)	 in	 this	 speciic	 indication.	
Many	studies	recorded	results	for	incontinence	and	
for retention at the same time, without always sepa-
rating	the	results.	Since	the	technique’s	irst	stages,	
Vodusek	 [5,	6]	 (LOE4)	 reported	 that	non-muscular	
electrical stimulation of the sacral somatic afferents 
can induce bladder inhibition in patients who pres-
ent	with	DO	secondary	to	a	medullary	lesion,	be	it	
due	to	trauma	or	to	multiple	sclerosis	(MS).

Two points must be kept in mind when treating pa-
tients with neurological bladder:

•		The	disappearance	of	wettings	between	catheter-
izations can be considered a success by itself in 
patients using IC. In contrast, in able-bodied pa-
tients, treating retention with IC is most often con-
sidered a failure.

•		On	 the	other	hand	(contrasting,	 for	example	with	
botulinum toxin injections), neuromodulation does 
not systematically require the use of IC. Further-
more, reversibility of neuromodulation is a strong 
point that must be considered when devising a 
therapeutic plan.

The main published series are summarized in Table 
3.	Author	deinitions	for	neurological	pathology	dif-
fered widely: some authors considered a history of 
pelvic surgery as a possible etiology while others 
included only patients with medullary neurological 
lesions.	Despite	this,	several	points	considering	the	
neurological etiology of the bladder dysfunction can 
be discussed; 

•		MS	is	not	a	contra-indication	for	neuromodulation	
[10,	15,	16]	 (LOE3-4).	However,	 it	 seems	 impor-
tant to propose this treatment only in patients who 
present with a stabilized form of multiple sclerosis. 
In addition, patients must be clearly informed that 
the results of neuromodulation may be altered by 
the evolution of their underlying illness.

•		Patients	 with	 incomplete	 medullary	 lesions,	
whether of traumatic or other origins, may ben-
eit	 from	 neuromodulation	 [10,	 17-22]	 (LOE3-4).	
On	the	other	hand,	all	authors	agree	on	excluding	

VI.  SURGICAL TREATMENT OF URI-
NARY INCONTINENCE
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Author LOE Year n 
(neurogenic 

bladder)

Follow-up 
(months)

Neurological Pathology Type of 
dysfunction

Number 
of patients 

tested

Test 
success 
Criteria

Number of 
implanta-

tions

Success criteria 
after the 

implantation

Bosch et al. 1996 
[16] #80}

4 1996 5(5) 6 MS 5 Incontinence NA >50% 5 >50%

Number or percentage of 
success after the 

implantation at the end of 
the study

4/5

Bosch et al. 1998 
[17]

4 1998 6(6) 24 MS 5
Incomplete SCI 1

Incontinence NA >50% 6 >50% 5/6

Chartier-Kastler et 
al. 2000 [10]

4 2000 9(9) 43,6 MS 5
Myelitis 1

Vascular myelitis 1
SCI 2

Incontinence 23 >50% 9/26 >75% 7/9

Spinelli et al. 2001 
[18]

4 2001 196(10) 12 Discal hernia 5
MS 1

Incomplete SCI 2
Cerebral lesion 1

Incontinence
Retention

NA >50% 196(10) >50% Retention: 66%
Incontinence: 50%

Hohenfellner et al. 
2001 [19]

3 2001 27(27) 54 SCI 9
Myelitis 5

Cerebral lesions 2
Discal hernia 7
Pelvic surgery 4

Incontinence
Retention

27 >50% 12 >50% 1/12 

Scheepens et al. 
2002 [22]

4 2002 211(24) NA Incomplete SCI 9
Caudal syndrome 5

Stroke 3
MS 6

Spina 1

Incontinence 211 >50% NA NA NA 

Bross et al. 2003 
[21] 

3 2003 24 NA Pelvic surgery 5
Ependymoma A

Cerebral tumours 7
Discal hernia 5

Polyradiculoneuritis 6
Spina bifida 1

Retention 24 >50% 8/24 NP NP 

Guys et al. 2004 [25] 2 2004 21 12 Spina bifida 13
Partial sacral agenesis 2

SCI 2
Tumour 2
Various 2

Incontinence NA NA 21 NP NP 

Spinelli et al. 2005 
[22]

3 2005 15(15) 6 SCI incomplete 7
Various Medullar lesions 8

Incontinence 15 >50% 12/15 NP NP 

Wallace et al. 2007 
[15]

3 2007 33(33) 12,4 MS 16
Parkinson 6

Spina bifida 2
Stroke 2
Other 6

Incontinence
Retention

33 >50% 28/33 >50% NP (3 neuromodulators 
removed)

Chaabane et al. [27] 3 2011 62 51 MS 13
Incomplete SCI 13

Peripheral neuropathy 8
Parkinson 4

Myelitis 4
Stroke 4
Other 16 

Incontinence
Retention

62 >50% 41/62 >50.2% 76% 

Table 3: Results of sacral neuromodulation (test and implantation) in neurogenic patients.

NP: Not precisely stated, NA: Not applicable; LOE: Level of evidence MS: Multiple sclerosis 
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patients with complete medullary lesions. Clinical 
data, especially from the Hohenfellner series [19] 
(LOE3),	support	among	others	those	reported	by	
Schurch	et	al.	in	2003	[23]	(LOE4).	These	authors	
published a study in which they recorded external 
anal	 sphincter	 (EAS)	 electromyographic	 activity	
caused by stimulation of the S3 sacral root dur-
ing	a	percutaneous	needle	evaluation	(PNE)	 test	
in three patients who presented with neurogenic 
DO	and	DSD	secondary	 to	a	complete	 traumatic	
medullary	lesion.	They	describe	a	relex	response	
with early and late latency in the three patients. 
They also demonstrated that the EAS contraction 
observed	during	the	PNE	represented	an	indirect	
motor response mediated by the afferent nerves 
towards	the	spinal	cord.	Despite	the	recording	of	
an EAS motor response in the three patients, they 
did	not	obtain	any	urodynamic	or	clinical	beneit.	
This suggests the participation of supraspinal neu-
ronal centers— presumptively a spino-bulbar spi-
nal	pathway—in	the	SNM	mode	of	action.	Howev-
er, these data are contradicted by an experimental 
study using bilateral neuromodulation in the cat 
[24]	(LOE4).

•		Guys	et	al.	 [25]	demonstrated	signiicant	but	 lim-
ited	 urodynamic	 differences	 in	 children	 (LOE3).	
However,	the	clinical	translation	of	these	modiica-
tions has not been reported. It must be empha-
sized that, in the absence of electrodes adapted to 
paediatric sizes, the study was carried out without 
the usual percutaneous evaluation phase. 

•		Encouraging	 short	 term	 results	 in	 neurological	
bladder dysfunction do not necessarily translate 
into	long-term	eficacy	[19]	(LOE2).	Despite	a	pos-
itive test in about half of the patients tested, long 
term	 (54	months)	 results	were	poor	 in	almost	all	
patients	(1/12	had	neuromodulation	eficacy).

•		Sievert	et	al.	[26]	performed	acute	bilateral	sacral	
S3 nerve stimulation in 10 patients with com-
plete	spinal	cord	lesions	(SCLs)	during	the	spinal	
shock phase, with six patients as controls. After 
a mean follow-up of 26 months, the cystometric 
capacity	 increased	 and	 IDC	 were	 abolished	 in	
the stimulation group. Further studies should look 
into this technique and question the ideas about 
the working mechanism in sacral nerve stimula-
tion since afferent stimulation effects are unlikely 
in complete SCI. 

•		One	of	the	largest	and	latest	series	is	from	Chaa-
bane	et	al.	[27].	They	looked	at	the	results	of	PNE	
testing	and	SNM	 implants	with	a	mean	 follow-up	
of	 4.3	 years	 in	 62	patients	 (34	with	DO,	 28	with	
chronic	 urinary	 retention).	 DSD	 was	 present	 in	
nine	 cases.	 41	 patients	 (66.1%)	 had	 more	 than	
50% improvement on urodynamic evaluation and 
bladder	 diary	with	PNE,	 and	 37	were	 implanted.	
At follow-up results remained similar to the evalu-
ation	 phase	 in	 28	 cases	 (75.7%).	 In	 six	 cases	
(16.2%),	clinical	response	had	been	lost;	in	these	

six cases, neuromodulation failed on average 12.0 
months after implantation.

Scheepens et al. [20] reported two prognostic factors 
for	poor	 response	(the	study	population	was	six	 in-
complete	medullary	injuries,	ive	patients	with	cauda	
equina syndrome, six with multiple sclerosis, and 
one	with	myelomeningocele)	(LOE3):	duration	of	the	
symptoms	 (more	 than	 seven	months	 in	 this	 study)	
and the existence of a neurological cause for blad-
der	 dysfunction.	 Neurological	 patients	 with	 a	 very	
localized and incomplete nervous condition were the 
most successful. Patients with herniated disc surgery 
had a greater chance of good response. Patients 
with complete medullary or large sacral lesions were 
poor neuromodulation candidates.

Clinical results of neuromodulation do not necessar-
ily	correlate	to	urodynamic	results.	Bosch	indicated	
in his series [17] that almost half of the patients 
considered to have had a good outcome clinically in 
reality	 retained	 some	overactivity.	One	 publication	
reported correspondence between urodynamic test 
data	and	clinical	data	[10]	(LOE4).	In	2001	Chartier-
Kastler	[28]	et	al.	published	the	results	of	a	prospec-
tive study concerning the evolution of urodynamic 
parameters	during	the	acute	phase	of	the	PNE	test	
in	14	patients	with	neurogenic	DO.	The	authors	con-
cluded	that	the	acute	phase	of	PNE	was	accompa-
nied	by	a	signiicant	change	in	urodynamic	param-
eters	in	more	than	2/3	of	the	patients,	and	that	this	
should be a possible means for selecting patients. 

c)  Sacral neuromodulation for urinary retention 
in neurological bladder dysfunction

The	 only	 study	which	 reported	 speciic	 results	 for	
neurogenic urinary retention is from Hohenfellner et 
al.	 [19]	 (LOE3),	 reporting	on	11	patients.	Of	 these	
patients, three were implanted and there were tem-
porarily satisfactory results in only two. Thus, it 
seems that neuromodulation has a marginal place 
in retention patients with neurological bladder. Pa-
tients need to be clearly informed of the high risk 
of failure. In this respect the bladder contractility 
test can be helpful in order to predict a successful 
outcome of sacral nerve stimulation in acontractile 
neurogenic bladders [29]. It is also necessary to be 
especially prudent in patients with cauda equina 
problems, who may have the illusion of recovering 
urination, but actually may be enhancing abdominal 
straining	to	evacuate	their	bladder.	In	relex	inconti-
nence, patients with complete spinal cord or cauda 
equina	lesions	are	poor	candidates	(LOE4).	While	a	
few	studies	have	reported	on	SNM	in	speciic	con-
texts [30-33], patients should be informed that IC is 
the	 irst-line	 therapeutic	 option	 for	 neurogenic	 uri-
nary retention. 

Recommendations

•  Sacral neuromodulation can have an inhibitory 
effect on neurogenic DO (C).
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•  While sacral neuromodulation has a place in 
the care of neurological urinary incontinence or 
neurological urinary retention, the proportion of 
patients whose condition is improved is much 
less than in non-neurological pathologies (B).

•  Indications for sacral neuromodulation in the 
care of DSD in neurological urinary dysfunc -
tion are still not established (D).

2.  DENERVATION PROCEDURES FOR TREAT-
ING REFLEX URINARY INCONTINENCE 
DUE TO DETRUSOR OVERACTIVITY

a) Peripheral bladder denervation

Various techniques of peripheral bladder denerva-
tion, such as prolonged hydrodistension or bladder 
trans-section, are no longer used. Some authors 
have reported transient improvement in certain 
patients	 after	 prolonged	 hydrodistension,	 but	 DO	
recurs rapidly and the procedure is not straightfor-
ward. There are no reports for patients presenting 
speciically	with	neurogenic	DO	[34].	Bladder	trans-
section	was	briely	popular	at	the	end	of	the	70s	[35-
37]. It involved complete section of the bladder wall 
from	one	ureteric	oriice	to	the	other.	The	technique	
was indicated for urgency incontinence. However, 
a lack of anatomical and physiological information 
to	 support	 the	mechanisms	of	 eficacy	 of	 the	 pro-
cedure, and a lack of reproducible results from the 
initial series, explains why it is no longer used.

Another bladder denervation technique was devel-
oped	by	Ingelman-Sundberg	[38,	39],	by	resection	
of the inferior hypogastric plexus in contact with the 
bladder	through	an	inverted	U-shaped	vaginal	inci-
sion, dissecting the bladder laterally and posteriorly, 
as widely as possible. In the most recent paper [39], 
the authors report up to 54% recovery over a mean 
follow-up of about three years. Each published se-
ries is from the same group, is retrospective and 
reports	only	a	small	sample	size	(LOE4).	It	has	only	
occasionally	been	used	in	neurogenic	DO.

b)  Isolated rhizotomy of ventral and/or dorsal 
sacral roots

Historically,	attempts	at	sacral	root	surgery	irst	fo-
cused	 on	 cutting	 the	 motor	 (ventral)	 sacral	 roots.	
It was soon clear that this method failed within six 
months.	With	a	different	objective,	Brindley	[40]	de-
veloped a technique involving stimulation of ventral 
sacral roots to obtain controlled and complete blad-
der voiding in cases of SCI. He realised that pa-
tients only acquired continence if the stimuli caus-
ing	relex	bladder	contraction	could	be	blocked	[41].	
Early techniques consisted in selective destruc-
tion of the dorsal sacral roots that evoke detrusor 
contractions. These selective rhizotomies did not, 
however,	give	the	best	results.	Only	after	complete	
de-afferentation of the sacral micturition centre by 
intradural rhizotomy were better results obtained 
[42-45]	(LOE2-3).	

The technique of “selective” dorsal sacral rhizotomy 
has been studied more extensively. It involves mak-
ing	an	extra-dural	approach	to	the	sacral	roots	(S2-
5),	 isolating	 and	 stimulating	 the	 dorsal	 (sensory)	
contingent whilst monitoring changes in urodynamic 
pressure within the bladder in order to cut only those 
ibres	 responsible	 for	 overactivity.	 To	 retain	 relex	
erection, S2 must be preserved, at least on one 
side. This treatment may be proposed for patients 
with	 neurogenic	DO,	 and	 also	 those	with	 urgency	
incontinence. The literature records only case se-
ries without control groups. Preliminary results were 
promising but were based on a small number of 
cases	 with	 short	 follow-up	 times	 [46-49]	 (LOE4).	
The	outcome	seems	 to	deteriorate	over	 time.	Op-
somer et al. [50] reported deterioration after one 
year	 for	 all	 treated	 patients	 (n=8)(LOE4).	Torrens,	
one	of	the	irst	to	use	the	technique,	was	led	to	re-
evaluate his long-term results [51]. The most recent 
article	by	Lucas	et	 al.	 [52]	 concerning	22	patients	
(LOE3),	also	reported	a	signiicant,	but	less	marked,	
deterioration at four years. At the mean follow-up of 
4 years, 39% of patients retained a urodynamically 
stable bladder with satisfactory clinical response. 
The authors ascribe these improved results to a 
more extensive rhizotomy. However, it should be 
noted that there was a marked heterogeneity of 
patients in this series, three out of the eight, con-
sidered	 to	be	 “successes”,	were	 IDC	patients	with	
leakage	due	to	DO.

Mertens	 et	 al.	 [53]	 applied	 a	 technique	 previously	
used for limb spasticity, namely microsurgical 
DREZotomy,	the	aim	of	which	is	to	destroy	the	dor-
sal	root	entry	zone	(DREZ).	This	zone,	irst	deined	
in 1972 by Sindou [54], is a functional anatomical 
entity that groups together the proximal portion of 
the dorsal root, the medial portion of the dorso-later-
al	tract	and	the	supericial	layers	of	the	dorsal	horn.	
The technique involves making a micro-surgical 
lesion	 (by	micro-coagulation)	 on	 the	 ventro-lateral	
portion of the entry zone, near the apex of the dor-
sal	zone.	The	effect	of	DREZotomy	is	to	selectively	
block nociceptive afferents, and their relays, and 
myotatic	afferents.	The	beneit	of	the	limited	lesion	
is to avoid complete abolition of tactile and proprio-
ceptive sensitivity and to prevent the development 
of deafferentation phenomena. To treat neurogenic 
DO,	 the	 lesion	must	 be	made	 on	 both	 sides	 from	
S2	to	S3,	or	even	S4.	The	results	from	the	irst	se-
ries	concerned	38	patients	treated	for	incapacitating	
lower	limb	spasticity,	treated	by	extended	DREZot-
omy	 from	 L2	 to	 S1.	 58%	 of	 these	 patients	 were	
permanently	 catheterized.	At	 six	months,	 DO	 had	
disappeared	 in	82%,	with	63%	having	signiicantly	
improved	bladder	capacity.	At	18	months	post-sur-
gery,	leakage	had	disappeared	in	89%	of	cases.	In	
the	last	8	years,	no	publications	on	DREZotomy	for	
neurogenic	LUT	disorders	were	found.	

Hohenfellner	 [55]	 following	 Brindley’s	 experience,	



863

proposed “neurogenic bladder augmentation”. This 
involved completely destroying the ventral and dor-
sal sacral roots, possibly followed by continent cys-
totomy	 and	 simpliied	 urinary	 catheterization.	 The	
author reported his experience with eight patients 
retrospectively	(LOE3).	After	surgery	in	all	patients,	
bladder capacity increased from about 177 ml to 
670 ml, with complete disappearance of detrusor 
overactivity.	No	updates	have	been	published	since	
2001 on this technique.

Percutaneous sacral root block 

Sacral	root	block	is	an	old	technique,	since	Dogliotti	
[56] proposed it as early as 1931 to relieve vertebral 
cancer pain by chemically sectioning several dorsal 
roots. An injection of alcohol causes denervation 
due to the fragmentation of myelin in the endoneu-
rium.	In	the	1950s,	Bors	[57]	applied	the	technique	
to the bladder, standardized the procedure and de-
scribed	preliminary	 results.	 Later	authors	 reported	
on	 a	 few	 series	 (LOE3)	 [58,	 59],	 but	 always	 with	
the	same	result;	the	beneit	disappeared	after	a	few	
months. Phenol, considered to be “selective” for C 
ibers	was	then	tried	but	the	results	were	no	better	
[60-62]. Chemical destruction of the sacral nerve 
roots has proved ineffective and is accompanied by 
a	high	rate	of	minor	complications	(pain),	resulting	
in	signiicant	discomfort	and	prolonged	hospitaliza-
tion	 (LOE3)	 [58,	59].	Mulcahy	et	al.	 [63]	proposed	
sacral rhizotomy by percutaneous radiofrequency 
for	neurogenic	bladder	(LOE4).	A	recent	study	was	
published	by	Ferreire	et	al.	 [64].	 In	8	SCI	patients	
they performed a bilateral block of S3 with bupiva-
caine.	These	8	responders	had	an	increased	blad-
der capacity and for 3 out of 4 patients autonomic 
dysrelexia	(AD)	improved.	

c)  Rhizotomy of posterior sacral roots and stim -
ulation of the anterior sacral roots

Electrostimulation to improve micturition in patients 
with spinal cord injury has been extensively re-
searched	since	1954.	Direct	stimulation	of	 the	de-
trusor, the spinal cone, the splanchnic and sacral 
nerves have not produced reliable results. Since 
1969,	G.S.	 Brindley	 has	 developed	 a	 set	 of	 elec-
trodes for stimulating the spinal roots in the cauda 
equina.	The	technique,	irst	 tested	 in	baboons,	 led	
to the development of an implanted stimulator to 
induce micturition in paraplegic patients. Sacral rhi-
zotomy performed during implant surgery makes it 
possible to control bladder hyperactivity and ensure 
continence. The energy source and the micropro-
cessor for adjusting the stimulation parameters are 
not implanted. The transmitter transforms the elec-
tric current from the energy source into electromag-
netic waves, which are picked up by the implanted 
receptor and re-transformed into an electric current 
that circulates to the electrodes in contact with the 
nerve.	 Depending	 on	 the	 surgeon’s	 decision,	 the	
implant is placed within the membranes of the dura 

mater or outside them, so as to stimulate the sacral 
roots from S2 to S4. At the same time, it is essen-
tial to perform posterior rhizotomy from S2 to S4 
to remove any detrusor overactivity, though this is 
dificult	to	perform	[65]	(LOE4).	This	technique	can	
only be performed in those with spinal damage who 
are	para-	or	tetraplegic.	The	sacral	relex	arc	must	
be preserved.

Micturition	 is	 not	 continuous:	 the	 detrusor	 cannot	
be stimulated without also stimulating the sphincter. 
The	parasympathetic	ibers	and	the	ibers	destined	
for striated muscles are stimulated together. The 
response	of	detrusor	smooth	muscle	ibers	causes	
a gradual increase in pressure, which continues af-
ter stimulation has ceased. The “on-off” response 
to	stimulation	of	striated	muscle	ibers	 is	different.	
When stimulation stops, the striated sphincter im-
mediately relaxes, whilst the detrusor continues to 
contract. A new wave of stimulation increases and 
maintains	suficient	detrusor	pressure	to	cause	mic-
turition after stimulation stops. The careful selection 
of stimulation and stopping times results in a dis-
continuous, but satisfactory, micturition. Sphincter 
fatigue due to electrical stimulations, blocking of 
pudendal	nerve	motor	ibers	[66]	(LOE4)	or	use	of	
speciic	detrusor	stimulation	by	performing	an	anod-
al	block	[67]	(LOE	4)	have	been	reported,	together	
with	poor	eficacy.

Stimulation can also help defecation and erection, 
but it should be remembered that the principal ob-
ject of sacral nerve stimulation combined with pos-
terior rhizotomy is to achieve urine continence and 
bladder voiding. Induced erection is a secondary 
beneit	but	not	an	indication	for	the	procedure,	and	
men	should	be	warned	 that	 they	would	 lose	relex	
erection after posterior rhizotomy.

The results of the intervention are summarized in 
Table 4 .	Briely,	 the	outcome	with	 regard	 to	conti-
nence	 and	 bladder	 voiding	 are	 good	 (LOE	 2-3).	
Failures result from incomplete rhizotomy, where 
bladder hyperactivity persists, or from sphincter 
insuficiency	 which	 may	 be	 treated	 by	 additional	
placement	of	an	artiicial	sphincter	[44,	45]	(LOE3).	
Incomplete rhizotomy can be surgically completed 
[44,	45,	68]	(LOE	2-3).	In	all	reported	series,	mean	
bladder	capacity	 increased	signiicantly	(LOE	2-3).	
Micturition	was	obtained	by	electrostimulation	with	
a	 post-voiding	 residue	 (PVR)	 of	 ≤	 50	ml	 in	 69	 to	
100% of patients. All series reported decreased in-
cidence	of	urinary	infection,	but	the	deining	criteria	
were too varied to allow conclusions to be drawn. 
Posterior sacral rhizotomy probably protects the 
upper urinary tract from detrusor overactivity. It can 
resolve	the	problem	of	pre-operative	relux	[68,	69]	
(LOE4).	However,	posterior	sacral	rhizotomy	should	
be complete. Indeed, in a series of 500 patients, 
Brindley	 [68]	 (LOE3)	 reported	 twelve	cases	of	up-
per urinary tract impairment, ranging from grade I 
relux	to	upper	urinary	tract	dilation.	
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Patient 
numbers

Sex ratio 
(M/F)

LOE
Mean 

follow-up 
(extremes)

Pre-op. 
conti-
nence 

(%)

Pre-op. 
Post-op. 

Continence 
(%)

Pre-op. 
bladder 

capacity (ml)

Post-op. 
bladder 

capacity (ml)

% complete 
micturition 

(PVR < 50ml)

Pre-op. 
dysreflexia  

(%)

Post-op.  
dysreflexia 

(%)

Pre-op. 
UTIs (%)

Post-op. 
UTIs (%)

500Brindley et al. (1994) 
[68] 

271/229 3 4 years - - - - 82 - - - -

40Barat et al. (1992) 
[71]

26/14 3 2 ½ years 2,5 90 210
(50-500)

463
(200-600)

82 - - 100 30

52Van Kerrebroeck et 
al. ( 1996) [72] 

29/23 3 3.5 years 81 285 592 87 14 4 4.2/year 1.4/year

10Schurch et al. 
(1997) [71] 

3/7 3 3.4 years 800 160 >500ml 100 60 60 80 30

96Egon et al. (1998) 
[44] 

68/28 3 5.5 years
(0.5-14)

881 200
(40-600)

565
(300-600)

89 22 0 100 32

37Van der Aa et al. 
(1999) [69] 

33/4 3 (0.4-12) 84- 75%
< 400 ml

95%
> 400 ml

91 - - - -

23Creasey et al. 
(2001) [74] 

16/7 3 > 1 year 8765 243
(30-450)

> 400 ml 69 35 7 82 78

20Bauchet et al. 
(2001) [43] 

6/14 3 4.5 years
(1-8.5)

900 190
(40-600)

460
(350-800)

90 15 0 100 -

32Vignes et al. (2001) 
[75] 

- 3 8 years
(4-11)

900 220
(50-600)

550
(350-600)

80 18 2 100 30

464Kutzenberger (2005) 
[45] 

244/220 2 6.6
(6-17)

83- 173 470 81 - - 6.3/yr 1.2/yr

46Martens (2011) [70] 36/10 3 13(1-19) 52- - - - - - - 50 (>1 yr)

Table 4: Results of series on Sacral anterior root stimulation technique + Sacral deafferentation
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Martens	et	al.	looked	at	patients	in	the	Netherlands	
who	 underwent	 a	 Finetech-Brindley	 procedure	
[70]. They investigated the effects on quality of life 
in a group of 46 patients that still used the implant. 
They	 also	 looked	 at	 the	 presumed	 beneicial	 ef-
fects of the rhizotomy only, comparing with a group 
of 70 matched controlled patients that had opti-
mised	standard	care.	The	patients	had	a	signiicant	
better	Speciic	 Impact	of	Urinary	Problems	score,	
general	 QoL	 index	 (Qualiveen),	 and	 continence	
rate, and less urinary tract infections compared to 
the	Control	Group.	 If	 the	stimulator	was	not	used	
anymore,	patients	still	beneited	 from	 the	 rhizoto-
my	with	 regard	 to	QoL	 and	 continence	 rate.	 The	
subscales of the SF-36 had better scores for the 
patients who used their stimulator as compared to 
those who did not use the stimulator and compared 
to	the	Control	Group.	The	conclusion	was	that	the	
active	group	had	a	better	QoL	than	the	rhizotomy	
group, and both groups had advantages over opti-
mized standard care. 

Schurch	[71]	focused	on	the	speciic	problem	of	dys-
relexia	and	recorded	its	persistence	during	stimula-
tion in all patients who had suffered prior to surgery, 
but with marked improvement in symptoms.

Conclusion 

•   Bladder denervation is mainly reserved for 
those suffering complete spinal cord injuries.

Recommendations

•  No peripheral bladder denervation technique 
has passed the test of time (D).

•  Injections of neurolytic products to treat detru-
sor overactivity should be abandoned, since 
they are ineffective in the medium and long 
term and expose patients to morbidity (A).

•  Sacral dorsal rhizotomies need to be quite ex-
tensive to treat successfully neurogenic DO. 
So they may be performed only in patients with 
lower limb neurological impairment (B).

•  In certain situations, dorsal rhizotomies can 
be undertaken in association with ventral root 
stimulators (Brindley’s technique) or even with 
continent cystostomy (B).

•  Electrostimulation of the anterior sacral roots 
is a valid option for managing neurogenic blad -
der in patients with spinal lesion, with long-term 
follow-up (B).

•  It must be combined with destruction of all or 
part of the posterior sacral nerves, and cannot 
therefore be performed in patients with con-
served lower limb motility (B).

• The relex arc must be intact(B).

•  Posterior rhizotomy exposes men to loss of 

relex erection and women to a loss in relex 
vaginal lubrication(B).

•  It is vital to assess the patient carefully before 
implantation so as to determine whether he/
she will be able to mount a toilet or grasp a 
urinal handrail (B).

3.  SURGERY FOR INCONTINENCE ASSOCI-
ATED WITH POOR BLADDER EMPTYING 
DUE TO DETRUSOR UNDERACTIVITY

Incontinence in neurological patients can be aggravat-
ed	by	deicient	bladder	emptying	and	retention.	Two	
mechanisms can be involved: detrusor sphincter dys-
synergia	 (DSD)	or	bladder	hypocontractility.	A	 litera-
ture search was undertaken for the terms: neurogenic 
bladder;	spinal	cord	injury;	spina	biida;	myelomenin-
gocele; multiple sclerosis; sphincterotomy; stent.

a)  Surgical treatment of detrusor external 
sphincter dyssynergia

DSD	 is	 a	 characteristic	 feature	 of	 suprasacral	 and	
infrapontine lesions. The aim of sphincterotomy is 
to	produce	relex	micturition	into	a	condom	catheter,	
thus protecting the upper urinary tract. For the last 
thirty years, endoscopic sphincterotomy has been 
the technique of choice for patients who cannot or 
do not want to do IC. It is invasive, irreversible and 
the	patient	has	no	adaptation	period	[76,	77]	(LOE3).	
Prosthetic sphincterotomy using a urethral endo-
prosthesis	(or	stent)	is	an	alternative.

Sphincterotomy recommendation supposes a diagno-
sis	of	a	neurological	cause	of	DSD	that	is	complicated	
by	 hydronephrosis,	 vesicoureteral	 relux,	 autonomic	
dysrelexia	 or	 repeated	 urinary	 infections	 secondary	
to poor bladder voiding. Patients should have failed or 
refused	IC.	Main	contra-indications	are	[78,	79]:

•		Impossibility	 to	 retain	 a	 condom	 catheter.	 All	
sphincterotomy techniques, including stenting, are 
contra-indicated for men who cannot retain a con-
dom	catheter	(hence	also	for	women).	A	semi-rigid	
penile prosthesis can be placed to help retain the 
condom	catheter	 [80]	 (LOE3).	However,	 patients	
must be informed that there is a 20% to 30% risk 
of erosion and infection of the penile prosthesis 
for those with SCI, as opposed to only 2.7% in the 
general	population	[81,	82]	(LOE3).	

•		Detrusor	acontractility	or	hypocontractility.	Patients	
with	spinal	cord	 injury	and	no	relex	detrusor	con-
traction during urodynamic tests are poor candi-
dates for the various techniques of sphincterotomy.

•		Patients	who	wish	to	father	children	and	are	candi-
dates	 for	 vibro/electro-ejaculation	 and	 an	 artiicial	
insemination program.

1. EnDoScopic SphinctErotoMy

Emmett	[83]	irst	described	endoscopic	sphincteroto-
my	in	1948.	He	performed	cervico-prostatic	incisions 
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in patients with SCI, but later realized that the problem 
lay in the striated sphincter. External sphincterotomy 
was	performed	in	1958	by	Ross	et	al.	[84].	They	car-
ried out cold-blade surgery and placed a catheter 
(Ch	22-26)	 for	 tamponade,	since	nearly	all	patients	
required	 transfusion	 (one	of	 the	 ten	patients	 in	 the	
series died after surgery). A few attempts at surgi-
cal sphincterotomy via the perineal and subpubic 
myotomy routes were tried later. Complexity and fre-
quent serious complications explains why these ap-
proaches	were	abandoned	[85,	86].	Sphincterotomy	
with	 electrocoagulation	 was	 inally	 found	 to	 be	 the	
best technique.

Endoscopic sphincterotomy morbidity includes he-
maturia, which can be abundant and sometimes 
dificult	to	control,	requiring	transfusion	in	2-13%	of	
patients	(LOE2-3).	Incision	at	the	twelve	o’	clock	po-
sition seems to offer the lowest risk of hemorrhage, 
with	three	and	nine	o’	clock	sphincterotomies	entail-
ing	the	highest	risk	[87]	(LOE4).

Post-operative impotence is also a common com-
plication.	Rates	of	up	to	56%	were	reported	in	early	
series	[88-91]	(LOE3).	More	recent	series	(table 5 , 
LOE	2-3),	most	using	a	median,	or	slightly	deviated	
incision, have not affected sexual function. Howev-
er, it should be noted that the population concerned 
may	have	many	 other	 reasons	 (neurological,	 psy-
chological, etc.) for suffering from erectile dysfunc-
tion. When sphincterotomy is accompanied by com-
plete incontinence there are obvious reasons for 
psychological	 dificulties	 during	 intercourse.	 This	
issue must be discussed with the patient before 
surgery. The fear of this sequel sometimes causes 
the patient to decide against surgery; use of an in-
continent	prosthesis	as	irst-line	therapy	can	enable	
the patient to gain insight into this potential conse-
quence of endoscopic sphincterotomy.

If striated sphincter section fails, the possibility of 
bladder neck stenosis should be investigated. This is 
seen	in	from	2	to	21%	of	patients	(LOE	2-3).	Section	
of the bladder neck may then improve voiding, but 
will	result	in	permanent	incontinence.	Before	surgery,	
the surgeon must make sure that the patient accepts 
this situation and can use a condom catheter.

Results	 of	 endoscopic	 sphincterotomy	 are	 sum-
marized in Table 5 	(LOE2-3).	Any	analysis	is	made	
dificult	 by	 the	 absence	 of	 unequivocal	 criteria	 of	
success. Some patients are improved by sphincter-
otomy,	 even	 with	 a	 200	ml	 residue.	Most	 authors	
use indirect urodynamic criteria to evaluate success 
(decrease	 in	 bladder	 pressure	 during	 micturition,	
decrease	 in	PVR).	The	most	 obvious	 result	 is	 the	
improvement	 in	 autonomic	 dysrelexia	 observed	
in tetraplegic patients. It also appears that the in-
tervention	 reduces	 the	 rate	 of	 symptomatic	 UTIs.	
However, chronic bacteriuria is not improved [92]. 
The reported results concerning resolution of hydro-
nephrosis	and	vesicorenal	relux	differ,	and	in	each	
series, there are very few patients. Another essen-

tial point, well known in practice but rarely reported, 
is	 the	 recurrence	of	 neurogenic	DSD	 in	many	pa-
tients	[77,	93,	94]	(LOE3).	Riccotone	et	al.	(LOE3)	
[94]	reported	82%	recurrence	of	symptoms	after	ten	
years	 of	 follow-up.	 Juma	et	 al.	 [77]	 (LOE3)	 report	
similar results after eleven years, with patients un-
dergoing an average of 1.7 sphincterotomies. Pan 
et	al.	reported	a	mean	duration	of	beneit	of	almost	
seven years, which could be sustained with a repeat 
procedure [95]. A single study has tried to address 
predictive factors for a successful sphincterotomy. 
In this retrospective study, although detrusor leak 
point pressure and retrograde perfusion pressure 
were found to be superior to residual urine volume 
in predicting sphincterotomy success, results were 
not	statistically	signiicant	 [96].	30-68%	of	patients	
eventually develop some impairment of the upper 
urinary tract [77, 95]. Patients who have undergone 
this surgery must therefore be regularly monitored 
to detect any distension of their upper urinary tract. 

2. proSthEtic SphinctErotoMy

In 1990, Shaw et al. proposed using a wire mesh 
stent	 (Urolume)	 to	 treat	 patients	with	 spinal	 injury	
presenting	with	DSD	[97]	(LOE3).	Since	then,	vari-
ous stents have been used. Table 6  lists the types 
of	 stent	 used	 for	 DSD,	 according	 to	 classiication	
criteria	[98,	99].	They	can	be	placed	in	various	sec-
tions of the urinary tract: prostatic urethra, through 
the striated sphincter or more distal in the sub-
sphincteric	urethra.	Our	 review	 is	 limited	 to	place-
ment through the striated sphincter.

• Temporary prosthetic sphincterotomy

Temporary stents make it possible to carry out a 
therapeutic test to check the feasibility of condom 
catheter use, check that placing a foreign body 
in the urethra does not induce autonomic dysre-
lexia	and	ensure	the	patient	accepts	the	mode	of	
micturition.	Moreover,	during	 this	 trial	period,	 it	 is	
possible to study how the bladder empties in the 
seated position, and assess the necessity of ad-
ditional treatment for smooth muscle sphincter 
dyssynergia	at	the	level	of	the	bladder	neck.	More-
over, as this treatment is simple and reversible, it 
is possible to propose it very early to the patients, 
rendering the patient autonomous with regard to 
carer-assisted catheterization, if this were the prior 
mode of micturition and leaving the possibility to 
discuss any fertility and sexual issues, and con-
sidering the possibilities of preserving sperm. For 
patients with SCI, early temporary stent placement 
(within	six	months	of	trauma)	theoretically	has	the	
added advantage of waiting for recovery of upper 
limb motility to enable IC, decrease the risk of nos-
ocomial infection during rehabilitation by reducing 
carer-assisted catheterization, and relieve nurs-
ing load during rehabilitation. The last two points, 
though logical, are yet to be proved by relevant 
studies. After using a temporary stent, the patient 
may choose his mode of micturition; i.e. return 
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Chancellor et al. 1999 [92]

- PVR decrease
- Hydronephrosis, VR reflux decrease (100%, 100%) 
- Improved micturition comfort (80%)
- Improved autonomous hyperreflexia (100%)

26 2 24

Catz et al. 1997 [132] 32 3 NP

Perkash et al. 1998 [121] 37 2 9

Fontaine et al. 1996 [133] 92 2 20.6

Noll et al. (1995) [76] 105 3 59

Rivas et al. 1995 [120] 22 2 12

Juma et al. 1995 [77] 63 3 132

Vapnek et al. 1994 [93] 16 3 39

Namiki 1984 [134] 9 4 3

Ruutu et al. 1982 [135] 11 4 NS

Carrion et al. 1979 [136] 60 3 12

Number patients LOE Mean Follow-up 
(months)

Success criteria

- Significant decrease in PVR
- Decrease in infections (74%)
- Decrease in hydronephrosis, reflux (66%, 40%)
- Improved autonomous hyperreflexia (100%)

- Decrease in hydronephrosis, reflux (100%, 90%) 
- Significant decrease in PVR, micturition pressure
- Decrease in infections (74%)
- Improved micturition comfort (73%)
- Improved autonomous hyperreflexia (93%)

- Improved autonomous hyperreflexia (44%)
- Significant decrease in PVR, micturition pressure
- Decrease in hydronephrosis (40%)

- Renal function (creatinine): normal in 97% of patients
- on X-ray, 30% of patients showed upper urinary tract impairment.
- 2/3 patients had more than one sphincterotomy

- 31% required repeated sphincterotomy
- 50% failure rate (sub-pubic catheter placed)

- PVR < 50 (100%)
- Subjective improvement in micturition comfort (56%)
- Improved autonomous hyperreflexia (100%)

- Reflux disappeared (86%)
- Significant decrease in reflux: 75%

No statistical study, but:
- Improved autonomous hyperreflexia (42 to 17%)
- Decrease in mean PVR (180 to 70 ml)
- Decrease in micturition pressure (from 97 to 37 cm H2O)
- Decrease in frequency of symptomatic urinary infections (8.1 to 3.6 per year)

NK

Table 5: Results of endoscopic sphincterotomy

LOE: Level of evidence; NK: Not known; PVR: Post-Void Residue
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Table 6: Urethral stents used in neurogenic DSD

Not specific to the striated sphincter
First-generation

Second-generation

Specific to the striated sphincter

Temporary stents

Permanent stents

Stent Expansion method Size

Caliber (F) Length (mm)

Material Maximal duration 
(months)

Stent Expansion method Size

Caliber (F) Length (mm)

Material 

Urospiral [137] Non expandable 21 40-80 Stainless steel <12

IUC [138] Non expandable 16-18 25-80 Polyurethane <6

Memokath [139] Heat 22/34 30-70 Nitinol <36

Diabolo [100] Self-expansion 18 38 Medical steel >12

Urolume Wallstent [140] Self-expansion 42 20-40 Steel alloy

Titan [141] Balloon 43 19-58 Titanium

Memotherm [142] Heat 42 20-80 Nitinol

Ultraflex [144] Self-expansion 42 20-50 Nitinol
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to his former state, change to another temporary 
stent, replace it by a permanent stent, or choose 
surgical sphincterotomy.

By	deinition,	 temporary	 stents	 should	 be	 self-re-
taining, easy to remove and must not epithelialize. 
Only	the	temporary	stent	Diabolo	[100]	 is	speciic	
for the external urethral sphincter. The results of 
two	 types	 of	 temporary	 stenting	 (test)	 for	 incon-
tinence have been published in the same series 
[101]	 (LOE3).	 In	a	 retrospective	study	of	147	pa-
tients,	 the	 authors	 demonstrated	 a	 signiicant	 ef-
fect on incontinence throughout the mean ten 
month	 test	period,	with	very	 low	morbidity	 (15%).	
The temporary stents were removed easily from all 
patients without sequelae. After this period, 62.6% 
of patients chose permanent sphincterotomy, usu-
ally	 by	 means	 of	 a	 permanent	 stent.	 During	 the	
study,	 the	authors	abandoned	 the	irst	used	stent	
(Nissenkorn),	replacing	it	with	Diabolo.

Memokath	is	another	device	that	has	been	studied	
in	neurological	patients	 [102-107]	 (LOE3-4).	Sev-
eral	authors	report	complications	(32-100%)	using	
this stent, which seems to induce a lot of bladder 
stones	and	to	be	quite	dificult	to	remove,	especial-
ly	if	it	is	left	longer	than	18	months.	When	used	as	
second-line treatment following failed sphincter-
otomy,	Memokath	 successfully	 reduced	 post-void	
residuals, but failed to improve urodynamic pa-
rameters including bladder capacity, detrusor leak 
point pressure, bladder compliance, and maximum 
detrusor pressure [102]. 

• Permanent prosthetic sphincterotomy

Permanent stents are designed to integrate with 
the	 urethral	 wall	 [108].	 They	 resist	 the	 striated	
sphincter	 and	 prevent	 its	 closing	 during	 relex	
contraction. They can be removed if necessary, 
or	 at	 the	 patient’s	 request,	 with	 recovery	 of	 stri-
ated sphincter contraction [109, 110]. Permanent 
stents are made of biocompatible materials such 
as	nitinol	(a	nickel	and	titanium	alloy)	and	titanium.	
They usually consist of a mesh comprising a single 
thread	(e.g.	Urolume)	or	several	 threads	(e.g.	Ul-
tralex).	None	of	the	stents	are	speciically	adapted	
for the urethral striated sphincter. Three have been 
reported for treating neurological patients with 
DSD:	Urolume,	Memotherm	and	Ultralex.	All	can	
be placed under local anesthesia. Table 7  summa-
rizes the principal series published on these devic-
es.	Only	Urolume	was	 studied	according	 to	 strict	
prospective	criteria	[92]	(LOE1-2).	Using	stringent	
clinical	and	statistical	methods,	they	classiied	the	
stent	as	LOE	1	 for	effectiveness	and	morbidity	 in	
DSD	with	a	5-year	follow-up.	160	patients	with	SCI	
(mean	age	36.3	years)	in	15	North	American	cen-
tres,	were	 treated	 prospectively	with	Urolume	 for	
DSD.	Urodynamic	parameters	for	micturition	pres-
sure,	 PVR	 and	 functional	 bladder	 capacity	 were	
measured before treatment and then annually up 

to	5	years	afterwards.	Mean	micturition	pressure,	
the	 primary	 criterion,	 was	 signiicantly	 lower	 5	
years	 after	 stenting.	 PVR	 decreased	 signiicantly	
and	was	maintained	 after	 5	 years.	Mean	bladder	
capacity remained constant. Hydronephrosis, suf-
fered	 by	 28	 patients	 before	 surgery,	 disappeared	
in	 22	 (78.6%)	 and	 was	 improved	 in	 the	 others.	
Autonomic	 dysrelexia	 resolved	 in	 70%	 of	 cases.	
The	 indwelling	 catheters	 of	 63	 of	 the	 86	 (84.9%)	
patients catheterized before surgery could be re-
moved. The percentage of positive urine cultures 
remained	 unchanged	 after	 stenting.	 No	 case	 of	
peri- or post-operative bleeding, soft tissue erosion 
or bladder lithiasis were observed during the study. 
One	case	of	prosthetic	encrustation	occurred	dur-
ing	 the	 irst	 year;	 three	 during	 the	 second	 year;	
three during the third year; two during the fourth 
year	 and	 ive	 in	 the	 ifth	 year.	Urothelial	 reaction	
was reported in 44.4% of cases, but 93.3% of 
these	were	mild	and	none	required	treatment.	No	
erectile dysfunction was reported. Stents had to 
be	removed	from	24	patients	(15%),	four	of	whom	
received	new	implants.	80%	of	the	patients	consid-
ered	their	situation	improved	by	stenting,	and	84%	
of physicians considered the treatment effective. 
47 patients required supplementary treatment on 
the	bladder	neck	(endoscopic	section	in	20	cases).	
In the mid-term, prosthetic sphincterotomy using a 
Urolume	stent	appears	to	be	satisfactory.	However,	
the situation is not so clear over the longer-term. It 
is not always easy to remove the stent, especially 
from patients who have not been monitored regu-
larly. Some teams report highly complex surgery 
for stent removal, especially in the event of asso-
ciated	urethral	stenosis	[111-114]	(LOE3).	A	small	
study	(n=12)	following	patients	up	to	twenty	years	
after insertion, suggests a high rate of complica-
tions,	as	5/6	patients	who	completed	 the	20-year	
follow-up developed bladder neck dyssynergia re-
quiring incision, 2 patients developed obstructive 
encrustations	within	the	irst	year	of	 insertion	and	
another patient developed bladder cancer [115]. 
However, in those patients who completed the 20-
year	follow-up,	sustained	signiicant	improvements	
in maximum detrusor pressure and duration of de-
trusor contraction were recorded. 

Whether patients should be offered prosthetic or 
endoscopic sphincterotomy is not yet agreed. En-
doscopic sphincterotomy is the preferred standard 
treatment	for	DSD,	where	IC	cannot	be	performed.	
Two	 prospective	 studies	 carried	 out	 in	 the	US	 in	
1994 indicated that prosthetic sphincterotomy was 
at least as effective as standard sphincterotomy in 
patients with SCI, and offered advantages in terms 
of morbidity, duration of hospitalization and cost 
[116, 117]. The two studies were not randomized. 
Follow-up	was	short	(mean	15	months),	with	a	po-
tential risk of bias, since the conclusion that exter-
nal sphincter balloon dilatation is as effective as 
endoscopic and prosthetic sphincterotomy is not 
borne	out	by	long-term	outcomes	[118].
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Stent Year LOE n Efficacy (%) ComplicationsMigration (%)Mean follow-up 
(Months)

Pannek et al. 2011 [102] Memokath 2011 3 22 78 321810

Mehta et al. [105] Memokath 2006 3 29 89 422321

Hamid [146] Memokath 2003 3 25 89 482820

Vaidyanathan et al. 2002 [107] Memokath 2002 4 10 90 1001020

Low et al. 1998 [104] Memokath 1998 3 24 54 383316

Shah et al. 1997 [147] Memokath 1997 3 14 78 NANA24

Game et al. 2007 [101] Nissenkorn/Diabolo 2007 3 147 NR 302910

Denys et al. 2004 [144] Memokath 2004 3 47 81 152219

Juan Garcia et al. 1999 [142] Memokath 1999 3 24 100 171615

Rivas et al. 1994 [117] Urolume/vs sphincterotomy 1994 2 46 79 01516

Chancellor et al. 1999 [92] Urolume 1999 2 160 84 202860

Chancellor et al. 1999 [119] Urolume/vs sphincterotomy 1999 1 54 81 0924

Hamid et al. 2003 [103] Urolume 2003 3 12 77 16NR144

Abdul-Rahman et al. 2010 [115] Urolume 2010 3 12 80 800144

Table 7: Results of the main series on sphincterotomy using urethral stents
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A prospective, multicenter, randomized study com-
paring endoscopic sphincterotomy with prosthetic 
sphincterotomy was published in 1999 by Chancel-
lor	and	Rivas,	using	the	Urolume	stent	[119].	Fifty-
seven patients in three specialist spinal cord injury 
centers were included. The study concluded that 
prosthetic sphincterotomy was as effective as en-
doscopic sphincterotomy and required shorter hos-
pitalization.	These	indings	are	relevant	only	for	the	
short and medium-term. The long-term outcome of 
prosthetic sphincterotomy for incontinence remains 
unreported. At present, it is vital that stented pa-
tients be monitored carefully at least once a year 
during the years following implant surgery.

3. othEr SphinctErotoMy tEchniQUES

Two	 authors	 reported	 using	 Nd-YAG	 lasers	 for	
sphincterotomy [120, 121]. Although no randomized 
study has been conducted, comparison with results 
from	the	 literature	(with	very	short	 follow-up),	sug-
gests that these techniques are not as good as 
standard endoscopic sphincterotomy. However, the 
reported	 morbidity	 (particularly	 hemorrhage)	 was	
reduced	 (LOE2).	External	sphincter	balloon	dilata-
tion was recommended by Chancellor et al. [122], 
with short-term results similar to those of surgical 
sphincterotomy. However, the technique has been 
abandoned by its sponsors and the device has not 
been	 distributed,	 probably	 indicating	 poor	 eficacy	
in the medium and long-term, compared with other 
mini-invasive methods such as stenting.

b)  Bladder neck incision (BNI) for detrusor-blad -
der neck dyssynergia (DBND)

The	 rationale	 to	 use	 BNI	 was	 that	 sympathetic	
overactivity might inhibit detrusor contraction and 
transurethral incision of bladder neck might inter-
rupt	 the	 inhibitory	 relex	 arc	 and	 result	 in	 restora-
tion of detrusor contractility. In a single retrospec-
tive	 study	 BNI	 was	 performed	 in	 22	 patients	 with	
high-level	SCI	and	DBND	demonstrated	upon	vid-
eo-urodynamics, who were previously managed by 
either IC or indwelling catheter [123]. Voiding symp-
toms	were	complicated	by	autonomic	dysrelexia	in	
17/22	patients.	Deep	 incisions	were	carried	out	at	
the	5	and	7	o’clock	positions,	sparing	 the	external	
urethral sphincter. A satisfactory surgical outcome, 
deined	as	greater	or	equal	 to	2-point	 reduction	 in	
the	AUA/IPSS	quality	of	 life	 index	was	recorded	in	
86.4%	 of	 the	 patients	 3	 months	 post-op	 (LOE3).	
Presentation of urodynamic results is not, however, 
clear.	Signiicant	reductions	were	reported	in	those	
patients	 with	 preoperative	 Pdet	 >15cm	 H2O	 and	
signiicant	increases	in	those	with	preoperative	Pdet	
<15cm	H2O,	but	it	was	not	clariied	whether	detru-
sor	pressures	refer	 to	illing	or	voiding	Pdet.	Post-
void	 residual	 improved	signiicantly	 in	both	patient	
subgroups. While all patients additionally suffered 
from	DSD	preoperatively,	an	open	urethral	sphinc-
ter	 during	 voiding	was	 reported	 in	 86.4%	 of	 them	
following	 BNI,	 and	 autonomic	 dysrelexia	 became	

less	severe	or	resolved	 in	88.2%	of	sufferers.	The	
authors hypothesized the presence of a urethra-to-
bladder	 neck	 relex	 pathway	 to	 explain	 additional	
improvements	in	DSD,	but	this	theory	as	well	as	the	
clinical	results	need	to	be	veriied	in	further	studies.	

BNI,	 however	 has	 been	 used	 as	 supplementary	
treatment in patients who were originally managed 
with a urethral stent. It is not clear whether in those 
cases	BDND	was	an	overlooked	primary	dysfunc-
tion or developed secondary to the use of the stent. 
It is recognized in a large percentage of patients 
with a permanent stent [92, 115, 124], and is report-
ed	to	be	treatable	with	BNI	although	detailed	results	
are	missing	(LOE	3-4).	

Recommendations

•  Where clean intermittent catheterization is not 
possible, the long-term use of indwelling cath-
eters should be avoided (B).

•  Whatever type of sphincterotomy is chosen 
(surgical or prosthetic):

 o  Patients must think carefully about the 
different modes of micturition possible 
for them (A). 

 o  The few studies reporting long-term re-
sults of sphincterotomy demonstrate 
the vital importance of regular patient 
monitoring for the recurrence of DSD or 
blockage (B).

 o  This mode of micturition is contraindicat -
ed in women, and in men with dificulty in 
maintaining a condom catheter (B).

 o  Men who wish to have children should be 
warned of the risk of ejaculatory duct ob-
struction (B).

•  For patients who have chosen surgical 
sphincterotomy:

 o  The reference technique involves an elec -
tive 11, 12 or 1 o’clock incision of the ure-
thral sphincter (B).

 o  Although surgical sphincterotomy is 
the accepted reference treatment for 
neurogenic DSD, analysis of the litera -
ture highlights the lack of reliable effi-
cacy and reproducibility criteria for the 
technique (B).

•   For patients who have chosen prosthetic 
sphincterotomy:

 o  Different types of stent are used, depend -
ing on whether sphincterotomy is tempo-
rary or permanent. Stents are complemen -
tary, and different designs can be used for 
different situations (B).
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 o  Surgical complications depend as much on 
the surgeon’s competence as on the mate -
rial and may be reduced by experience (C).

 o  Clinical studies have demonstrated that 
neurogenic patients prefer prosthetic 
sphincterotomy because it is reversible, 
even when permanent stents are placed (C).

 o  Careful follow-up, using yearly cystoure-
throscopy is mandatory when leaving a 
permanent urethral stent (B).

  o  Published data is inadequate to support 
a recommendation on the use of bladder 
neck incision in patients with inadequate 
bladder emptying due to detrusor-bladder 
neck dyssynergia, either as a irst-line 
procedure or as a complementary ap -
proach to DBND recognised following 
permanent urethral stenting. Further stud -
ies are needed. 

4.  SURGERY TO INCREASE DETRUSOR 
STRENGTH

For some patients, the cause of bladder hypocon-
tractility lies in the bladder wall. In this case, the 
control circuit functions but the bladder muscle 
is too weak. At present there is no medical treat-
ment for this situation. The general objective is to 
reduce peripheral resistances as much as possible 
and where this fails, to propose IC. However, some 
teams have suggested placing rolled strips of mus-
cle around the bladder. Some authors have also 
suggested a strip of rectus abdominis muscle. This 
is easier to perform and may be used essentially for 
reconstructive surgery, such as in bladder exstro-
phy	[125-127]	(LOE4).	The	only	team	to	have	pub-
lished results on bladder hypocontractility in man is 
that	of	Ninkovic	et	al.	 [128]	(LOE2).	They	reported	
interesting results from twenty patients suffering 
from neurogenic detrusor underactivity and requir-
ing self-catheterization. They reported a technique 
that they had designed in animal experiments [129, 
130]	 (LOE4)	 and	 which	 consisted	 of	 transferring	
a free strip of latissimus dorsi muscle, which was 
anastomosed to the epigastric vessels and the low-
est	 branch	 of	 the	 intercostal	 nerve.	Out	 of	 twenty	
patients, with a mean follow-up of 44 months, 60% 
no	longer	required	IC,	with	PVR	below	100	ml.	After	
complementary surgery on the bladder neck, there 
was a 90% success rate that was stable over time. 
The authors reported no heavy morbidity, particu-
larly with regard to the donor site. These promis-
ing	 results	were	 largely	conirmed	 in	a	multicentre	
trial involving 24 patients with a median follow-up 
time of 46 months [131]. Complete spontaneous 
voiding	 (mean	PVR	25ml)	was	 restored	 in	71%	of	
the patients, while frequency of CIC was reduced 
in	another	13%.	Recurrent	UTIs	ceased	 in	91%	of	
patients. A critical increase in bladder contractility 
index may be required to achieve complete bladder 

emptying, but the number of patients was too small 
for safe conclusions. Future development could use 
tissue-engineering techniques to construct vascu-
larized and contractile strips implanted around the 
bladder	with	the	same	procedure.	Reduction	cysto-
plasty,	previously	used	in	Prune	Belly	syndrome	has	
not	been	reported	in	neurogenic	LUT	dysfunction.	

Recommendations:

•  Latissimus dorsi myoplasty on the bladder is a 
promising technique that needs to be validated 
further (C).

5.  STRESS URINARY INCONTINENCE (SUI) 
DUE TO SPHINCTERIC INCOMPETENCE

Some patients with neurogenic lower urinary tract 
dysfunction will suffer from incontinence due to 
sphincter weakness. In general, patients with le-
sions affecting the brain or suprasacral spinal 
cord will not suffer from this problem, as the sacral 
sphincter	guarding	relexes	will	be	intact.	However,	
patients with lesions of the conus medullaris, the 
cauda equina or peripheral sacral nerves are at 
risk of developing neurogenic stress incontinence. 
Patients with neurological disease may also suffer 
from stress incontinence due to direct sphincter in-
jury from urethral catheter trauma or as a result of 
previous interventions such as sphincterotomy or 
dorsal	 rhizotomy.	 In	 women,	 SUI	may	 be	 present	
for non-neurogenic reasons such as urethral hyper-
mobility due to previous pregnancy and childbirth.

People with neurogenic lower urinary tract dysfunc-
tion	and	SUI	may	also	have	impaired	bladder	stor-
age function. If this is the case, a surgical procedure 
that treats the stress incontinence in isolation might 
put the patient at risk of upper urinary tract dete-
rioration	 (as	 the	 upper	 tracts	 become	 exposed	 to	
the full force of the bladder dysfunction, having lost 
the “safety valve” effect of a weak sphincter) or of 
persisting incontinence. Pre-operative urodynamic 
evaluation of bladder function is therefore manda-
tory	before	undertaking	surgery	for	neurogenic	SUI.

The question as to when it is safe to treat neuro-
genic	 SUI	 while	 leaving	 bladder	 dysfunction	 un-
corrected has been studied most intensively in the 
paediatric	age	group.	Most	series	relate	to	children	
with	 spinal	 dysraphism/myelomeningocoele	 and,	
typically, authors report the necessity to proceed to 
bladder augmentation in at least a third of patients. 
Even with a thorough urodynamic and radiologic 
preoperative evaluation, some patients will have 
late	 bladder	 compliance	 deterioration	 [148-165].	
However, the issue continues to generate debate 
and studies have not reached total consensus; for 
example,	Snodgrass	et	al.	 [166]	 (LOE3)	published	
a	retrospective	analysis	of	30	children	(mean	age:	
8.6	years)	who	had	a	bladder	neck	sling	procedure	
and appendico-vesicostomy without augmentation. 
At 22 month of mean follow-up, only one patient had 
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had to undergo a bladder augmentation. In a subset 
of 16 patients who had urodynamics at 24 months, 
13/16	 had	 an	 increase	 of	 their	 maximum	 bladder	
capacity. However, 67% of the patients required an-
ticholinergic	 therapy.	 In	contrast,	Dave	et	al.	 [167]	
(LOE3)	strongly	advocate	the	case	for	simultaneous	
bladder augmentation. The authors report a series 
of	15	children	 followed	 for	at	 least	ive	years	after	
an	isolated	bladder	outlet	procedure	(5	Pippi-Salle,	
5	slings	and	5	artiicial	urinary	sphincter).	At	a	mean	
follow-up of 11.25 years, all the patients underwent 
surgery to increase bladder capacity, either for re-
current incontinence or for upper urinary tract dete-
rioration.	At	present,	 no	deinitive	conclusions	can	
be drawn as to advisability of routine prophylactic 
bladder augmentation, but many authors recom-
mend a concomitant bladder augmentation when 
performing	a	bladder	outlet	procedure	[168]	(LOE4).	
The option of using detrusor injections of botulinum 
toxin in children offers a further therapeutic ap-
proach in circumstances where there is uncertainty.

A further important consideration when contemplat-
ing	neurogenic	SUI	surgery	is	the	means	of	bladder	
emptying following treatment of the sphincter weak-
ness. In particular, patients who are emptying their 
bladders using an element of straining will not be 
able to empty in this way post-operatively. Patients 
will therefore need to consider how they will empty 
their bladder once continence is achieved. The op-
tions	available	to	patients	will	include:	IC	(either	via	
the urethra or a continent catheterisable abdominal 
conduit)	or	the	use	of	a	suprapubic	catheter	(either	
on free drainage or with a catheter valve). There will 
be some patients, who have only limited neurologi-
cal damage, who will continue to be able to empty 
their bladder using voluntary voiding post-opera-
tively but, even in this group, it is necessary to warn 
patients of the possible need for post-operative IC 
and to make sure that they are capable of using the 
technique before embarking on treatment.

a) Bulking agents

There have been some studies reporting on the use 
of	 bulking	 agents	 in	 neuropathic	 patients	 (table 8 
and	20-27).	Most	of	 the	published	series	 relate	 to	
the use of periurethral injections in children. Vari-
ous	agents	have	been	used.	Polytetraluoroethylen	
(TEFLON)	 was	 one	 of	 the	 irst	 [169,	 170].	 It	 was	
once	popular	for	treating	vesico-ureteric	relux,	but	
it has been progressively abandoned after several 
authors reported possible particle migration and 
granulomatous reaction to this product [171, 172] 
(LOE2).	Collagen	has	also	been	used,	although	col-
lagen lysis can lead to the loss of the bulking affect 
over	time	[170,	173-180].	Other	synthetic	products	
that have been used include polymethylsiloxane 
(MACROPLASTIQUE)	and	dextranomer	hyaluronic	
acid	 copolymer	 (ZUIDEX)	 [169,	 181-187].	 Zuidex	
is	no	 longer	used	 in	SUI,	but	 is	 in	use	 for	 vesico-
ureteric	relux.	Henly	et	al.	[188]	demonstrated	that 

distant migration of particulate silicone was ob-
served in animals after periurethral injection with 
polymethylsiloxane	 (LOE4).	 This	 was	 not	 demon-
strated with dextranomer acid copolymer injections 
[189]	(LOE4).

One	of	the	main	advantages	of	periurethral	injections	
of bulking agents is that they are minimally invasive 
and can even be carried out as an outpatient pro-
cedure. The product is usually injected in the region 
of the bladder neck using a retrograde endoscopic 
approach. The bulking agent is injected at up to four 
sites with the aim of achieving urethral coaptation. 
Dean	et	al.	[187]	have	suggested	using	an	antegrade	
approach whereby the bladder neck is accessed us-
ing a percutaneous puncture into the bladder.

The results of periurethral injection surgery are 
summarized in Table 8. 	 There	 are	 dificulties	 in	
comparing results from different series, because 
patient	 populations	 and	 deinitions	 of	 treatment	
success	 differ.	 In	 particular,	 the	 criteria	 for	 dein-
ing “improvement” and “social continence” vary. 
Therefore, it seems appropriate to consider the 
proportion	 of	 “dry	 patients”	 as	 deining	 clear-cut	
success	(even	if	some	authors	add	to	this	result	a	
notion of “dryness for some hours” between void-
ing	 or	 catheterization).	 Using	 this	 deinition,	 0	 to	
36% of the patients are considered to be cured 
using	 bulking	 agents	 (LOE2-3).	 Moreover,	 these	
results are observed after a mean follow up that 
rarely	exceeds	2	years	(LOE2-3),	although	one	se-
ries has reported long-term improvement up to 7 
years after the last injection [190].

There are other important considerations to be made 
when interpreting the results of periurethral bulking 
agents.	The	irst	 is	 that	 the	studies	 in	children	gen-
erally contain patients with two types of problems: 
congenital	 urinary	 tract	 malformations	 (epispadias,	
bladder exstrophy) and neurogenic lower urinary 
tract	dysfunction	 (mainly	myelomeningocoele).	This	
is of importance because there is some indication 
that, in children, bulking agents work slightly better in 
patients with malformations than in those with neu-
rological	problems	[169,	176,	184,	190].	The	global	
results of the series are therefore probably more 
optimistic than the results that might be observed 
in a population of only neurological patients. A sec-
ond point is that these children have frequently al-
ready undergone various surgical procedures, which 
could modify the results of the injection procedure. 
Although a high proportion of the patients in these 
studies use IC, some have satisfactory outcomes 
while continuing to void spontaneously.

Although the use of bulking agents does not appear 
to cause any severe complications, there is the sug-
gestion that the presence of deposits of inert mate-
rial	might	lead	to	greater	dificulty	in	performing	fu-
ture	bladder	neck	surgery	[184,	197,	190].	It	is	also	
important to acknowledge that the failure to correct 
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incontinence is in itself a complication of the opera-
tion	 [168].	 Most	 authors	 agree	 that	 no	more	 than	
two injections should be undertaken since further 
injections are unlikely to produce a long term im-
provement.	Gender	and	previous	bladder/sphincter	
surgery do not seem to be reliable prognostic factor 
regarding the success of the injections. 

b) Autologous Sling Procedures:

In women with neurogenic lower urinary tract dys-
function, the use of an autologous fascial sling to 
support	 the	 urethra	 (usually	 close	 to	 the	 bladder	
neck) has been widely used to treat stress incon-
tinence. A sling can either be used in isolation or 
in conjunction with other procedures such as blad-

der augmentation. Table 9 summarises the results 
of published case series. Complete continence 
is	 observed	 in	 83	 to	 89%	 of	 the	 patients	 (LOE3).	
Once	again	it	should	be	emphasised	that	many	pa-
tients will be dependent on bladder emptying using 
IC	 or	 an	 SPC,	 because	 the	 patient’s	 neurological	
dysfunction may preclude voluntary voiding and 
because the sling may have to be inserted under 
tension	 in	order	 to	provide	suficient	outlow	resis-
tance in the face of neurogenic intrinsic sphincter 
deiciency.	All	 of	 the	 series	 report	 a	 low	morbidity	
rate from the procedure. In particular, the risk of 
urethral erosion is very low when fascial slings are 
used. Synthetic sling materials have generally not 
been	 advocated	 when	 signiicant	 sling	 tension	 is	

n LOE Bulking 
agent

Age 
(years)

Male/ 
female

Follow 
up 

(years)

Dry 
(%) 

Improved 
(%)

Neurogenic 
bladder number of 

patients

Leonard et al. [178] 18 3 Collagen 10.5 12/6 1.3 36 2810/18

Perez et al. [177] 32 3 Collagen 9 23/9 0.9 20 2825/32

Bomalaski et al. [176] 40 2 Collagen 12.1 28/12 2.1 22 5425/40

Caione et al. [185] 16 2 DHAC 10.1 9/7 1 18.7 56.33/16

Sundaram et al. [174] 20 3 Collagen 9.5 12/8 1.3 5 2512/20

Kassouf et al. [180] 20 3 Collagen 13.3 15/5 4.2 5 1520/20

Chernoff et al. [179] 11 3 Collagen 10.6 6/5 1.2 36 188/11

Block et al. [175] 25 3 Collagen 11.7-
21.9

15/10 2.9-4.7 4 4425/25

Hamid et al. [183] 14 3 PDS 41 14/0 2.9 36 2114/14

Godbole et al. [170] 15 3 PTFE, 
collagen, 

PDS

10.2 10/5 2.33 20 5314/15

Halachmi et al. [181] 28 3 PDS 12.5 22/6 1 0 4210/28

Misseri et al. [186] 16 3 DHAC 4 to 18 6/10 0.8 19 3112/16

Lottmann et al. [190] 61 2 DHAC 10.3 41/20 3 26 2627/61

Guys et al. [184] 49 3 PDS 10.5 21/28 6.1 33 1449/49

Dean et al. [187] 34 3 DHAC 11.7 18/16 0.3 NS 7128/34

Dyer et al. [169] 34 3 PTFE, 
DHAC

2.7 
(PTFE)/

14 
(DHAC)

NS NS 6 1212/34

DeVocht et al. [226] 89 3 DHAC,
PDS

Children 14/13 14/13 7 1727/27

Table 8: Results of bulking agent injection in patients with neurological bladder dysfunction

DHAC (Dextranomer Hyaluronic Acid Copolymer) PDS (polydimethylsiloxane), PTFE (Polytetraluoroethylene), NS (Not 
stated), LOE (Level of evidence) 
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required because of the risk of secondary urethral 
erosion	[170,	197-199]	(LOE3).	However,	there	is	a	
lack of studies that compare the use of autologous 
tissue	 and	 synthetic	material.	 Bladder	 neck	 slings 
appear to be capable of providing good results in 
children. Some series suggest that girls have better 
outcomes [166, 191-193]. 

c) Suburethral tapes

Midurethral	 tape	 operations,	 such	 as	 the	 tension-
free vaginal tape procedure, have taken a major 
role in the management of stress incontinence in 
the non-neuropathic population but have not been 
adopted for the treatment of neurogenic stress in-
continence; concerns about the risk of urethral ero-
sion have been discussed already. Furthermore, 
intrinsic	 sphincter	 deiciency	 represents	 the	 usual	
pathophysiology	in	neurogenic	SUI,	contrasting	with	
urethral hypermobility in non-neuropathic women. 

There is very little published data available on the 
eficacy	of	midurethral	tension-free	tape	operations	
in	adult	women	with	neurogenic	LUTD.	 In	a	 retro-
spective series of 12 women treated by TVT [200] 
with a mean follow up of 10 years, 9 patients were 
available for assessment of which 7 were dry and 2 
were improved. The authors did not report any ure-
thral erosions on follow up.

For male patients with post-prostatectomy inconti-
nence, the use of synthetic tapes is increasing but, 
there is very little data for patients with a neurologi-
cal cause to their incontinence, other than case re-

ports. The use of this type of device in patients with 
underlying neurological illness should clearly be 
very cautious until further data emerges from clini-
cal	trials	(LOE4).	

d) Artiicial urinary sphincter (AUS)

Since it was introduced in clinical practice [201], 
the	AUS	 is	 recognized	 as	 one	 of	 the	 most	 effec-
tive treatments for urinary incontinence. It has the 
inherent advantage that it provides an adequate 
urethral closure pressure during the urine storage 
phase of the micturition cycle but then allows void-
ing to take place in the face of a low bladder outlet 
resistance.	In	patients	with	SUI,	it	is	able	to	deliver	
either	complete	or	“social”	continence	in	75	to	87%	
with	 satisfaction	 rates	 ranging	 between	 85	 and	
95%. These rates are provided by published case 
series that contain a majority of patients with post-
prostatectomy	stress	incontinence	(PPI),	along	with	
some neuropathic patients. However, outcomes are 
probably similar for patients with neuropathic stress 
incontinence and a low-pressure bladder reservoir 
(LOE4)	 [202].	 It	 should	 be	 noted	 that	most	 of	 the	
published	data	on	the	use	of	the	AUS	in	neurogenic	
SUI	relates	to	men,	although	the	device	is	also	used	
in female patients with neurological disease.

Before	 using	 the	AUS	 in	 neurogenic	 SUI,	 several	
factors must be considered:

•	Firstly,	the	risk	of	implant	infection	and	erosion	is	
probably higher than in the PPI population. It is 
generally recommended that patients undergo 

n LOE Age 
(years)

Male/ 
female

Follow 
up 

(years)

Bladder 
augment. 

surgery (%)

Continence 
rate (%)

Neurogenic 
bladder number of 

patients

Snodgrass et al, 2007 [166] 30 3 8.6 1.90 5730/30

Karsenty et al, 2007 [191] 11 3 42 0/11 3.6100 7211/11

Albouy et al, 2007 [193] 14 2 14 7/7 5100 7914/14

Castellan et al, 2005 [192] 58 3 11.4 15/43 4.2100 8858/58

Austin et al, 2001 [148] 18 3 14 8/10 1.833 8718/18

Barthold et al, 1999 [149] 27 3 NP 7/20 2,1/3,681 28(sling)/50
(wrap)

26/27

Gosalbez et al, 1998 [150] 30 3 10 6/24 3.197 9328/30

Kakizaki et al, 1995 [151] 13 3 13 10/3 369 7611/13

Gormley et al, 1994 [227] 15 3 NS 0/15 NK 
(0.5-
8.5)

13 8515/15

Elder et al, 1990 [228] 14 3 12.6 4/10 17 8614/14

(LOE: level of evidence, NS not stated)

Table 9: Results of bladder neck sling procedures in patients with neurological bladder dysfunction 
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pre-operative urine culture and sterilisation of the 
urine	before	surgery	[203]	(LOE4).

•	Manual	dexterity	must	be	suficient	 to	allow	 the	
patient	 to	 use	 the	AUS	pump-	 either	 to	 open	 the	
cuff to urinate, or to allow IC [202]. They must also 
accept the need for IC should the bladder have re-
duced contractility. However, some studies seem 
to indicate that the cycling activation of the pump 
could	be	avoided	in	patients	performing	IC	(LOE3)	
[204,	 205].	 Bersch	 et	 al.	 [204]	 have	 described	 a	
modiied	technique.

•	 The	 cuff	 implantation	 site	 in	 adult	 patients	with	
a neurologic bladder dysfunction is debated. The 
cuff can be implanted via a retropubic approach at 
the level of the bladder neck or around the pros-
tatic apex. Alternatively the cuff can be implanted 
around the bulbar urethra using a perineal incision. 
Proponents of the retropubic approach argue that 
perineal incisions may cause cicatrisation prob-
lems	 for	 patients	 in	 wheelchairs.	 Moreover,	 trau-
matic catheterization is a well-known risk factor of 
urethral erosion in the non-neurological population 
undergoing	an	AUS	[160]	(1	to	5.5%	in	contempo-
rary series) and, although it is recognized that IC is 
possible	 in	AUS	implanted	patients	[206],	 the	risk	
of traumatic catheterization and subsequent cuff 
erosion might be higher when the bulbar urethral 
site	is	used.	On	the	other	hand,	 inserting	an	AUS	
cuff around the bladder neck is technically more 
dificult	 in	 adults	 in	 comparison	 with	 peri-bulbar	
implantation	 (LOE4).	Some	 investigators	are	now	
exploring the possibility of using a laparoscopic 
technique for sphincter implantation [207].

•	 It	 is	necessary	 to	 know	 the	ejaculatory	 status	of	
males in order to discuss the possible impact of 
the device on ejaculatory function. Cuff implanta-
tion around the bladder neck may allow patients to 
achieve	antegrade	ejaculation	[208,	209]	(LOE4).	

As previously stated, a thorough urodynamic evalu-
ation of the bladder is mandatory in order to evalu-
ate the potential impact of bladder compliance fol-
lowing	AUS	 implantation.	This	has	been	 reported	
in	 several	 retrospective	 series	 (LOE3)	 [152-165].	
The reasons for this change in bladder behaviour 
are not known, and it has been observed particu-
larly in populations of patients with myelomeningo-
coele [157, 159, 161,162, 164]. In the event of any 
doubt about the quality of the bladder reservoir, 
bladder augmentation should be performed. The 
main results of published series are summarized 
in table 10 . The continence rate is high, especially 
when a bladder augmentation has been performed 
(59	 to	100%	of	 the	patients).	The	older	series	 in-
clude some patients with the previous version of 
the	AMS	800	(AMS	792).	Therefore,	 it	 is	possible	
that the long-term outcomes for patients being im-
planted today may be better than those seen in the 
past	 as	 a	 result	 of	 technical	modiications	 of	 the	
device.	Device	infection,	cuff	erosion	into	the	ure-

thra	and	loss	of	luid	from	the	implant	are	the	main	
causes	 of	 loss	 of	 an	AUS.	 Infection	 and	 erosion	
typically occur in the early months after implant but 
late	erosions	are	seen	[156]	(LOE3).	The	average	
“survival”	for	AUS	is	ten	years.	This	particular	point	
has to be explained to the patient, especially when 
they are very young. However, it is important to 
stress that sphincter replacement is usually pos-
sible so that continence can be restored. The ma-
jority	of	 the	authors	consider	AUS	to	be	the	“gold	
standard” procedure to treat neurogenic sphincter 
deiciency	in	men.

e) Surgery of the bladder neck

Three main procedures have been described. His-
torically,	 the	 technique	of	Young	 [210],	 later	modi-
ied	by	Dees	[211]	and	Leadbetter	[212]	came	into	
use, essentially for reconstruction in cases of ex-
strophy and epispadias. The principle was to mo-
bilise	 the	 trigone	 (after	 ureteric	 reimplantation)	 in	
order to resect bladder neck tissue, so as to recon-
struct the trigone around a small catheter. Although 
some authors [213, 214] described its use in neuro-
genic patients, the procedure has rarely been used 
in this patient group. However, a recent paper de-
scribes an interesting hybrid procedure whereby a 
bladder neck reconstruction was combined with im-
plantation of a fascial sling in neuropathic children 
with	a	post-operative	continence	 rate	of	82%	[77].	
Tanagho	[215]	(LOE3)	described	a	variation	of	this	
technique	which	can	be	used	in	dificult	situations	in	
incontinent adult patients, when the implantation of 
an	AUS	is	not	possible	[216].

The	 Kropp	 procedure	 [217]	 involves	 the	 use	 of	 a	
tubularised	lap	of	the	anterior	bladder	wall,	which	is	
used to extend the bladder neck and create an intra-
vesical conduit. The tube is secured to the posterior 
bladder	wall	between	the	ureteric	oriices.	In	the	ini-
tial technique, the tube was tunnelled submucosally, 
but this manoeuvre was thought to increase the risk 
of	tube	stenosis	[218,	219]	(LOE3).

A third technique is that described by Pippi-Salle 
[220].	 It	 is	considered	to	be	a	variant	of	 the	Kropp	
procedure	(also	called	a	Kropp-onlay),	with	an	an-
terior	bladder	wall	lap	that	is	not	tubularised.	Initial	
descriptions involved routine ureteric reimplantation 
but this was abandoned in later patients as long as 
there	was	an	absence	of	relux	[221,	222]	(LOE3).	
In	a	systematic	 review,	Kryger	et	al.	 [168]	 (LOE4)	
stated	 that	only	data	on	83	patients	 for	 the	Kropp	
technique and 25 with the Pippi-Salle procedure 
have been published. Since that review there has 
been	 a	 lack	 of	 further	 signiicant	 data	 concerning	
the outcomes of these procedures. The continence 
results	are	good	(50-69%	for	the	Pippi-Salle	proce-
dure,	78-81%	for	the	Kropp	procedure)	[218,	219].	
However, several problems exist with the two tech-
niques. Firstly, the techniques do not allow easy en-
doscopic access to the bladder. This is a major prob-
lem because it prevents or limits future endoscopic 
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Table 10: Results of artiicial urinary sphincter in patients with neurological bladder dysfunction 

* AUS modiied**AUS modiied and two groups of patients depending of their age at AUS implantation

Bersh et al. 2009 [153] 51 3 51/51 38.7 37/14 19.6 (sacral 
root surgery)

 
8 70.6% (total) 

/90.2% 
(social 

continence) 

Bladder neck 7.8/35.3 

Lai et al. [160] 218
 

3
 

11/218
 

46.3
 

215/3
 

NP
 

2.4
 

69
 

Peri-bulbar 18.2/36.4
 

Lopez Pereira et al. 
[162] 

35 3 35/35 14.4 22/13 20/35
 

5.5 91.4 Bladder neck
 

11.4/20 

Patki et al. [163] 9 4
 

9/9 38.2
 

9/0 NP 5,9 77 Peri-bulbar 22/43 

Murphy et al. [229] 30
 

3 13/30 54 29/1
 

NP NP 23 Peri-bulbar 33/70 

Herndon et al. [158] 134
 

3 107/134  10 94/41 85/134 7.5
 

86% Bladder neck (122), 
peri-bulbar (12)

 
16/41
 

Castera et al. [154] 49
 

3
 

38/49
 

14 39/10
 

9/49
 

7.5 67 Bladder neck (37), 
peri-bulbar (12) 

20/12 

Shankar et al. [230] 45 4
 

NP
 

11
 

45/0
 

NP
 

7 89
 

Bladder neck
 

4.4/6.7
 

Kryger et al. [159]**
 

32
 

3
 

28/32 6.7/14.5 25/7 9/32
 

15.4 100/
 

Bladderneck
 

41/95
 

Elliott et al. [155] 323
 

3 10/323 Global: 
60.4 

313/10
 

NP
 

5.7
 

NP 
 

Bladder neck/
      

peri bulbar 
Global: 26.2/28.6

 

Fulford et al. [156] 61
 

3 34/61
 

26 43/18
 

7/34 10 to 15
 

88 Bladder neck 
(female)/peri

-
bulbar 

(male) 

29.4/91.2
 

Levesque et al. [161] 54 3 49/54
 

10/12 34/20 23/54 NS (>10) 59.3 Bladder neck 24/67 

Singh et al. [165] 90 3 90/90 26 75/15 
 

4 92 Bladder neck/
peri-bulbar 

16.7/28
 

Simeoni et al. [164] 107 3 107/107
 

13.7 74/33 22/107
 

5 76.6 Bladder neck(98)/
peri-bulbar(9) 

22.3/19.6
 

Gonzales et al. [157] 19 3 19/19 8.4 19/0 7/19 8 84.2 Bladder neck
 

5/100 

Belloli et al. [152] 37 3 37/37 13-19 35/2 2/37 4.5 59 Bladder neck(33)/   
peri-bulbar(4) 

10.8/38 

  n LOE Neurogenic 
bladder 

number of 
patients

Age
(years)

Male/
 female

Bladder
augment.

surgery (%)

Follow up
(years)

Continence
rate (%)

Cuff
Implantation

Site

Complication/revision
rate (%)
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procedures	 (especially	 ureteroscopy,	 botulinum	
toxin	 injections	 and	 litholopaxy).	 Secondly,	 28-45%	
of	 patients	 (especially	male)	 report	 catheterisation	
dificulties	 following	 a	 Kropp	 procedure.	 For	 the	
Pippi-Salle procedure, continence rates are lower 
than	 for	 the	 Kropp	 procedure,	 but	 fewer	 cases	 of	
catheterisation	dificulty	have	been	 reported	 [168].	
However, a revision procedure is necessary in sig-
niicant	 numbers,	 and	 it	 has	 rarely	 been	 used	 in	
male patients.

f) Complete bladder neck or urethral closure

Closure of the bladder outlet may be required if 
alternative approaches to managing stress incon-
tinence are inappropriate or have failed. In wom-
en, closure can be achieved either via a vaginal 
or an abdominal approach while in men, either 
the bladder neck or the bulbar urethra can be the 
site	 of	 closure.	 Bladder	 drainage	 is	 maintained	
using a continent catheterisable abdominal con-
duit	(e.g.	using	the	Mitrofanoff	principle),	an	SPC	
or	 (rarely)	 an	 ileo-vesicostomy.	 Bladder	 neck	 or	
urethral closure can be technically difficult and a 
secondary operation to close a persistent fistula 
may be needed in some cases [224]. Interpos-
ing vascularised tissue between the bladder neck 
suture line and the urethral or vaginal closure is 
a well-described aid to the avoidance of closure 
failure; a flap of rectus abdominis can be used for 
this	purpose.	Bladder	neck	closure	has	also	been	
used in children where other means of correct-
ing	 SUI	 have	 failed	 or	 are	 felt	 to	 have	 a	 limited	
chance of success. The published series of cases 
provided some reassurance that children with 
closed bladder necks do not suffer from excessive 
complications in the form of renal deterioration, 
bladder rupture or stone formation. 

As a general principle, urethral closure should 
not be undertaken in cases where it is possible 
to maintain urethral patency using alternative ap-
proaches	to	 treat	SUI.	For	example,	patients	with	
neurogenic lower urinary tract dysfunction are at 
high risk of stone formation in the bladder or up-
per tracts and it is desirable to maintain easy en-
doscopic access to the bladder in order to allow 
potential endoscopic treatment. Finally, preserving 
the natural urethra may constitute a safety mea-
sure if high bladder storage pressures are present 
or in the event of any complication with bladder 
access via a continent catheterisable abdominal 
conduit or suprapubic catheter [225]. 

Recommendations:

•  Patients with stress incontinence in associa-
tion with neurogenic lower urinary tract dys-
function require careful assessment in order 
to plan appropriate management. Video-uro -
dynamic study must be used to evaluate both 
bladder and sphincter function (C).

•  The clinical assessment must also evaluate 
the degree of patient handicap in order to de -
termine whether they can perform self-cathe-
terization, or whether an alternative means of 
emptying the bladder will be required. (D).

•  Patients require careful preoperative counsel-
ling with respect to the beneits and risks of 
different operative approaches

•  Autologous slings can be used to treat neuro-
genic stress incontinence. (B). The use of syn -
thetic slings and tapes is not supported by an 
adequate evidence base at present. (C).

•  Artiicial urinary sphincter can be used to treat 
neurogenic stress incontinence (A). 

•  Bladder neck reconstruction can be used to 
treat neurogenic stress incontinence (D). 

•  Bulking agents can be used to treat neurogen-
ic stress incontinence when there is a demand 
for a minimally invasive treatment (D). The pa -
tient should be aware that the technique has a 
low success rate.

•  Bladder neck closure should be offered to pa-
tients who have persistent neurogenic stress 
incontinence where alternative treatments 
have either failed or are likely to fail (B).

 6.  SURGICAL ALTERNATIVES EXCLUDING 
DENERVATION PROCEDURES TO TREAT 
REFLEX INCONTINENCE DUE TO NEURO-
GENIC DETRUSOR OVERACTIVITY

Keywords;	 neurogenic	 bladder;	 spinal	 cord	 injury;	
spina	 biida;	 myelomeningocele;	 multiple	 sclerosis;	
bladder augmentation; enterocystoplasty; gastrocys-
toplasty; sigmoidocystoplasty; colocystoplasty; ure-
terocystoplasty; autoaugmentation; detrusorectomy

a) Bladder augmentation using intestinal segments

The aim of bladder augmentation is to provide long-
term protection to the upper urinary tract by reduc-
ing the risk of impairment due to high bladder pres-
sure, as well as to improve storage function [231]. 
First	performed	in	man	by	Von	Mickulicz	[232]	who	
used a segment of small intestine, the technique 
has regained popularity since the 1970s after the 
introduction	 of	 IC	 [233].	 Unlike	 complete	 bladder	
replacement, enterocystoplasty preserves the in-
tegrity of the trigone of the bladder with the urethra 
and ureters, and reimplantation is not necessary. A 
segment of the gastrointestinal tract is taken out of 
continuity from the rest of the gut, and sutured onto 
the bladder. Various augmentation techniques us-
ing different segments of the gastrointestinal tract 
(caecum,	colon,	and	 ileum)	have	been	described.	
Bladder	 augmentation	 is	 indicated	wherever	 blad-
der capacity and compliance is reduced, or in the 
event of detrusor overactivity, when all conservative 
treatments	(medical	treatments, detrusor injections 
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of	 botulinum	 toxin	 and/or	 neuromodulation	 of	 the	
posterior sacral roots) have failed [231, 234].

Before	 performing	 bladder	 augmentation,	 it	 is	 es-
sential to ensure that:

•		There	is	no	malignant	disease	or	lithiasis	in	the	bladder.

•		Renal	function	is	normal	and	the	upper	urinary	tract	
is	unimpaired	(screen	particularly	for	lithiasis).

•		There	is	no	gastrointestinal	tract	disease	(Crohn’s	
disease, hemorrhagic rectocolitis, short gut syn-
drome, etc.).

•		The	patient	is	willing	and	capable	of	self-catheteriza-
tion. This can be combined with continent cystostomy.

Technical principles:

There	are	two	stages	to	the	surgical	procedure:	irst	
bladder	preparation	and	then	augmentation.	Usual-
ly open surgery is performed, but recently laparos-
copy	has	been	reported	[235,	236]	(LOE3).	At	pres-
ent, except for technical articles on laparoscopy, 
there are no publications comparing this technique 
with open surgery.

The bladder can be prepared either by clam cys-
toplasty or by supratrigonal cystectomy. The pre-
ferred preparation depends on the quality of the 
detrusor, and more particularly on whether the blad-
der has retained its visco-elastic properties. Where 
the	detrusor	is	very	ibrous	and	thick,	supratrigonal	
cystectomy should be envisaged, since otherwise 
exclusion of the ileal patch may occur. 

1. claM cyStoplaSty

Clam	cystoplasty	involves	freeing	the	anterior/	pos-
terior surfaces and dome of the bladder. The blad-
der can be opened either in the transverse plane or 
sagittal plane, the incision starting and ending about 
2 cm above the bladder neck. If the lateral surfaces 
are not mobilised, the vesical arteries can be pre-
served to maintain vascularization of the bladder 
dome.	 Robot-assisted	 laparoscopic	 augmentation	
cystoplasty has been recently introduced. Prelimi-
nary results have been reported in children with 
spina	biida	[237].

2. SUpratriGonal cyStEctoMy

Supratrigonal cystectomy involves resection of the 
body of the bladder, but retaining the trigone. The 
bladder is freed under the peritoneum and the su-
perior vesical arteries ligated and sectioned. The 
bladder pedicles are ligated and sectioned laterally 
up to the trigone, which is preserved. The body of 
the	bladder	is	excised	1-2	above	the	trigone.	During	
the bladder dissection, care must be taken to spare 
the ureteric vascularization. 

3. UrEtEric rEiMplantation

Ureteric	reimplantation	must	be	carefully	discussed	
in	the	event	of	vesicoureteric	relux	(VUR).	Several	

authors have reported that improved bladder com-
pliance	precludes	the	need	for	reimplantation	(LOE	
3)	 [238-241].	They	have	reported	a	resolution	rate	
of	 about	 85%	 for	 VUR,	 classiied	 below	 grade	 IV.	
For	grade	V	 relux,	 improvement	was	observed	 in	
2/3	of	patients.	Except	 for	 the	work	of	Simforoosh	
[238],	 these	results	were	obtained	in	small	hetero-
geneous	 series	 of	 children	 (neurogenic	 bladders	
and congenital anomalies), and after relatively short 
mean	follow-up	times	(1	to	5	years).

Hayashi et al. [242] reported on 22 patients treated 
by ureteric reimplantation during bladder augmenta-
tion	(LOE	3).	Their	work	was	original	in	that	it	gave	
detailed account of renal function after long-term 
follow-up	 (mean	12	years).	Ureteric	 reimplantation	
during bladder augmentation did not result in great-
er	morbidity	and	97%	of	patients	recovered.	Renal	
function was preserved and satisfactory. The case 
for ureteric reimplantation during augmentation cys-
toplasty was supported by a small non-randomised 
study	 (LOE2-3),	 where	Wang	 et	 al.	 demonstrated	
that lack of ureteric reimplantation during cystoplas-
ty in children with neurogenic bladder was a risk fac-
tor	for	residual	high-grade	relux,	which,	in	turn,	was	
a	risk	factor	for	febrile	UTIs	[243].	A	larger	non-com-
parative	 non-randomised	 study	 (LOE3-4)	 reported	
equal success rates for the two methods, but ureter-
ic reimplantation had been mostly reserved for the 
higher	grade	relux	cases	[244].	These	results	were	
presented as part of a literature review which was 
inconclusive as to the superiority of the results of ei-
ther method [244]. Accordingly, the need for ureteral 
reimplantation during bladder augmentation should 
still be considered, especially for cases of grade V 
relux.	However,	 improved	bladder	compliance	will	
reduce	some	VUR.	

4. intEStinal SEGMEntS

The choice of intestinal segment depends on pa-
tient’s	history	and	the	local	conditions.	All	segments	
of the gastrointestinal tract may be used, except 
the jejunum because of the risk of water-electrolyte 
disorders. The most frequently used segment in 
adults is the ileum, because it is easy to remove, is 
close to the bladder and may be shaped easily into 
a reservoir. Colon segments are used more often 
in children. The removed intestinal segment must 
always be detubularized to reduce peristalsis to a 
minimum and to obtain a reservoir with low pres-
sure. The segment is then placed and sutured onto 
the bladder in the form of a patch. For supratrigonal 
cystectomy, the intestinal segment needs to be lon-
ger and fashioned into a neo-bladder [234].

Technical variations aim to reduce mucus secretion 
and reduce the reabsorption of urine by the intestinal 
mucosa that leads to metabolic acidosis. A number of 
variant techniques have been proposed but not de-
veloped extensively. Seromuscular colocystoplasty 
lined with urothelium involves removing the detrusor, 
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leaving the bladder mucosa intact, and then covering 
it with a demucosalized sigmoid patch [245]. Sero-
muscular enterocystoplasty necessitates removing 
the mucosal membrane of the intestinal segment 
surgically, or destroying it argon beam [246], before 
placing it onto the prepared bladder [247].

A third technique uses an appendicular-based cecal 
lap,	aiming	 for	a	 less	 invasive	 form	of	augmenta-
tion	cystoplasty	[248].	The	technique	involves	isola-
tion	of	a	10-12	x	3	 to	5-cm	cecal	lap	on	the	base	
of the appendicular pedicle, by which the bladder 
was augmented and the appendix was brought 
out through the abdominal wall for catheterization. 
Without any bowel anastomosis, the cecal anterior 
wall was repaired.

An experimental technique tested only pre-clinically 
is the reversed seromuscular ileocystoplasty, where 
the seromuscular layer of the ileal loop from its an-
timesenteric aspect was sutured to the bladder mu-
cosa of the previously bivalved bladder. Complete 
epithelialization	of	 the	 ileum’s	serosal	surface	with	
transitional	epithelium	was	conirmed	4	weeks	post-
operatively [249]. 

5. rESUltS of EntErocyStoplaSty

The main published series for patients undergoing 
surgery for neurogenic bladder are summarized in 
Table 11.  Peri-operative mortality is estimated be-
tween	0	and	3.2%	(LOE	2-3).	The	most	frequently	
reported	 early	 morbidity	 (LOE	 2-3)	 is	 prolonged	
post-operative ileus in up to 11.7% [250-253]. A 
nasogastric	 catheter	 is	 no	 more	 justiied	 in	 neu-
rological patients than in the general population 
(LOE3)	[254].	Other	common	complications	include	
episodes	of	febrile	UTI	(4.8-9%),	urinary	istula	(0.4-
4%), that usually resolve, and thrombo-embolic 
complications	 (1-3%).	 When	 the	 pelvis	 has	 been	
irradiated, the patient must be warned of the in-
creased	risk	of	entero-	or	colovesical	istula.	Stoma	
revisions	(up	to	50%	in	a	small	series)	and	wound	
infections have also been reported [253]. 

Chronic bacteriuria always occurs with IC and 
should not be considered a complication [203] 
(LOE4).	 Cases	 of	 late	 urosepsis	 have,	 however,	
been reported [255]. The risk of calculus in the en-
larged	reservoir	ranges	from	10-50%	[255-9]	(LOE	
2-3). There may be a higher risk of developing up-
per urinary tract lithiasis than in the general popula-
tion	[260-2]	(LOE3).

After bladder augmentation, intestinal transit dis-
orders are frequent and probably underestimated 
(0-	30%	 [263-5]).	Several	explanations	have	been	
proposed	 (ileocecal	 valve	 not	 preserved,	 biliary	
salt malabsorption, etc.). Somani et al. conducted 
a	 cohort	 study	 (LOE2)	 focusing	 on	 this	 particular	
problem [266]. They report a high rate of intestinal 
transit disorders, affecting almost 50% of patients 
treated for neurogenic bladder. These complica-

tions distressed patients and nearly 10% regretted 
having undergone surgery. Although transit disor-
ders	cannot	be	attributed	to	surgery	alone	(patients	
with neurogenic bladder may have intestinal transit 
disorders unrelated to surgery), patients should be 
informed of this risk. 

Since the gastrointestinal tract mucosa resorbs 
urine, water-electrolyte disorders may occur. Hyper-
chloremic acidosis is reported in up to 15% of cases 
(LOE	 2-3).	 These	 water-electrolyte	 disorders	may	
be accompanied by anomalies of calcium metabo-
lism	that	do	not	appear	to	have	any	signiicant	long-
term effect, for example on growth in childhood, but 
the	subject	is	still	under	debate	(LOE	3)	[267-270].	
However, care must be taken when treating patients 
with a marked decrease in creatinine clearance, 
since metabolic acidosis is no longer compensated 
[234]	(LOE4).

In theory, diversions performed using the ileocaecal 
junction and the end segment of the ileum would 
expose	patients	to	a	risk	of	vitamin	B12	deiciency	
(with	possible	onset	of	megaloblastic	anemia).	The	
fact that the intestinal segments measure less than 
50 cm would explain why few patients suffer clini-
cally	overt	vitamin	B12	deiciency.

The risk of cancer development of the newly formed 
reservoir is particularly important, since neuro-
urological surgery is often indicated in patients with 
long life expectancy, many being children. The gen-
eral consensus today is that patients with a bladder 
reservoir are at higher risk of developing a tumour 
than are the general population, but this risk has not 
as	yet	been	clearly	deined.	The	igures	usually	giv-
en for the risk of tumour development range from 1 
to	4.6%	[271-274]	(LOE	3-4).	Most	of	the	published	
cases concern adenocarcinoma at the junction of 
the intestinal mucosa with the urothelium. These 
usually	developed	long	after	the	initial	surgery	(over	
10 years in most cases). Some patients developed 
urothelial tumours with the typical risk factors. Two 
facts should be emphasised with regard to neuro-
genic	bladder	(augmented	or	not):

•		The	sensitivity	and	speciicity	of	the	routine	blad-
der	 tumour	 diagnostic	 and	 monitoring	 tools	 (uri-
nary	 cytology,	 BTA	 test,	 simple	 cystoscopy,	 etc.)	
may be reduced. Patient monitoring can only be 
envisaged by regular cystoscopy with biopsy of 
suspect areas.

•		Monitoring	 is	 essential,	 since	 many	 patients	 de-
velop tumours without symptoms and may not be 
diagnosed until late.

Monitoring	 frequency	 needs	 further	 investigation.	 A	
review of a series of cystoplasties performed in pa-
tients with congenital abnormalities including neuro-
genic bladder found comparable risk of bladder can-
cer, compared to control patients managed only by IC 
(4.6%	vs	2.6%,	p=0.54)	[274].	In	addition,	a	projected 
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Authors  LOE Total 
number of 
patients 

(neurologica
l patients) 

Type of bla dder 
augmentation  

Max BC 
pre-op  

Max BC 

post-op  
DP 

pre-op  
DP 

post-op  
Mean 

Follow-up  

(months)
 

Incr eased 
compliance 
(% patients)  

Post-op continence 
status 

Results 
for qua li ty 

of  life 

Gurung et al. [255]
 

3
 

19
 

Ileum
 

TBC
 

TBC
 

TBC
 

TBC
 

176.4
 

NP
 

92% ???
 

92% 
satisfied

Gundeti et al [237] 3 6 Ileum  TBC 250-450
 

NP NP 18 NP 100% NP 

Chen et al. [333] 3 40 (34)
 

ileum
 

115
 

513
 

NP NP 93.6 NP 90% NP 

Shakeri et al. [248] 3 10 Cecum  171.4 263.7 62.2 13 23.8 100 90% 
 

Blaivas et al. [282] 3 76 (41) Ileum, cecum
 

166 572 53 14 108 NP Cured 70%/ 
Improved: 18% 

 
NP 

Mor et al. [283] 3 11(11) Ileum  NP NP NP NP 115 NP Cured/improved: 82%
 

NP 

Quek et al. [334]
 

3
 

26(26)
 

Ileum
 

201
 

615
 

81
 

20
 

96
 

92
 

Cured: 
69%/Improved: 27%

 
NP

 

De Foor et al [276, 
287]

 
3 105 (47)

 
Stomach, ileum, 

colon
 

NP
 

NP
 

NP
 

NP
 

88,8
 

NP
 

Cured/improved: 92%
 

NP
 

Medel et al. [335]
 

3
 

26(26)
 

Stomach, ileum, 
colon

 
NA

 
NA NA

 
NA

 
45.6

 
100

 
Cured: 84.6%

 

Improved: 5.4% 
NP

 

Nomura et al. [336]
 

3
 

21(21)
 

Ileum
 

149
 

396
 

>60
 

NP
 

66
 

100
 

Cured/improved: 95%
 

NP
 

Shekarriz et al. 
[250]

 
3

 
133(100)

 
Ileum, sigmoid, 

autoaugmentation
 

NP
 

NP
 

NP
 

NP
 

64
 

NP
 

Cured/improved: 95%
 

NP
 

Arikan et al. [337]
 

3 18(18)
 

Sigmoid 
 

86
 

370
 

NP
 

NP
 

40
 

NP
 

Cured/improved: 95%
 

NP
 

Chartier-Kastler et 
al. [251]

 
2

 
17

 
Ileum

 
174.1

 
508 65.5

 
18.3

 
75.6

 
100

 
Cured/improved: 

88.5%
 

NP
 

Venn et al. [338]
 

3
 

267 (152)
 

Ileum
 

NP
 

NP
 

NP NP
 

36
 

NP
 

Cured/improved: 
86.6%

 
NP 

        

Table 11: Gastro-intestinal bladder augmentation in neurological patients with bladder dysfunction

(Max BC: Maximal Bladder capacity, DP: Detrusor pressure at the maximal bladder capacity) 
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Mast et al. [339]
 

3
 

28(24)
 

Ileum
 

235
 

511
 

72
 

46
 

30 95
 

Cured/improved: 95%
 

NP
 

McInerney
 
e t a l. [280] 3

 
100(50)

 
Ileum

 
196

 
867

 
NP

 
NP

 
24

 
92 NA

 
NP

 

Singh & Thomas 
[279] 

3 78 Ileum, cecum, 
sigmoid 

NP NP NP NP 100 NP Cured/improved: 
93.6%

 
NP 

Khoury et al. [340]
 

3
 

100
 

Ileum,
 
cecum, 

sigmoid
 

NP NP
 

NP
 

NP
 

37
 

NP Cured/improved: 
91.7%

 
NP

 

Luangkhot et al. 
[341]

 
3

 
21(21)

 
Ileum, cecum

 
185

 
595

 
53 16

 
37

 
100

 
Cured/improved: 95%

 
NP

 

Nasrallah et al. [214] 3 14(14) Sigmoid 101 383 61 NP 25 NP Cured/improved: 86%
 

NP 

Robertson et al. [342] 3 25(19)
 

Ileum, cecum
 

122 659
 

23 7 14 
 

Cured/improved: 40%
 

 
NP 

Hendren et al. [343]
 

3 129 Ileum, stomach, 
sigmoid

 
NP

 
NP NP NP NP NP Cured/improved: 94%

 
NP 

Sidi et al. [344]
 

3 12(12)
 

Cecum, sigmoid
 

134 562 NP <30 1.3 NP Cured/improved: 
100%

 
NP

 

Lockhart et al. [345]
 

3 15(15)
 

Ileum, cecum, 
sigmoid

 <150 330-480
 

>40 18-38 NP NP Cured/improved: 86%
 

NP 

Herschorn et al. 
[281]

 
2 59(59)

 
Ileum, cecum, 

sigmoid
 

220
 

531
 

48.9
 

15.8
 

72.6
 

100
 

Cured: 67%
 

Improved: 28.8%
 

Excellent: 
69.5%

 

Good: 
20.3% 

Flood et al. [278]
 

2 122 (59) Ileum, sigmoid
 

NP
 

NP NP NP 37 95 Cured: 75% 
Improved: 20% 

NP 

Hasan et al. [252]
 

2
 

48 (13)
 

Ileum
 

307
 

588
 

NP
 

NP
 

38
 

69
 

Cured/improved: 92%
 

Good: 83%
 

Moderate:15% 

Authors  LOE Total 
number of 
patients 

(neurologica
l patients) 

Type of bla dder 
augmentation  

Max BC 
pre-op  

Max BC 

post-op  
DP 

pre-op  
DP 

post-op  
Mean 

Follow-up  

(months)
 

Incr eased 
compliance 
(% patients)  

Post-op continence 
status 

Results 
for qua li ty 

of  life 

           

Table 11: Gastro-intestinal bladder augmentation in neurological patients with bladder dysfunction (continued)

(Max BC: Maximal Bladder capacity, DP: Detrusor pressure at the maximal bladder capacity) 
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cost-analysis based on post-augmentation malignan-
cy	and	cost	estimates	 from	published	 reports	or	US	
government sources concludes that annual screening 
with cytology and cystoscopy of children with spina bi-
ida	subjected	to	augmentation	cystoplasty	is	unlikely	
to be cost effective at commonly accepted willingness-
to-pay	thresholds,	but	would	be	justiied	if	the	annual	
rate of cancer development were more than 0.26% 
(12.8%	lifetime	risk)	or	there	were	a	greater	than	50%	
increase in screening effectiveness and cancer risk 
after augmentation [275]. 

The most serious and possibly life-threatening com-
plication	 is	 cystoplasty	 perforation	 (LOE3).	 This	
can happen whichever gastrointestinal segment is 
used, but occurs more often after ileocystoplasty 
[276]	 (LOE3).	 It	 is	estimated	 to	occur	 in	5-13%	of	
cases	 [250]	 (LOE3).	Perforation	usually	occurs	on	
the graft or at the junction of the bladder with the 
enterocystoplasty, and often results from high pres-
sure within the enterocystoplasty, or more rarely 
from traumatic catheterization or urodynamic inves-
tigations	[277]	(LOE4).

6. fUnctional oUtcoME

The functional outcome of bladder augmentation by 
enterocystoplasty is given in Table 11. 	Only	series	of	
patients undergoing bladder augmentation for neu-
rogenic	bladder	were	retained	in	our	analysis.	Given	
the wide range of indications, surgical techniques 
and enteric segments used, and retrospective nature 
of	studies,	it	is	dificult	to	draw	any	clear	conclusions.	
Nonetheless,	 all	 authors	 reported	 an	 improvement	
in	bladder	capacity	and	compliance	(LOE2-3).	More	
than 90% of patients achieved nocturnal continence, 
and	91-100%	achieved	diurnal	continence	(LOE2-3).

Two	 quality-of-life	 studies	 (LOE2)	 reported	 improve-
ment	rates	exceeding	90%	[252,	281].	A	92%	satisfac-
tion rate was reported by a long-term follow-up study 
(mean	14.7	years)	and	patients	would	recommend	the	
treatment to a friend [255]. However, a potential bias 
might arise due to the heterogeneous population ana-
lysed in some of these studies, including a mixture of 
patients	with	neurogenic	and	idiopathic	DO.	

If the bladder compliance defect persists, exclusion 
or ischemia of the intestinal patch must be inves-
tigated	 [272,	 280].	 Sometimes	 urinary	 leakage	 is	
related	to	sphincter	deiciency	and	may	be	treated	
by	an	AUS	 [283]	 or	 other	means	of	 urethral	 pres-
sure	 reinforcement	 [272,	 282].	However,	most	 au-
thors consider that this type of adjunctive treatment 
should not be performed routinely since most pa-
tients have a good functional outcome after bladder 
augmentation, and only those with marked sphincter 
deiciency	prior	to	surgery	require	these	measures.

7. poSSiBlE altErnativES to EntErocyStoplaSty

•		Gastrocystoplasty	and	ureterocystoplasty

The	 use	 of	 a	 pedicled	 segment	 of	 stomach	 (gas-
trocystoplasty)	or	ureter	(ureterocystoplasty)	as	an 

alternative to enterocystoplasty has been reported 
mainly for children with a neurogenic bladder. In 
theory, its advantage lies in the absence of meta-
bolic acidosis, but in adults this is very theoretical. 
Moreover,	 both	 these	 intestinal	 segments	 secrete	
less mucus than the small and large intestines 
[284-288].	 Abdel-Azim	 et	 al.	 [286]	 reported	 gas-
trocystoplasty	in	adults	(LOE3).	In	the	light	of	their	
experience with children, they decided to use this 
technique	 in	a	set	of	 young	adults	 (mean	age:	23	
years, range: 4-32 years). Their paper records that 
the	short-term	 results	 (3	 years	mean	 follow-up)	of	
gastrocystoplasty were satisfactory, with increased 
functional bladder capacity and no impairment of 
the	 upper	 urinary	 tract	 (LOE3).	However,	 two	 dis-
advantages are reported. First, a hematuria-dysuria 
syndrome requiring occasional use of antacids 
sometimes accompanied gastrocystoplasty. Sec-
ond, the maximum bladder capacity was lower than 
that observed with enterocystoplasty. This may 
have	a	beneit	for	easier	bladder	voiding,	but	if	the	
bladder were to lose some capacity, further surgery 
would potentially be required. The outcome in the 
very long-term for patients who have undergone this 
procedure remains unknown.

8. kiDnEy tranSplantation anD aUGMEntation cyStoplaSty

The general notion is that augmentation cystoplasty 
should	 be	 beneicial	 in	 patients	with	 chronic	 renal	
failure and performed prior to transplantation, as a 
low-pressure reservoir might delay the native kid-
ney’s	death	and	optimize	graft	survival	rates.	How-
ever, published studies suggest otherwise. In a 
small	series	(n=11)	of	neurogenic	bladder	patients,	
augmentation cystoplasty did not affect progression 
to	 end-stage	 renal	 disease	 (LOE2-3)	 [289].	 More	
strikingly, prior cystoplasty was found to be asso-
ciated with higher risk of graft rejection compared 
to non-cystoplasty transplants, up to 7 years post-
operatively	(LOE2-3).	Although	the	authors	suggest	
this	may	be	due	to	higher	rates	of	febrile	UTIs	and	
chronic rejection, it might also be due to a more 
severe underlying pathophysiology which resulted 
in the necessity of a cystoplasty in those children 
[291]. The same group of authors conclude that the 
timing of augmentation cystoplasty in relation to the 
transplant	 surgery	 (before	 or	 after)	 has	 no	 signii-
cant effect on the outcome of the transplantation, 
with respect to graft acute rejection, graft survival 
(up	to	7	years)	and	incidence	of	febrile	UTIs	(LOE2-
3) [292]. In terms of serious complications, patients 
with augmented bladders and a history of renal 
transplant on chronic immunosuppression were 
found	 to	 have	 a	 signiicantly	 higher	 incidence	 of	
bladder cancer compared to patients who were not 
immunosuppressed	(15%	vs	2.8%)	[274]	(LOE3).	

b) Autoaugmentation by detrusor myotomy

Bladder	 autoaugmentation	without	 any	 associated	
gastrointestinal tract surgery as an alternative to 
enterocystoplasty was proposed as early as 1972 
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by	 Mahony	 and	 Laferte	 [293]	 who	 performed	 de-
trusorotomies	 (detrusor	 incision	without	 resection)	
to increase bladder capacity and reduce inconti-
nence. With Cartwright and Snow [294], the tech-
nique	then	evolved	to	detrusorectomy	(myectomy).	
This involves excising a thick segment of muscle 
from the dome of the bladder, leaving only the mu-
cosal	membrane	in	place.	Bladder	pressure	gradu-
ally dilates the “demuscularized” area resulting in 
bladder augmentation. The intervention, initially de-
scribed by extra-peritoneal laparotomy, can be per-
formed by video-assisted surgery [295, 296] or by 
robot-assisted	surgery	 [297]	 (LOE4).	The	detrusor	
can	be	dissected	by	 laser	 [298]	 (LOE3).	The	area	
around the detrusorectomy can be protected using 
the	omentum	[299]	or	a	striated	muscle	[300]	(rec-
tus abdominis muscle) to prevent perforation and 
retraction(LOE4).	

Techniques using free-graft or pedicled de-epithe-
lialized gastric patches [301, 302] require gastroin-
testinal tract surgery and were therefore not includ-
ed in the present work. Furthermore, most of the 
previously published studies concerned children. All 
the studies are retrospective and with few patients. 
For children, most authors [299, 304-7] report poor 
results after surgery, both symptomatic and urody-
namic, together with a risk of upper urinary tract 
impairment	 (LOE4).	Two	authors	 recently	 reported	
better results with certain technical adjustments, 
namely	an	extensive	detrusorectomy	[308]	(LOE4)	
and	rectus	muscle	hitch	and	backing	[300]	(LOE4).	
The last technique supposes a large dissection of 
the	rectus	muscle.	Urothelium	is	then	sutured	to	this	
muscle in the theoretical objective to prevent its re-
traction and shrinkage.

Only	 three	 retrospective	 series	 are	 available	 for	
adults.	The	irst,	published	by	Stöhrer	et	al.	in	1997	
[309]	(LOE3),	reports	interesting	results	for	eficacy,	
with increased functional bladder capacity. However, 
the authors did not report mean follow-up and de-
scribed a mixed population with 39 patients with neu-
rogenic bladder and 11 patients without. The two oth-
er published series concerning adults [303, 304] did 
not	conirm	these	indings	but	did	conirm	the	marked	
superiority of enterocystoplasty with respect to both 
urinary symptoms and upper urinary tract impairment 
(LOE3).	Detrusor	myectomy	achieves	better	results	
for	idiopathic	DO;	nearly	all	patients	(5	of	6)	with	neu-
rogenic	DO	were	not	improved,	with	a	mean	follow-
up	of	79	months	[303]	(LOE3).

There	 is	 little	 information	on	speciic	complications,	
but detrusorectomy is simpler and seems to present 
less risk than enterocystoplasty. A comparative retro-
spective	 study	 (LOE4)	 reported	 20%	complications	
for	enterocystoplasty	(infectious,	digestive	and	pari-
etal complications) against only 3% for detrusorecto-
my	[304].	The	rate	of	secondary	rupture	and/or	perfo-
ration is poorly documented. An experimental animal 
study concluded that the bladder rupture pressure 

was slightly lower after detrusorectomy than after en-
terocystoplasty, thus potentially exposing the patient 
to	an	increased	risk	of	rupture	[310]	(LOE4).

c) Bladder augmentation using biomaterials

Research	 interest	 in	 the	role	of	 tissue	engineering	
in bladder reconstruction is growing. This research 
appears to evolve along three axes [311]: 

a. use of acellular natural or synthetic biomaterials: 
an acellular biomaterial graft is used as a tissue im-
plant which becomes incorporated through the in-
growth of cells of the native host bladder

b. use of biomaterial scaffolds which have been pre-
incubated with autologous cultured human urothe-
lial and smooth muscle cells

c. composite cystoplasty, which combines the use of 
autologous cultured urothelial cells with a host ped-
icled and de-epitheliased smooth muscle segment.

Most	publications	concern	preclinical	studies	[312-
326]	(LOE4).	Several	biomaterials	have	been	used	
which	 can	 be	 grouped	 in	 3	 categories:	 (a)	 decel-
lularized natural matrices produced from a variety 
of	 tissues;	 (b)	matrices	produced	 from	natural	 ex-
tracted	polymers	(e.g.,	collagen,	alginate,	chitosan	
and	hyaluronan);	and	(c)	synthetic	polymers	includ-
ing	 polyglycolic	 acid	 (PGA)	 and	 poly-caprolactone	
(PCL)	(see	reviews	[311,	327]).	These	biomaterials	
can only be used after performing clam cystotomy 
since the area to be colonized should not be too 
large. It also appears that the use of biomaterials is 
associated with higher incidence of bladder lithia-
sis. The best studied natural materials are porcine 
intestinal	 submucosa	 (SIS,	Cook)	and	bladder-de-
rived	acellular	matrix	[318,	328-33].

Results	from	only	two	pilot	human	studies	have	been	
fully published to-date [331, 332].The former reported 
on neurological patients, the latter on non-neurogenic 
OAB	patients.	In	a	small	prospective	study	of	7	young	
myelomeningocele	 patients	 (LOE	 2-3),	 Atala	 [332]	
describes his technique, which consists of seeding 
patient’s	urothelial	and	muscle	cells	on	a	biodegrad-
able	 scaffold.	 After	 7	 weeks,	 this	 engineered	 artii-
cial bladder could be implanted in patients. Although 
the	small	number	of	patients	doesn’t	allow	deinitive	
conclusions, a trend towards an improved bladder 
capacity and compliance was observed. It was also 
implied that patients who received cell-seeded colla-
gen-coated	PGA	scaffolds	wrapped	in	omentum	as	a	
vascular bed had the best outcomes. Encouraging re-
sults were also reported in 12 women with intractable 
non-neurogenic	OAB	who	were	submitted	to	bladder	
augmentation using an acellular matrix of porcine der-
mal	collagen	and	elastin	ibres	(Pelvicol,	Bard)	[331]	
(LOE4).	Signiicantly	improved	or	cured	incontinence	
was achieved in 67% of them at a 12-month follow-
up. Finally, a recent review article [327] claims results 
in short report form from two small Phase II trials on 
patients with neurogenic bladders due to either spina 
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biida	 (paediatric	 patients)	 or	 SCI	 (adults).	 Success	
rates of 60% and 67% are reported for up to 2-year 
follow-ups, depicting patients with preoperative ‘nor-
mal	bladder	cycles’	as	 the	best	candidates	 for	blad-
der augmentation with a tissue-engineered scaffold. 
Further studies, including larger trials are necessary 
to evaluate routine use of biomaterials. 

Recommendations

•  Any segment of the gastrointestinal tract may 
be used for bladder augmentation, but the ileum 
seems to give the best results in terms of ease 
of use, risk of complications and eficacy (B). 
Few data are available concerning gastrocysto-
plasty and ureterocystoplasty in adults (D)

•  When the bladder suffers a significant com-
pliance defect, supratrigonal cystectomy 
and reconstruction is preferable to clam 
cystoplasty (B).

•  Bladder augmentation may solve low-grade 
vesicoureteric relux. In the event of grade 
IV or V relux, ureteric reimplantation may be 
necessary ( C).

•  Patients should be informed that the most fre-
quent and serious complications are bladder 
calculi and perforation at the bladder/bowel 
junction, usually caused by over-pressure ( B).

•  Bladder augmentation may have sequelae 
such as intestinal transit disorder, and patients 
should be informed of this before surgery (C).

•  The body of evidence concerning detrusor 
myomectomy in neurological patients is con -
troversial. Therefore, detrusor myomectomy 
should not be recommended in these patients 
with impaired bladder function (D).

•  Bladder augmentation using biomaterials or 
tissue engineering is promising, but the pre -
liminary results need to be conirmed by larger 
studies (D).

•  Due to risk of complications, regular follow up 
is needed (B).

d) Cutaneous continent urinary diversion

For certain patients, urethral catheterization can be 
or become, unacceptable or even impossible. The 
following list is not exhaustive, but describes the 
more frequent reasons:

•		Functional	limitations	of	the	upper	limbs	(tetraple-
gia [346] unilateral or bilateral plexus problems, 
musculoskeletal trauma problems).

•		Cognitive	disorders	(forgetfulness,	lack	of	compre-
hension, refusal).

•		Dificulties	 in	 terms	of	mobility	and/or	undressing	
(spasticity,	upper	SCI	resulting	in	dificulty	in	main-

taining the equilibrium of the trunk and or limited 
control of the upper limbs, obesity).

•		Failure	 to	 reach	 the	 urethra	 independently	 (more	
common in women, compounded by the tilted pelvis 
and	all	other	factors	that	cause	mobility	dificulties.)

•		Urethral	 injuries	 (stenosis,	 istulas,	 hyperesthe-
sia), urethral pain. 

In these situations, management requires careful 
consideration; in some, a continent cystostomy may 
be an option. The general principle is to permit the 
emptying of a full bladder, independently and eas-
ily, by IC through an efferent tube attached to the 
wall of the lower half of the abdomen. The absence 
of any leakage from the cystostomy is controlled 
by its own watertight system, associated with the 
return process of a capacitive and compliant res-
ervoir. This will require careful selection of patient 
candidates, especially when there is any function 
impairment	of	the	upper	limbs	(trauma	to	the	spinal	
cord)	[347-9]	(LOE3).	

Assessment is essential, and must include the 
motivation of the patient, capabilities for dressing 
and undressing, capability of catheterization in the 
planned stomal area, and tolerance for the time and 
potential discomfort involved. In the case of cogni-
tive	 dificulties	 that	 are	 too	 signiicant,	 if	 a	 severe	
upper limb dysfunction exists [346], or if compliance 
of the patient remains an impossible obstacle, conti-
nent diversion is not indicated. Impaired renal func-
tion can also be a contraindication [350].

In neuro-urology, techniques for heterotopic conti-
nent	neo-reservoir	(e.g.	Koch	pouch,	Benchekroun,	
Mainz,	 Miami	 pouches)	 are	 seldom	 used	 initially.	
They	can	be	offered	to	patients	with	VUR,	with	 in-
continence through the native urethra despite blad-
der enlargement, or when closure of the bladder 
neck	will	be	needed	(e.g.	uretero-vaginal	istula).

1. rESUltS of thE DiffErEnt typES of cyStoStoMy:

The	 series	 are	 mainly	 retrospective	 (LOE	 3)	 and	
frequently combine several techniques. This makes 
the	analysis	of	the	results	dificult,	but	some	major	
facts can be gleaned from them. The catheteriz-
able tube must be able to penetrate the intact or 
enlarged bladder and it must be able to reach the 
abdominal wall through a direct pathway with easy 
access for the patient that has already been prede-
termined by pre-operative research. The pathway 
of the tube must be direct in order to facilitate self-
catheterization. Techniques can be grouped in two 
major categories : simple tubes implanted with an 
anti-relux	system	and	intestinal	loop	invaginations.

Simple tubes

Virtually any anatomical structure that is tubular or 
that can be tubularized and that is vascularized can 
be used to make a continent catheterizable tube 
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[350]	(LOE4).	The	two	structures	that	are	the	sim-
plest to use are: 

•		The	appendix:	Trans-appendicular	cystostomy	ac-
cording	 to	Mitrofanoff’s	procedure	 [351]	has	 long	
been	 the	most	 used	 technique	 (LOE3).	Different	
modiications	 have	 been	 proposed,	 especially	 to	
gain more length by removing a cecal cuff. 

•		A	 short,	 remodeled	 intestinal	 segment	 (small	 in-
testine, less frequently the sigmoid or right colon). 
Yang	 and	 Monti	 simple	 [352]	 (LOE3)	 or	 double	
technique	 and	 the	 Yang-Monti	 technique	 modi-
ied	according	to	Casale	in	order	to	gain	length	by	
avoiding	a	double	tube	[353]	(LOE3).	

Other	 structures	 have	 been	 used	 in	 a	 more	 an-
ecdotal manner, primarily in children: cecum and 
appendix	 monobloc	 [354]	 (LOE4),	 bladder	 [355]	
(LOE4),	 stomach	 [356]	 (LOE4),	 distal	 ureter	 [357]	
(LOE4),	Meckel’s	diverticulum	[347,	358]	(LOE4),	or	
the	preputial	or	clitoral	skin	[359]	(LOE4).

For most authors, continence of the tube was 
achieved by implantation in the native bladder or 
in the augmentation via a submucosal path simi-
lar	 to	that	used	in	ureteral	reimplantation	for	VUR.	
(LOE4).	 The	 submucosal	 path	 length	 must	 be	 at	
least 2cm, and is adapted to the bore of the tube 
(two	 to	 three	 times	 the	 diameter)	 [349]	 (LOE4).	A	
posterior	or	posterolateral	bladder	lap	(kept	in	case	
of a supratrigonal cystectomy) should allow a more 
solid implantation of the tube in the bladder [360] 
(LOE2).	Direct	implantation	into	the	cystoplasty	has	
also been reported. The cutaneous anastomosis is 
made in the lower half of the abdomen, at the um-
bilicus, or in the right or left iliac fossa. It seems 
essential that the site of the stoma would be deter-
mined preoperatively in patients with functional limi-
tations of the upper limbs. The site is chosen based 
on	the	patient’s	capabilities	and	the	position	during	
self-catheterization	 (seated	 in	a	chair,	supine,	oth-
er). The surgical technique used in this particular 
case must allow access to any point on the lower 
half	of	the	abdominal	wall	[361-3].	Most	authors	rec-
ommend	 the	 interposition	of	a	skin	lap	 in	 the	dis-
tal end of the tube in order to minimise stenosis of 
the	circular	oriice	scars.	Several	 techniques	have	
been	 proposed:	 lap	 in	V,	 VQZ	 [364]	 (LOE3),	 and	
VR	[365]	 (LOE3).	However,	at	present,	 the	 results	
published	do	not	conirm	that	the	risk	of	stenosis	is	
avoided by any of the techniques.

Table 12  summarizes the results in terms of stoma 
continence	 and	 complications,	 speciically	 per-
taining to the continent stoma. The necessity of 
reservoir	augmentation	 (80%	of	published	cases)	
and techniques allowing reinforcement of ureteral 
continence are addressed elsewhere. Continent 
stomas are obtained overall in 75 to 100% of 
cases	 (LOE3).	 Seven	 studies	 indicate	 signiicant	
improvement in quality of life after the procedure 
related to improved autonomy in bladder evacua-

tion,	to	continence,	and	to	improved	sex	life	[348,	
360,	362,	363,	366-368]	(LOE2-3).	

The	rate	of	stoma	complications	(16-60%)	is	domi-
nated by the risk of stenosis, which is most often 
treatable	 by	 a	 simple	 dilation	 [369]	 (LOE3).	Many	
authors emphasize the fact that this complication 
occurs most often in the year following surgery. 
However,	Liard	et	al.	 [370]	 (LOE3)	 reported	an	el-
evated	(65%)	intervention	rate	at	20	years	of	moni-
toring. For most authors the rate of complications 
related to the tube continence was lower when the 
segment used was the appendix or intestines re-
modeled	according	to	Yang-Monti	(LOE3).	Howev-
er, these two plasties seem to have equivalent com-
plication	 rates.	 Only	 Narayanaswamy	 et	 al.	 [371]	
(LOE3)	reported	higher	rates	for	catheterization	dif-
iculty	and	reintervention	with	 the	Yang-Monti	 tube	
in	comparison	to	the	appendix.	The	Monti	tubes	in	
this	study	were	double	tubes	in	68%	(17/25)	of	cas-
es, and the majority of the complications were re-
lated to the junction area for the two hemi-tubes and 
not to stoma stenosis. Therefore it seems that this 
lengthening method should be used with caution. If 
there is a problem with tube length, the method pro-
posed	by	Casale	 [353]	 (LOE4)	has	 the	 theoretical	
advantage of avoiding an anastomosis on the tube 
or a bent pathway at the junction of the two tubes. 

The umbilical anastomosis site for the stoma may 
be related to an increased frequency of stoma ste-
nosis	[355,	372]	(LOE3).	The	poorer	vascularization	
of the umbilicus has been proposed as an explana-
tion [372]. However, results on this point are contra-
dictory with more recent studies [360].

Other types of continent urinary stoma: 

Techniques are extremely varied. Two technical ap-
proaches can be broadly outlined here:

•		Invaginated	 valves	 (Koch	 pocket,	 Benchekroun,	
Mainz),	in	which	the	continence	mechanism	is	tied	
to	the	lattening	of	the	invaginated	valve	by	urine	
accumulated in the neo-reservoir;

•		Ileal-caecal	 reservoirs,	 in	 which	 a	 portion	 of	 the	
ileum and the ileal-caecal valve are used as a con-
tinence	 mechanism	 (Indiana	 pouch,	 Charleston	
pouch,	Miami	pouch).

•		A	new	technique	using	a	pedicled	cutaneous	lap	
which is surgically elevated from a hairless area 
on the abdomen, tubularized and passed through 
the anterior abdominal wall directly into the blad-
der	(The	Daoud	technique)	[373].

Data	in	the	literature	do	not	allow	a	determination	to	
be made as to the superiority of one type of stoma 
over	 the	others.	However,	 the	catheterization	difi-
culties seem to be lower with stomas that use the 
appendix, and the risk of lithiasis seems to be high-
er with the stomas constructed using metal staples 
[374]	(LOE4).	Several	authors	have	also	speciically	
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Team
 

Year
 

LOE
 

n (neurogenic 
bladder)

 
Mean follow-up 

(months)
 

Technique
 

Functional continent 
cystostomy (%)

 
Stoma 

complication (%)
 

New procedure 
on the stoma

 

Wille et al. [383]
 

2011
 

3 ? 11  20 (median)
 

-Mitrofanoff (robot assisted)
 

100 (initial 91) 27 3 

Spahn et al. [382]
 

2010
 

3
 

6 (out
 

of 17) 68
 

Mitrofanoff 8 
Ileal intussusception valve 9

 

100 (initial 82)
 

23  7 

Nguyen et al. 
[302]

 
2009

 
4

 
? out of 10

 
14.2 (median)

 
Mitrofanoff (9 robot-assisted) 100 (initial 70) 

 
30  2 

Vian et al. [384]
 

2009
 

3
 

32
 

21.6
 

Mitrofanoff 17
 

86
 

33
 

11 

Welk  et al. [385]
 

2008
 

3
 

67 (?)
 

28
 

Mitrofanoff 54
 

Ileovesicostomy 13 

94
 

26
 

13
 

Mhiri  et al. [386]
 

2007
 

3
 

20(28)
 

53
 

Mitrofanoff
 

100
 

13
 

3 

Karsenty  et al. 
[360]

 
2007

 
2 13(13)

 
44

 
Mitrofanoff 7

 

Yang-Monti 6 

100
 

0
 

0
 

Touma  et
 
al. 

[368]
 

2007
 

3
 

12(12)  33
 

Casale
 

100
 

17
 

0 

Franc-Guimond  
et al. [365]

 
2006

 
3

 
12(12)

 
18

 
Mitrofanoff

 
100

 
8

 
8
 

Thomas  et al. [369]
 

2006
 

3
 

78 (62)
 

28,4
 

Mitrofanoff:33

Yang-Monti: 30

Bladder: 16

98
 

23
 

8
 

Castellan  et al. [358]
 

2005
 

3 135 (100)
 

38
 

Mitrofanoff 74

Yang-Monti 45 

Gastric tube 8

Meckel tube 1

Bladder tube 2
 

NP
 

 

 

23,5
 

 

8 

        

Table 12: Results for continent reconstructive surgery
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Team
 

Year
 

LOE
 

n (neurogenic 
bladder)

 
Mean follow-up 

(months)
 

Technique
 

Functional continent 
cystostomy (%)

 
Stoma 

complication (%)
 

New procedure 
on the stoma

 

    Blaivas  et al. [377]
 

2005
 

3
 

98(15)
 

108
 

NP
 

87
 

42
 

16
 

Chulamorkodt  et 
al. [387] 

2004
 

3 54 (48)
 

30
 

Mitrofanoff 47
 

Yang-Monti 7 
95

 
16

 
NP

 

Barqawi  et al. [388]
 

2004
 

3
 

109
 

(60)
 

46
 

Mitrofanoff 114

Yang-Monti ileac 21 
Ureter 11

Others 5

92
 

36
 

NP
 

Lemelle  et al. [389]
 

2004
 

3
 

46(32)
 

64
 

Mitrofanoff 23
 

Yang-Monti 18
 

96
 

46
 

NP
 

Walsh  et al. [362]
 

 

2004
 

4
 

6(6) 44
 

Mitrofanoff 3
 

Hemi Kock 2 

NP
  

NP
 

Zommick  et al. [348] 2003
 

3
 

21(21) 
 

59
 

Mitrofanoff 7
Hemi Kock 2

Kock 6
Indiana 2

70 
 

11
 

NP
 

De Ganck  et al. [372] 2002 3 53(45) 
 

32 Mitrofanoff 45 
Yang-Monti 8 

90 36  NP 

Cain  et al. [355]
 

2002 3 31 (15)
 

41
 

Bladder
 

100
 

45
 

NP
 

Tekant  et al. [366] 2001 4 46(11)
 

28
 

Mitrofanoff 38
 

Yang Monti 6 
86 19,5

 
NP

 

Kochakarn  et al. [390] 2001
 

4
 

12(12)
 

12
 

Mitrofanoff 10
 

Yang Monti 2
100

 
NP

 
NP

 

Narayanaswamy  
et al. [371] 

2001
 

4 92 (21)
 

30 Mitrofanoff 69
 

Yang Monti 25 (17 double,  
8 simple)

NP Appendix 26
 

Yang Monti 60

 

NP 

         

Table 12: Results for continent reconstructive surgery (continued)



889 reported results in neurological patients [363, 373, 
375-380]	(LO

E
3).	C

ontinence	rates	for	the	stom
a	

vary betw
een 63 and 100%

. C
om

plication rates for 
the stom

a are betw
een 10 and 23%

. 

B
ladder	outlet	m

anagem
ent;	although	prospective	

studies are m
issing, evidence from

 retrospective 
analyses	(LO

E
2-3)	suggest	that	continent	diversion	

com
bined w

ith bladder neck closure is superior in 
term

s of functional outcom
es to continent diversion 

w
ith an open bladder neck, w

hilst having sim
ilar 

m
orbidity	[381].	A

nother	series	reports	prim
ary	con-

tinence rate follow
ing bladder neck closure and con-

tinent	vesicostom
y	of	82%

	[382].	B
oth	series	report	

how
ever on a m

ixed patient population. 

R
ecom

m
endations:

•  Indication for cystostom
y presum

es a m
ulti-

disciplinary evaluation involving the urologist 
and a neurologist or a reeducation doctor, as 
w

ell as stom
atherapy nurses or occupational 

therapists for estim
ating patient catheteriza

-
tion capabilities (A

)

•   U
se of the appendix to carry out continent cys-

tostom
y is the standard m

ethod in children, but 
few

 long term
 data are available in adults (C

). 
The appendix m

ay have a short m
esentery, so 

a reconigured ileal segm
ent is often needed. 

•  If the patient has undergone an appendicec-
tom

y, the use of a segm
ent of the sm

all intes
-

tine can be proposed, w
ith slightly poorer short 

term
 results (C

).

•  Long term
 follow

 up of after continent cystos-
tom

y is needed to have a better idea of the long 
term

 results of the various procedures (C
). 

e) N
on-continent cutaneous urinary diversion 

N
on-continent	

cutaneous	
diversion	

refers	
to	

all	
m

ethods used to divert urine, and w
here inconti-

nence rem
ains or w

here a system
 of extra-physi-

ological	continence	is	created,	i.e.	urine	low
	is	

continuous and requires a m
eans of collecting urine 

attached to the skin. In the context of neurogenic 
bladder, these diversions m

ake it possible to obtain 
low

 bladder pressure and to preserve the upper uri-
nary tract. T

his type of surgery is a last resort for 
the m

any com
plications related to neurogenic blad-

der	(and	congenital	anom
alies	of	the	low

er	urinary	
tract), in patients for w

hom
 other therapies have 

failed	to	help.	U
rinary	diversion	techniques,	how

-
ever, have been largely replaced by augm

entation 
cystoplasty in the treatm

ent of refractory neurogen-
ic bladder, at least in som

e groups of neurological 
patients.	The	analysis	of	the	U

S
	national	database	

of	patients	w
ith	spina	biida	betw

een	1998-2005	
dem

onstrated that 3,403 patients w
ere subm

itted to 
augm

entation cystoplasty as opposed to 772 treat-
ed	w

ith	urinary	diversion.	M
oreover,	patients	under-

going urinary diversion required m
ore healthcare 

Team
 

Year
 

LOE
 

n (neurogenic 
bladder)

 
Mean follow-up 

(months)
 

Technique
 

Functional continent 
cystostomy (%)

 
Stoma 

complication (%)
 

New procedure 
on the stoma

 

    
Liard  et al. [370]

 
2001

 
4

 
23(22)

 
240

 
Mitrofanoff 20

 

Bladder flap 2
Ureter 1

75
 

39
 

65
 

Harris  et al. [391]
 

2000
 

4
 

31/50 51 Mitrofanoff 96 16 16 

Cain et al. [392] 1999
 

4 69/100
 

48 Mitrofanoff 57

Yang Monti 22

Bladder tube 21

98 20  Appendix 21

Yang Monti 10

Bladder tube 29

Mollard  et al. [347]  1997 4 56(46)
 

120
 

Mitrofanoff 48 
Distal ureter 8

 92  16 NP 

Sylora  et al. [361]
 

1997
 

4 7(7)
 

NP
 

Mitrofanoff 5
 

Yang-Monti Ileac 2
86

 
14  NP

 

Table 12: Results for continent reconstructive surgery (continued)
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(LOE2-3).	The	risk	of	gastrointestinal	istula	should	
also	be	 taken	 into	account	 (0	 to	3.3%).	As	 for	en-
terocystoplasty, the current trend is to try to reduce 
nasogastric tube drainage time to a few hours [416] 
(LOE3).	 The	most	 frequent	medical	 complications	
encountered	(3	to	8%)	are	febrile	urinary	infections	
and	 thrombo-embolism	 (2	 to	 3%;	 LOE2-3).	 Other	
major	complications	include:	urinary	istula	in	0.3	to	
3.4% of patients which may be prevented by placing 
a	ureteric	catheter	for	about	ten	days	(LOE3).	This	
complication could be a risk factor for later uretero-
ileal	anastomosis	stricture	(LOE4).

The risk of long-term intestinal occlusion ranges be-
tween	5	and	7%	(LOE3).	Even	when	a	short	intesti-
nal segment is used, some patients can experiment 
transient constipation or diarrhoea, which could ad-
versely	affect	their	quality	of	life	[417]	(LOE2).

Complications affecting the bladder left in situ. For 
the particular indication of neurological patients with 
bladder dysfunction, several authors have proposed 
not carrying out cystectomy so as to avoid poten-
tially morbid surgery. At present, this is debatable 
for several reasons:

•		There	is	a	risk	of	pyocystis	formation	in	the	unused	
bladder	 (21-50%)	 [403,	 404,	 408,	 418]	 (LOE3).	
Even where conservative treatments have been 
attempted	 (combining	 vesicular	 irrigation	 with	
antibiotherapy)	 [419]	 (LOE3),	 secondary	 cystec-
tomy is then necessary in a high proportion [404, 
410, 412]. For women, a surgical alternative is 
vaginovesicostomy, which appears to be effective 
[405,	412]	(LOE4).

•		The	unused	bladder	frequently	becomes	infected	
and may become an “irritative thorn”, especially 
in patients with spinal injury or multiple sclerosis 
(LOE	4)	[404,	420].

•		The	 risk	 of	 bladder	 neoplasia	 is	 higher	 in	 neu-
rogenic patients, the principal risk factors being 
long-term	 indwelling	 catheterization	 (more	 than	
8	 years),	 bladder	 calculi	 and	 smoking	 [421-423]	
(LOE3).	Moreover,	screening	by	cystoscopy-biop-
sy	is	not	effective	[424,	425]	(LOE3).	

•		Improvement	of	the	cystectomy	technique	(notice-
ably laparoscopic cystectomy) has considerably 
reduced	 related	 morbidity	 [401,	 426]	 (LOE2-3).	
Supratrigonal cystectomy can be performed in 
men, preserving the prostate and preventing any 
genital and sexual sequelae.

Upper urinary tract complications. Stenosis of the 
uretero-ileal anastomosis may occur in the medium 
and long term. This is very damaging to the upper 
urinary tract and requires regular monitoring. In con-
temporary	series,	it	occurs	in	2	to	7.8%	of	cases	with-
in	 10	 years	 [403-408]	 (LOE3).	 For	 cases	 followed	
for	more	 than	10	years,	 the	inding	of	16.5	 to	50%	
stenosis is essentially that of early paediatric series 

resources,	 with	 signiicantly	 longer	 hospital	 stays,	
higher total charges and more use of home health 
care after discharge home [393].

Four techniques are described for non-continent uri-
nary diversions for patients with neurological vesi-
co-sphincter disorders. In order of frequency these 
are: ileal conduit urinary diversion, ileovesicostomy, 
cystostomy and cutaneous ureterostomy.

1. ilEal conDUit Urinary DivErSion

Ileal conduit urinary diversion is the type of diversion 
most frequently performed on neurological patients 
with bladder dysfunction. Pre-operative location 
of the intended stoma site is crucial and must be 
adapted	 to	 the	patient’s	main	position	 (wheelchair	
or bed); the stoma site must be easy to access for 
management. The ileal segment must be as short 
as	possible	to	prevent	stasis	[394]	(LOE3).	There	is	
a variant to this technique whereby a segment of je-
junal loop is removed and a stoma made on the left 
hemi-abdomen. This technique can be proposed 
after irradiation of the pelvis minor, if the ileum has 
been	impaired	and	a	short	loop	must	be	used	(about	
10	cm)	to	avoid	metabolic	disorder	(jejunal	conduit	
syndrome: hyperkalaemia, hyponatraemia, hypo-
chloraemia,	acidosis)	[395]	(LOE3).

In neurological patients, ileal conduit urinary diver-
sion by laparoscopy and by robot-assisted laparos-
copy	 have	 been	 described	 [396-400]	 (LOE4).	 Pa-
tients	 seem	 to	beneit	 from	 the	procedure,	 though	
this	 remains	 to	 be	 conirmed	 in	 the	 medium	 and	
long-term	 [401]	 (LOE	 2).	 Uretero-ureterostomy	 on	
conduit diversion has also been described in neuro-
logical transplant recipients in whom the donor ure-
ter is too short to achieve a tension-free ureteroileal 
anastomosis	[402].	Graft	survival	rates	at	mean	5.3	
years	follow-up	was	83%.

Some series of neurological patients were evaluated 
to determine the onset of early and late complica-
tions	[401,	403-408]	(LOE2-3).	The	irst	study	to	use	
the recently introduced Clavien system reported on a 
series	of	multiple	sclerosis	patients	(n-53),	of	whom	
43%	developed	minor	complications	(Clavien	grades	
I-II)	 and	 11%	 major	 complications	 (Grades	 III-IV)	
[409]. Early series of children can be evaluated to 
determine the morphology of the upper urinary tract 
and renal function after urinary diversion over a long 
period	 (up	 to	 20	 years)	 [410-415]	 (LOE3).	 Despite	
complications,	 signiicant	 improvements	 in	patients’	
quality of life were recorded, in both retrospective 
[410] and prospective studies [401]. The latter, how-
ever,	noted	that	only	aspects	of	QOL	associated	with	
the limitations and constraints induced by urinary 
problems	were	improved,	not	the	overall	QOL.	

Mortality	is	estimated	between	0	and	3.4%	(LOE2-
3). The commonest early complication is intestinal 
occlusion	(4	to	12.6%),	usually	reversible	after	pro-
longed	intestinal	drainage	[401,	403,	404,	406-408]	
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[410-415]	 (LOE3).	 Impairment	 of	 the	 upper	 urinary	
tract and renal function seems to be correlated main-
ly with stenosis of the uretero-ileal anastomosis, but 
also with a long ileal graft and stomal stenosis lead-
ing	to	poor	voiding	and	pyelonephritis	[411]	(LOE4).	
In the event of poor functioning of the uretero-ileal 
anastomosis, some authors suggest endoscopic di-
lation before further surgical repair of the anastomo-
sis	 (LOE3)	 [407,	 [407,	 427-429].	 Surgery	 however	
remains	the	reference	treatment	[427]	(LOE3).

The	 risk	 of	 upper	 urinary	 tract	 lithiasis	 (3	 to	 31%)	
is	 always	 present	 in	 these	 patients	 (even	 without	
stenosis of the uretero-ileal anastomosis) [403, 
404,	 407,	 408]	 (LOE3).	 Patient	monitoring	 should	
include regular screening of the upper urinary tract 
to detect any lithiasis and to implement timely treat-
ment	 (LOE	 4).	 Chronic	 bacteriuria	 is	 frequent	 but	
should	not	be	treated	if	asymptomatic.	Both	patients	
and attending physicians must be informed so as to 
avoid the administration of unnecessary antibiotics. 
However, the risk of febrile infection persists over 
the long term and may be predisposed by uretero-
ileal	stenosis	(12	to	34%)	[403,	404,	407,	408].

Stoma complications. These are relatively frequent 
(18.6	to	30%)	and	varied	[404,	407,	408].	The	risk	of	
peristomal herniation is the most frequently reported 
(between	7.7	and	10%).	Stomal	stenosis	may	also	
occur. Stoma complications appear to occur more 
often	in	obese	patients	(LOE3)	[430].

Some patients, usually adults who underwent sur-
gery as children and who subsequently to recover 
a continent system, or who have had complications 
with their non-continent urinary diversion could ask 
for	undiversion	[431-435]	(LOE3-4).

2. ilEovESicoStoMy 

This	technique	was	irst	described	by	Cordonnier	in	
1957 for treatment of three children suffering from 
myelomeningocele	[436,	437](LOE4).	Its	theoretical	
advantages are relative simplicity, the absence of 
dissection and suture of the ureter, thus prevent-
ing ureteral complications and the potential of re-
storing	 the	 integrity	 of	 the	 bladder	 (only	 one	 case	
described)	 [438]	 (LOE4).	 The	 surgery	 consists	 in	
removing a 10 cm ileal segment from about 15 to 
20	 cm	above	 the	 ileocecal	 valve.	One	 side	 of	 the	
segment is anastomosed to the dome of the blad-
der and the other to the skin halfway between the 
iliac spine and the umbilicus. A partial cystectomy is 
performed to reduce reservoir volume and possible 
urine stagnation. Surgical variants have been de-
scribed with simple partial detubularization of the il-
eum before vesico-ileal suture [439], or the creation 
of	a	modiied	Boari	lap	on	 the	bladder	associated	
with	partial	detubularization	of	the	ileum	[438,	441-
444]	(LOE3).	These	improve	drainage	by	reducing	
the	 ileal	 segment.	 Laparoscopic	 ileovesicostomy	
seems	to	be	feasible	[440,	445]	(LOE4),	and	robotic	
ileovesicostomy has been described. A small, retro-

spective	comparative	study	(LOE3)	reported	similar	
results in terms of continence and complications 
with the open surgery group, although a trend for 
less blood loss and shorter hospital stays was noted 
in the robotic group [446, 447]. 

One	of	the	problems	with	ileovesicostomy,	particu-
larly in women, is the need for further surgery to pre-
vent residual urinary leakage. All authors agree that 
this	signiicantly	prolongs	surgery	time.	This	further	
surgery may consist in closing the bladder neck or 
placing	a	suburethral	tape	[436,	438,443,	448,	449]	
(LOE3).	Some	authors	propose	performing	this	sur-
gery	later,	where	necessary	[439]	(LOE3).

Early complications are related to the underlying 
condition	of	 these	patients,	which	 is	often	poor.	No	
case of post-operative mortality has been reported 
in	the	published	series	[436,	438,	439,	441-444,	446-
451]	(LOE3).	Other	early	complications	were	related	
to poor results of the surgery performed to render 
patients	continent	(Table 12 ). Patients with this type 
of problem are the most likely to resort to cystectomy 
with	ileal	diversion	(3	to	6%)	[438,	448]	(LOE3).

Late	 complications	 are	 summarized	 in	 Table 13 . 
Only	one	series	to	date	has	more	than	ive	years	of	
follow-up [451]. It should be noted that, despite re-
duction in complication rates, particularly those re-
lated to chronic upper tract infections and stone for-
mation, none of the patients in this series remained 
complication-free [450]. The largest series to-date 
also	 report	 high	 complication	 rates	 (up	 to	 74%),	
albeit reduced in comparison with preoperative 
rates	[448].The	most	frequent	new	adverse	events	
appear to be poor emptying related to stenosis of 
the	stoma	or	the	ileovesical	anastomosis.	Only	one	
group	of	authors	speciically	mention	problems	re-
lated	to	stoma	equipment	 that	occur	 in	about	38%	
of	patients	[448]	(LOE3).	The	incidence	of	renal	or	
vesicular lithiasis can be as high as 25% in some 
series, and several authors report that affected pa-
tients had a history of lithiasis [450].

Renal	 function	 appears	 to	 be	 preserved	 with	 this	
procedure	 at	 least	 with	 a	 mean	 follow-up	 of	 ive	
years	(LOE	3)	[438,	439,	441-444,	448,	449,	452].	
No	case	of	impaired	renal	function,	or	even	post-op-
erative uretero-hydronephrosis was reported. Two 
patients in a series with long-term follow-up devel-
oped	a	bladder	tumour	[444]	(LOE4).

3. vESicoStoMy 

Vesicostomy	was	 described	 by	 Blocksom	 in	 1957	
[453]	 and	 detailed	 subsequently	 by	 Lapides	 [454,	
455]. The technique consists in constructing a blad-
der tube anastomosed to the skin by making a 
transverse suprapubic incision to reach the space of 
Retzius.	The	stoma	is	located	half	way	between	the	
umbilicus	 and	 the	 incision.	 The	 principal	 beneits	
simplicity and reversibility, particularly in children 
[456-462], making it possible to envisage tempo-
rary surgery to treat an acute urological problem. In 
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LO E n Mean 
follow-up 
(months)

Re operation 
following 
primary 

surgery (%)

Stomal 
problems 

(%)

Kidney 
lithiasis

(%)

Bladder 
lithiasis

(%)

Continent 
(%)

Post op 
hydronephrosis 

(%)

Symptomatic 
urinary infection 

(%)

Zimmerman et al.
2011 [451] 

4 7 26 40 0 0 0 60 0 16

Hellenthal, 2009
 

[450] 
3 12 66

 
42 17 17 25

 
92 0 67 

Tan et al., 2008 
[448] 

3 50 26,3
 

54 38 2 6 72 0 10 

Gauthier & 
Winters, 2003 
[449] 

4 7 37,4
 

NP 14 14 0 NP 0/7 1/7 

Atan et al., 1999 
[441] 

3 15 23,2 NP 16 33 20 67 0 20 

Gudziak et al., 
1999 [443] 

3 13 23
 

23 8 8 0 92 0 8 

Leng et al., 1999
 

[444[ 
3 38

 
52

 
NP 13 10 5 NP

 
3 3 

Mutchnik et al., 
1997 [439] 

4 6 12 1/6 1/6 0 0 6/6 0/6 0 

Rivas et al., 1995
 

[442] 
3 11

 
24

 
NP

 
NP

 
NP NP

 
100

 
0 0 

Schwartz et al., 
1994 [438] 

3 23
 

45
 

NP 21 0 0 NP
 

0 NP 

Table 13: results for contemporary series of ileovesicostomy
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pediatric series, an improvement in the symptoms 
of infection was reported, with 6 to 20% of patients 
suffering	bladder	calculi	and	6	to	18%	stomal	steno-
sis. Hydronephrosis improved or stabilized in most 
cases. The rate of end-stage renal failure varied be-
tween	6	and	18%	for	mean	follow-ups	of	6-7	years.

Nowadays,	it	is	rare	to	conserve	a	vesicostomy	long	
term.	The	long-term	results	of	Lapides	[455]	(LOE3)	
are therefore all the more interesting. At two years 
of follow-up, there was no urinary infection, 16% 
poor drainage, 12% calculi, and renal function was 
preserved. At 10 years, however, end-stage renal 
failure, mainly due to calculi and repeated infec-
tion of the upper urinary tract, and mortality were 
reported	 [455,	463]	 (LOE3).	Follow	up	at	 intervals	
ranging up to 20 years, showed the rate of chronic 
renal	failure	is	around	16.6%	[453-464]	(LOE3).

Recently,	percutaneous	button	vesicostomy	place-
ment under endoscopic control was proposed as a 
temporary	 continent	 alternative	 to	Mitrofanoff	 in	 a	
series of 10 children with neurogenic bladders. The 
authors only discuss the feasibility of the procedure, 
not	its	eficacy	[465].

4. cUtanEoUS UrEtEroStoMy 

Cutaneous	ureterostomy	was	irst	performed	 in	 the	
1960s,	to	treat	children	with	spina	biida	and	severe	
upper urinary tract impairment [466, 467]. The tech-
nique was also developed to treat malformative urop-
athies	 (exstrophy	 of	 the	 bladder	 and	 the	 posterior	
urethral	valves)	[467-470].	During	this	procedure,	the	
ureters are anastomosed direct to the skin without us-
ing intervening gastrointestinal tract tissue. It is only 
feasible	 in	 the	 context	 of	 signiicant	 ureteric	 dilata-
tion, and even then chronic stenting is often needed. 
The	 absence	 of	 gastrointestinal	 resection/	 anasto-
mosis avoids a major source of morbidity and mortal-
ity, but successfully achieving urine containment with 
appliances can cause considerable problems. In the 
absence of cystectomy, two short lateral incisions are 
made in the iliac fossa, at approximately 3-4 cm from 
the	anterosuperior	 iliac	spine.	Direct	retroperitoneal	
access is made and the two ureters located on the 
internal border of the psoas muscle or above the iliac 
vessels. It is important that the peri-ureteral region 
be spared and the ureter sectioned as low as pos-
sible. The ureter is then catheterized and raised to 
the skin. The stoma is formed by attaching the ureter 
to the skin, or by spatulating the sutured ureter on a 
V-shaped	cutaneous	incision	(separate	sutures	with	
ine	resorbable	thread).	Variants	are	described	so	as	
to	obtain	only	one	stoma:	Y-transuretero-ureterosto-
my, implantation of both ureters in a single stoma, 
and	implantation	of	a	single	ureter	(ureter	of	the	less	
functional kidney ligated, or even nephrectomy). The 
use of cutaneous plasties may remove the need for 
ureteral catheterization [471].

The main inconveniences are: cutaneous stenosis 
if the stoma is left unstented, upper urinary tract 

infections,	 and	 calciication	 around	 catheters.	
Moreover,	 it	 is	 frequently	 necessary	 to	 construct	
a double stoma. It is used in adults, usually in the 
context of palliative urinary diversion for those with 
obstructive	 pelvic	 cancer	 (bladder,	 uterus,	 rec-
tum), and rarely in neurological patients [467-472]. 
Long-term	results	with	a	mean	follow-up	of	8	years	
are	given	hereafter:	rates	of	stenosis	between	8.7	
to 11%, infections from 6.6 to 10% and calculi from 
10	 to	 15.5%)	 [470,	 472]	 (LOE3).	 Renal	 function	
was preserved for short follow-up times, but fatal 
end-stage renal failure occurred in up to 26.6% of 
children	during	long-term	follow-up	[469]	(LOE3).

This technique is almost never used for neurologi-
cal patients with bladder dysfunction anymore be-
cause	 conservative	 treatments	 (intermittent	 cath-
eterization, urological endoscopy) have improved 
and the number of children suffering from spina 
biida	 or	 presenting	 with	 complex	 malformation	
of the lower urinary tract has gradually lowered. 
Moreover,	new	urinary	diversion	 techniques	have	
been developed. 

Recommendations:

•  Non-continent urinary diversion is the last re -
sort for patients with neurogenic bladder (A).

•  Bladder should be removed during the pro-
cedure because of the risk of later complica-
tions at this site (B).

•  It may be indicated for urological dysfunction 
or in the event of a motor handicap that pre -
vents other modes of micturition ( C).

•  Ileal conduit urinary diversion has the best 
long-term results for non-continent diversion, 
if the following pre- and peri-operative precau-
tions are taken (B):

 o  Pre-operative identiication of optimal lo-
cation for the stoma site, with wheelchair 
test, if necessary.

 o  Utilization of a short intestinal segment 
(10 cm maximum).

 o Minimal dissection of the ureters.

•  There are several reports of good results 
for ileovesicostomy, but the medium-term 
results need to be confirmed in the long 
term. Quality-of-life studies should also be 
performed (C).

•  Vesicostomy may be a useful temporary solu-
tion, particularly for children (D).

•  Cutaneous ureterostomy shouldn’t be used 
for non continent urinary diversion in adult 
patients because of the rate of long term 
complications (B).
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Disorders	of	the	central	nervous	system	(CNS)	are	
common, with worldwide estimates of the preva-
lence	of	spinal	cord	injury	(SCI)	at	over	2.5	million,	
multiple	 sclerosis	 (MS)	 considerably	 greater	 than	
1.5	million	 and	Parkinson’s	 disease	 (PD)	 approxi-
mately 3 million [1-3]. Whilst mobility, pain and blad-
der dysfunction has been relatively well studied, 
the	bowel	and	pelvic	loor	dysfunction	has	been	ne-
glected by comparison. This is doubly unfortunate, 
as	a	large	proportion	of	patients	with	CNS	dysfunc-
tion experience frequent bowel symptoms, and 
these symptoms are amongst the most physically, 
socially	and	emotionally	disabling	[4-6].	Most	of	the	
literature deals primarily with the bowel dysfunction 
associated	 with	 three	 common	 CNS	 diseases	 –	
SCI,	MS	and	Parkinson’s	disease.	The	literature	on	
the	most	common	of	all	CNS	diseases	–	stroke	–	is	
more patchy and often directed towards acute post-
stroke problems, as opposed to chronic neurogenic 
bowel dysfunction. With rapid advances in reha-
bilitation medicine resulting in increased survival of 
patients, these individuals are experiencing bowel 
symptoms for ever-longer periods.

Spinal cord injuries are common, with an estimated 
50 people per million sustaining a traumatic spinal 
injury	 every	 year	 in	 the	 Western	 world	 [7].	 Non-
traumatic	injury	(vascular,	infection,	tumour)	is	more	
common, and cancer alone is estimated to cause 
more	 SCI	 than	 trauma	 [8].	 Traumatic	 injury	mostly	
affects young men, and advances in rehabilitation 
medicine mean that the longevity of paraplegics is 
similar to the general population while that of tet-
raplegics	 is	10	years	shorter	 [9].	Bowel	dysfunction	
affects	almost	all	patients	with	a	chronic	SCI	–	up	to	
95% report constipation, faecal incontinence is expe-
rienced at least once per year by 75% and daily by 
5%, with 33% experiencing regular abdominal pain 
[4, 10, 11]. Inevitably, given the nature and chronicity 
of	the	bowel	symptoms,	they	represent	a	signiicant	
contributor to reduced quality of life in SCI individuals 
[4]. Patients with SCI reported bowel dysfunction as 
more problematic than bladder dysfunction, sexual 
dysfunction, pain, fatigue and body image [4].

Bowel	 dysfunction	 is	 less	 studied,	 but	 almost	 as	
prevalent in other neurological conditions. The prev-
alence	of	MS	is	approximately	1	per	1	000	[2].	About	
one-third	 of	 MS	 patients	 suffer	 from	 constipation	
and one-quarter are incontinent at least once per 
week	[5,	12].	 In	patients	with	Parkinson’s	disease,	
constipation,	in	particular	dificulty	with	defaecation,	
occurs	in	37%	[13].	One	quarter	of	stroke	survivors	
experience constipation, and 15% suffer with faecal 
incontinence [14].

The	pathophysiology	 of	 pelvic	 loor	 and	 colorectal	
dysfunction is broadly similar in patients with both 
SCI	and	MS.	The	extent	of	injury	is	the	most	impor-
tant factor in determining bowel symptoms in both 
SCI	and	MS.	However,	 in	chronic	SCI	patients	the	
lesion	 is	 usually	 sharply	 deined	 and	 unchanging,	
while	in	patients	with	MS	the	lesions	typically	occur	
at multiple levels and tend to vary with time.

Gastrointestinal	 transit	 is	under	 the	complex	 regu-
latory interplay of the enteric nervous system and 
extrinsic autonomic innervation. Parasympathetic 
innervation accelerates transit, proximally provided 
by the vagus and distally by the lower sacral roots 
(S2-S4).	The	vagus	provides	parasympathetic	input	
up to the distal transverse colon, so in spinally in-
jured patients, the dysfunctional gut segment is the 
distal	 colon.	 The	 sympathetic	 innervation	 (T9-L2)	
retards	 intestinal	 transit.	 Standard	 clinical	 classii-
cation of SCI relates to this, in that lesions are clas-
siied	 as	 supraconal	 (above	 the	 conus	medullaris,	
where inhibitory input is lost), within the conus or 
being	located	in	the	cauda	equina	(where	excitatory	
sacral parasympathetic supply is lost).

In supraconal SCI, an “upper motor neurone” type 
injury of the bowel results; there is slowed whole gut 
transit	[1,	2]	and	hypertonia	and	hyperrelexia	of	the	
hindgut	(i.e.	distal	 to	the	splenic	lexure)	[3,	4].	The	
slowing of transit is autonomic-mediated, but also 
contributed to by reduced mobility and attenuation of 
the gastro-colic response [5]. The rectal hypertonia 
results in reduced rectal compliance and predispos-
es	to	relex	defaecation	and	incontinence.	In	cauda	
equina	 lesions	 the	efferent	 limb	of	 the	 relex	arc	 to	
the hindgut is interrupted, resulting in a “lower motor 
neurone” type bowel dysfunction with hypotonia and 
hyporelexia	 [6].	Complete	SCI	has	been	shown	 to	
result in the most severe degree of bowel dysfunction 
[7]. However, in incomplete injuries, the relationship 
is	 more	 variable.	 The	ASIA	 classiication	 of	 sever-
ity of the lesion has not been convincingly shown to 
relate to magnitude of bowel symptoms, which may 
relate	to	the	inluence	of	the	enteric	nervous	system	
in moderating gut-function post-injury.

 Anal continence rests on an interplay between rec-
tal musculo-sensory function and the internal and 
external anal sphincters. The internal anal sphinc-
ter is a condensation of the circular smooth muscle 
of the colon. As such, it is not subject to voluntary 
control	but	receives	an	autonomic	(excitatory	sym-
pathetic	 and	 inhibitory	 parasympathetic	 input)	 [8].	
Nevertheless,	 supraconal	 injury	 tends	 not	 to	 alter	
anal tone, whilst the reduced tone of cauda equi-
na lesions may relate to faecal bolus impaction as 
much as loss of sympathetic input. The striated 
external anal sphincter is under voluntary control 
from	Onuf´s	nucleus	in	the	ventral	horn	of	the	sacral	

I.  EPIDEMIOLOGY

II. NEUROPHYSIOLOGY OF BOWEL 
DYSFUNCTION

D. Neurological faecal 
incontinence
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spinal cord via the pudendal nerves. Thus, in com-
plete SCI the voluntary control of the external anal 
sphincter is lost [9].

Faecal incontinence relates not only to motor factors 
affecting the sphincter, but also to anorectal sensa-
tion. The anal mucosa has a dense network of sen-
sory receptors, and loss of sensation can result in 
anal	 incontinence.	 Rectal	 hyposensation	 occurs	 in	
both supraconal and cauda equina lesions, and pre-
disposes	to	faecal	impaction	(especially	in	the	laccid	
rectum of patients with cauda equina lesions) [9].

The pathophysiology of bowel dysfunction in pa-
tients	 with	 Parkinson´s	 disease	 (PD)	 is	 quite	 dif-
ferent	from	that	of	SCI	or	MS.	Dystonia	of	the	stri-
ated	muscles	of	 the	pelvic	 loor	 and	external	 anal	
sphincter explains the defecatory dysfunction [10]; 
this aetiological factor is supported by the observa-
tion	 that	 pelvic	 loor	 dysfunction	 is	 alleviated	 with	
L-Dopa	 [11].	 In	 addition	 to	 the	 pelvic	 dysfunction,	
colonic transit time is usually prolonged in patients 
with	 idiopathic	PD	[10].	Two	 important	pathophysi-
ological	factors	contribute	to	this:	irstly,	the	number	
of dopamine producing cells in the colonic wall is re-
duced	in	idiopathic	PD	[12]	and	secondly	Lewy	bod-
ies,	 typical	of	PD,	 form	 in	 the	enteric	ganglia	 [13].	
Recent	observations	have	identiied	that	men	with	a	
bowel opening frequency less than every 24 hours 
have	an	almost	 threefold	 risk	of	developing	PD	 in	
later life compared to men with a daily or more often 
bowel	frequency	[14],	suggesting	that	PD	is	not	just	
a	degenerative	disorder	of	the	CNS	but	also	of	the	
enteric nervous system.

Patients	 with	 PD,	 where	 bowel	 dysfunction	 can	
long pre-date neurological diagnosis, often report 
decades of bowel symptoms. Current bowel symp-
tomatology is next assessed, regarding bowel fre-
quency, stool consistency, faecal incontinence and 
manoeuvres needed to achieve bowel management. 
This information is usually gathered from standard 
patient and carer history, but scoring systems exist 
which may supplement this. There are standard in-
struments	(Cleveland	Constipation	score,	St	Mark’s	
incontinence score [1, 2], and recently a condition 
speciic	 score	 has	 been	 developed	 for	 neurologic	
patients	 [3].	 This	 Neurogenic	 Bowel	 Dysfunction	
(NBD)	Score	 is	 validated	 in	SCI,	 but	 not	PD;	 it	 is	
currently	being	assessed	in	patients	with	MS.

Digital	 rectal	 examination	 is	 an	 essential	 compo-
nent,	 allowing	 assessment	 of	 rectal	 illing,	 resting	
anal tone, ability to generate a voluntary contrac-
tion and it also gives a crude assessment of anal 
sensitivity. The place of more interventional physi-
ological or radiological transit investigations is not 
established, but may be appropriate if there is any 
co-morbidity	 (prior	 anal	 surgery,	 obstetric	 history,	

pelvic organ prolapse). Plainly, patients with alarm 
symptoms should have necessary colonic imaging 
performed. Alarm symptoms in this patient group 
are	more	dificult	to	recognise,	but	any	worsening	of	
established bowel dysfunction, weight or blood loss 
warrants investigation.

The primary aims of bowel care are twofold: to 
achieve bowel evacuation in a timely manner and 
to	 avoid	 fecal	 incontinence.	 The	 irst	 step	 of	 this	
bowel care consists of optimizing stool consistency 
with	adequate	luid	and	iber	intake,	and	stimulating	
evacuation of stool on a regularly scheduled basis 
with digital rectal stimulation. A range of other non-
invasive interventions may supplement this: Val-
salva or manually-generated external pressure, oral 
medications	 –	 stool	 softeners,	 stimulant	 laxatives	
and	 prokinetic	 agents;	 diet	 modiication;	 biofeed-
back; electrical stimulation and functional magnetic 
stimulations. The key to successful bowel manage-
ment is intensive patient education and training. 
If conservative bowel management fails, surgical 
management may be necessary.

Search strategy; in updating previous consulta-
tions [1, 2], Pubmed items from 2007-2011 were 
searched with the key words: faecal incontinence, 
neurogenic, neuropathic, neurologic, neurogenic 
bowel, bowel management, bowel care, conserva-
tive treatment, practice guideline, incontinence, 
constipation,	 cisapride,	 colonic,	dietary	ibre,	 laxa-
tive, suppositories. From such searches, resulted 
a number of papers of various levels of evidence 
described below. 

1. BOWEL PROGRAM /BOWEL CARE 
Krassioukov	 et	 al.	 [3]	 in	 a	 large	 literature	 review	
found 57 studies on bowel care in SCI. They con-
cluded	 that	 multi-faceted	 programs	 are	 the	 irst	
approach to neurogenic bowel and are supported 
by	 lower	 levels	 of	 evidence	 (LE).	There	 is	 level	 4	
evidence	 (from	 three	 pre-post	 studies)	 that	 mul-
tifaceted bowel management programs reduce 
gastrointestinal	 transit	 time,	 incidences	 of	 dificult	
evacuations and duration of time required for bow-
el management. Coggrave et al. described bowel 
management in community-dwelling SCI individu-
als [4]. In 1334 SCI individuals, median 52 years 
old	and	with	duration	of	injury	of	18	years,	the	most	
common	intervention	was	digital	evacuation	(56%).	
Less	than	30	minutes	was	spent	on	each	bowel	care	
episode	by	58%	of	respondents,	the	others	needed	
more	 time.	 Reported	 problems	 included	 constipa-
tion	 (39%),	 haemorrhoids	 (36%)	 and	 abdominal	
distension	(31%).	Reduced	satisfaction	with	bowel	
function was associated with longer duration of 
each bowel care episode, fecal incontinence, great-
er number of interventions used and more prob-
lems reported. Impact of bowel dysfunction on the 

III. ASSESSMENT

IV.  CONSERVATIVE TREATMENT 



896

respondent’s	 life	was	rated	as	signiicantly	greater	
than other aspects of SCI. Emmanuel has summa-
rized the evidence base [5]. Initial management for 
all	subjects	is	medication	review	(especially	bladder	
drugs such as antimuscarinics, baclofen, ditropan, 
codeine	analgesia,	non-steroidal	anti-inlammatory	
drugs	(NSAIDs)	and	antibiotics)	and	addressing	any	
unusual dietary habits. 

In general, scheduled defecation should be at-
tempted once a day or on alternate days. However, 
knowledge of bowel frequency prior to injury is im-
portant in deciding on the bowel program. The bow-
el	regime	approach	used	at	the	UK’s	National	Hos-
pital	for	Neurology	and	Neurosurgery	[5]	includes

•		For	patients	with	an	upper	motor	neuron	type	bowel	
lesion and normal or minimally impaired anorec-
tal sensation: aiming to have a stool consistency 
soft enough to be passed after rectal stimulation, 
but not so loose as to risk incontinence in between 
bowel actions; stool softened by regular use of gen-
tle osmotic laxatives and stool softeners titrated in 
dose to obtain a stool of the desired consistency; 
stimulant laxatives are best used on an as-and-
when basis rather than regularly; rectal stimulation 
is	achieved	by	 the	simplest	means	possible	 (from	
digital stimulation to suppositories to enemas).

•		For	patients	with	an	upper	motor	neuron	type	bow-
el lesion and absent or grossly impaired anorectal 
sensation: aiming as above, but there is less room 
for adjusting stool consistency, since loose stools 
will	always	result	in	incontinence;	iber-based	lax-
atives are occasionally recommended alongside 
osmotic ones, although use should be cautious to 
avoid	worsening	 abdominal	 distension	 and	 latu-
lence; rectal stimulation is performed as above.

•		For	patients	with	a	lower	motor	neuron	type	bowel	
lesion: aiming to have a formed stool which is man-
ually removed or irrigated from the rectum; bulking 
agents can be helpful in this situation, along with 
softening agents or gentle osmotic laxative use 
to get the correct consistency of a formed stool. 
Stimulants are not helpful; manual extraction, ene-
mas or rectal irrigation are required to remove the 
stool.	On	rare	occasions	tiny	doses	of	loperamide	
syrup may be given after bowel care to minimize 
the risk of subsequent soiling. The emphasis is on 
avoiding becoming constipated.

2. SPECIFIC TECHNIQUES

a) Diet 

Patients with an upper motor neuron type bowel 
will tend to have slow whole-gut transit, and a high-
iber	diet	will	tend	to	cause	bloating	and	latulence.	
In	general	reducing	the	iber	 intake	–	especially	of	
insoluble	(i.e.	cereal)	iber	–	is	helpful	in	improving	
these symptoms. Patients with lower motor neuron 
type	 bowel	may	 ind	 that	 a	 higher	 iber	 diet	 helps	
improve stool consistency and therefore prevent 

fecal soiling. The most important aspect of diet is 
to get into a pattern of regular eating, which helps 
optimize bowel motility. Excessive quantities of caf-
feine, alcohol and foodstuffs containing the sweet-
ener sorbitol can cause the stools to become looser 
and	hence	more	dificult	to	manage	[5].	

b) Toileting

Patients need to have a sense of privacy and com-
fort	 to	 achieve	 a	 successful	 bowel	 regime.	 Bowel	
contractions are maximal on waking up and after 
a	meal	 or	warm	drink	 (the	 gastro-colic	 response),	
therefore many patients should optimize this with 
scheduled defecation after a warm drink and break-
fast. Where possible, it is best to exploit gravity to 
evacuate the bowel, so sitting on a toilet or com-
mode chair is preferred. When this is not practi-
cable, toileting has to be done on the bed. There 
are previous case reports on positive effects of us-
ing a standing table or a washing toilet seat with 
visual	 feedback	 [3].	Valsalva	maneuver	 (breathing	
hard against a closed glottis) may help, but should 
be	avoided	in	patients	with	signiicant	autonomic	or	
cardiorespiratory problems [5].

c) Digital rectal stimulation 

Digital	 rectal	 stimulation	 (DRS),	 involves	 circular	
motion	of	a	inger	in	the	anal	canal	with	the	intention	
of	causing	a	relex	contraction	of	the	colon	and	rec-
tum, and hence a bowel action. A lubricated, gloved 
inger	 is	 gently	 inserted	 into	 the	 anus	and	 rotated	
for	20–30	seconds	before	being	withdrawn.	If	there	
is no result within 5 minutes the procedure can be 
repeated at that point. This process also serves as 
a useful check to see if there is any stool present 
in	 the	 rectum	 [5].	 It	 was	 demonstrated	 that	 DRS	
contributes to bowel evacuation in individuals with 
SCI in part by increasing left-side colonic motility. 
Mechanical	 stimulation	must	be	done	with	caution	
as it may cause local trauma and induce autonomic 
dysrelexia	(AD)	in	SCI	individuals	[2].	

d) Manual stool extraction

Manual	 extraction	 of	 stool	 differs	 from	 DRS,	 at-
tempting physical removal of the stool from the 
rectum	 with	 a	 gloved	 inger	 hooking	 stools	 out.	
This technique is only possible when the stools are 
formed.	Manual	extraction	can	be	combined	with	a	
Valsalva maneuver to improve effectiveness [5]. In a 
randomized, controlled trial, systematic use of less 
invasive interventions could not reduce the need for 
oral laxatives and manual evacuation in individuals 
with chronic SCI [6]. It provided evidence of accept-
ability of the technique.

3. CHEMICAL STIMULANTS 

Suppositories and enemas may supplement the 
above	by	causing	a	relex	contraction	of	the	rectum.	
Implicitly, there is little point in using these agents 
when the rectum is empty on digital checking [5]. 
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Stimulants range in potency, from glycerine sup-
positories, through micro-enemas, to larger volume 
stimulant enemas. Ideally, these agents should be 
retained for at least 10 minutes.

Krassioukov	 et	 al.	 gave	 an	 extensive	 overview	 of	
publications	 on	 medications.	 There	 is	 LoE	 1	 evi-
dence to support polyethylene glycol-based sup-
positories for bowel management. Cisapride did 
signiicantly	 reduce	colonic	 transit	 time	 for	chronic	
constipation but did not seem to have clinically 
useful effects in people with SCI. It has now been 
withdrawn because of cardiac side effects. Psyllium 
did not alter colonic transit time but was associated 
with increased stool frequency in people with Par-
kinson’s	disease.	Prucalopride	 increases	stool	 fre-
quency, improves stool consistency and decreases 
gastrointestinal transit time in chronic constipation, 
and	has	shown	some	beneit	 in	 this	patient	group	
[7]. The time schedules for administration of rectal 
medication	 may	 inluence	 bowel	 responses.	 The	
clinical	signiicance	of	any	of	these	results	was	dif-
icult	 to	 interpret	because	of	 the	 limited	number	of	
papers	and	the	quality	of	 the	research.	During	 the	
last three years there has been no research study 
on the effectiveness of such medications in patients 
with neurogenic bowel dysfunction. 

4. ASSISTIVE TECHNIQUES FOR DEFECATION

a) Abdominal massage

Abdominal massage with the heel of the palm, in a 
circular motion from right to left may help increase 
bowel transit and movement of content towards the 
rectum [5]. In small controlled trials, positive effects 
were	seen	in	patients	with	multiple	sclerosis	[8]	and	
with spinal cord injury [9].

b) Anal stimulation with water streams 

Pulsed water irrigation consists of supplying inter-
mittent, rapid pulses of warm water into the rec-
tum to break up stool impactions and to stimulate 
peristalsis. Pulsed irrigation evacuation would be a 
safe and effective method for individuals with SCI 
who develop impactions, or do not have an effective 
bowel routine [3].

c) Transanal / Transrectal irrigation (TAI)

Several studies have been published comparatively 
recently on this technique. Christensen et al. [2009] 
described	how	163	of	348	patients	(47	percent)	had	
a successful outcome from treatment with TAI af-
ter a mean follow-up of 21 months. Success rates 
varied between patients with different underlying 
pathology: for neurogenic bowel dysfunction, the 
success	rate	of	67	of	107	(63	percent)	was	higher	
than	 in	patients	with	anal	 insuficiency,	 sequela	 to	
anorectal surgery, idiopathic constipation, and mis-
cellaneous [10]. Amongst factors correlating with 
positive outcome were neurogenic bowel, low rectal 
volume at urge to defecate, low maximal rectal ca-

pacity, and low anal squeeze pressure increment. 
Two non-fatal bowel perforations were found in ap-
proximately 110,000 irrigation procedures.

Faaborg et al. studied long-term application of TAI 
and found a drop-off in effect, with successful out-
come in 46% of neurologic patients after a mean 
follow-up of 19 months. The rate of success was 
35% after 3 years and remained almost unchanged 
thereafter. TAI was relatively safe, with a perfora-
tion rate of about 1 in 100,000 [11]. Whether this 
perforation rate is cumulative or seen only at the 
initiation of treatment remains to be determined in 
long-term studies.

Ausili et al. treated 60 children with myelomeningo-
cele	with	TAI	for	three	months.	Sixty	percent	(36/60)	
reported	relief	from	constipation	and	75%	(12/16)	for	
fecal incontinence. Wheelchair-bound and walking 
patients showed similar improvements of bowel habit. 
There was a clear improvement in quality of life. They 
observed a reduction of urinary tract infections during 
the course of treatment and few complications [12]. 

Neel	prospectively	evaluated	the	eficacy	and	dura-
bility of combined intradetrusor botulinum-A toxin, 
endoscopic	 treatment	 for	vesicoureteral	 relux,	with	
anal	irrigation	in	a	small	group	of	young	(5.3	+/-	2.5	
years), incontinent, treatment-refractory myelo-
meningocele children. Ten of 13 patients achieved 
stool dryness with anal irrigation 1 to 2 times weekly. 
Three patients who were stool continent on standard 
enemas did not require this irrigation system [13].

TAI using a self-administered system results in a 
lower total cost to society than conservative bowel 
management	[14].	Building	on	the	positive	data	re-
ported for patients with SCI, continued evaluation in 
the	clinical	trial	setting	is	required	to	further	deine	
the	utility	of	TAI	in	other	populations	with	NBD	[15].

5.  APPLIANCE/ASSISTIVE TECHNIQUES FOR 
FAECAL INCONTINENCE 

a) Anal plug 

Previous studies employing anal plugs have yielded 
conlicting	results	[3].	Bond	et	al.	undertook	a	ran-
domized controlled trial with the Conveen anal plug 
(Coloplast	Limited)	used	for	12	months	in	patients,	
including a number with neurologic bowel. The anal 
plug	 proved	 of	 beneit	 to	 the	majority	 of	 patients.	
It did not suit all eligible patients, with in situ plug 
retention being a problem for some [16].

b)  Neuromodulation /Electrostimulation/Mag -
netic stimulation

Tsai et al. state that functional magnetic stimula-
tion, featuring broad-spectrum application, can be 
incorporated successfully into other therapies as 
an optimal adjuvant treatment for neurogenic bowel 
dysfunction resulting from SCI- both with supracon-
al	and	conal/caudal	 lesion	 [17].	Kajbafzadeh	et	al.	
applied	 transcutaneous	 interferential	 (IF)	electrical 
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stimulation for constipation symptoms in children 
with	myelomeningocele	(MMC).	They	found	sphinc-
ter	 pressure	 and	 rectoanal	 inhibitory	 relex	 signii-
cantly improved compared with sham stimulation 
and pretreatment measures. In 73% of patients, the 
characteristics of constipation decreased immedi-
ately after IF therapy, while in 53% patients, they 
persisted for 6 months. Frequency of defecation in-
creased	statistically	signiicant	[18].

In	a	small	pilot	study	Fu	et	al.	explored	the	eficacy	
of	 neuromodulation.	 One	 patient	 with	 permanent	
sacral electrode and neurostimulator implantation 
was	 overall	 successful.	 Four	 out	 of	 8	 with	 dorsal	
penile/clitoral	nerve	neuromodulation	had	decrease	
in Wexner constipation score. Patients also showed 
a	 signiicant	 improvement	 in	 their	 symptoms	 and	
quality	of	 life	during	 follow	up.	 If	conirmed,	sacral	
neuromodulation	 and	 dorsal	 penile/clitoral	 nerve	
neuromodulation may be effective for some neuro-
genic constipation. However, there are no predic-
tive tests to anticipate the candidates with the best 
chance	of	beneit	with	the	procedure	[19].	

In	 the	previous	 literature	 [4],	 one	good	quality	RCT,	
with only a few study subjects, showed that external 
electrical stimulation of the abdominal wall muscles 
can improve bowel management for individuals with 
tetraplegia. In a prospective controlled trial, 25 min-
utes of electrical stimulation of the abdominal muscles 
per	day,	ive	days	a	week,	for	eight	weeks,	resulted	in	
accelerated colonic transit times when compared to 
the placebo control group. In a case study, posterior 
tibial nerve stimulation improved bowel management 
in incomplete SCI. Functional magnetic stimulation on 
the	thorax	and	lumbosacral	nerves	(simulation	placed	
at	T9	and	L3	spinal	processes)	reduced	colonic	transit	
times and self-reported symptoms of constipation [4].

c) Quality of life 

No	 speciic	 new	 study	 has	 been	 published,	 but	 in	
several studies mentioned above an improvement 
of	QoL	was	shown.

Conclusions

•  In relex bowel, digital rectal stimulation relaxes 
the external anal sphincter and increases peri-
staltic contractions by facilitating an excitatory 
anorectal (ano-colonic) relex, and enhances 
bowel movement and evacuation (LOE 3).

•  Abdominal massage has beneicial effects on 
neurogenic bowel dysfunction, including defe-
cation function and fecal incontinence (LOE 3).

•  Transanal irrigation is a safe method to im-
prove constipation and faecal incontinence in 
individuals with neurogenic bowel dysfunction 
(LOE 2).

•  An anal plug can help control fecal incontinence 
in selected neurological patients (LOE 3). 

•   Different forms of electrical stimulation seem 
promising for fecal incontinence and defecation 
management in neurologic patients (LOE 3).

•  To increase adherence rate with bowel care pro-
gram/clinical practice guideline, implementation 
strategies should be addressed to care provid -
ers (LOE 3). 

Recommendations 

•  Multi-faceted programs are the irst approach 
to neurogenic bowel management and are sup-
ported by lower levels of evidence ( B). They 
may consist of toileting, rectal stimulation 
(digital or with water stream), manual feces ex-
traction, transanal irrigation and other assis -
tive techniques (B).

•  Diet can help but multi fibre is not neces-
sarily indicated in patients with upper motor 
neuron lesion (B).

•  Autonomic dysrelexia when using mechanical 
stimulation and assistive techniques can occur 
in neurologic patients with a high spinal cord 
lesion ( B/C).

Recommendations for research

•  Development of sensitive and valid instru-
ments to quantify bowel dysfunction in neuro-
genic conditions other than spinal cord injury.

•  Well-designed controlled trials with adequate 
numbers and clinically relevant outcome mea -
sures of bowel management are needed, in-
cluding for administration of stimulants.

•  Larger and good quality randomized cross-
over trials are needed to conirm the effects of 
neuromodulation and other forms of electrical 
therapy for controlling fecal incontinence and 
reducing constipation in neurologic patients.

•  Transanal irrigation needs to be studied in pa-
tients with causes of neurologic bowel different 
from spinal cord lesion and meningomyelocoele. 
Long-term follow up of TAI populations is impor-
tant to determine the safety, and factors predict -
ing poor outcome.

•  Given the prevalence of bowel dysfunction in 
Parkinson’s disease (which is increasing in 
prevalence), speciic studies in this population 
are required.

Using	 MEDLINE	 we	 identiied	 English-language	
journal articles and reviews published from 2000 to 
December	 2011,	 looking	 for	 the	 keywords;	 neuro-
genic constipation and faecal incontinence, surgery, 

V. SURGICAL TREATMENT
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sacral nerve stimulation, antegrade continent ene-
ma	procedure,	dynamic	graciloplasty,	artiicial	anal	
sphincter and colostomy.

The mainstay of current treatment in neurogenic 
fecal incontinence is adopting a conservative ap-
proach towards reversing the systemic effects and 
optimizing the mechanics of defecation through the 
use of laxatives and irrigation approaches. Surgery 
should be normally reserved for patients who have 
failed conservative therapy. This section focuses on 
speciic	 aspects	 of	 faecal	 incontinence	 surgery	 in	
neurogenic patients. Although traumatic lesion of 
the external anal sphincter in neurologically intact 
patients is treated by reconstruction, functional im-
pairment of anal sphincter without mechanical de-
fect of the sphincter in neurogenic patients can not 
be treated by this simple surgical approach. Thus, 
options for surgical treatment of neurogenic bowel 
dysfunction are limited. They consist of; 1) sacral 
nerve stimulation, 2) antegrade continent enema 
procedure,	3)	dynamic	graciloplasty,	4)	artiicial	anal	
sphincter, 5) elective colostomy, 6) postanal repair.

1. SACRAL NERVE STIMULATION

Electrical stimulation of sacral nerve roots has been 
reported to restore continence in patients with in-
tact muscle structure. The procedure includes a test 
phase: acute percutaneous testing, today mostly 
using tined lead electrodes as part of a two stage 
operative procedure, or temporary percutaneous 
nerve evaluation, prior to permanent electrostimu-
lation with an implanted neurostimulation device. 
An electrode inserted into the S3 sacral foramen 
provides low grade stimulation. If patients respond 
to acute or temporary percutaneous sacral nerve 
stimulation tested for 2 to 3 weeks, permanent 
stimulation can be considered. Thus is achieved 
with a chronic stimulator implanted under the an-
terior abdominal wall or subcutaneously in the glu-
teal	region.	The	irst	case	report	with	this	technique	
was	published	by	Matzel	et	al.	[1]	in	1995	who	de-
scribed a successful outcome in three patients with 
faecal incontinence. Since then, ten articles have 
been	published	 [2-11]	 (Table 14 ).	Matzel	et	al.	 [2]	
reported a multicentre, prospective trial with chronic 
sacral nerve stimulation in a series of 34 patients at 
a	median	follow-up	of	23.9	months.	At	least	83	%	of	
patients had a 50 % or greater improvement in to-
tal number of incontinent episodes per week and at 
least 71 % of patients a 50 % or greater improvement 
in total number of days per week with continence 
during the course of follow-up. Continence was fully 
restored	in	at	least	12	(37	%)	patients.	Quality	of	life	
improved	 in	 all	 four	ASCRS	 (American	 Society	 of	
Colon	and	Rectal	Surgeons)	scales	(p<0.0001)	and	
in seven of eight SF-36 scales, though only social 
functioning	was	 signiicantly	 improved	 (p=0.0002).	
Although 12 patients had 19 device-related adverse 
events	 including	pain	 (ten	episodes	 in	9	patients),	
lead breakage in one patient, recurrent infection 
needing device removal in one patient and deterio-

ration of bowel symptoms in three patients, resolu-
tion rate was 63.2 % and 100 % for all and severe 
complications, respectively. However, this study ex-
cluded patients with neurological diseases.

Similar	 success	 rates	 (73-100%)	 with	 this	 tech-
nique have been reported from other centres [3-5, 
7-11]. Among these reports, only one case-series 
by	Rosen	et	al.	[12]	mainly	evaluated	faecal	incon-
tinence in patients with neurological lesions. In that 
study,	20	patients	(15	neurogenic,	5	idiopathic)	with	
severe faecal incontinence were initially treated 
by temporary external stimulation over a period of 
10-14	 days.	 Sixteen	 patients	 (11	 with	 neurogenic	
causes, including SCI, spinal cord surgery, myelo-
meningocele	 and	 MS)	 who	 had	 shown	 a	 positive	
response to the temporary stimulation subsequently 
underwent permanent implantation. The median 
follow-up	was	15	months	(range,	3-26	months).	All	
patients who had received a permanent implant re-
vealed a marked reduction in their incontinent epi-
sodes, as well as an increase in retention time. In 
the neurogenic subpopulation, the median numbers 
of	 incontinence	 episodes	 decreased	 signiicantly	
(p<0.01)	from	7	(4-15)	to	2	(0-5),	and	a	median	re-
tention	 time	 signiicantly	 (p<	 0.01)	 increased	 from	
2	 minutes	 (0-5)	 to	 7	 minutes	 (2-15)	 after	 chronic	
stimulation.	Assessment	of	QOL	scales	using	ASCS	
questionnaires after 6 months treatment showed 
signiicant	 improvement	 on	 all	 scales.	 Three	 pa-
tients	 (2	 neurogenic	 and	 1	 idiopathic)	 had	 severe	
infections needing explantation of the device and 
wound drainage 0-3 months after implantation. An-
other one patient had dislocation of the permanent 
electrode.	No	 complications	were	 observed	 in	 the	
remaining	12	patients	 (60	%	of	 total	series).	All	of	
those patients with functioning systems showed 
improved incontinence during the follow-up period. 
Although	the	mechanism	of	SNS	in	improving	faecal	
incontinence is uncertain, rises in anal resting and 
squeezing pressures and changes in rectal sensi-
tivity and motility have been proposed. Particularly 
in neurogenic patients, neuromodulation of sacral 
relexes	and	 regulation	of	 rectal	 sensitivity	appear	
to be the major reasons for the functional improve-
ment [7]. Where the diagnostic stage is performed 
as a staged implant, a tined lead is employed with 
four	active	electrodes	(compared	with	a	single	elec-
trode	used	 in	PNE)	and	has	self-retaining	langes,	
which	 reduce	 risk	 of	 lead	migration.	Usage	of	 the	
tined	 lead	has	 the	beneit	of	minimizing	 false-neg-
ative results. 

Jarrett	 [2005]	 [14]	 reported	 on	 experience	 with	
sacral nerve stimulation for faecal incontinence in 
patients with previous partial spinal injury includ-
ing disc prolapse: the spinal insults were disc pro-
lapse	(six),	trauma	(four),	spinal	stenosis	(one)	or	
occurred	 during	 neurosurgery	 (two).	 Temporary	
SNS	 was	 performed	 in	 thirteen	 patients	 (median	
age	58,5,	range	39-73	years).	Twelve	patients	had	
successful temporary stimulation and proceeded 



900

 Authors, year  No. of patients (neurogenic patients) with chronic stimulation  
No. of patients underwent test stimulation  Median follow up (months) (range)  Improvement rate (fully continent rate)  Complications  

Lombardi et al., 2010 [16]  32(32)  39  38  25%, all others improved by at least 50%   Holzer et al., 2007 [15]  29(29)  36  35 (3‐71)  28 patients marked improvements, see text   Jarrett, 2005 [14]  12(12)  13  12(6‐24)  incontinence episodes decreased from 9.33 to 2.39 per week   
Matzel et al., 2003 [2]  34 (0)  37  23.9  83% (37%)   Ripetti et al., 2002 [3]  4 (0)  21  15(6‐24)  100%   Ramussen et al., 2002 [4]  10  14  4.5  90%   Kenefick et al., 2002 [5]  14 (0)  ND  24（3‐60)  100% (73%)   Matzel et al., 2001 [6]  6 (1)  ND  36(5‐66)  100%  removal 2 for pain Rosen et al., 2001 [7]  16 (11)  20  15(3‐26)  75%   Ganio et al., 2001 [8]  16 (2)  ND  15.5(3‐45)  100%   Leroi et al., 2001 [9]  6 (0)  9  6  50%   Ganio et al., 2001 [10]  5  23  19.2(5‐37)  100%   Malouf et al., 2000 [11]  5  ND  16  100%   Rosen et al., 2001 [12]  20 (15)  20  15 (3‐26)  100 %   

Table 14: Published data on sacral nerve stimulation for fecal incontinence
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to permanent implantation. The median follow-up 
time	was	12	(range	6-24)	months,	the	mean	num-
ber of episodes of incontinence decreased from 
9.33	(7.64	per	week	at	baseline	2.39	[3.39]	at	last	
follow-up	 (p	 =	 0.012).	 The	 number	 of	 days	 per	
week with incontinence and staining decreased 
signiicantly	(p	=	<	0.001).	The	ability	to	defer	def-
ecation improved from a median of “not able to de-
fer”	 (range	 0-1	min.)	 to	 being	 able	 to	 defer	 5-15	
min	(range	0->15)	mean	(p	=	0.022).	The	authors	
conclude	 that	 SNS	 can	 beneit	 patients	with	 fae-
cal incontinence following partial SCI. Holzer et al. 
[2007] [15] reported on 36 patients included in a 
trial	of	SNS,	of	whom	29	subsequently	had	a	per-
manent implant. After a medium follow-up of 35 
(range	3-71)	months,	28	patients	showed	a	marked	
improvement: incontinence to solid or liquid stool 
decreased	 from	 a	median	 of	 7	 (range	 4-15)	 to	 2	
(range	0-5)	episodes	 in	21	days	 (p	=	0.002).	Sa-
line retention time increased from a median of 2 
(range	0-5)	to	7	(range	2-15)	min.	(p	=	0.002).	The	
quality of life on all scales among patients who re-
ceived the permanent implant increased at 12 and 
24 months after operation. 

Based	on	a	retrospective,	non-blinded	study	with-
out	 controls	 comprising	 39	 patients,	 Lombardi	 et	
al.	 [16]	 evaluated	 the	 clinical	 outcome	of	SNS	 in	
incomplete SCI with neurogenic bowel dysfunc-
tion: Twenty-three patients were submitted to 
deinitive	 SNS,	 maintaining	 their	 clinical	 beneits	
after permanent implantation with a median follow-
up	of	38	months.	The	 length	of	 time	since	neuro-
logical	diagnosis	 to	SNS	 therapy	 represented	 the	
only	 factor	 signiicantly	 related	 to	 the	 success	 of	
the implantation. In subjects with constipation [12] 
the median number of evacuations shifted from 
1.65	to	4.98	per	week,	whereas	the	Wexner	score	
changed	 from	 19.91	 to	 6.82	 in	 the	 inal	 checkup	
with	 P<0.05.	 In	 subjects	 with	 fecal	 incontinence	
[11], the median number of episodes per week 
in	 the	 inal	 follow-up	was	 1.32	 compared	 to	 4.55	
pre-SNS.	General	and	mental	health	showed	sta-
tistically	 signiicant	 improvement.	 Anorectal	 ma-
nometry showed no important variation compared 
with baseline. There were no major complications. 
The	authors	consider	SNS	an	option	for	the	treat-
ment of neurogenic bowel symptoms for selected 
patients with incomplete SCI when conservative 
treatments have failed.

The overview of the studies shows that electri-
cal nerve stimulation is effective in partial spinal 
cord injury. There are no reports for complete 
spinal cord lesions. 

Conclusions 

•  SNS is a minimally invasive procedure, and 
seems to be an option for faecal incontinence 
and constipation due to functional deicit of 
the anal sphincter without structural defect in 
incomplete neurogenic lesions (LoE3/4).

 Recommendations

•  Studies on larges series with long term follow-
up are needed to determine the role of SNS in 
the treatment of faecal incontinence associ -
ated with neurological lesions (D) and identify 
those patients most likely to beneit.

 2. ANTEGRADE CONTINENCE ENEMA (ACE)

The	 original	 procedure	was	 developed	 by	Malone	
et al. [17]. The principles of antegrade colonic 
washout	 and	 the	 Mitrofanoff	 non-reluxing	 cath-
eterisable channel were combined to produce a 
continent catheterisable colonic stoma. The inten-
tion was that antegrade washouts delivered by this 
route would produce complete colonic emptying 
and	thereby	prevent	soiling.	Malone	et	al.	reported	
successful	 results	 in	 ive	 children	 with	 intractable	
faecal incontinence. This procedure has been ap-
plied mainly to the paediatric population with neu-
ropathic bowel dysfunction and anorectal anomaly, 
and successful outcome was achieved in 70-100 
%	 [18-38]	 (Table 15 ).	 Several	 modiications	 have	
been reported including laparoscopic technique, left 
colonic continence stoma, etc. This procedure was 
also applied to adult neurogenic patients with faecal 
incontinence,	and	similar	success	rates	(83-100	%)	
were	reported.	Overall,	stoma	stenosis	is	the	most	
common complication, affecting 10-41 %. In a study 
of	62	children	with	median	follow-up	of	5.4	(3.25	to	
8.25)	years,	84%	were	completely	continent	or	had	
soiling less than once a month [20]. There was a sig-
niicant	correlation	between	the	level	of	continence	
and satisfaction with the procedure. Improvement 
of self-esteem and psychosocial function after the 
ACE procedure in children with myelomeningocele 
has been reported [22]. 

Casale et al. [39] compared total continence re-
construction to staged-reconstruction of neuro-
pathic bowel and bladder. In this retrospective 
chart review of all patients with myelomeningo-
cele who underwent reconstruction with a cuta-
neous	 catheterisable	 urinary	 channel	 or	 Malone	
ACE	 stoma,	 the	 authors	were	 unable	 to	 ind	 any	
differences in the continence rate or stoma com-
plications between total continence reconstruc-
tion	 and/	 or	 staged	 reconstruction.	 However,	 be-
cause of shared pathology the authors believe that 
most patients are likely to require intervention for 
both gastrointestinal and genitourinary problems. 
Therefore, a major advantage of total continence 
reconstruction is avoidance of the morbidity of re-
quiring major surgical procedures on separate oc-
casions	for	the	two	organ	systems	(LOE	3).

Herndon et al. 2004 [40] reported on ACE stoma in 
127	patients	(76	 females	and	51	males,	average	 t	
age	at	 the	 time	of	 surgery	 9.6	 years),	 relecting	a	
6-year	 experience.	 Diagnoses	 included	 myelome-
ningocele in 116 cases, lipomeningocele in 6, SCI in 
2, sacral agenesis in 1 and functional constipation 
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Table: Su mmary of r eported data on antegrade con tinent enema for f aecal incon tinenc e
   

        
Authors reference no., year Level of 

evidence
 

No. of 
patients 

 
Mean age (range) Median follow up (range) Success rate  Overall 

complication rate
 

Stomal 
stenosis

 

Bar-Yosef et al., 2011 [41] Level 3 21 10.4(6-22) 4,7 years (066-11.7) 90% 25% 14% 

Malone et al., 1990 [17] Level 4 5 (8-18) (2-8 mos.) 100% 40%  

Herndon et al., 2004 [40] Level 3 127 9.6 26.9 mos. 91 % 10 % 8 % 

Teichman et al., 2003 [18] Level 4 7 34 4,5 yrs. (all>4 yrs.) 83% 67%  

Dey et al., 2003 [19] Level 4 62 11,5 (3,8-17,6) 5,4 yrs. (3,25-8,25) 84% 66% 42% 

Liard et al., 2002 [20] Level 4 24 15 3,7 yrs. 100%   

Aksnes et al., 2002 [21] Level 4 20 10,9 (6,8-17) 16 (9,5-23)mos. 80% 30% 20% 

Liloku et al., 2002 [22] Level 4 7 8-21 (1,5-18 mos.) 71% 29% 14% 

Tackett et al., 2002 [23] Level 4 45 10,5 (3,8-25,8) 25,3 (4-65) mos. 87% 22% 18% 

Perez et al., 2001 [24] Level 4 12 14 (7-20) 15 mos. 92%  58% 

Kajbafzadeh et al., 2001 [25] Level 4 40 9,5 (4-22) 22 (8-48) mos. 100% 2,5%  

Van Savage et al., 2000 [26] Level 4 16 12 (4-21) 1,5 yrs 100% 50% 6,3% 

Bruce et al., 1999 [27] Level 4 7 33,6 (23-54) 22,4 (3-34) mos. 100%  14% 

Robertson et al., 1999 [28] Level 4 30 9,5 (5-16) >1yr. (3mos.-3,5yrs.) 90% 33% 27% 

Teichmann et al., 1998 [29] Level 4 7 32 11 mos. 100% 57% 28% 

Meier et al., 1998 [30] Level 4 20 10 (4-18) 24 (9-45) mos. 90% 10% 5% 

Driver et al., 1998 [31] Level 4 29 10 (5-16) 28 (7-71) mos. 79%  38% 

Hensle et al., 1998 [32] Level 4 27 16 (10-31) (9-30 mos.) 70% 37% 18,5% 

Levitt et al.,1997 [33] Level 4 20 (3-27) (1-29 mos.) 95% 25% 10% 

Goepel et al., 1997 [34] Level 4 10 13,2 (6-26) 18,5 (8,5-36) mos. 100% 20%  

Dick et al., 1996 [35] Level 4 13 8 (6-14) 32 (24-60) mos. 85% 46% 38% 

Ellsworth et al.,1996 [36] Level 4 18 12 (5-31) 6,6 (2-24) mos. 96% 22% 17% 

Koyle et al., 1995 [37] Level 4 22 13 (5-26) >4 mos. 77% 36% 9% 

Squire et al., 1993 [38] Level 4 25 (3-18) 13 (2-61) mos. 88% 24% 20% 

Table 15:  Antegrade continence enema stoma
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in 1. The mean follow-up was 26.9 months. Fae-
cal continence was reported by 91% of the patients, 
while 13 stoma revisions were required in 11 pa-
tients	(for	stenosis	in	10,	prolapse	in	2	and	leakage	
in	1).	Major	complications	included	a	caecal	volvu-
lus requiring a right hemicolectomy in one patient, 
small bowel obstruction in two and a shunt infection 
and/	 or	malfunction	 in	 two.	 The	 authors	 conclude	
that the in situ ACE procedure has reliable long-
term results for treating faecal incontinence associ-
ated with neuropathic bowel. 

Bar-Yosef	et	al.	[41]	performed	a	retrospective	chart	
review from 1997 to 2007 in a total of 21 patients 
with myelomeningocele who underwent total conti-
nence reconstruction for urinary and feacal incon-
tinence	using	 the	artiicial	 urinary	 sphincter	 (AUS)	
and	 a	Malone	ACE	 stoma	 (using	 the	 appendix	 in	
19	patients	and	cecal-based	laps	in	2).	There	were	
19	 patients	 (90%)	 who	 reported	 fecal	 continence,	
with two reporting soiling 1 to 2 times a week. ACE 
stoma stenosis occurred in 3 patients and 2 re-
quired	 revisions.	 Sixteen	 patients	 (76%)	 achieved	
complete continence of stool and urine. Therefore 
ACE	stoma	and	AUS	in	conjunction	provide	urinary	
and fecal continence in a single total continence re-
construction procedure, for patients.

Conclusion and Recommendation

•  Antegrade continence enema stomas are ef-
fective for controlling faecal incontinence and 
constipation associated with neurogenic bowel 
dysfunction especially in neuropathic children 
(LoE 3; Grade B). Patients should be properly 
selected to determine appropriate motivation. 

3. DYNAMIC GRACILOPLASTY

This procedure consists of transposition of the grac-
ilis muscle around the anal canal and subsequent 
implantation of a pulse generator to stimulate and 
entrain	the	gracilis	muscle.	Before	continuous	stim-
ulation	 is	 applied,	 the	muscle	 is	 trained	 for	 4	 to	8	
weeks	according	to	a	protocol.	During	a	stimulation	
program	 the	 fatiguable	 type	 2	 skeletal	 ibres	may	
be	 replaced	by	 slow	 type	1	 ibres,	which	are	able	
to sustain a longer-lasting contraction- though for-
mal documentation of such transition is not evident. 
Satisfactory continence has been reported in 56% 
to	81%	of	patients	[42-53]	(Table 16) . However, all 
studies presently available include small numbers 
of neurogenic patients, or there is no subgroup in-
formation on the outcome in neurogenic patients.

A prospective study of 200 consecutive patients 
with a follow-up of at least two years showed a 72% 
overall success rate. Complication rates are high 
(42%-92%)-	 especially	 infectious	 complications,	
which occur in about one quarter of the patients. 
Impaired rectal emptying occurs in 16% to 29%. A 
prospective controlled comparative study of a sin-
gle stage operation with the conventional two-stage 

procedure	showed	no	signiicant	difference	in	infec-
tion rates, continence rates, morbidity or quality of 
life between the two groups after a mean 521-day 
follow up. Chapman et al. [53] reported a system-
atic review article of this procedure, where they 
searched	 articles	 published	 until	 November	 1999,	
and	found	40	articles	met	the	inclusion	criteria.	Mor-
tality rates were around 2% for both graciloplasty 
and colostomy. However, morbidity rates reported 
for graciloplasty appear to be higher than those 
for	colostomy.	Rongen	et	al.	 [42]	reported	an	80%	
success rate with this procedure in 16 patients with 
neurogenic faecal incontinence. 

A prospective controlled study comparing dynamic 
graciloplasty	with	artiicial	anal	sphincter	 in	16	pa-
tients	(8	in	each	group)	showed	that	both	of	the	two	
procedures had a high incidence of technical fail-
ures and complication requiring re-operation [52], 
with	 a	 median	 observation	 time	 of	 44/39	months.	
In	 this	 study,	 Ortiz	 et	 al.	 [52]	 came	 to	 the	 follow-
ing	conclusion:	the	artiicial	anal	sphincter	is	a	more	
convenient technique than dynamic graciloplasty 
for institutions treating a small number of patients. 
However, technical failures and complications dur-
ing follow-up that require reoperation are very high 
in both types of treatment.

Conclusions and Recommendations

•  Dynamic graciloplasty seems to be associated 
with high complication rates, and outcome ap-
pears to correlate to surgeon’s experience.

•  Graciloplasty should be carried out in special-
ist centres with a reasonably large number of 
patients, and should be reserved for carefully 
selected patients with intractable faecal incon-
tinence, where other methods have failed (C). 

•  Further studies are needed to determine its 
role in the neurogenic subpopulation. 

  4. ARTIFICIAL ANAL SPHINCTER

Implantation	 of	 an	 artiicial	 anal	 sphincter	 (AAS),	
also	 referred	 to	as	artiicial	bowel	sphincter	 (ABS)	
was	irst	reported	in	1987	[54].	The	sphincter	used	
was originally designed for treatment of urinary in-
continence, but subsequently the device was modi-
ied.	The	system	consists	of	an	inlatable	cuff	placed	
around the upper anal canal, a pressure-regulating 
balloon to maintain closure of the cuff, placed in the 
subperitoneal space lateral to the bladder, and a 
control pump accessible to the patient to empty the 
cuff for defaecation placed in the scrotum or labium. 
The system is left deactivated for 4 to 6 weeks after 
placement. The reported success rates obtaining 
acceptable continence range from 41 to 90% [55-
70]	(Table 17 ). A multicentre prospective, non-ran-
domized trial in 112 patients with one year follow-up 
showed 73 revision operations were required in 51 
(46%),	and	the	infection	rate	necessitating	surgical	
revision	was	 25%.	 Forty-one	 patients	 (37%)	 have 
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Authors Reference no, year Level of 
evidence

 
No. of patients

 

 

No. of 
neurogeni
c patients

 

Median follow up 
(range)

Success rate
 

(success rate in 
neurogenic pts.)

 

Complication
 

rate
 

Infection 
rate 

 
Explantation

 

rate 
 

Emptying
problem

 

Ortiz et al.; 2003 [52] 

 

Level 3
 

8 (neuropathy 2) 
 

39
 

No change in 
the CCS 

application 

50% 
 

50% 
 

Rongen et al
.
, 2003

 
[42]

 
Level 3

 
200

 
16 >2 yrs.

 
72% (80%)

 
69%
 

12%
 

12%
 

16%
 

          

Wexner et al., 2002 [43] Level 3
 

129
  

2 yrs.
 

56% 
    

          

Bresler et al., 2002 [44] Level 4
 

24
   

79% 92% 25%
   

        4%  

Matzel et al., 2001
 
[45]

 
Level 3

 
121

 
0

 
1.5 yrs.

  
77%
 

37%
  

27%
 

          

Baeten et al., 2000 [46] Level 3 123
 

0 1 yr.(1-52 mos.)  74%
 

74% 
   

          

Madoff et al., 1999 [47] Level 3
 

128
  

2 yrs. 66%
  

11% 
  

          

Sielenzneff et al., 1999 [48] Level 4
 

16 1 20 (6-37) mos. 81%
 

50%
 

44%
  

31%
 

          

Christiansen et al., 1998 [49]
 

Level 4 13 0 (7- 27mos.)  77% 
 

8% 
 

23% 

          

Geerdes et al., 1996 [50] Level 4
 

67 0
 

2.7 yrs.(14w ks.- 8.7yrs.)
 

78% 79% 16%
   

          

Baeten et al., 1995 [51] Level 3
 

52 2 2.1yrs.(12wks.- 7.4yrs.)
 

73% (50%)
  

13%
   

Table 16: Summary of reported data on graciloplasty for neurologic faecal incontinence
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Table 17: Summary of reported data on artiicial anal sphincter for faecal incontinence

      Complication rates 

Authors reference no., year Level of 
evidence 

No. of patients 
(neurogenic) 

Mean age (range) Median follow up 
(months) (range) 

Success rate 
(in neurogenic) 

Explantation Infection Revision Emptying 
problem 

Parker et al., 2003 [56] Level 4 45(2) 44(15-72)  51% (50%) 40% 34% 21/13pts 11% 

Michot et al., 2003 [57] Level 4 37(16) 51(22-73)  79% 30%   37% 

Devesa et al., 2002 [58] Level 4 53(9) 46(16-76) 26,5(7-55) 65% 19% 13% 26% 22% 

Wong et al., 2002 [55] Level 3 112(ND) 49(18-81)  53% 37% 25% 46%  

Ortiz et al., 2002 [59] Level 4 22(ND) 47(17-72) 26(6-48) 63% 44%   9% 

Altomare et al., 2001 [60] Level 4 28(4) 58(35-79) 19(7-41) 75% 32% 11%  57% 

O´Brien et al., 2000 [61] Level 4 13(1) 44(16-71)  77% 23%    

Lehur et al., 2000 [62] Level 4 24(4) 44(14-80) 20(6-35) 75% 29% 12% 17% 45% 

Christiansen et al., 1999 [63] Level 4 17(10) 46(32-65) 7(5-10)years 47% 41% 18% 63% 13% 

Vaizey et al.,1998 [64] Level 4 6  10(5-13) 83% 16%    

Lehur et al., 1998 [65] Level 4 13  30(5-76) 85%     

Lehur et al., 1996 [66] Level 4 13(2)  20(4-60) 90% (69%) 23% 15% 15%  

Wong et al., 1996 [67] Level 4 12(3)  58 50% (75%) 33% 25% 42%  

Christiansen et al., 1987 [54] Level 4 1  3 100%     
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had their devices completely explanted [55]. Ex-
plantation rates in the reported series were 20-40%. 
Technical complications like rupture of the cuff, 
which occurred frequently with the earlier versions 
of the device, are now rare. Emptying problems in 
the absence of anatomical stenosis, as described 
for dynamic graciloplasty, have also occurred fre-
quently	(13	to	45%)	in	most	series	and	have	neces-
sitated	explantation	in	some	patients.	Other	compli-
cations leading to explantation have been erosion 
of the cuff through the skin, or into the anal canal. 

As shown in the Table, most studies have a small 
number of neurogenic patients or do not indicate 
the number of neurogenic patients included. In the 
study	reported	by	Christiansen	et	al.	[63],	10	(59	%)	
out of 17 patients had neurological disorders, and 
the overall success rate was 47%, which seems to 
be lower than the others. The authors mentioned 
that the result in neurogenic subgroup was clearly 
poorer than that in non-neurogenic subgroup. 

In a prospective, randomized controlled clinical 
trial	 of	 placement	 of	 the	 artiicial	 bowel	 sphincter	
for	the	control	of	faecal	incontinence	O’Brien	et	al.	
[2000] [61] compared its effects to a program of 
supportive care and patients were followed for six 
months from operation or entry into the study. The 
principal outcome measure was the level of conti-
nence, measured with the Cleveland Continence 
Score, categorising from perfect control through to 
total incontinence. Secondary outcome measures 
were peri-operative and late complications in the 
artiicial	bowel	sphincter	group	and	the	changes	in	
quality of life in both groups. In the control group 
(N	 =	 7)	 the	 Cleveland	 Continence	 Score	 was	 not	
signiicantly	 altered.	 The	 artiicial	 bowel	 sphincter	
group	 (N	 =	 7)	 showed	 a	 signiicant	 improvement.	
One	 patient	 in	 the	 artiicial	 bowel	 sphincter	 group	
had failure of healing and implantation of the de-
vice. There were major improvements in the quality 
of	life	for	all	measures	in	the	artiicial	bowel	sphinc-
ter group. The authors conclude that the placement 
of	an	artiicial	bowel	sphincter	is	safe	and	effective	
when compared with supportive care alone. Peri-
operative and late problems are likely to continue to 
occur and between 15% and 30% of patients may 
require permanent explantation. The authors con-
clude the device is easy and discrete to use, effec-
tive in achieving continence, and able to generate 
an	improvement	in	quality	of	life	(LoE	3).

In	an	article	on	“The	artiicial	bowel	sphincter	in	the	
treatment of severe fecal incontinence in adults”, 
Lehur	and	Meurette	[68]	concentrated	on	the	most	
recent	 and	 signiicant	 published	 data.	 They	 state	
that	 several	 centers	 in	Europe,	 the	United	States,	
and	 Australia	 have	 adopted	 the	 ABS	 to	 treat	 se-
vere fecal incontinence not amendable to local 
repair.	 Reports	 with	 larger	 numbers	 of	 cases	 and	
longer follow-up have recently appeared, providing 
a better assessment of the technique and its pres-

ent place in the treatment strategy of incontinent 
patients. Contraindications include excessive peri-
neal descent and severe constipation. In cases of 
neurogenic fecal incontinence it is essential to take 
into account possible associated bowel emptying 
problems	and	excessive	perineal	descent.	The	ABS	
creates an obstacle to rectal evacuation, which can 
sometimes	cause	considerable	evacuation	dificul-
ties. Continence restoration should not be achieved 
to the detriment of evacuation capacities. However, 
an objective assessment of the state of pre-opera-
tive transit is not always easy.

Michot	 et	 al.	 [69]	 described	 an	 implantation	 pro-
cedure	 of	 artiicial	 sphincter	 for	 anal	 incontinence	
using	a	transvaginal	approach.	Between	2003	and	
2005,	 the	Acticon	Neosphincter	was	 implanted	via	
a	 transvaginal	 approach	 in	 nine	 patients	 (average	
age	 43	 (range	 25-73)	 yrs).	 Successful	 outcome	
was	achieved	in	eight	of	nine	patients	(89	%),	with	
a	mean	follow-up	of	21.5	(range	8-38)	months;	 in-
continence	scores	decreased	from	19	(range	18-20)	
before	the	procedure	to	8.6	(range	2-14)	at	the	last	
follow-up. Although it is not stated whether patients 
with neurogenic faecal incontinence are included, 
a transvaginal approach could be considered with 
destroyed or scarred perineum.

Conclusions and Recommendations

• Implantation of the artiicial anal sphincter 
may be undertaken in neurogenic faecal inconti-
nence, except in patients with previous perianal 
infections or with a thin and scarred perineum, 
in whom muscle transposition is preferable. 

•  Due to the relatively high risk of treatment fail-
ure and of complications requiring re-opera -
tion, patient selection and counselling should 
be very strict (C).

5. COLOSTOMY

Several retrospective studies on the effect of colos-
tomy	formation	in	SCI	patients	showed	a	signiicant	
decrease in the average time spent on bowel care 
per	week	and	improvement	of	QoL	[70-78].	The	early	
and long-term complication rates reported are 6 to 
15%, and 15 to 37.5%, respectively. The commonest 
long-term complication is mucus discharge per rec-
tum.	One	of	the	more	frequent,	persistent,	problem-
atic	complications	is	diversion	colitis	[81,	82].	Symp-
toms include hemorrhagic purulent rectal discharge, 
abdominal pain and tenesmus. This condition is 
thought	 to	result	 from	a	deiciency	of	 luminal	short-
chain	fatty	acids	[83].	Steroid	enemas,	5-aminosali-
cylic acid enemas or suppositories, or short-chain 
fatty	acid	enemas	have	been	reported	as	helpful	[84].

Hocevar	and	Gray	[85]	published	a	systemic	review	
from	January	1960	to	November	2007	including	pro-
spective and retrospective studies that directly com-
pared	clinical,	functional,	QoL	outcomes	or	satisfac-
tion among patients with intestinal diversions with 
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patients managed by conservative means. Creation 
of an ostomy in selected patients provides equivo-
cal	 or	 superior	 QoL	 outcomes	 when	 compared	 to	
conservative	 bowel	 management	 strategies.	 Both	
colostomy	 and	 ileostomy	 surgery	 signiicantly	 re-
duce the amount of time required for bowel man-
agement. Patients who undergo ostomy surgery 
tend	to	be	satisied	with	their	surgery,	and	a	signii-
cant portion report a desire to be counselled about 
this option earlier. There are no clear advantages 
when	functional,	clinical,	or	QoL	outcomes	associ-
ated with colostomy are compared to those seen in 
SCI patients undergoing ileostomy. 

Conclusion 

•  Elective colostomy may be an option for some 
SCI patients with severe uncontrolled faecal 
incontinence (C).

6. POSTANAL REPAIR

Mackey	et	al.	[86]	published	the	long-term	results	
of postanal repair carried out in patients whose 
incontinence was thought to be because of neu-
rogenic sphincter weakness. Anorectal physiology 
studies	were	carried	out	in	89%	of	the	cases,	and	
the clinical diagnosis of neurogenic incontinence 
was	conirmed	by	prolonged	unilateral	or	bilateral	
pudendal	 nerve	 terminal	 motor	 latency	 (PNTML)	
(>2.2	m/s)	or	increased	threshold	of	anal	mucosal	
electrosensitivity	(or	both).	Patients	were	selected	
for surgery only after failure of medical and conser-
vative therapies, including dietary manipulation, 
loperamide, or biofeedback where appropriate. 
A total of 111 patients underwent a postanal re-
pair, 57 remained eligible, for whom full data were 
available. The mean duration of follow-up was 9.1 
years	 (2.2-18.7	 years).	 Mean	 CCS	 (Cleveland	
Continence Score) was 11.7; 26% scored none 
or	minimal	 incontinence,	26%	moderate	and	48%	
severe	 incontinence.	97%	(n	=	45)	were	satisied	
with	 the	 outcome.	A	 low	 CCS	 signiicantly	 corre-
lated	with	good	patient	satisfaction	and	was	inlu-
enced	by	high	QoL	score	 (P	<	0.0001).	A	 favour-
able CCS was associated with a shorter duration 
of follow-up. Although a deterioration in continence 
with passage of time was observed, satisfaction 
amongst	 the	patients	was	high.	Only	a	quarter	of	
patients showed a very good continence after a 
mean time of 9 years. Patients undergoing post-
anal repair are counselled appropriately and have 
realistic goals regarding their bowel functions in 
both the short and long term.

The procedure is inexpensive in comparison with 
graciloplasty and sacral nerve stimulation, and has 
low morbidity. Additionally, this procedure be use-
ful	 in	 the	elderly	or	 those	with	signiicant	co-mor-
bidities. Although long-term continence has been 
found to deteriorate, the procedure can result in a 
satisfactory outcome in the long-term in a propor-
tion of patients.

Conclusions and Recommendations

•  Postanal repair results in satisfactory out-
come in the long-term in patients with neuro-
genic sphincter weakness. However, this is a 
single centre experience, which needs further 
conirmation (C).

1. DEMENTIA AND URINARY INCONTINENCE

Methods 	 Using	 MEDLINE	 we	 identiied	 English-
language journal articles and reviews published 
from	May	2008	to	January	2012,	which	were	added	
to literature obtained for previous Consultations, 
looking	for	the	keywords	Alzheimer’s	disease,	vas-
cular	 dementia,	 dementia	 with	 Lewy	 bodies,	 fron-
totemporal dementia, urinary incontinence, bladder 
dysfunction, management.

The dementias can be categorized according to 
clinical	 presentation,	 neuropathology	 and/or	 etiol-
ogy	 into	 four	major	dementia	groupings,	(I)	 the	Al-
zheimer’s	group	(Alzheimer’s	disease,	AD);	(II)	the	
vascular	 group	 (including	 large	 and	 small	 vessel	
disease,	particularly	white	matter	disease);	(III)	the	
Parkinson’s	 group	 (including	 Parkinson’s	 disease	
dementia	complex	(PDD,	being	regarded	as	identi-
cal	to	DLB),	and	dementia	with	Lewy	bodies	(DLB),	
both	being	connoted	as	Lewy	Body	diseases);	(IV)	
the	 frontotemporal	group	 (including	Pick’s	disease	
and	Semantic	 dementia)	 [1].	 Normal	 pressure	 hy-
drocephalus	(NPH)	is	a	less	common	pathology,	but	
nonetheless important.

2. ALZHEIMER’S DISEASE

a) Epidemiology and prevalence 

Alzheimer’s	disease	(AD)	is	the	most	common	type	
of	dementia	in	clinical	and	autopsy	surveys.	AD	af-
fects mostly elderly people. The symptoms include 
worsening of the memory, impairment of language 
and	 other	 cognitive	 functions	 (analytical	 thinking,	
abstract	reasoning).	Ultimately,	there	is	loss	of	self-
hygiene, eating, dressing and ambulatory abilities, 
incontinence and motor dysfunction. The onset of 
incontinence usually correlates with the disease 
progression	(LOE	3)[2].	 In	other	words,	urinary	 in-
continence inevitably occurs in the advanced stage 
of disease, while urinary incontinence is not com-
mon	 in	 the	 early	 stage	 of	AD.	 This	 is	 in	 contrast	
with early occurrence of urinary urgency and in-
continence in vascular dementia and dementia with 
Lewy	bodies.	The	prevalence	of	incontinence	in	AD	
is	reported	to	be	between	23	%	and	48	%	(LOE	3)	
[3, 4]. However, most previous studies did not men-
tion the type of dementia concerning ‘frequency of 

E. Speciic neurological diseases

I. DEMENTIAS
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urinary	 incontinence	 in	 dementia’.	The	prevalence	
of	 incontinence	 in	 dementia	 ranges	 from	 10%	 (of	
out-patients)	to	more	than	90%	(of	advanced,	insti-
tutionalized	individuals)	(LOE	3)	[5].	

b)  Pathology and disease-speciic urinary tract 
problems 

AD	at	the	outset	was	identiied	by	its	unique	pathol-
ogy,	the	amyloid	plaques	and	neuroibrillary	tangles	
containing phosphorylated tau that Alzheimer re-
ferred	 to	 as	 “a	 clotting	 of	 ibrils….	 in	 addition	 an	
extraordinary number of peculiar patches dissemi-
nated throughout the entire cortex.” Amyloid and tau 
can now be measured in vivo by positron emission 
tomography	and/or	examination	of	 the	cerebrospi-
nal	luid	(CSF).	There	is	a	familial	occurrence	of	AD	
[3]. In such cases, mutations in the genes encod-
ing	 amyloid	 precursor	 protein	 (APP);	 presenilin	 1	
(PSEN1),	or	presenilin	2	(PSEN2)	are	reported.	

The	clinical	hallmark	of	AD	is	memory	impairment.	A	
sense of memory failure, detected by the patient or 
a close relative, is usually the presenting symptom. 
Motor	and	sensory	symptoms	are	absent	until	late	in	
the course of the disease. However, other cognitive 
domains, such as language, praxis and recognition 
skills, are affected even early in the presentation. 
AD	has	a	gradual	and	progressive	course,	typically	
10 years from diagnosis to death. The advent of 
central cholinesterase inhibitors and glutamate re-
ceptor antagonists has had a positive effect on the 
memory	symptoms	of	AD	[6-8].	

In	early	stages	of	AD	the	prevalence	of	urgency	in-
continence	is	lower	than	in	dementia	with	Lewy	bod-
ies	[9,	10].	During	stage	III	(advanced)	AD,	urinary	
and fecal incontinence occur due to loss of sphinc-
ter	 control	 [10].	 In	a	 study	by	Del	Ser	et	 al.	 (LOE	
3) urinary incontinence was associated with severe 
cognitive	decline	 in	pure	AD	but	usually	preceded	
severe mental failure in patients with dementia due 
to	diffuse	Lewy	body	disease	[10].	Nobili	et	al.	(LOE	
3)	performed	quantitative	EEG	in	AD	patients,	ind-
ing that incontinence was predicted by alpha power 
in	 the	 right	side	 [11].	 In	another	study	by	Nobili	et	
al.	(LOE	3)	the	value	of	regional	cerebral	blood	low	
from a posterior temporal-inferior parietal area in 
each hemisphere predicted development of incon-
tinence [12]. A brain computer tomography study 
done	 by	 Sugiyama	 et	 al.	 (LOE	 3)	 in	AD	 patients	
showed that the degree of brain atrophy was more 
severe	in	those	with	detrusor	overactivity	(DO)	than	
those	without	 it	 [13].	DO	was	 found	 in	40-61	%	of	
their	patients	[13]	(LOE	3).	The	incidence	of	DO	in	
AD	patients	 is	 low	as	compared	with	vascular	de-
mentia	and	dementia	with	Lewy	bodies	[9].	Haddad	
et	 al.	 (LOE	3)	 described	 two	patients	with	 vesico-
ureteral	relux,	one	of	them	showing	buccosalivary,	
gastroesophageal, vesicoureteral, urethroprostatic 
and	urethrovesicular	relux	as	a	consequence	of	the	
neurologic dysfunction [14]. 

c) Diagnosis and treatment 

Franssen	et	al.	 (LOE	2)	examined	 the	occurrence	
of	 the	 following	developmental	 relexes:	 the	 tactile	
suck	relex,	the	palmar	and	plantar	grasp	relexes,	
and	 the	 plantar	 extensor	 relex	 in	 healthy	 elderly,	
cognitively and functionally mildly impaired pa-
tients,	and	patients	with	AD	[15].	Prevalence	of	all	
ive	relexes	was	more	than	6	times	higher	for	those	
categories that comprised permanently doubly in-
continent patients as compared to those categories 
that comprised continent individuals. It is interest-
ing	 that	 the	 frequency	 of	 developmental	 relexes	
rose sharply with the onset of progressive incon-
tinence, suggesting its cortical origin. As demon-
strated above, the development of incontinence in 
AD	patients	is	associated	with	cognitive	impairment	
and	brain	degeneration,	suggesting	its	CNS	origin.	
Therefore behavioural therapy, toilet training and 
prompted voiding would be most useful treatment 
modalities for this type of incontinence.

Hutchinson	et	al.	(LOE	3)	suggested	that	caregivers	
of	patients	with	AD	should	study	the	toileting	behav-
iours. This would permit them to provide physical 
and cognitive assistance while attempting to avoid 
accidents	and	catastrophic	events	 [6].	Tariot	 (LOE	
4) stressed the necessity for taking into account dif-
ferent	factors	(like	mobility,	cognitive	functions,	gen-
eral medical conditions), when planning treatment 
(also	 for	 incontinence)	 in	AD	patients	 [7].	Lancioni	
et	 al.	 reported	 three	AD	 patients	 who	 could	 learn	
to	use	urine	alarms	[16]	(LOE	4).	Again	the	general	
guidelines should apply for choosing the best man-
agement	of	incontinence	in	AD	patients.	The	treat-
ment should be tailored to individual patient needs 
and disease status. 

There is still some controversy that the central 
acethylcholinesterase	 (AChE)-	 inhibitors	 given	 by	
the neurologist might exacerbate urinary inconti-
nence	in	those	patients.	Donepezil	hydrochloride	is	
a selective central AChE inhibitor, which decreases 
degradation of acetylcholine in the brain, then in-
creasing the concentration of acetylcholine in the 
synaptic cleft [17]. This drug is widely used to ame-
liorate	cognitive	decline	in	patients	with	AD	[18,	19]	
which is thought to be due to a decrease in choliner-
gic innervation of the cerebral cortex and the basal 
forebrain [20]. Since the bladder is innervated by 
the parasympathetic cholinergic nerves, neurogenic 
lower	 urinary	 tract	 (LUT)	 dysfunction	 occurs	 in	 a	
subset	of	patients	with	AD	[5,	13].	

Although donepezil may facilitate cholinergic neuro-
transmission	 mostly	 in	 the	 CNS,	 common	 adverse	
effects of donepezil, such as nausea and abdominal 
discomfort, have been attributed to the peripheral 
nervous	system	(PNS)	[18].	Therefore,	the	increased	
bladder contraction is reasonably attributed to the 
PNS	 effects	 as	 seen	 with	 other	 cholinergic	 drugs.	
However, according to Sakakibara et al. [2005] 
the	 patients	with	AD	 showed	 a	 slight	 increase	 in	
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the bladder capacity, which cannot be explained by 
the	PNS	effects	alone	[21]	(LOE	3).	Although	it	is	un-
known to what extent central cholinergic circuit may 
participate in the regulation of micturition, recent ex-
perimental studies showed that lesions in the nucleus 
basalis	Mynert	 in	 the	basal	 forebrain	 (central	cholin-
ergic	 nucleus	 projecting	 ibres	 to	 the	 frontoparietal	
cortex) give rise to decreased bladder capacity) [22]. 
In addition, improved cognitive status and alertness 
may well lead to proper initiative to hold urine. Cen-
tral AChE inhibitors including donepezil hydrochloride, 
therefore,	may	have	complex	effects	on	the	LUT	func-
tion. Although the number of the patients was small, it 
seems possible that donepezil could ameliorate cog-
nitive function without serious adverse effects on the 
LUT	function	in	patients	with	AD.	This	should	be	true	
also for other selective central AChE inhibitors. 

Many	elderly	patients	and	their	caregivers	seek	med-
ical	care	for	dementia	and	overactive	bladder	(OAB)	
together. In order to answer this, recent clinical trials 
of a combination therapy of central AChE inhibitors 
and peripheral anti-cholinergics for ameliorating both 
cognition and incontinence are available. In 26 older 
individuals who had both cognitive problems and 
overactive	bladder	(AD	in	8,	vascular	dementia	in	5,	
a	combination	of	AD	and	multiple	cerebral	infarction	
in	8,	and	others),	Sakakibara	et	al.	reported	that	ad-
dition	 of	 20	 mg/day	 propiverine,	 an	 anticholinergic	
agent,	 to	 5	mg/day	 donepezil	 improved	OAB	with-
out	any	cognitive	change	[23]	(LOE	3).	Sink	and	col-
leagues retrospectively studied 3536 nursing home 
residents who were taking central AChE inhibitors, 
in whom 10.6% were prescribed anticholinergics to-
gether [24]. They found no differences in cognitive 
function between groups of AChE inhibitors alone 
and	AChE	 inhibitors	 with	 anticholinergics	 (LOE	 3).	
The	combined	use	of	a	‘central’	AChE	inhibitor	and	a	
‘peripheral’	muscarinic	receptor	antagonist	remains	a	
matter	of	controversy	and	needs	forther	clariication,	
whereas there is a study indicating that this combi-
nation would be pharmacologically sound as a site-
directed therapy [25]. 

d) Guidance for further research

There	 is	 still	 no	 cure	 for	AD,	which	 is	progressive	
and a type of dementia-associated disease. We are 
still	lacking	studies	evaluating	LUT	disorders	in	AD.	
No	systematic	review	has	been	performed	regard-
ing	 the	 possibilities	 of	medical	management	 (both	
pharmacological and behavioural) of incontinence. 
An open issue also remains the question of aggres-
sive	 surgery	 for	 LUT	 problems	 in	 these	 patients.	
Whether we should we offer surgical therapy for 
incontinence in female patients with stress incon-
tinence	and	progressive	AD	is	so	far	unanswered.

Conclusions

•  Detrusor overactivity seems to be the most 
common cause of incontinence in Alzheimer’s 
disease (AD) patients (LOE 3), while the inci-

dence is low as compared with vascular de-
mentia and dementia with Lewy bodies. 

•  The degree of functional incontinence is as-
sociated with cognitive impairment and brain 
degeneration (LOE 3).

•  EEG studies, occurrence of developmental re-
lexes and regional blood low studies can pre-
dict the development of incontinence in AD pa -
tients (LOE 3).

•  Selective central AChE inhibitors ameliorate cog-
nitive function without serious adverse effects 
on LUT functions in patients with AD (LOE 3).

•  A combination therapy of central AChE in-
hibitors and peripheral anticholinergics for 
ameliorating both cognition and incontinence 
awaits further studies (LOE 3). 

Recommendations

•  The extensive and aggressive therapy of inconti-
nence in AD patients should be reserved for those 
with good general status and ambulation (C). 

•  In the case of ambulatory patients, prompted 
voiding, behavioural therapy and oral anticho -
linergics seem to be the treatment of choice (C).

3. VASCULAR DEMENTIA

a) Epidemiology and prevalence 

Vascular dementia is the second most common 
form	 of	 dementia	 after	 Alzheimer’s	 disease	 (AD)	
among the elderly. Pooled prevalence from eight 
European countries was 1.6% for vascular demen-
tia in subjects older than 65, compared to a preva-
lence	of	4.4%	for	AD	(LOE	3)	[26].	A	meta-analysis	
of the European studies on the incidence of demen-
tia showed vascular dementia constituted 17.6% of 
all	incident	dementia	(LOE	3)	[27].	

In	 contrast,	 recent	 population-based	 MRI	 stud-
ies suggest that moderate white matter disease 
(WMD,	a	major	cause	of	vascular	dementia)	affects	
around	10%	(7.6–24%)	of	the	general	population	of	
persons	over	55	years	of	age	 [28],	 comparable	 to	
type	2	diabetes.	WMD	develops	into	three	different	
geriatric	syndromes;	1)	vascular	dementia	(usually	
mild	in	the	Mini-Mental	State	Examination	and	other	
general cognitive function), 2) vascular parkinson-
ism, and 3) so-called vascular incontinence, i.e. 
urinary	 frequency/	urgency	with	or	without	 inconti-
nence [29]. Among these three syndromes, urinary 
and gait disorders are more prominent than demen-
tia, and usually precede dementia. Comorbidity of 
Alzheimer’s	disease	 (a	degenerative	disease)	and	
WMD	(a	vascular	disease)	is	not	uncommon.	

b) Diagnosis 

Vascular dementia may be the result of a single 
strategic infarct, particularly involving the thalamus 



910

and left angular gyrus, or multiple cortical or sub-
cortical	infarcts	that	produce	WMD.	There	is	an	el-
evated risk for subsequent dementia in patients who 
have had a stroke in comparison to controls without 
any	evidence	of	a	stroke	(LOE	2)	[30].	Diabetes	and	
hypertension are stronger risk factors for vascular 
dementia	than	for	Alzheimer’s	disease	(LOE	3)	[31].	
The apolipoprotein e4 genotype is a risk factor for 
vascular	dementia	as	well	as	AD	(LOE	3)	[32].	The	
incidence	of	WMD	signiicantly	increases	with	gene	
polymorphism of aldosterone synthase, angiotensin 
II type 1 receptor, nitric oxide synthase, etc., which 
are	all	relevant	to	atherosclerosis	(LOE	3).	

c)  Pathology and disease-speciic urinary tract 
problems 

In	 patients	 with	 WMD,	 diffuse	 abnormalities	 are	
seen in the small deep perforating vessels of the 
hemispheric white matter, basal ganglia and brain 
stem. Pathological changes range from lipohyalino-
sis	 to	ibrinoid	necrosis	and	disintegration	of	small	
vessels.	Disruption	of	the	blood	brain	barrier	is	likely	
to	 precipitate	 or	worsen	 progression	 of	WMD	 [33]	
(LOE	 3).	 Positron	 emission	 tomography	 imaging	
with	 18F-luoromisonidazole	 showed	 higher	 sus-
ceptibility to ischemia of white matter than gray 
matter	 in	 stroke	 cases	 [34].	Cortical	WMD	 in	MRI	
looks diffuse. However, within the brain, detailed 
pathology	 studies	 conirmed	 that	 the	 frontal	 lobe	
is most severely affected [35]. This is in line with 
documented	frontal	lobe	atrophy	on	MRI	volumetry,	
where glucose metabolism was also most severely 
reduced	[36]	(LOE	3).	Corresponding	to	this,	brain	
perfusion is most reduced in the frontal lobe of sub-
jects	with	WMD	[37]	(LOE	3),	a	inding	that	remains	
to be fully explained. 

The frontal cortex is now recognized as an important 
higher center for micturition: damage to the prefron-
tal	 cortex,	medial	superior/middle	 frontal	gyri,	ante-
rior cingulate cortex, supplemental motor area and 
insula result in marked lower urinary tract dysfunction 
in	humans	 [38]	 (LOE	3).	These	clinical	observation	
have been corroborated by functional neuroimaging 
in	humans	[39,	40]	(LOE	3).	Altered	spinobulbospinal	
micturition	relex	micturition	control	may	contribute	to	
DO	emergence	in	brain	lesions	[41]	(LOE	3).	Func-
tional neuroimaging studies showed that the prefron-
tal cortex was deactivated in elderly subjects with uri-
nary	frequency/	urgency	as	compared	with	controls	
[42]	(LOE	3).	Jirovec	et	al.	(LOE	3)	found	that	cog-
nitive	ability	and	mobility	differ	signiicantly	between	
continent and incontinent patients [43]. When the 
variables were examined together, mobility emerged 
as	 the	 best	 predictor	 of	 the	 patient’s	 urine	 control,	
followed by cognitive impairment. 

The	prevalence	of	DO	in	WMD	cases	is	reported	as	
70-91%	of	patients.	In	Sakakibara’s	study,	urodynam-
ic	studies	in	33	subjects	found	DO	more	commonly	
in	grade	1-4	white-matter	lesions	(82%)	than	grade	0	
white-matter	lesions	(9%)	(p<0.05).	Yoshimura	et	al.	

(LOE	3)	found	a	47	%	prevalence	of	DO	which	cor-
related with the presence of dementia [44]. 

d) Disease speciic diagnosis and treatment

No	speciic	diagnostic	 tests	 to	evaluate	dementia-
related incontinence have been described. Since 
patients with dementia and incontinence usually 
have one or more concomitant diseases, the evalu-
ation	 of	 the	 LUT	 functions	 should	 follow	 standard	
principle, bearing in mind that this is a population of 
frail elderly people. The treatment should start with 
modiication	of	behaviour,	and	general	rehabilitation	
targeted	at	making	the	patient	more	ambulatory.	No	
other	speciic	 treatment	 in	dementia	has	been	de-
scribed, however certain issues like prompted void-
ing, anticholinergic drugs and intermittent catheter-
ization have been studied.

In a review of trials where prompted voiding was im-
plemented,	Eustice	et	al.	(LOE	1)	found	that	prompt-
ing increased self-initiated voiding and decreased 
incontinence episodes in the short-term [45]. A single 
small trial suggested that adding oxybutinin, reduced 
the number of incontinent episodes in the short-term. 
In	a	study	by	Suzuki	et	al.	(LOE	3)	the	best	results	
were obtained with ambulatory patients with the 
use of a portable chamber pot and induced urina-
tion, while no improvement was seen in bedridden 
patients treated with anticholinergics [46]. Sugiyama 
et	al.	 (LOE	3)	 studied	 the	effects	of	 anticholinergic	
therapy in patients aged 65 years or older, with and 
without dementia. The patients received anticholiner-
gic	agents	for	more	than	two	weeks	[47].	Urodynamic	
studies	 demonstrated	 signiicant	 increase	 of	 maxi-
mum bladder capacity in the dementia group and 
the	 non-dementia	 group.	 There	 was	 no	 signiicant	
difference in rate of objective improvement between 
both	 groups.	On	 the	 other	 hand,	 rate	 of	 subjective	
improvement	was	signiicantly	higher	in	the	non-de-
mentia	group	(40	%)	than	in	the	dementia	group	(15	
%). Improvement of functional bladder parameters 
was not associated however with improvement of 
subjective symptoms in the dementia patients. 

In case of voiding failure, intermittent catheteriza-
tion	(IC)	is	a	treatment	of	choice.	Lieu	et	al.	(LOE	3)	
found that carer-assisted clean IC is an effective and 
safe treatment option for persistent urinary retention 
in elderly female patients with cognitive impairment 
and other disabilities [26]. With this method of treat-
ment, 54% of the patients were able to void spon-
taneously and were continent after a median period 
of 6 weeks with a range of 1 to 40 weeks. 27% had 
signiicant	 improvement	 in	 the	symptoms	of	urinary	
incontinence and the residual urine volumes became 
progressively smaller. However, 19% failed this treat-
ment modality. The recovery of spontaneous voiding 
was	found	to	be	signiicantly	inluenced	by	the	age	of	
the patient, the carer performing the IC and the de-
velopment	of	catheter-related	UTI.	25%	of	the	study	
patients	developed	symptomatic	UTI,	which	was	as-
sociated with a delay in the recovery of spontaneous 
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voiding.	Its	development	was	also	found	to	be	signii-
cantly associated with the presence of pre-existing 
diabetes mellitus, the person doing the catheteriza-
tion, the presence of dementia and with more predis-
posing common medical conditions. 

Another interesting issue is the surgical treatment in 
patients with dementia. Two major groups of surgical 
procedures could be contemplated: prostate surgery 
and	incontinence	surgery.	Yonou	et	al.	(LOE	3)	stud-
ied a group of 13 patients with dementia who under-
went	TURP	procedure	[48].	Six	patients	reported	good	
urination, 3 reported some improvement in urination 
after surgery although requiring IC, and 1 developed 
incontinence.	No	speciic	study	addressing	the	issue	
of incontinence surgery in woman with dementia has 
been reported. However, it seems that incontinence 
surgery in patients with dementia should be reserved 
only for the cases with good ambulation and without 
concomitant	 functional	disorders	of	micturition	(over-
active bladder, hypocontractile detrusor).

e) Recommendations for further research 

Since dementia is not a homogeneous disease, a 
population	 study	 targeted	 speciically	 at	 disorders	
of micturition is needed. Also, a study evaluat-
ing different treatment modalities in patients with 
dementia	 (especially	 anticholinergic	 treatment	 for	
overactive bladder and surgical treatment for stress 
incontinence) is lacking.

Conclusions

•  Dementia-associated incontinence occurs in 
30-100 % of patients with dementia (LOE 3).

•  The degree of incontinence is strongly asso-
ciated with the patient’s general status and 
ambulation (LOE 3).

•  There is no one major cause for incontinence 
in these patients; however overactive bladder 
is responsible for a signiicant proportion of 
incontinence (LOE 3).

Recommendations

•  Interventional therapy of incontinence in de-
mentia patients should be reserved for patients 
with good general status and ambulation (C).

•  In case of ambulatory patients, prompted void-
ing, rehabilitation and oral anticholinergics 
can be employed (C).

•  Where there is a signiicant post-void residual, 
intermittent catheterization is the treatment of 
choice (B). 

4. DEMENTIA WITH LEWY BODIES

a) Epidemiology and prevalence 

Dementia	with	Lewy	bodies	(DLB)	is	thought	to	be	
the third most common type of dementia in the el-

derly,	accounting	for	10	–	15%	of	cases	at	autopsy.	
In population-based studies of subjects aged 65 
and	older,	 the	prevalence	of	DLB	was	found	to	be	
0.7%,	which	is	consistent	with	its	rate	of	10	–	15%	of	
hospital-based cases at autopsy [49]. The epidemi-
ology	of	DLB	is	sparse;	age	and	gender	distribution,	
and	potential	risk	factors	have	yet	to	be	deined.

b)  Pathology and disease-speciic urinary tract 
problems 

DLB	primarily	affects	both	the	basal	ganglia	(as	 in	
Parkinson’s	disease)	and	the	cerebral	cortex.	Lewy	
bodies	 and	 Lewy	 neuritis	 are	 pathologic	 aggrega-
tions	of	alpha-synuclein	(SNCA),	a	ubiquitously-ex-
pressed synaptic protein that has been implicated 
in	vesicle	production	[50].	Lewy	bodies	also	contain	
chaperone proteins and elements of the ubiquitin-
proteasome system. Immunohistochemical stain-
ing for alpha-synuclein has been shown to be the 
most	 sensitive	 and	 speciic	 method	 for	 detecting	
Lewy	bodies	and	can	be	used	in	a	semiquantitative	
grading	of	severity	of	Lewy-related	pathology	 [51].	
Alpha-synuclein can now be measured in vivo by 
positron	emission	 tomography	and/or	 the	cerebro-
spinal	luid.	

Many	patients	with	DLB	also	have	Alzheimer’s	dis-
ease pathology, which alters the clinical presenta-
tion.	DLB	patients	who	also	have	numerous	neuro-
ibrillary	tangles	display	more	core	clinical	features	
of	 AD	 [52].	 Conversely,	 Lewy	 bodies	 also	 occur	
in more than half of all patients with sporadic and 
early-onset	AD	[53].	The	essential	feature	for	a	di-
agnosis	of	possible	or	probable	DLB	is	progressive	
cognitive	decline	of	suficient	magnitude	to	interfere	
with normal social or occupational function. Fluc-
tuations	(waxing	and	waning	of	cognition,	functional	
abilities and arousal, from almost normal to marked-
ly confused or hypersomnolent) are a core feature 
of	dementia	with	Lewy	bodies.	 In	DLB,	autonomic	
dysfunctions occur and are included as a supportive 
feature for clinical diagnosis [54]. 

Horimoto	 et	 al.	 (LOE	 3)	 found	 97	%	 incidence	 of	
urinary	 incontinence	 amongst	 patients	 with	 DLB.	
From	the	urological	point	of	view,	patients	with	DLB	
tend to develop urgency and urgency incontinence 
more	 often	 than	 do	 patients	 with	 Parkinson’s	 dis-
ease	(PD)	or	AD.	Similar	bladder	capacity,	detrusor	
pressure	at	maximum	voiding,	maximum	urine	low,	
mean voided volume and post-void residual volume 
were	found	in	each	of	these	diseases;	however,	DO,	
the major cause of urgency and urge incontinence, 
was	more	prevalent	in	DLB	than	in	PD	and	in	AD	[9].	
Urinary	symptoms	are	seen	in	one	third	of	patients	
with	DLB.	Detrusor	overactivity,	the	major	cause	of	
urge and urge incontinence was more prevalent in 
DLB	 and	 AD.	 No	 detrusor-sphincter-dyssynergia	
was	 observed.	 DLB	 patients	 with	 detrusor	 over-
activity	 had	 signiicantly	 higher	 Hoehn	 and	 Yahr	
scores than did those without detrusor overactivity. 
Since the prevalence of frequency, urgency, urge 
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incontinence and detrusor overactivity is markedly 
lower	 in	AD	 than	 in	DLB,	LUTS	may	contribute	 to	
the differential diagnosis of these two entities.

c) Disease speciic diagnosis and treatment 

Since	patients	with	Lewy	Body	disease	and	inconti-
nence usually have one or more concomitant diseas-
es,	the	evaluation	of	the	LUT	functions	should	follow	
the general rules, bearing in mind that this is most 
often	a	population	of	frail	elderly	people	(LOE3).	

5. FRONTOTEMPORAL DEMENTIA (FTD)

a) Epidemiology and prevalence 

Prevalence	studies	of	FTD	are	inconsistent	(LOE	3),	
giving ranges of 3.6-15.0 per 100,000 [55]. There 
is	 a	 high	 familial	 occurrence	 of	 FTD	 [56].	 In	 such	
cases, a combination with parkinsonism, and rarely 
amyotrophic lateral sclerosis, also occurs. The dis-
tribution	of	FTD	is	equal	between	men	and	women.	
The mean duration of illness from onset to death is 
4-6 years, with a range of 2-20 years. 

b)  Pathology and disease-speciic urinary tract 
problems 

Frontotemporal	 dementia	 (FTD),	 also	 known	 as	
Pick’s	 disease,	 encompasses	 a	 diverse	 group	 of	
clinical and pathological disorders. There are sev-
eral distinct clinical presentations, most commonly 
behavioral changes, but a language disorder, usu-
ally	 in	 the	 form	of	a	progressive	non-luent	apha-
sia, can be the main presenting sign. The most 
common	clinical	presentation	of	FTD	is	character-
ized by profound changes in personality and social 
conduct, including a decline in manners and social 
skills	 that	 are	 incongruent	 with	 the	 patient’s	 pre-
morbid behaviour. Affected patients lack emotional 
warmth, empathy and sympathy and are indifferent 
to others.

MRI	 of	 patients	 with	 FTD	 often	 shows	 atrophy	 in	
the	frontal	and	temporal	lobes	(LOE	2),	which	may	
be asymmetric [57]. At autopsy, markedly gross at-
rophy of the frontal and temporal lobes is seen in 
FTD.	On	histologic	examination	the	salient	features	
include neuronal loss, micro-vacuolization and as-
trocytes	 gliosis	 centred	 on	 cortical	 layer	 II.	 Up	 to	
now,	molecular	pathology	of	FTD	has	identiied	four	
subtypes.	First,	classical	Pick’s	disease	(Pick	body	
with accumulation of 3-repeat tau); second, muta-
tions	 in	 the	MAPT	 (microtubule-associated	protein	
tau)	gene;	third,	accumulation	of	TDP-43	(TAR	DNA	
binding	 protein-43)	 with	 mutations	 in	 the	 PGRN	
(progranulin)	 gene;	 and	 fourth,	 accumulation	 of	
FUS	(fused	in	sarcoma)	protein.	

There	a	no	data	on	LUTS	in	patients	with	FTD,	how-
ever it is obvious that due to the cognitive state these 
patients have incontinence, either because they for-
get to take down clothes when they go into the toilet, 
or	they	have	dificulty	inding	the	toilet,	or	they	may	
urinate in inappropriate places and pass urine more 

often	than	usual.	Moreover,	they	may	be	affected	by	
constipation, diarrhoea or faecal incontinence.

c) Diagnosis and treatment

No	speciic	diagnostic	 tests	 to	evaluate	dementia-
related incontinence were described. There are 
no	studies	which	show	the	signiicance	of	LUTS	in	
fronto-temporal dementia. Such studies would be of 
value in future research projects.

Conclusions

•  There are no studies available which show the 
signiicance of LUTS in patients with fronto-
temporal dementia.

•  Since the underlying pathology is gross atro-
phy of frontal and temporal lobes, autonomic 
dysfunction including LUTS can be anticipat -
ed, but further research is needed.

Recommendations

•  The recommendations do not differ from those 
for other types of dementia.

6.  CONSTIPATION AND FECAL INCONTI -
NENCE IN DEMENTIA

Only	one	paper	was	retrieved	related	to	the	inluence	
of dementia on the prevalence of urinary and faecal 
incontinence	in	an	age	group	of	85-year-old	men	and	
women	[58].	This	reported	the	inluence	of	dementia	
on the prevalence of urinary and faecal incontinence 
in	85	year-old	men	and	women	in	a	random	sample	
n=	485	of	the	total	population	of	85-year-olds	from	the	
city	 of	Gothenburg,	Sweden.	The	prevalence	of	 uri-
nary	and	faecal	incontinence	and	dementia	were	38%,	
17%	 and	 29%	 respectively.	 Demented	 men	 (50%)	
and	women	(60%)	were	more	often	incontinent	than	
non-demented	men	 (18%)	and	women	 (36%).	Also,	
faecal incontinence was more prevalent in demented 
(34,8%)	than	non-demented	subjects	(6,7%):	both	uri-
nary and faecal incontinence were more prevalent in 
demented	women	(43%	and	20%	respectively)	 than	
in	men	(27%	and	11%	respectively).	The	prevalence	
of urinary and faecal incontinence and dementia were 
higher in residents of a nursing home or hospital 
(74%,	51%	and	92%	respectively)	than	in	subjects	liv-
ing	at	home	(32%,	9%	and	18%	respectively):	of	the	
demented	residents	in	an	institution	78%	were	inconti-
nent compared with 37% living at home.

No	speciic	paper	was	found	on	the	management	of	
faecal	incontinence	in	demented	people.	Demented	
patients	may	beneit	from	a	bowel	habit	training	pro-
gramme, which also includes management of con-
stipation	with	non-pharmacologic	(such	as	exercise	
and	ibre)	and	pharmacologic	measures.

Conclusions

•  Although faecal incontinence is prevalent in 
people with dementia, no paper was found 



913

dealing with the disease-speciic management 
of faecal incontinence (LOE3).

Recommendations

•  Studies should be undertaken to ascertain 
management strategies for constipation and 
faecal incontinence in dementia.

7. NORMAL PRESSURE HYDROCEPHALUS

a) Epidemiology and prevalence 

Normal-pressure	 hydrocephalus	 (NPH)	 is	 char-
acterized by a clinical presentation of gait distur-
bance,	memory	 deicit,	 and	 urinary	 incontinence,	
combined with dilated cerebral ventricles and nor-
mal	cerebrospinal	luid	 (CSF)	pressure	 [59]	 (LOE	
3). The clinical triad of this disorder is very much 
akin to those of vascular dementia or white mat-
ter	 disease	 (WMD).	Therefore,	 before	performing	
brain	imaging,	we	have	to	think	about	NPH	as	well	
as	WMD.	The	syndrome	was	irst	described	by	Ha-
kim	and	Adams	in	1965	[60]	.	After	ive	decades	of	
investigation, the effectiveness of the diversion of 
CSF	 low	by	 shunt	 operation	 in	 treating	 this	 syn-
drome	 is	 well	 documented	 [59]	 (LOE	 2).	 Recent	
population-based	 MRI	 studies	 also	 suggest	 that	
the	incidence	of	NPH,	or	asymptomatic	ventriculo-
megaly with features of idiopathic normal pressure 
hydrocephalus	 on	MRI	 (AVIM),	 to	 be	 around	 1%	
(0.51-2.9%)	 in	 the	 general	 population	 of	 persons	
over 65 years of age [61], being estimated as one-
tenth	of	WMD	(LOE	3).	

b)  Pathology and disease-speciic urinary tract 
problems 

Lower	 urinary	 tract	 symptoms	 in	 NPH	 are	 basi-
cally	 urinary	 urgency	 and	 frequency	 (overactive	
bladder,	 OAB).	 Sakakibara	 et	 al.	 found	 urinary	
symptoms	 in	 93%	 of	 42	 idiopathic	 NPH	 patients	
[62]	 (LOE	 3).	 These	 symptoms	 included	 storage	
symptoms	 in	 93%	 of	 patients	 (nocturnal	 urinary	
frequency, 64%; urinary urgency, 64%; urgency 
urinary incontinence, 57%; diurnal urinary fre-
quency,	36%)	and	voiding/	post	micturition	symp-
toms	 in	 71%	 (hesitancy	 50%;	 prolongation	 /poor	
low,	 50%;	 sensation	 of	 post-void	 residual,	 29%;	
straining, 21%; intermittency, 14%). Particularly, in 
some	patients	urinary	urgency	/frequency	preced-
ed urinary incontinence. Among the clinical triad 
of	NPH,	urinary	incontinence	has	been	regarded	a	
late	symptom.	However,	as	in	cases	of	WMD,	gait	
disturbance	and	OAB	can	be	the	early	manifesta-
tion	of	NPH.	

Urodynamic	indings	of	42	NPH	patients	by	Sakaki-
bara	et	al.	 included	 low	Qmax	(<10	cm/s)	 in	40%;	
increased	post-void	residual	(>30	ml)	in	43%	(aver-
age	PVR	volume	42.1	ml);	low	volume	at	irst	sen-
sation	(<	100	ml)	in	33%;	decreased	bladder	capac-
ity	(<	200	ml)	in	57%;	and	DO	in	95%	of	patients	[62]	
(LOE	3).	Although	the	number	of	cases	included	in	

other	 reports	 has	 been	 small	 (4-12	 cases),	DO	 is	
also	 most	 common	 (63-100%)	 [63]	 [64]	 (LOE	 4).	
The	high	prevalence	of	DO	suggests	altered	brain	
autonomic	control	in	NPH	[65].	

c) Diagnosis and treatment

Diagnosis	of	NPH	may	comprise:	

 a)  Possible features; gait, cognitive and urinary 
disorders with typical ventricular dilatation in 
brain imaging.

 b)  Probable features; improved clinical symp-
toms by 30 ml withdrawal of the cerebrospi-
nal	luid	by	a	lumbar	tap	(the	Tap	test).

	 c)		Deinite;	improved	clinical	symptoms	by	ven-
triculoperitoneal shunt surgery etc. 

Functional neuroimaging in normal volunteers 
has shown that the anterior cingulate, prefron-
tal cortex and insula are activated in response to 
bladder	illing	as	compared	with	an	empty	bladder	
[41].	Although	NPH	 is	a	diffuse	brain	disease	with	
dilated ventricles, hypoperfusion in the frontal lobe 
has	been	documented	 in	NPH	patients	using	PET	
[66], single-photon emission computed tomogra-
phy	 (SPECT)	 [67]	 ,	 and	 perfusion-weighted	 MRI	
[68]	(LOE	3).	Therefore,	the	frontal	lobe	is	thought	
to be the anatomical substrate for urinary urgency 
and	 incontinence	 in	 NPH.	According	 to	 the	 study	
by	 Sakakibara	 et	 al,	 using	 97	 NPH	 patients	 and	
[123I]-iodoamphetamine	 (IMP)-SPECT	 statistical	
mapping,	there	was	a	signiicant	decrease	in	tracer	
activity in the right-side-dominant bilateral frontal 
cortex and the left inferior temporal gyrus in the se-
vere	 urinary	 dysfunction	 group	 (p<0.05)	 [69].	 The	
indings	 indicate	 that	 there	 is	 a	 link	 between	 the	
right frontal hypoperfusion and urinary dysfunction 
in	NPH.	Importantly,	bladder	dysfunction	and	frontal	
lobe	 hypoperfusion	 in	 NPH	 can	 be	 reversed	 after	
shunt	 surgery.	 Recovery	 rate	 of	 OAB	 and	 urinary	
incontinence	in	NPH	ranges	from	20-80%	[59]	(LOE	
4). Among them, cerebral perfusion in the prefron-
tal cortex and mid-cingulate gyrus tended to return 
normal	 particularly	 in	 patients	with	 good	OAB/	 in-
continence recovery. 

Since	 there	 is	 a	 surgical	 shunt	 therapy	 for	 NPH,	
early	 diagnosis	 of	 NPH	 in	 patients	 with	 OAB	 is	
important.	 In	 addition	 to	 OAB	 with/without	 urinary	
incontinence,	 patients	 with	 NPH	 commonly	 have	
gait	 disorder	 (parkinsonian	 and	 wide-based	 gait)	
and	 dementia	 that	 is	 milder	 than	Alzheimer’s	 dis-
ease.	Differential	diagnosis	should	include	vascular	
dementia or white matter disease. If the shunt sur-
gery failed, or was not applied to individuals with 
particular reasons such as dementia etc., medical 
management	(pharmacological	and	behavioural)	of	
incontinence starts. However, no systematic review 
has been performed regarding the medical man-
agement	of	urinary	incontinence	in	NPH.	
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Conclusions

•  Clinical manifestations in NPH mimic those 
of vascular dementia or white matter disease 
(LOE 3).

•  Urinary urgency and frequency may precede 
urinary incontinence in NPH (LOE 3).

•  Detrusor overactivity seems to be the most 
common cause of incontinence in NPH pa -
tients (LOE 3). 

•  Shunt surgery ameliorates urinary inconti-
nence in NPH but the degree varies signii-
cantly (20-80%) (LOE 4).

Recommendations

•  Typical gait, cognitive and urinary disorders 
with ventricular dilatation in brain imaging fa-
vours the diagnosis of NPH; then a Tap test 
and a shunt surgery may follow (B).

•  However, no systematic review has been per-
formed regarding the medical management of 
urinary incontinence in NPH if the shunt sur -
gery failed or is not applied to individuals (C). 

1. EPIDEMIOLOGY AND PREVALENCE

Multiple	system	atrophy	(MSA)	is	a	rare,	adult-onset	
degenerative disease of the nervous system of un-
known	 origin.	Autonomic	 failure	 (postural	 hypoten-
sion and urinary dysfunction) is fundamental to the 
diagnosis	of	MSA:	 it	 is	diagnosed	when	the	criteria	
of	 either	 postural	 hypotension	 (systolic	 blood	 pres-
sure	fall	>	30	mmHg	or	diastolic	>	15	mmHg)	or	uri-
nary	 dysfunction	 (persistent,	 urinary	 incontinence/
incomplete	 bladder	 emptying)	 or	 both	 are	 fulilled,	
along with poorly levodopa-responsive parkinson-
ism,	or	cerebellar	dysfunction	[70].	Based	on	the	ma-
jor	motor	deicits,	MSA	can	be	classiied	as	MSA-P	
(Parkinsonism-predominant)	 or	 MSA-C	 (cerebellar-
predominant)	 [70].	 The	 discovery	 in	 1989	 of	 glial	
cytoplasmic inclusions in the brains of patients with 
MSA	[71]	provided	a	pathological	marker	for	the	dis-
order	(akin	to	Lewy	bodies	in	idiopathic	Parkinson’s	
disease), which combined three disorders previously 
called striatonigral degeneration, sporadic livoponto-
cerebellar	atrophy,	and	Shy-Drager	syndrome.

Urinary	 symptoms	 of	 incontinence	 are	 caused	 by	
neurogenic	DO	and	external	sphincter	weakness	[3]	
(LOE	2).	Sphincter	electromyography	(EMG)	abnor-
malities	were	found	in	91%	of	the	patients	with	MSA	
[72]	 (LOE	 2).	Approximately	 60%	 of	 patients	 with	
MSA	develop	urinary	symptoms,	either	prior	to	or	at	
the time of presentation with the motor disorder [73] 
(LOE2).	This	indicates	that	many	of	these	patients	

seek urological advice early in the course of their 
disease. Although postural hypotension was thought 
to	be	a	marker	for	autonomic	failure	in	MSA,	Wen-
ning	et	 al.	 [74]	 (LOE2)	noted	urinary	 incontinence	
in 71%, urinary retention in 27%; postural faintness 
in 53%, and syncope in 15% of 100 patients with 
MSA.	 Sakakibara	 et	 al.	 [1999]	 [73]	 (LOE2)	 found	
that	 urinary	 symptoms	 (96%)	were	more	 common	
than	orthostatic	symptoms	(43%)	(p	<	0.01)	among	
121	patients	with	MSA.	Kirchhof	et	al	[75]	(LOE2),	
found that bladder symptoms preceded symptoms 
of orthostatic hypotension in 76% of their 71 male 
patients.	Sakakibara	et	al.	 [73]	 (LOE2)	also	 found	
that among 53 patients with both urinary and ortho-
static symptoms, those who had urinary symptoms 
irst	(48%)	were	more	common	than	those	who	had	
orthostatic	symptoms	irst	(29%),	and	some	patients	
developed	both	symptoms	simultaneously	(23%).	

2.  PATHOLOGY AND DISEASE-SPECIFIC URI -
NARY TRACT PROBLEMS

Sakakibara	et	al.	[1993]	[76]	(LOE2)	performed	an	
extensive	study	of	the	urological	symptoms	in	MSA	
patients. They found the following prevalence of dif-
ferent	symptoms:	dificulty	of	voiding	 in	79%,	noc-
turia in 74%, sensation of urgency in 63%, urgency 
incontinence in 63%, diurnal urinary frequency in 
45%,	enuresis	in	19%	and	urinary	retention	in	8%	of	
the	patients.	All	of	the	MSA	patients	presented	with	
some	 kind	 of	 LUT	 symptoms;	 many	 of	 them	 had	
both storage and voiding urinary symptoms.

In	245	cases	of	MSA,	Ito	et	al	[77]	(LOE2),	found	that	
average volume of post-void residuals was 71ml at 
the	irst	year,	which	increased	signiicantly	to	170ml	
at	 the	5th	year	 (p<0.01)	after	onset	of	 the	disease.	
Patients were not always aware of their post-void re-
siduals. The frequency of weak detrusor ascertained 
by	a	pressure-low	analysis	was	20%	at	the	irst	year,	
which	increased	to	53%	at	the	5th	year	(p<0.05).	The	
frequency of detrusor-external sphincter dyssynergia 
(DSD)	was	12%	at	the	irst	year,	which	increased	to	
39%	 at	 the	 5th	 year	 (p<0.05).	 Therefore,	 detrusor	
underactivity seemed to contribute to voiding dys-
function	in	MSA	more	than	DSD	did.	The	responsible	
sites	of	lesion	(micturition-facilitating	area)	for	voiding	
dificulty	and	retention	in	MSA	seem	to	be	the	locus	
coeruleus	 (pontine	micturition	 center).	 The	work	 of	
Bennaroch	 demonstrated,	 that	 in	MSA	 there	 is	 se-
vere depletion of catecholaminergic neurons of the 
Cl and Al areas in the ventrolateral medulla, and this 
may contribute to orthostatic hypotension and endo-
crine	disturbances	in	this	disorder,	respectively.	Loss	
of	 corticotrophin-releasing	 factor	 (CRF)	 neurons	 in	
the pontine micturition area may contribute to neu-
rologic	bladder	dysfunction	[78]	(LOE	2).	In	addition,	
the sacral intermediolateral cell columns, where pre-
ganglionic neurons innervating the bladder are locat-
ed,	are	affected	in	post-mortem	MSA	cases.	

The prevalence of detrusor overactivity was 61% at 
the	irst	year,	which	increased	to	75%	at	the	5th	year	

II.  MULTIPLE SYSTEM ATROPHY
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(p<0.05)	 [77]	 (LOE2).	 The	 frequency	 of	 neurogenic	
pattern	in	the	sphincter	EMG	was	52%	at	the	irst	year,	
which	 increased	 to	 83%	 at	 the	 5th	 year	 (p<0.05)	
[79]	(LOE2).	Abnormalities	 in	the	videourodynamic	
study	included	open	bladder	neck	at	the	start	of	ill-
ing	in	53%	of	MSA	patients	[80]	(LOE2).	Similar	re-
sults	were	reported	by	others	[81].	The	responsible	
sites	of	 lesion	(storage-facilitating	area)	for	urinary	
urgency	and	 incontinence	 in	MSA	seem	 to	be	 the	
basal	ganglia,	cerebellum	 [82],	 lumbar	 intermedio-
lateral cell columns where preganglionic neurons 
innervating the bladder neck are located, and sacral 
Onuf’s	 nucleus	 innervating	 the	 external	 sphincter,	
all	of	which	are	affected	in	post-mortem	MSA	cases,	
causing urinary stress incontinence.

Repeated	 urodynamic	 studies	 in	 MSA	 patients	
showed	that	the	cystometrogram	changed	from	DO	
to low-compliance or acontractile detrusor, and from 
negative to positive bethanechol supersensitivity 
[83]	 (LOE2).	 In	 fact,	 as	 the	 disease	 progresses,	
symptoms may change from urinary urgency and 
frequency to those due to incomplete bladder emp-
tying.	These	indings	 suggest	 that	 the	 responsible	
sites of the bladder cholinergic disorder may change 
from the center to the periphery. The cystometro-
grams	of	patients	with	MSA	often	show	neurogenic	
DO	with	impaired	contractile	function	(DHIC),	most-
ly	 accounting	 for	 urinary	 urgency	 /	 frequency	 and	
large post-void residuals, respectively. This condi-
tion	presumably	relects	lesions	in	both	storage	and	
voiding-facilitating	areas	in	this	disorder	[84].

Beside	 bladder	 disorders,	 patients	 with	 MSA	 may	
have nocturnal polyuria, which results in nocturia 
and morning hypotension. In normal children over 7 
years and adults, the circadian release of arginine 
vasopressin from the posterior pituitary gland into 
plasma peaks at night. This leads to a nocturnal de-
crease in urine formation. The ratio of night-time to 
daytime	urine	production	is	usually	<1:2,	which	can	
be estimated by a bladder diary. A post-mortem study 
of	the	brains	of	patients	with	MSA	revealed	the	de-
generation of arginine vasopressin neurons in the 
suprachiasmatic	nucleus	[85]	(LOE	2),	leading	to	im-
pairment of the circadian rhythm of the plasma argi-
nine	vasopressin	concentration	in	MSA	[86]	(LOE	2).

3. DIAGNOSIS AND TREATMENT

Since	LUT	functional	disturbances	often	precede	or-
thostatic hypotension and other autonomic nervous 
system	symptoms	in	MSA	patients,	the	full	assess-
ment	of	underlying	mechanisms	of	LUT	symptoms	
is of paramount importance. 

External	sphincter	EMG	is	 the	most	sensitive	 test.	
Sphincter motor unit potential analysis showed neu-
rologic motor unit potentials in 93% of those with 
MSA,	suggestive	of	external	sphincter	denervation.	
Palace	et	al.	 [87]	 (LOE	2)	demonstrated	abnormal	
sphincter	EMG	in	93%	of	MSA	patients,	which	can	
differentiate this disorder from idiopathic Parkin-

son’s	disease.	Oertel	et	al.	 [88]	(LOE2)	suggested	
that reduced genital sensation in females could be 
pathognomonic	for	MSA	(with	equal	importance	as	
erectile dysfunction in males). A total of 47% of the 
MSA	patients	and	4%	of	 the	control	group	had	re-
duced	genital	sensation.	Moreover,	the	appearance	
of	reduced	genital	sensitivity	in	female	MSA	patients	
showed a close temporal relation to the onset of the 
disease.	Hahn	and	Ebersbach	 [89]	 (LOE	2)	 inves-
tigated the value of sonography of the bladder to 
evaluate	post-void	residual	urine	(PVR)	for	the	dif-
ferential	 diagnosis	 between	 idiopathic	 Parkinson’s	
disease	and	Multiple	System	Atrophy.	The	positive	
predictive	value	of	increased	residual	urine	for	MSA	
was 91.6 % in the study, while the negative predic-
tive	value	was	only	67.8	%.	They	state	that	bladder	
sonography is an objective, simple and safe tool 
that allows one to screen for urinary retention which 
is highly suggestive, but incompletely sensitive for 
MSA.	Because	sonography	is	easily	accessible	and	
rapidly performed, it is feasible for routine assess-
ment of atypical Parkinson syndromes. The overall 
average	volume	of	PVR	was	140	cc	in	their	patients,	
increasing	from	71	cc	in	the	irst	year,	to	129	cc	in	
the second year, and 270 cc in the 5th year. 

Aggressive surgical therapy is not recommended 
in	MSA	 patients.	 Chandiramani	 et	 al.	 [90]	 (LOE2)	
found	 that	 all	MSA	patients	who	underwent	 trans-
urethral	 resection	 of	 the	 prostate	 (TURP)	 due	 to	
voiding problems were incontinent postoperatively, 
most probably due to pre-existing sphincter weak-
ness.	The	same	observations	were	made	by	Beck	
et	 al.	 [72]	 (LOE2),	 who	 evaluated	 the	 results	 of	
TURP	and	stress	incontinence	surgery	in	MSA	pa-
tients. They concluded that the results of surgery 
were	unfavourable.	Patients	beneited	from	IC,	an-
ticholinergic medication and desmopressin spray 
[91]	(LOE	3),	which	improved	continence	in	82%.

As	nearly	half	of	the	MSA	patients	suffer	from	void-
ing	 dificulties,	 its	 management	 by	 means	 other	
than IC would be very attractive. Sakakibara et al. 
[92]	(LOE	3)	compared	different	non-selective	and	
alpha-lA	selective	alpha	blocking	agents	 (prazosin	
and	 moxisylite)	 in	 the	 treatment	 of	 LUT	 dysfunc-
tions	 in	 MSA	 patients.	 The	 respective	 means	 for	
reductions in residual urine volume for the prazosin 
and	moxisylite	groups	were	38.1%	and	35.2%,	and	
there was lessening of urinary symptoms. Side ef-
fects due to orthostatic hypotension were seen in 
23.8%	of	the	prazosin	group	and	10.7%	of	the	moxi-
sylite group. A more recent study showed that the 
effects of alpha blocking agents, as well as those of 
TUR-bladder	neck,	for	lessening	post-void	residuals	
lasted	for	up	to	2	years	in	MSA,	although	during	that	
period	 patients	 beneited	 from	 the	 therapies	 [77]	
(LOE2).	On	the	contrary,	administration	of	amezin-
ium, an adrenergic drug for ameliorating postural 
hypotension, may increase the risk of retention and 
post-void residual volume compared to that before 
treatment	 [93]	 (LOE2).	 Amezinium	 most	 probably	
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stimulates the alpha receptors, both in the vascular 
wall	 (alpha1B	 receptors)	 and	 the	 proximal	 urethra	
(alpha1A/D-adrenergic	receptors).	

Both	postural	hypotension	and	bladder	dysfunction	
are	 common	 clinical	 features	 in	 MSA.	 Pyridostig-
mine, an acetylcholinesterase inhibitor, might be 
effective in lessening post-void residual volumes, 
since it stimulates muscarinic acetylcholine recep-
tors	 on	 the	 bladder	 (M2/3-muscarinic	 receptors)	
that are innervated by parasympathetic cholinergic 
neurons. Pyridostigmine also lessens postural hy-
potension, presumably by enhancing nicotinic ace-
tylcholine receptor transmission in the sympathetic 
ganglia	[94]	(LOE3).	

Guidance for further research

MSA	 is	 a	 slowly	 progressive	 disease	 without	 any	
cure.	More	 research	 is	needed	 to	evaluate	 the	ef-
fects	of	long	term	LUT	treatment	and	to	evaluate	the	
effects of different drug treatment modalities.

Conclusions

•  LUT symptoms often precede the clinical mani-
festation of multiple system atrophy (LOE2).

•  The most common LIJT disturbances are de-
trusor overactivity, detrusor-external sphincter 
dyssynergia, sphincter and detrusor weakness 
(LOE2).

•  Signiicant post void residual is observed in 
about half of the multiple system atrophy pa -
tients (LOE2).

Recommendations

•  The most sensitive test to detect multiple sys-
tem atrophy associated LUT abnormalities is 
sphincter EMG (A), and post-voiding residual 
volume , especially when differentiating from 
Idiopathic Parkinson’s disease.

•  Due to the complex dysfunction and progres-
sive nature of the disease, aggressive treat -
ment and LUT surgery (e.g. TURP) are not 
recommended (A).

•  Treatment of choice in case of increased 
post void residual are alpha blocking agents 
and IC (B).

4. FAECAL INCONTINENCE

Lower	 gastrointestinal	 tract	 (LGIT)	 dysfunction	 is	
also	common	 in	patients	with	MSA.	Sakakibara	et	
al	 [95]	 (LOE2)	 performed	 a	 bowel	 questionnaire	
in	 15	 patients	 with	 MSA	 and	 in	 10	 age-matched	
healthy	 control	 subjects.	 The	 MSA	 group	 showed	
decreased	bowel	frequency	(<	3	times	a	week)	in	9,	
dificulty	in	expulsion	in	11,	and	faecal	incontinence	
in 3; the control group showed decreased bowel fre-
quency	 in	 only	 2,	mild	 dificulty	 in	 expulsion	 in	 2,	

fecal incontinence in none. Therefore, constipation 
is the major bowel dysfunction in this disorder, al-
though in advanced stages faecal incontinence is 
not uncommon.

Studies on the mechanism of bowel problems in this 
disorder	 are	 scarce.	 Stocchi	 et	 al.	 [96]	 (LOE2)	 per-
formed	anorectal	manometry	in	16	patients	with	MSA;	
13 patients showed paradoxical anal sphincter con-
traction	on	ictive	straining.	Bardoux	et	al.	[29]	(LOE3-
4) reported a case of a fecally incontinent patient 
due	to	MSA,	who	showed	inability	of	anal	squeezing.	
Sakakibara	et	al.	[97]	(LOE2)	performed	colonic	tran-
sit	time,	sphincter	electromyography	(EMG)	and	recto-
anal	videomanometry	in	15	patients	with	MSA	and	10	
age-matched healthy control subjects. Compared with 
the	 control	 subjects,	 MSA	 patients	 had	 signiicantly	
prolonged colonic transit time in the rectosigmoid 
segment	 (p<0.05)	 and	 total	 colon	 (p<0.05).	 Sphinc-
ter	EMG	showed	neurogenic	motor	unit	potentials	in	
none	of	control	subjects	but	in	93%	of	MSA	(p<0.01).	
In	 the	 resting	 state,	 MSA	 patients	 showed	 a	 lower	
anal	squeeze	pressure	(external	sphincter	weakness)	
(p<0.01)	 and	a	 smaller	 increase	 in	 abdominal	 pres-
sure	on	coughing	(p<0.01).	During	rectal	illing,	MSA	
patients showed smaller amplitude in phasic rectal 
contraction	(p<0.01),	which	was	accompanied	by	an	
increase in anal pressure that normally decreased, 
together	with	leaking	in	3	patients.	During	defecation,	
most	 MSA	 patients	 could	 not	 defecate	 completely,	
with	 larger	 post-defecation	 residuals	 (p<0.05).	 MSA	
patients had weak abdominal straining, smaller rec-
tal contraction on defecation and larger anal contrac-
tion	on	defecation	(paradoxical	sphincter	contraction	
on defecation, or anismus), though these differences 
were	not	statistically	signiicant.	

Constipation	 in	 MSA	 most	 probably	 results	 from	
slow colonic transit, decreased phasic rectal con-
traction and weak abdominal straining, whereas fe-
cal incontinence results from weak anal sphincter 
due to denervation. The responsible sites for these 
dysfunctions are still not known. However, as de-
scribed	in	idiopathic	Parkinson’s	disease,	they	most	
probably	relect	lesions	of	both	central	and	periph-
eral	nervous	systems	that	regulate	the	LGIT.	

LGIT	 functional	 disturbance	 is	 often	 preceded	 by	
LUT	dysfunction	 in	MSA	patients.	Abnormalities	 in	
colonic transit time and rectoanal videomanometry 
in	 MSA	 were	mostly	 similar	 to	 those	 in	 idiopathic	
Parkinson’s	disease,	except	for	the	sphincter	dener-
vation	and	resultant	fecal	incontinence	in	MSA.	

When	 treatment	 of	 the	 bowel	 disorder	 in	 MSA	 is	
planned, use of objective parameters is recom-
mended in order to clarify the action of drugs. A 
few	such	studies	are	available:	Eichhorn	and	Oer-
tel	 [98]	 (LOE3)	gave	polyethylene	glycol	3350,	an	
osmotic agent with high water binding capacity, in 
2	 patients	 with	MSA,	 and	 found	 an	 improvement	
in	 stool	 frequency	and	dificult	 defecation	 in	 both	
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patients.	 Similarly,	 Sakakibara	 et	 al.	 [99]	 (LOE2)	
measured colonic transit time in 4 patients with 
MSA.	After	administration	of	calcium	polycarbophil,	
an osmotic and highly bulking agent, colonic transit 
time of total and the right segment shortened sig-
niicantly.	Liu	et	al.	[100]	(LOE2)	performed	colonic	
transit time and rectoanal videomanometry in 7 pa-
tients	with	MSA.	After	administration	of	mosapride	
citrate, a novel selective 5-HT4 receptor agonist, 
the patients showed a shortened total and recto-
sigmoid	segment	colonic	transit	time,	lessened	irst	
sensation and an augmented amplitude in phasic 
rectal	 contraction.	 During	 defecation,	 mosapride	
augmented the amplitude in rectal contraction and 
lessened the volume of post-defecation residuals 
signiicantly.	Similar	results	were	obtained	in	a	study	
by	Sakakibara	et	al.	[101]	(LOE2),	in	which	dietary	
herb	extract	Dai-Kenchu-To,	one	active	component	
of	which	is	hydroxy-beta-sanshool	(5-HT3	receptor	
agonistic action), was prescribed. 

MSA	is	a	slowly	progressive	disease	currently	with-
out	 cure.	More	 research	 is	 needed	 to	evaluate	 the	
pathophysiology	of	LGIT	dysfunction,	and	 to	evalu-
ate the effects of different drug treatment modalities. 

Conclusions

•  Patients with multiple system atrophy have of-
ten abnormal bowel function (LOE2) .

•  The most common bowel disturbances are 
slow colonic transit, decreased phasic rectal 
contraction and weak abdominal straining; 
faecal incontinence results from weak anal 
sphincter, due to denervation (LOE2). 

•  Bowel dysfunction, such as constipation, is 
common and has signiicant impact on quality 
of life of patients with multiple system atro-
phy (LOE3).

Recommendations

•  More studies on neurologic bowel dysfunc-
tion and management in patients with multiple 
system atrophy are needed before giving any 
recommendation.

1. URINARY INCONTINENCE

Parkinson’s	 disease	 (PD)	 is	 a	movement	 disorder	
due to degeneration of dopaminergic neurons in the 
substantia nigra and a loss of dopamine-containing 
nerve	terminals	in	the	basal	ganglia.	Degeneration	
of the nigrostriatal pathway is accompanied by de-
creases in corresponding biochemical markers, in-
cluding dopamine, tyrosine hydroxylase, dopamine 
metabolites, and dopamine transporter. These cen-
tral	nervous	system	changes	also	have	inluence	on	
autonomic function; the most common problems are 

gastrointestinal	(constipation),	perspiratory	(hypohi-
drosis) and urinary systems [102].

LUT	 dysfunction	 in	 PD	was	 estimated	 to	 occur	 in	
37-71% in uncontrolled studies. Among these, in a 
study	of	Hattori	et	al.	[103]	(LOE3)	60%	of	PD	pa-
tients had urinary symptoms, which could be divided 
in	 the	 following	categories:	 storage	LUTS	 in	28%,	
voiding in 11%, and both types in 21%. The preva-
lence of urinary symptoms correlated with severity 
of the disease, but not with the duration of illness. 
Gray	et	al.	[104]	(LOE3)	reported	that	LUT	function-
al	disturbances	in	PD	are	not	disease-speciic	and	
only correlated with age. In the more recent, con-
trol-based	studies	[106-109]	(LOE2)	the	prevalence	
of	LUT	symptoms	(LUTS)	was	found	to	be	27-64%	
using validated questionnaires [105-107], or 53% 
in men and 63% in women using a non-validated 
questionnaire that includes a urinary incontinence 
category	 [7],	with	all	 of	 these	values	being	signii-
cantly higher than healthy controls. The majority of 
patients had onset of the bladder dysfunction after 
the appearance of motor disorder. In one study, 
urinary	 incontinence	 in	 PD	 frequently	 occurred	 in	
conjunction with fecal incontinence, whereas no 
signiicant	 relation	was	observed	between	bladder	
and	 sexual	 dysfunction.	 Bladder	 dysfunction	 sub-
stantially affects the quality of life in patients with 
PD	[108]	(LOE2).	Bladder	dysfunction	in	PD	corre-
lates	with	neurological	disability	[105]	(LOE2),	and	
stage	 of	 disease	 [108]	 (LOE2),	 both	 suggesting	 a	
relationship between dopaminergic degeneration 
and	LUTS.	LUTS	was	more	common	in	a	group	of	
PD	 patients	 with	 older	 age,	 as	 in	 healthy	 popula-
tions.	 Among	 LUTS,	 nocturia	 (night-time	 urinary	
frequency)	 is	 the	most	prevalent	symptom	(>60%)	
[105-108]	(LOE2).	Patients	also	complain	of	urinary	
urgency	 (33-54%),	 daytime	 frequency	 (16-36%),	
and	urinary	incontinence	in	26%	of	males	and	28%	
of	 females.	These	 igures	 are	 almost	 the	 same	 in	
untreated,	 early	 PD	 patients	 [109].	 Although	 less	
common	than	storage	symptoms,	PD	patients	also	
report voiding symptoms. In the study by Sakakiba-
ra	et	al.	[110]	(LOE2),	PD	patients	had	signiicantly	
higher	 rates	of	delay	 in	 initiating	urination	(44%	of	
men),	prolongation/poor	stream	(70%	of	men),	and	
straining	(28%	of	women)	compared	with	the	control	
group.	However,	despite	the	voiding	symptoms,	PD	
patients have low post-void residuals. 

a)  Pathology and disease-speciic urinary tract 
problems

The net effect of the basal ganglia on micturition 
is	thought	to	be	inhibitory	[111];	in	PD,	the	bladder	
becomes overactive. Functional neuroimaging dur-
ing	bladder	illing	resulted	in	activation	in	the	globus	
pallidus of normal volunteers and in the putamen in 
PD	patients	with	detrusor	overactivity	[112]	(LOE2).	
In	 contrast,	 dopamine	 transporter	 imaging	 (indi-
cating brain dopamine neurons) was decreased in 
PD	patients	with	urinary	dysfunction	 than	 in	 those	

III. PARKINSON’S DISEASE
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without	 it	 [13]	 (LOE2).	The	micturition	relex	 is	un-
der	 the	 inluences	 of	 nigrostriatal	 dopamine	 (both	
inhibitory	in	D1	and	facilitatory	in	D2)	and	GABA	(in-
hibitory).	Deep	brain	stimulation	in	the	subthalamic	
nucleus results in amelioration of motor disorder as 
well as increased bladder capacity and decreased 
post-void	residuals	[114]	(LOE2).	Therefore,	urinary	
dysfunction	in	PD	could	relect	degeneration	of	the	
nigrostriatal dopaminergic cells associated with 
speciic	motor	disorders.	 In	addition	 to	 the	nigros-
triatal dopaminergic projection, the ventral tegmen-
tal	area	(VTA,	the	A10	cell	group)-limbic	cortex	and	
the	 hypothalamic	 (the	A11	 cell	 group)-spinal	 cord	
dopaminergic projections are presumably involved 
in	urinary	dysfunction	in	PD.	

In	a	study	of	PD	and	multiple	system	atrophy	(MSA)	
patients,	Sakakibara	et	al.	 [116]	 (LOE2)	 found	uri-
nary	symptoms	 in	72%	of	PD	patients.	They	were	
mostly	attributed	to	DO	(81%)	and	external	sphinc-
ter	relaxation	problems	(33%).	Failure	of	sphincter	
relaxation	may	relect	bradykinesia,	rather	than	true	
DSD.	During	micturition,	PD	patients	did	not	dem-
onstrate	 DSD,	 but	 impaired	 detrusor	 contractility	
was observed in 66% of women and 40% of men. 
In	addition,	patients	with	PD	had	partial	bladder	out-
let obstruction, e.g. mean bladder outlet obstruction 
index	was	43	 in	men	(equivalent	parameters	gave	
a	value	of	40	in	women).	Nevertheless,	average	vol-
ume	of	 post-void	 residuals	 in	PD	was	only	 18	ml.	
Similar	observations	were	reported	by	Defreitas	et	
al.	[117]	(LOE2).	These	urodynamic	indings	are	al-
most	the	same	in	untreated	early	PD	patients	[110].

b) Speciic diagnosis and treatment

In	the	differential	diagnosis	of	PD	and	parkinsonian-
type	MSA,	 large	post-void	residuals,	open	bladder	
neck, and neurogenic change in sphincter mo-
tor	 unit	 potentials	 are	 common	 in	MSA	 [115,	 118]	
(LOE2),	whereas	 they	 are	 rarely	 seen	 in	 clinically	
typical	 PD	 [119].	 However,	 recent	 evidence	 sug-
gests	 that	 PD	 with	 dementia,	 or	 dementia	 with	
Lewy	 bodies,	 may	 have	 large	 post-void	 residuals	
and neurogenic change in the sphincter motor unit 
potentials	 [120],	 thereby	 mimicking	 MSA	 (LOE3).	
Bladder	dysfunction	in	PD	parallels	other	autonomic	
dysfunctions [121], cardiac denervation [122], and 
falls	[123]	(LOE3).	

Levodopa	and	other	antiparkinson	medication	may	
affect	bladder	function	in	PD.	To	date	the	results	are	
not consistent and the responses are not straight-
foward. Some reports have shown storage-facilitat-
ing effects of dopaminergic drugs; a questionnaire 
study	reported	that	voiding	symptoms	(intermittency	
and sensation of residual urine) were more common 
in	those	taking	levodopa	and	bromocriptine	(D2-se-
lective agonist) than in those taking levodopa alone 
[111a]	(LOE2).	In	contrast,	Kuno	et	al.	[124]	(LOE3)	
showed that change of bromocriptine to pergolide 
(D1<2	agonist)	 brought	 lessening	of	 nocturia,	 and	
Yamamoto	 [125]	 (LOE3)	 described	 improvement	

of	 DO	 by	 pergolide.	 Others	 have	 shown	 voiding-
facilitating	 effects.	 In	 early	 PD	 [126]	 (LOE2)	 and	
advanced	 PD	 with	 the	 on-off	 phenomenon	 [127]	
(LOE2),	a	single-dose	of	levodopa	exacerbates	DO	
in	the	illing	phase,	but	also	improves	bladder	emp-
tying through increased detrusor contractility. We 
still do not know the reasons for the discrepancy 
between different studies. 

There are several factors underlying the complex 
bladder	 behaviour	 in	 PD.	 Post-synaptic	 dopamine	
D1	 (excitatory)	 and	D2	 (inhibitory)	 receptors	 have	
a	millimolar	afinity	to	dopamine,	whereas	dendritic	
D2	 (inhibitory)	autoreceptors	have	a	picomolar	af-
inity	to	dopamine.	Therefore,	when	levodopa	is	ad-
ministered	externally,	it	may	irst	stimulate	dendritic	
D2	autoreceptors,	which	might	suppress	the	nigral	
cells	and	facilitate	the	micturition	relex.	In	cases	of	
PD	under	long-term	treatment	with	levodopa,	dopa-
mine	 receptors	are	down-regulated.	Bladder	 over-
activity	might	also	involve	an	activation	of	D2	recep-
tors	in	the	spinal	cord	[128]	(LOE2).	In	addition,	in	
experimental animals, single doses of apomorphine 
showed	a	biphasic	effect	[129]	(LOE2).	

There	are	no	speciic	studies	on	systematic	anticho-
linergic	drugs	to	treat	neurologic	DO	in	PD	patients.	
A	systematic	review	of	anticholinergic	use	(centrally	
acting)	to	treat	PD	was	done	by	Katzenschlager	et	
al.	 [130]	 (LOE	 l).	Cognitive	 adverse	 events	 of	 an-
ticholinergics are a concern, particularly in elderly 
PD	 patients.	 This	 was	 irst	 described	 in	 1997	 by	
Donnellan	et	al.	in	PD	patients	with	overactive	blad-
der	 [131]	 (LOE	 3).	 They	 gave	 oxybutynin	 in	 four	
patients, who subsequently developed dementia, 
which reversed after discontinuation of oxybutynin. 
Factors underlying the cognitive effects of these 
medications include: 1) central muscarinic recep-
tor	afinity,	e.g.	high	M1-receptor	selectivity;	and	2)	
easy	 penetration	 of	 the	 blood-brain	 barrier	 (BBB),	
e.g.	high	lipid	solubility	(water	versus	oil	partition	co-
eficient	 [LogP]<3;	 number	 of	 hydrogen	 bonds<8);	
a	 neutral	 charge	 or	 low	 degree	 of	 ionization	 (po-
lar	 surface	 area<90A);	 and	 a	 less	 bulky	 (number	
of	 rotatable	 bonds<5)	 and	 smaller	 molecular	 size	
(<450Da)	 [132]	 (LOE	2).	Most	anticholinergics	are	
non-selective muscarinic blockers, but darifena-
cin	 is	 an	M3-selective	 antagonist.	Regarding	BBB	
penetration, most anticholinergics have a molecular 
size	 between	 300-400Da.	 Oxybutynin	 can	 readily	
penetrate	the	CNS.	Trospium,	a	quaternary	amine,	
has	a	high	polarity	that	may	limit	BBB	penetration.	

Deep	brain	stimulation	(DBS)	is	a	treatment	option	
in	advanced	PD.	The	subthalamic	nucleus	(STN)	is	
regarded as the key area in the indirect pathway, 
which	 is	 dominant	 in	 the	 parkinsonian	 state.	 DBS	
inhibits	many	cells	within	the	STN,	probably	due	to	
depolarization	block	and	release	of	GABA	from	ac-
tivation	of	inhibitory	afferent	terminals.	In	the	STN,	
neuronal	irings	related	to	the	micturition	cycle	have	
been	observed	in	cats	[133]	(LOE2).	DBS	increased	
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bladder capacity, facilitated bladder afferent path-
ways, and augmented activity of the prefrontal cor-
tex	 in	 the	brain	of	PD	patients	 [134]	 (LOE2).	DBS	
can	cause	urinary	retention	[135]	(LOE3).	Intravesi-
cal botulinum toxin injection seems to be a promis-
ing	method	 to	 treat	 intractable	DO	 in	patients	with	
PD	[136,	137]	(LOE3).	For	voiding	failure,	the	treat-
ment	 of	 choice	 is	 IC;	 however,	 PD	 patients	 rarely	
have	post-void	residual	volume	>	100ml.	

As	 in	MSA,	 a	 very	 important	 issue	 in	PD	affected	
patients	is	the	indication	for	pelvic	surgery.	Myers	et	
al.	[138]	(LOE2)	found	that	women	with	PD	and	LUT	
complaints have a lower maximum cystometric ca-
pacity	and	a	higher	rate	of	DO	at	lower	bladder	vol-
umes in comparison with non-neurologic controls. 
Therefore surgery for stress incontinence in women 
with	PD	should	be	performed	only	when	no	signii-
cant	DO	 is	present,	since	 this	 type	of	surgery	can	
evoke	 or	 aggravate	 DO	 and	 subsequent	 urgency	
incontinence.	A	secure	diagnosis	of	BOO	is	needed	
before considering transurethral prostate resection 
in	PD,	and	the	neurological	diagnosis	of	PD	likewise	
needs	to	be	secure,	since	MSA	inevitably	develops	
urinary retention in the course of neurologic illness. 
In	true	PD,	prostate	surgery	is	not	contraindicated,	
whereas	it	is	in	MSA.	

Conclusions

•  In Parkinson’s disease, LUT symptoms are as-
sociated with degeneration of dopaminergic 
neurotransmission (LOE2).

•  The most common LUT disturbances are de-
trusor overactivity, and detrusor hypocon -
tractility (LOE2).

•  The effect of levodopa on LUTS in PD patients 
remains to be fully elucidated (LOE3).

Recommendations

•  Detrusor overactivity in PD patients can be 
treated with antimuscarinic drugs (B).

•  For voiding failure with signiicant post void 
residual, the treatment of choice is intermittent 
catheterization (B).

•  LUT surgery for patients with Parkinson’s 
symptoms is an option, but MSA should be ex-
cluded. However stress incontinence surgery 
should not be offered to patients with signii-
cant detrusor overactivity (C).

2.  CONSTIPATION AND FAECAL INCONTINENCE

Lower	 gastrointestinal	 tract	 (LGIT)	 dysfunction	 is	
common	 in	 Parkinson’s	 disease	 (PD).	 In	 recent,	
control-based studies, the incidence of decreased 
stool	 frequency	 (<	3	 times	a	week)	 in	PD	patients	
ranges	from	20%	to	81%,	dificulty	in	stool	expulsion	
57-67%,	and	diarrhea	21%	[139,	140]	(LOE2).	All	of	
these	values	are	signiicantly	higher	than	in	the	nor-

mal	population	 (range,	decreased	stool	 frequency,	
0-33%;	 dificulty	 in	 stool	 expulsion,	 26-28%;	 diar-
rhea, 10%). Fecal incontinence affects 10-24% in 
PD	[139,	141]	(LOE2).	Therefore,	constipation	is	the	
most	prominent	LGIT	symptom	in	patients	with	PD.	
Indeed,	PD	is	a	risk	factor	for	elderly	nursing	home	
residents	 to	 have	 constipation.	 Bowel	 dysfunction	
affects	 the	 quality	 of	 life	 in	 patients	 with	 PD.	 The	
rate	of	dissatisfaction	for	bowel	dysfunction	(59%)	is	
signiicantly	higher	than	for	urinary	(28%)	or	sexual	
dysfunction	 (29%),	 although	 the	 prevalence	 rate	
of	all	 three	dysfunctions	 is	almost	 the	same	(more	
than 60%). The rate of dissatisfaction for the bowel 
dysfunction	in	PD	is	also	signiicantly	higher	than	in	
healthy	controls	(16%)	[141]	(LOE2).	

Difficulty	 in	 expulsion,	 and	 diarrhea	 are	 more	
common	 in	 the	higher	 grade	of	Hoehn	and	Yahr	
staging, suggesting a relationship between dopa-
minergic	degeneration	and	LGIT	symptoms.	Fecal	
incontinence	in	PD	occurs	commonly	with	urinary	
incontinence, whereas no significant relation has 
been seen between bowel and sexual dysfunc-
tion.	Constipation	in	PD	is	often	associated	with	a	
low coefficient of variation in electrocardiographic 
R	 to	R	 intervals	 [142]	 (LOE3).	The	 findings	 indi-
cate that parasympathetic dysfunction might un-
derlie these abnormalities.

Intestinal	pseudo-obstruction	(IPO),	also	called	para-
lytic ileus, is the most severe presentation of consti-
pation	in	patients	with	PD	and	constitutes	a	medical	
emergency.	 The	 incidence	 of	 IPO/	 volvulus	 is	 2.4-
7.1%	 [143,	 144]	 (LOE3).	 The	 clinical	 features	 are	
mean	age	78.5	years	with	illness	duration	5.3	years,	
with no gender bias; constipation was seen in all and 
urinary dysfunction in most. Although rare, emergen-
cy	IPO	needs	hospitalization	and	may	lead	to	a	poor	
outcome. Therefore, preventative treatment of con-
stipation, including consideration of prokinetic drugs 
is	necessary,	particularly	in	elderly	PD	patients.

There seems to be an association between the fre-
quency of bowel movements and the future risk of 
developing	PD	[145]	(LOE1).	This	observation	is	in	
line	with	the	pathological	staging	of	PD	by	Braak	et	
al.	 [146]	 (LOE1),	 in	 which	 disease	 process	 in	 the	
central nervous system starts earlier in the dorsal 
motor vagal nucleus than in the substantia nigra in 
PD.	 From	 a	 clinical	 perspective,	 it	 is	 of	 particular	
relevance that patients may see gastroenterologists 
or	physicians	irst	because	of	 their	bowel	dysfunc-
tion,	prior	to	a	correct	diagnosis	of	PD	being	made.	
Therefore, constipation as the initial presentation of 
PD	is	akin	to	urinary	dysfunction	as	the	 initial	pre-
sentation of multiple system atrophy.

a) Pathology and disease-speciic problems

The enteric nervous system generates the peri-
stalsis responsible for bowel content transit [147] 
(LOE2).	The	components	of	peristalsis	are	contrac-
tion on the oral side of the bolus, and relaxation on 
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the caudal side. Cholinergic receptors have a major 
role in the contraction proximally. The strength of 
cholinergic transmission is regulated by opposing 
receptors; serotonin 5-HT4 receptor-mediating ex-
citation	 and	 dopamine	 D2	 receptor-mediating	 in-
hibition	 [38].	 Post-mortem	 studies	 of	 bowel	 in	 PD	
have shown decrease in dopaminergic myenteric 
neurons	and	the	appearance	of	Lewy	bodies	along	
the proximal-distal axis, being most frequent in the 
lower	 esophagus,	 but	 scarce	 in	 the	 rectum	 [148-
150]	(LOE2).	Thus	PD	affects	not	only	central,	but	
also	peripheral	(enteric)	nervous	system.	

LGIT	function	primarily	consists	of	[1]	colonic	trans-
port of the bowel content to the anorectum, [2] tran-
sient storage in the anorectum, and [3] defecation. 
In	PD,	constipation	results	primarily	from	decreased	
transport	 and/or	 disturbed	 anorectal	 evacuation.	
Fecal incontinence may result from disturbed ano-
rectal	 reservoir	 function,	 or	 overlow	 secondary	 to	
constipation. Previous reports have shown that to-
tal	 colonic	 transit	 time	 (CTT)	 is	 increased	 beyond	
the	normal	threshold	in	80%	of	PD	patients,	which	
translates into an increased average CTT ranging 
from	44	hours	to	130	hours	[139,	141,	151]	(LOE2),	
and	89	hours	 in	de	novo	PD	patients	 [48]	(LOE2),	
all	of	which	are	signiicantly	longer	than	the	CTT	in	
controls	 (range,	20-39	hours).	Prolonged	CTT	has	
also	been	documented	in	PD	patients	without	sub-
jective constipation. Slow colonic transit is the ma-
jor cause of decreased stool frequency. The slow 
colonic	transit	is	likely	to	relect	a	decrease	in	slow	
waves and spike activities of the colon [147]. 

In	resting	anal	manometry,	the	anal	pressure	of	PD	
patients	 is	 low	 or	 normal	 [139,	 141,	 151]	 (LOE2).	
The	resting	anal	pressure	may	relect	sympathetic	
innervation in the internal anal sphincter, since le-
sions	 or	 anaesthetic	 blocks	 at	 T12-L3	 (where	 the	
sympathetic preganglionic neurons are located) 
substantially lessen the anal pressure. Similarly, 
most	 PD	 patients	 have	 normal	 anal	 pressure	 in-
crease	on	squeezing.	This	inding	corresponds	to	a	
lack of neurogenic changes in the external sphincter 
EMG.	Nevertheless,	 latent	anal	sphincter	dysfunc-
tion may explain the fecal incontinence that occurs 
in	 most	 advanced	 cases.	 In	 slow-illing	 rectoanal	
videomanometry,	PD	patients	had	 the	same	rectal	
volume	at	irst	sensation	and	a	maximum	desire	to	
defecate, and the same rectal compliance as con-
trol	 subjects	 [141,	 152]	 (LOE2).	 In	 contrast	 to	 the	
bladder, the normal rectum shows spontaneous 
phasic contraction. However, the amplitude of the 
spontaneous	 phasic	 rectal	 contraction	 in	 PD	 pa-
tients	 is	 signiicantly	 less	 than	 that	 in	 control	 sub-
jects. The decreased spontaneous phasic rectal 
contraction may share the same aetiology with the 
decrease in CTT. 

During	defecation,	healthy	subjects	utilize	the	inal	
wave of spontaneous phasic rectal contractions. 
However,	rectal	contraction	on	defecation	in	PD	pa-
tients	is	smaller	than	that	in	controls	[141]	(LOE2).	

In	 addition,	 in	 PD	 patients	 abdominal	 straining	 is	
smaller.	 In	PD	patients,	paradoxical	anal	sphincter	
contraction	 on	 defecation	 (PSCD),	 or	 anismus,	 is	
observed	in	studies	using	sphincter	EMG,	radiogra-
phy, and anal pressure measurement. The mecha-
nism	of	the	impaired	straining	in	PD	may	include	ri-
gidity and reduced contractility of the axial muscles, 
and a failure of coordinated glottis closure. Howev-
er,	neuronal	degeneration	in	the	brain	of	PD	patients	
relevant	to	straining	is	yet	to	be	clariied.	Mathers	et	
al.	[153]	consider	PSCD	a	focal	dystonia.	Dysfunc-
tion in the suprasacral descending pathway to the 
external sphincter may be a contributing factor. Apo-
morphine	was	shown	to	lessen	PSCD	[153]	(LOE2).	
This effect was not antagonized by domperidone, 
which	does	not	penetrate	the	BBB,	suggesting	that	
CNS	pathology	may	contribute	to	PSCD.

b) Disease-speciic diagnosis and treatment

Insoluble	 dietary	 ibers	 produced	 an	 improvement	
in stool consistency and an increase in stool fre-
quency	in	PD,	which	paralleled	an	improvement	in	
levodopa	 absorption	 [154]	 (LOE3).	 Dietary	 ibers	
such	 as	 psyllium[155]	 (LOE2)	 and	 polyethylene	
glycol	3350	[156]	(LOE2),	or	bulking	and	highly	hy-
drophilic	agent	polycarbophil	[157]	(LOE2),	improve	
constipation in neurodegenerative disorders, in-
cluding	PD.	Although	psyllium	does	not	alter	CTT	or	
anorectal	parameters	in	PD	patients,	polycarbophil	
shortens the total CTT, particularly in the proximal 
bowel segments. 

It is possible that levodopa and other antiparkinson 
medication	may	affect	bowel	function	in	PD.	Endoge-
nous dopamine is thought to inhibit intestinal motility 
via	D2	receptors.	Tateno	and	Sakakibara	performed	
the quantitative lower-gastrointestinal autonomic test 
(QL-GAT,	 a	 combination	 of	 colonic	 transit	 and	ma-
nometry)	 in	 19	 early,	 untreated	PD	 patients	 before	
and	after	administration	of	200	mg/day	of	 levodopa	
[158].	Levodopa	augmented	rectal	contraction,	less-
ened paradoxical anal sphincter contraction on def-
ecation	 (PSCD,	anismus),	and	 thereby	ameliorated	
anorectal constipation, without apparent adverse ef-
fects. This might be brought about by both peripheral 
and central dopaminergic stimulation. 

Since levodopa is absorbed from the small intestine, 
bowel	dysfunction	in	PD	may	interfere	with	levodopa	
absorption, worsen the motor disorder, or even lead 
to	malignant	 syndrome	 [140,	 159]	 (LOE3/4).	 Dom-
peridone,	 a	 peripheral	 D2	 receptor	 antagonist	 that	
does not cross the blood-brain barrier, causes a 
mean 12% increase in peak plasma levodopa con-
centrations that occurs a mean of 10 min earlier than 
when	levodopa	is	given	alone	[160]	(LOE3).	

The selective 5-HT 4 receptor agonist cisapride 
[161], though no longer licensed, and newer agents 
such	 as	 mosapride	 [162]	 (LOE2)	 and	 tegaserod	
[163]	signiicantly	reduce	CTT	and	ameliorate	con-
stipation	 in	 PD.	 Mosapride	 shortened	 total	 CTT 
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(particularly	 the	 caudal	 segment),	 and	 augmented	
the amplitude in rectal contraction during defecation 
in	patients	with	PD	[162].	Notably,	 improvement	of	
parkinsonism	is	more	signiicant	with	pergolide-mo-
sapride than with pergolide-domperidone, presum-
ably	 relecting	 better	 levodopa	 absorption.	 Similar	
results	were	obtained	in	PD	by	dietary	herb	extract	
Dai-Kenchu-To,	 one	 active	 component	 of	which	 is	
hydroxy-beta-sanshool	 (5-HT3	 receptor	 agonistic	
action)	[164]	(LOE2).	A	series	has	shown	a	role	for	
Botulinum	 toxin	 A	 injections	 into	 the	 puborectalis	
muscle	[165]	(LOE3).	

Conclusions  

•  Patients with PD often have abnormal anorec-
tal function (LOE2).

•  The most common bowel disturbances in PD 
are slow colonic transit, decreased phasic rec-
tal contraction, weak abdominal straining, and 
paradoxical sphincter contraction on defeca-
tion (anismus) (LOE2). 

•  Bowel dysfunction such as constipation is 
common and has signiicant impact on quality 
of life of PD patients (LOE2).

Recommendations

•  More studies on management of neurologic 
bowel dysfunction in PD are needed. 

Listing	of	terminology	used	for	the	searches:	cere-
brovascular accident, cerebral lesions, bladder dys-
function, urinary incontinence, faecal incontinence. 

1. URINARY INCONTINENCE

Cerebro-vascular	accident	(CVA)	is	the	third	most	
frequent cause of death in industrialised coun-
tries, after myocardial infarction and malignan-
cies.	 Based	 on	 age-dependence	 of	 CVA	 and	 the	
increasing age of the population, the importance of 
CVA is increasing: currently one out of 200 people 
will	 suffer	 from	a	CVA,	80	 to	90%	of	 them	above	
the age of 65. The 5-year-survival rate is 56% in 
men and 64 % in women.

At the time of maximal impairment following a CVA, 
41.1%	 of	 4499	 patients	 (46.0%	 of	 females	 and	
37.3% of males studied) had urinary incontinence 
[167]. An analysis of the symptoms of 532 patients 
seen within 7 days of their stroke found that the pres-
ence of urinary incontinence appeared to be a more 
powerful prognostic indicator for poor survival and 
eventual functional dependence than a depressed 
level	of	consciousness	[168,	169].	It	was	suggested	
either that incontinence was the result of a severe 
general	rather	than	speciic	loss	of	function	or	that	
those who were incontinent were less motivated 

to recover from both continence and more general 
function	impairment.	Outcome	was	so	much	better	
in those who remained or became dry that it seems 
possible that recovery of continence may promote 
morale and self-esteem, which might hasten overall 
recovery.	Urinary	incontinence	with	impaired	aware-
ness of bladder sensation seem to be associated 
with poorer outcome than urgency urinary inconti-
nence with preserved bladder perception [170]. 20-
30% of patients still suffer from urinary incontinence 
six months after the CVA if no proper treatment has 
been instigated [171]. Six months after stroke, 16% 
of patients experience urine loss, and that urinary 
loss was perceived as urinary incontinence when it 
occurred at least monthly [172]. 

a) Pathology and disease speciic LUT problems

Prior	to	the	indings	of	functional	brain	imaging	stud-
ies, all that was known about the cortical control of 
the bladder was based on clinical studies of patients 
with	 brain	 lesions.	 The	most	 inluential	 study	was	
that	by	Andrew	and	Nathan,	1964	 [173].	The	 typi-
cal clinical picture of frontal lobe incontinence they 
described was of a patient with severe urgency 
and frequency of micturition and urgency inconti-
nence, without dementia, the patient being socially 
aware	and	embarrassed	by	 the	 incontinence.	Mic-
turition was normally co-ordinated, indicating that 
the disturbance was in the higher control of these 
processes. The authors made the comment: “this 
paper was written because people did not believe 
that there was such a thing as cerebral disturbance 
of the bladder“.

There have been a number of urodynamic studies 
of patients who have developed urinary symptoms 
after CVA, disparate cortical lesions. In general, 
voiding is normally co-ordinated, as patients do not 
show	DSD,	and	the	commonest	cystometric	inding	
is	DO	[174-176].	

At	3	months,	53%	of	stroke	patients	have	signiicant	
urinary	 complaints	 [177].	 The	 commonest	 LUTS	
were nocturia in 36%, urgency incontinence in 29% 
and	voiding	dificulty	in	25%.	Urinary	retention	was	
seen	in	the	acute	phase	of	illness	in	6	%.	A	signii-
cant positive correlation was found between the oc-
currence of a urinary disturbance and hemiparesis. 
Brain	imaging	techniques	conirmed	a	more	anterior	
location	of	brain	lesions	in	these	groups.	Urodynam-
ic	studies	on	22	symptomatic	patients	showed	DO	
in	68%	and	uninhibited	sphincter	relaxation	in	36%.	
DSD	was	reported	in	14%,	which	should	not	occur	
in	 suprapontine	 lesions;	whether	DSD	was	appro-
priately diagnosed, rather than representing a hold-
on manoeuvre to prevent urinary leakage, could not 
be	clariied	from	the	paper.	There	was	some	indica-
tion that lesion size was related to the occurrence 
of	urinary	symptoms.	 In	contrast	 to	 the	indings	of	
Maurice-Williams	 [178]	 and	 Kuroiwa	 et	 al.	 [176],	
who found a correlation of urinary incontinence with 
lesions of the right brain hemisphere, Sakakibara 

IV.  CEREBRAL LESIONS AND CERE-
BROVASCULAR ACCIDENTS
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et	al.	[177]	could	not	ind	a	preponderance	of	right	
sided	 lesions	 for	 incontinence.	Their	 indings	 sug-
gest that the damage to the antero-medial frontal 
lobe, its descending pathway and to the basal gan-
glia is mainly responsible for micturition dysfunction 
in stroke patients. An epidemiological study showed 
an association of hemispatial neglect due to right 
hemisphere	and	urinary	 incontinence	 [180].	 In	 the	
latter study, no urodynamic tests were done, and 
urinary incontinence might have been secondary to 
general neglect syndrome. 

Urinary	 incontinence	 in	 stroke	 patients	 is	 usually	
interpreted as the loss of central inhibition. How-
ever, loss of bladder perception as a concomitant 
factor	may	also	be	relevant.	Deicit	of	bladder	sen-
sation seems to be associated with poorer general 
outcome. Such patients have more parietal lobe 
but less frontal lobe impairment than patients with 
urge urinary incontinence and preserved bladder 
sensation [177]. Patients with frontal lobe lesions 
(tumours)	and	damage	to	the	right	superior	bifron-
tal region have temporary incontinence, whereas 
permanent incontinence was associated with bilat-
eral	damage	[180].

Urinary	 retention	 has	 also	 been	 described	 in	 pa-
tients with brain lesions. Three case histories of 
elderly females with various forms of right frontal 
lobe pathology were described as urinary retention. 
In two, one with an abscess and the other with a 
haematoma, successful treatment brought recovery 
of	bladder	function	[181,	182]	

An experimental model for studying the effect of 
forebrain lesions and voiding dysfunction was de-
veloped in the rat by occluding the middle cerebral 
artery under pentobarbital or halothane anaesthe-
sia. At thirty minutes after recovery from anaesthe-
sia bladder capacity in animals with cerebral infarct 
was markedly decreased. The decreasing bladder 
capacity continued as long as four months after ar-
tery	 occlusion.	 Based	 on	 the	 effects	 of	 two	 differ-
ent	 types	of	 receptor	antagonists	on	OAB	induced	
by left middle cerebral artery occlusion, the authors 
[183]	concluded	that	the	NMDA	receptor	(N-methyl-
D-aspartate)	has	a	role	in	the	development	of	OAB	
after CVA. A glutamate receptor antagonist thus 
might	be	beneicial	for	OAB	caused	by	cerebrovas-
cular disease, as the induced potentiation of blad-
der	relexes	seems	to	depend	on	NMDA	glutamate	
transmission	(LOE	4).

Brainstem	lesions	give	a	different	proile	from	hemi-
spheric	 lesions.	 In	 1926	 Holman	 [184]	 noted	 that	
voiding	dificulty	could	be	a	sign	of	 tumours	 in	 the	
posterior fossa. In a series of patients with brain tu-
mours,	Ueki	et	al.	[185]	reported	voiding	dificulty	to	
occur	 in	46/152	(30	%)	of	patients	with	tumours	 in	
the posterior fossa, while urinary incontinence oc-
curred	only	in	3	(1.9	%).	Renier	and	Gabreels	[186]	
found	urinary	 retention	 in	12/17	children	with	pon-
tine glioma. There are a number of case histories 

published	 presenting	 dificulties	 with	micturition	 in	
various	brain	stem	pathologies	[187-190].	

Sakakibara	et	al.	 [189]	 reported	 the	urinary	symp-
toms of 39 patients who had brainstem strokes. Al-
most half the patients had urinary symptoms, noctu-
ria	and	voiding	dificulty	in	28	%,	urinary	retention	in	
21	%	and	urinary	incontinence	in	8	%.	The	problems	
were more common following haemorrhage, prob-
ably	because	the	damage	was	usually	bilateral.	Uri-
nary symptoms did not occur in those with lesions 
of the midbrain, but they did in 35 % of those with 
pontine	 lesions	 and	 in	 18	%	of	 those	with	medul-
lary	stroke.	Urodynamic	studies	 in	11	symptomatic	
patients	showed	DO	in	8/11,	low	compliance	in	1/11.	
Detrusor	 acontractility	 occurred	 in	 3	 of	 the	 11	 at	
three months, six months and 3 years after the oc-
currence. A non-relaxing sphincter on voiding was 
found	 in	 5/11	 and	 uninhibited	 sphincter	 relaxation	
in	3/11	(LOE	3).	

b) Disease-speciic diagnosis and management 

Basic	 diagnosis	 comprises	 a	 targeted	 history	 and	
clinical investigation, urine analysis, postvoid resid-
ual	urine	and	a	bladder	diary.	In	patients	with	signii-
cant residual urine of over 100 cc or more than 50 % 
of bladder capacity, a urodynamic investigation may 
help to differentiate between detrusor weakness, 
and	functional	or	morphological	outlow	obstruction.

Urinary	 incontinence	 within	 seven	 days	 of	 acute	
stroke has a highly predictive prognostic value for 
long	term	outcome	[168,	191]	(LOE3).	Large	lesions	
involving the frontal lobe, which is relevant to blad-
der control, might also affect the motor function. Im-
mediately after the CVA, an indwelling transurethral 
or suprapubic catheter allows control of the urinary 
output	in	the	Stroke	Unit.	Diuresis	should	be	moni-
tored.	 Once	 the	 stroke	 situation	 is	 stabilised	 and	
diuresis is normalised the catheter should be re-
moved and the patient put on intermittent catheteri-
sation	if	voiding	is	ineficient.	In	the	early	stage	after	
the stroke, urinary incontinence can be managed by 
a condom catheter or by pads. Further treatment 
comprises	 behavioural	 therapy	 (initially	 toileting,	
later on micturition training) and anticholinergic 
therapy, if the voided volumes are below 250 cc. 
The	patient’s	ability	 to	squeeze	 the	anal	sphincter	
voluntarily is a good prognostic sign for subsequent 
return of continence. In the early phase, especially 
during catheter drainage, special care must be tak-
en to avoid urinary tract infections with secondary 
complications. In diabetic patients low dose infec-
tion	prophylaxis	is	recommended	(LOE	4).

Behavioural	 intervention	 has	 a	 good	outcome	 for	
urinary	 incontinence	 after	 stroke	 [192-194]	 (LOE	
4). When urinary urgency and incontinence persist 
after stroke, anticholinergics are generally used, 
but no systematic survey of anticholinergic use in 
post	stroke	patients	is	available.	One	trial	has	re-
ported suburothelial injection of botulinum A toxin 
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for	 neurogenic	 DO,	 including	 patients	 post	 CVA.	
Results	are	not	as	good	as	for	SCI	[195].	

Regarding	further	research,	there	is	a	need	for	fur-
ther epidemiologic studies of the true incidence of 
LUT	symptoms	including	incontinence	after	CVA	in	
the longer term. Evidence is lacking concerning ef-
icacy	and	safety	of	currently	used	therapeutic	inter-
ventions. Controlled studies comparing behavioural 
therapy and anticholinergic medication alone and in 
combination would be useful.

Conclusions

•  Incontinence after CVA is a prognostic indi -
cator for survival and eventual functional de -
pendence. (LOE 2).

•  The commonest urological problems after 
stroke are nocturia (36 %), urgency inconti-
nence (29 %) and dificulty in voiding (25 %). 
(LOE 2/3)

•  There is a positive correlation between the oc-
currence of urinary dysfunction and hemipare -
sis. (LOE 2/3)

•  Urodynamic studies revealed detrusor over-
activity in 68%, and sphincter relaxation prob-
lems in 36%. (LOE 4)

•  Damage to the antero-medial frontal lobe and 
its descending pathways, and the basal gan-
glia are mainly responsible for voiding dys -
function in stroke patients. (LOE 3)

•  With brainstem pathology, symptoms of im-
paired voiding (urinary retention) predomi -
nate. (LOE 3) 

Recommendations

•  As the urological symptoms, especially incon-
tinence are very distressing, urological care is 
mandatory for these patients (B).

•  Prevention of early urinary tract infection, es-
pecially during the acute phase of indwelling 
catheterisation, is needed. Thereafter, behav -
ioural training and anticholinergic therapy are 
the mainstays of treatment (C).

•  Intermittent catheterisation is occasionally 
necessary, due to ineficient voiding. This 
may be in men with pre-existing infravesical 
obstruction, who can consider standard man-
agement of bladder outlet obstruction if they 
achieve satisfactory general recovery (C).

Urinary	retention	in	childhood,	young	adults,	and	in	
women	is	very	uncommon,	and	may	relect	a	neu-

rologic	disorder	[196].	Spina	biida	occulta/	tethered	
cord syndrome is one such disorder known to lead 
to urinary retention without marked neurological 
abnormalities, except for saddle anesthesia [197]. 
Fowler’s	syndrome	is	another	disorder	that	causes	
urinary retention, particularly in neurologically-intact 
young women, and isolated urethral sphincter hy-
pertonicity	 underlies	 this	 condition	 [198].	 Benign	
inlammatory	 nervous	 diseases	 also	 cause	 acute	
urinary retention, in which patients lack apparent 
urethral outlet obstruction, but exhibit only minor 
neurological	 as	 well	 as	 cerebrospinal	 luid	 (CSF)	
abnormalities.	 Based	 on	 the	 mechanism	 of	 uri-
nary retention, these disorders can be divided into 
two subgroups: disorder of the peripheral nervous 
system	 (PNS)	 (e.g.	 sacral	 herpes,	 with	 unilateral	
sacral pain, sensory signs and often skin rashes in 
the same area [199]); and disorder of the central 
nervous	 system	 (CNS)	 (e.g.	 meningitis-retention	
syndrome	 (MRS),	with	 fever,	headache,	stiff	neck,	
and minor pyramidal signs). Previously the latter 
condition has been only occasionally reported, but 
now	 it	 is	 recognized	 as	 a	 speciic	 category	 [200,	
201], which is considered to be a very mild form of 
acute	disseminated	encephalomyelopathy	(ADEM)	
(LOE3).	Since	it	is	rare,	true	prevalence	of	MRS	has	
not been fully investigated. 

In	 its	 typical	 form,	ADEM	 appears	 after	 vaccina-
tion or after exanthematous infections, and sero-
logical and pathological studies have suggested 
that	ADEM	is	of	parainfectious/	autoimmune	origin	
[202].	Antecedent/	comorbid	infections	are	diverse,	
e.g. human herpes virus 6 [203]. A combination 
of	signs	of	encephalitis	 (e.g.,	disturbance	of	con-
sciousness, epilepsy, and hemiparesis), signs of 
myelitis	(e.g.,	sensory	disturbance	below	the	level	
of	 the	 lesion,	 spastic	 paraplegia,	whereby	 laccid	
parapalegia may occur in the initial shock stage), 
and	 lower	urinary	 tract	 (LUT)	 /	bowel	dysfunction	
typically	 occur	 in	 patients	 with	 ADEM.	 Lesions	
observed	in	brain	MRI	are	usually	conined	to	the	
white	matter.	 Lesions	 in	 the	 spinal	 cord	 involving	
the conus are also seen [201]. CSF pleocytosis, 
increased protein, mildly decreased glucose con-
tent,	 increased	myelin	 basic	 protein	 (MBP)/oligo-
clonal bands, and a lack of increased viral titres, 
are	all	features	of	this	disease.	Patients	with	ADEM	
commonly	 exhibit	 LUT	 dysfunction	 [204,	 205],	
which varies from urinary retention to urgency in-
continence.	LUT	dysfunction	appears	to	be	related	
to pyramidal tract involvement, and most probably 
relects	the	severity	of	the	spinal	cord	lesion.	Uro-
dynamic	 indings	 have	 included	 detrusor	 overac-
tivity in the storage phase, brisk bulbocavernosus 
relex,	 and	 DSD	 (relective	 of	 a	 suprasacral	 spi-
nal	 cord	 lesion);	 detrusor	 arelexia	 in	 the	 voiding	
phase	 (relective	 of	 either	 acute	 spinal	 shock	 or	
conus	 lesion);	 and	 neurogenic	 sphincter	 EMG	 in	
one	of	 four	patients	studied	(relective	of	a	conus	
lesion) [204, 205]. The responsible lesion sites in 
cases	of	LUT	dysfunction	have	appeared	to	be	the	

V.  MENINGITIS-RETENTION 
SYNDROME 
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cervico-thoracic spinal cord, and, to a lesser ex-
tent,	the	conus	[206]	(and	possibly	the	spinal	nerve	
roots	 [207])	 in	 patients	 with	 ADEM.	 In	 addition,	
cases	 of	 ADEM	 presented	 with	 LUT	 dysfunction	
as the only remaining consequence of the disease, 
thus	 suggesting	 that	 LUT	 innervation	 was	 selec-
tively	vulnerable	in	these	cases.	Recently,	it	is	also	
reported	 that	 cases	 of	ADEM/	 parainfectious	my-
elitis	initially	presented	with	urinary	retention	[208,	
209] or leaves urinary retention as the sole sequel 
[210]. In some cases, abnormal F-waves were re-
corded, suggesting conus or radicular lesion [201]. 

Although aseptic meningitis is a common neurologi-
cal disorder, a combination of aseptic meningitis and 
acute	 urinary	 retention	 (MRS)	 has	 not	 been	 previ-
ously well recognized. The clinical manifestations of 
Sakakibara’s	three	cases	[200]	are	mostly	the	same	
as those of the six reported cases in the literature 
(including	 cases	 written	 in	 Japanese)	 [211].	 The	
clinical	manifestations	of	MRS	cases	differ	markedly	
from	those	of	ADEM,	because	other	than	presenting	
with	aseptic	meningitis,	MRS	cases	lack	the	follow-
ing: apparent encephalitic signs such as disturbance 
of consciousness, epilepsy or aphasia; and myelitic 
signs such as gait abnormalities, or sensory-level ab-
normalities.	Only	one	patient	reported	by	Fukagai	et	
al. showed drowsiness without meningeal irritation. 
Whereas brain and spinal cord lesions typically ap-
pear	in	ADEM,	such	change	is	not	observed	in	MRS.	
However, a reversible splenial lesion was noted in 
the	brain	MRI	of	a	patient	with	MRS	[212].	

The CSF examination showed a mononuclear pleo-
cytosis	of	38-370	/mm3,	normal	to	increased	protein	
content	(up	to	260	mg/dl),	and	normal	to	mildly	de-
creased	 glucose	 content	 (up	 to	 33%	 of	 that	 in	 the	
serum). All viral titres studied in the CSF and the 
serum	of	 such	 cases	were	negative.	Nevertheless,	
it appears likely that the urinary retention in such pa-
tients is of neurologic aetiology, since none of the pa-
tients appear to exhibit urologic abnormalities such 
as prostatic hyperplasia, and also because a strong 
chronological association is observed between the 
onset of urinary retention with, or just after, the oc-
currence of the aseptic meningitis. As it is observed 
in	ADEM,	antecedent/	comorbid	infections	or	condi-
tions	with	MRS	include	angiostrongylus	cantonensis	
[213,	214],	Epstein	Barr	virus	[215],	and	herbal	medi-
cine use [216], whereas such antecedent infections 
are	not	apparent	in	the	remaining	cases	[217,	218].

Urodynamic	 study	 results	 have	 shown	 that	 all	 pa-
tients	 examined	 had	 detrusor	 arelexia,	 which	 re-
sults in an inability to contract the bladder on void-
ing, and some patients had an unrelaxing sphincter. 
Detrusor	 arelexia	 originates	 from	 various	 lesion	
sites	 along	 the	 neural	 axis;	most	 commonly,	 PNS	
lesions	 are	 observed.	 However,	 CNS	 lesions	 that	
affect the spinal cord or the brain can also cause 
detrusor	arelexia,	which	is	particularly	seen	in	the	
acute shock phase of patients with transverse my-

elitis	 (often	 immune-mediated)	 or	 ADEM.	 A	 case	
report described repeated urodynamic studies in 
one	patient,	 in	which	 an	 initially	 arelexic	 detrusor	
became overactive after a 4-month period, sug-
gesting an upper motor neuron bladder dysfunction 
[219]. As described above, encephalitic features are 
absent	 in	patients	with	MRS.	However,	three	MRS	
patients	 (including	 Sakakibara’s	 cases	 1	 and	 3)	
showed	 the	brisk	 lower	extremity	 relexes	sugges-
tive	of	mild	myelitis.	 In	one	of	Sakakibara’s	cases,	
MBP	 was	 increased,	 which	 is	 suggestive	 of	 CNS	
demyelination. Therefore, it appears possible that 
MRS	is	a	very	mild	variant	of	ADEM,	which	selec-
tively	affects	LUT	innervation.	

Arriving at a diagnosis is easy when a combination 
of aseptic meningitis and acute urinary retention 
is	conirmed,	although	such	a	diagnosis	should	be	
made both urologically and neurologically, in order 
to	exclude	sacral	herpes,	a	benign	variant	of	Guil-
lain-Barre	syndrome	(inlammatory	radiculitis),	typi-
cal	ADEM,	myelitis	with	leg	weakness	[220],	herpet-
ic brainstem encephalitis, chemical meningitis, focal 
subarachnoid bleeding, and other common causes 
of	neurogenic	urinary	retention	(e.g.,	diabetic	neu-
ropathy, lumbar spondylosis, etc.). For the differen-
tial	diagnosis,	detailed	history,	brain/spinal	MRI	and	
nerve conduction study are necessary. 

The term “Elsberg syndrome” has been occasion-
ally used, which is rather vaguely assigned to sacral 
myeloradiculitis of undetermined etiology, sacral 
herpes,	sacral	vasculitic	neuropathy,	possible	MRS,	
possible	 ADEM,	 or	 conus	 infarction.	 However,	 in	
contrast to the majority of “Elsberg syndrome” cas-
es,	 Kennedy,	 Elsberg,	 and	 Lambert	 [1913]	 [221]	
reported	 ive	 cases	 of	 pathology-demonstrated	
cauda equina radiculitis. Clinical pictures of these 
cases were characterized by rare CSF abnormali-
ties	(only	one	of	 the	 four	cases	described	showed	
an increased cell count as well as increased pro-
tein	levels);	no	clinical	meningitis;	subacute/chronic	
course	(in	one	case	the	course	of	disease	was	sub-
acute: 3 months, but in the remaining four cases, 
the course of disease was chronic: 4.5-36 months); 
the patients presented with typical cauda equina 
motor-sensory-autonomic	 syndrome	 (in	 particular,	
four	 of	 the	patients	 had	apparent	muscle	 atrophy/
weakness in the lumbosacral segment); Wallerian 
degeneration of the spinal afferent tracts; and mild 
upper motor neuron signs. The authors assumed 
that	 the	etiology	of	 these	cases	was	either	 inlam-
matory	 or	 toxic.	 The	 exact	 cause	 of	 these	 ive	
cases remains uncertain, although clinical pictures 
of these cases resemble, at least in part, those of 
paraneoplastic [222] or autoimmune lumbosacral 
radiculoplexus neuropathy [223]. Clinical features 
of	sacral	herpes	or	MRS	differ	markedly	from	those	
of	Kennedy’s	cases.	

Since	MRS	has	a	benign	and	self-remitting	course	
(i.e.,	 a	 duration	 of	 2-10	 weeks),	 the	 effectiveness	
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of	 immune	treatments	(e.g.,	steroid	pulse	 therapy)	
remains unclear, although such treatments may 
shorten	 the	 duration	 of	 the	 disease.	Management	
of the acute urinary retention is necessary to avoid 
bladder	injury	due	to	overdistension	(LOE4).	

Since	 MRS	 is	 rare,	 true	 prevalence	 has	 not	 been	
fully investigated and evaluation of this is warranted 
in future research. Similarly, in order to shorten the 
urinary retention period, the effectiveness of immune 
treatments	 (e.g.	 steroid	 pulse	 therapy)	 in	MRS	 re-
mains unclear, and future research is desirable.

Conclusions

•  Meningitis-retention syndrome, with fever, 
headache, stiff neck, and minor pyramidal 
signs, is thought to be a very mild form of acute 
disseminated encephalomyelopathy (ADEM). 

•  Both urologists and neurologists may encoun-
ter this disorder. 

•  Initially the bladder is arelexic, but soon be-
comes normal or overactive during the course 
of the disorder. 

Recommendations

•  Management of the acute urinary retention is 
necessary to avoid bladder injury due to over -
distension in patients with MRS.

Acute	 disseminated	 encephalomyelitis	 (ADEM),	
also known as post-infectious encephalomyelitis, is 
a	demyelinating	central	nervous	system	(CNS)	dis-
order that usually follows infection, or more rarely 
vaccination	 [224].	ADEM	can	be	confused	 for	MS;	
indeed,	the	early	symptoms	of	ADEM	are	similar	to	
an	acute	relapse	of	MS.	Presence	of	constitutional	
symptoms such as fever and headache, and the si-
multaneous	involvement	of	various	parts	of	the	CNS	
may	help	differentiate	this	condition	from	MS.	How-
ever,	 it	 can	 be	 dificult	 to	 distinguish	 the	 two,	 and	
the only sure way is follow up and the observation 
of any relapses over time. 

ADEM	 is	a	disease	 that	 is	characterized	by	an	 in-
lammatory	reaction	and	demyelination	in	the	brain	
and	spinal	cord.	 In	contrast	 to	MS,	 there	 is	a	 ten-
dency for perivenous localization of pathological 
changes	 [225].	 Bladder	 dysfunction	 is	 common	 in	
ADEM.	In	a	consecutive	series	of	sixty	one	patients	
with	ADEM,	20	(33%)	had	evidence	of	LUTD	[205]	
(LOE	3/	4).	Lesions	in	the	cerebral	and	spinal	cord	
white	matter	result	in	LUTD.	Both	voiding	and	stor-
age	 symptoms	 are	 reported	 in	 ADEM,	 however	
the pattern of bladder dysfunction depends upon 
the time point at which they are assessed. In the 
acute stage, Panicker et al. reported that voiding 
dysfunction is more common; in their series of 20 

patients,	16	were	in	urinary	retention	[205]	(LOE	3/	
4).	Urodynamics	demonstrated	detrusor	overactivity	
in four patients and underactivity in four patients. In-
continence was reported more often in patients with 
frontoparietal	white	matter	changes	in	MR	imaging	
[205]	(LOE	3/	4).	In	the	series	of	Sakakibara	et	al.,	
patients	were	 followed	up	 for	3	 to	38	months,	and	
seven of nine patients with retention were able to 
pass	urine	once	again,	ive	had	dificulty	in	voiding	
and four developed urinary frequency or urgency 
incontinence.	 Motor	 unit	 analysis	 of	 the	 external	
sphincter revealed polyphasic neurogenic changes 
in only one of four patients. They also observed 
that	 bladder	 disturbances	 in	ADEM	 seemed	 to	 be	
as	common	and	severe	as	in	MS	[204]	(LOE	3/	4).	
LUTD	 is	common	especially	 in	patients	with	 lower	
limb pyramidal involvement [205]. 

Management	of	LUTS	is	essentially	supportive.	Pa-
tients	complaining	of	LUTS	should	have	their	post-
void residual checked regularly during the progres-
sive	phase	of	ADEM.	If	retaining	urine,	an	indwelling	
catheter may be preferable during the acute phase. 
The need for catheterisation should be reviewed 
regularly as voiding dysfunction often recovers 
[202, 205]. If suitable, IC could be considered. Pa-
tients with overactive bladder symptoms are likely 
to	beneit	from	an	antimuscarinic	medication,	once	
it	is	conirmed	they	are	not	retaining	urine.	

For future research, there are currently only limited 
studies	 evaluating	 the	 natural	 history	 of	 LUTD	 in	
ADEM	and	patients	 should	be	 followed	up	 to	as-
sess lower and upper urinary tract changes with 
time. There is a dearth of information about the 
role of botulinum toxin or sacral neuromodulation 
in this condition.

Conclusions

•  In the acute phase of ADEM, LUTS may be seen 
in a third of patients (LOE3/4).

•  Both voiding and storage dysfunction are ob-
served in ADEM (LOE3/4). 

•  Recovery of LUT functions occurs, along with 
the recovery of motor weakness (LOE3/4). 

Recommendations

•  Patients with ADEM and bladder symptoms 
should be managed according to their symp -
toms, and the indings on urodynamic tests, 
particularly post-void residual (C). 

•  LUTS can change as the disease stabilises; 
re-evaluation during follow-up is therefore rec-
ommended (C).

•  Patients with overactive bladder symptoms are 
likely to beneit from antimuscarinic pharma-
cotherapy, once they are shown not to be re-
taining urine.

VI. ACUTE DISSEMINATED
ENCEPHALOMYELITIS (ADEM)
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About half of the patients with intractable leg pain in 
spinal	canal	stenosis	also	have	bladder	symptoms	–	
urinary	dificulty	with	high	post-void	residual	(PVR)	
and	reduced	low	rate	and/or	 incontinence	 indicat-
ing effects on the cauda equina. Such symptoms, 
including urinary incontinence usually improve after 
surgical decompression. 

Schkrohowsky et al [2007] [226] reported that one 
third of patients with achondroplasia developed 
SCS, especially at the lumbar level, and 77% of 
these	had	urinary	incontinence.	According	to	John-
sson and Sass [2004] [227], in the County of South 
Jutland,	 Denmark	 during	 a	 5-year	 period	 [1996-
2000], the annual incidence of SCS was 272 per mil-
lion	inhabitants.	Of	340	cases	diagnosed	with	SCS	
during that period, only one patient presented with 
acute cauda equina syndrome. This was a 74-year-
old	woman	with	SCS	from	L2	to	L4,	who	presented	
with	urinary	retention	and	fecal	incontinence	(FI)	for	
the preceding 24 hours; after urgent surgery she 
recovered from her anal sphincter paresis within 5 
days and from her bladder paresis within 5 weeks. 

Goh	et	al	[2004	[228]	carried	out	a	comprehensive	
retrospective review of the clinical features, radio-
logical changes and outcome of 75 patients with 
radiologically diagnosed lumbar SCS; imaging of 
the lumbar spine showed that moderate to severe 
central spinal stenosis correlated with complaints 
of weakness and abnormal motor power on clinical 
examination. The commonest symptom was numb-
ness or tingling of the legs. According to the study 
of	 Inui	et	al	 [2004]	 [229],	58.8%	of	 the	34	patients	
were diagnosed with neuropathic bladder; however 
there was no difference in the cross-sectional area 
of dural sac between those with and without neu-
rogenic bladder dysfunction in patients with lumbar 
SCS.	Nonetheless,	the	anteroposterior	diameter	of	
the dura was shorter in those with bladder dysfunc-
tion, and a critical size for the dural sac of patients 
was	reported	as	8	mm.

Usually	 signs	and	 symptoms	of	 compressive	neu-
ropathy of multiple lumbar and sacral roots is an 
indication for surgical intervention, but relatively un-
known as a post-operative complication [230]. Four 
years after diagnosis, 65% had undergone surgi-
cal decompression; a third of patients felt that their 
symptoms had improved while a quarter felt that 
they had worsened. Imran and Halim [2005] [231] 
reported a 63-year-old man who developed acute 
cauda equina syndrome due to fat graft compres-
sion after decompressive laminectomy, posterior 
instrumented	 fusion	with	pedicle	screw	ixation	 for	
spinal	 stenosis	of	L5	and	S1	vertebral	 levels,	and	
free fat grafting to cover the exposed dura; three 
days	 postoperatively,	 gradual	 neurological	 deicit	
started with sensory loss and weakness of the af-

fected dermatomes and myotomes, followed by FI 
on the 12th postoperative day; and immediate re-
moval of the fat graft resulted in recovery from cau-
da equina syndrome. Another case was reported by 
Tubbs et al [2005] [232]; a Caucasian girl who had 
idiopathic	 growth	 hormone	 deiciency	 and	Klippel-
Feil	and	Duane’s	syndromes	with	symptomatic	ste-
nosis	of	 the	irst	cervical	vertebrae	presented	with	
episodes of loss of tone with subsequent falling, 
facial	cyanosis,	UI,	hand	weakness,	and	dificulties	
with swallowing; following suboccipital craniectomy 
and the removal of the posterior arch of the atlas, 
her	symptoms	were	resolved	and	UI	improved.	

To demonstrate narrowing of the lumbar canal with 
compression	 of	 the	 cauda	 equina,	 CT	 or	 MRI	 is	
often recommended, to reveal either bony or soft 
tissue	compression	[233].	Miyata	et	al	[1998]	[234]	
studied the relationship between bladder function 
and roentgenographic changes in the spinal canals 
of	 ossiication	 of	 posterior	 longitudinal	 ligament	
(OPLL)	patients.	CO2-illing	 cystometry,	 urolowm-
etry	and	PVR	were	measured	and	 the	vertical	ex-
tent	of	OPLL	and	the	degree	of	SCS	was	estimated	
by	X-ray	ilms	and	CT.	The	occurrence	of	abnormal	
detrusor activity had no relationship to the degree 
of canal stenosis, while the occurrence of an are-
lexic	 or	 underactive	 detrusor	 correlated	 with	 the	
vertical	extent	of	OPLL	[10].	Yamanishi	et	al	[1998]	
[235]	found	DO	in	14	lumbar	canal	stenosis	patients	
(29%)	and	most	of	them	had	voiding	symptoms	and	
had storage symptoms which seemed to be caused 
by	 the	 irritation	of	 sacral	 roots.	Of	10	patients	 fol-
lowed	 up	 after	 surgical	 decompression,	 DO	 dis-
appeared in 5 patients, improved in 1 patient and 
remained	unchanged	 in	4	patients	 [235].	Lee	et	al	
[1997] [236] did an expansive cervical laminoplasty 
in patients with non-traumatic cervical spondylosis 
with myelopathy and found that age greater than 60 
years at the time of presentation, duration of symp-
toms	more	than	18	months	prior	to	surgery,	preop-
erative bowel or bladder dysfunction, and lower-
extremity dysfunction were associated with poorer 
surgical outcome.

Conclusions  

•  Patients with spinal stenosis, especially at 
lumbar levels, may present with bladder and 
bowel involvement – urinary retention/ inconti-
nence and faecal incontinence (LOE 3/4).

•  Lumbar canal stenosis may cause either de-
trusor underactivity/ acontractility or overac-
tivity (LOE 3).

•  Imaging helps diagnose spinal stenosis, while 
urodynamic study categorises neurogenic 
bladder dysfunction (LOE 3/4).

•  Acute symptoms of incontinence or urinary 
retention may recover after decompression of 
spinal stenosis (LOE 3/4). 

VII.  SPINAL CANAL STENOSIS
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Recommendations: 

•  Surgical decompression is recommended in 
patients with spinal stenosis having acute 
symptoms of urinary retention/incontinence 
and faecal incontinence (A).

1. CAUDA EQUINA SYNDROME

The	nerve	roots	of	L2	to	S4	that	occupy	the	spinal	
canal below the termination of the spinal cord, at 
the	lower	border	of	the	L1	vertebra,	form	a	tightly-
packed	bundle	giving	 the	appearance	of	a	horse’s	
tail- hence they are referred to as the “cauda 
equina”.	Damage	 to	 these	nerve	 roots	produces	a	
characteristic pattern of symptoms called the cauda 
equina syndrome where bladder, bowel, sexual dys-
function and sensory loss of the perineum are the 
predominant complaints. Table 18  lists the common 
causes for a cauda equina syndrome.

2. LUMBAR DISC PROLAPSE 

Medline/	Pubmed	 [1966-2012]	searched	 for	key-
words:	 Disc	 prolapse	 (or	 disc	 hernia),	 bladder	
dysfunction, neurogenic bladder, sphincter dys-
function, bowel dysfunction, fecal incontinence, 
and constipation.

Central lumbar disc prolapse compresses sacral 
nerve	ibers	to	and	from	the	bladder,	the	large	bow-
el, the anal and urethral sphincters, and the pelvic 
loor.	Cauda	equina	syndrome	due	 to	central	 lum-
bar disc prolapse has been reported to be relatively 
rare, the incidence being from 1 to 5% of all pro-
lapsed lumbar disc [237-244]. Clinical features of 
the cauda equina syndrome include low-back pain, 
bilateral sciatica, saddle anesthesia, and urinary re-
tention, loss of urethral sensation as well as consti-
pation and erectile dysfunction [240, 243, 245, 246]. 
Those patients with cauda equina syndrome usu-
ally have some sensory disturbance in the sacral 
dermatomes. A retrospective cohort study with pro-
spective clinical follow-up showed that bowel dys-
function at presentation was associated with sexual 
problems at follow-up [247].

The most common urinary symptom associated 
with lumbar disc prolapse is acute urinary retention 

[248,	249].	At	 the	onset,	acontractile	detrusor	with	
impaired bladder sensation is a typical urodynamic 
inding	 [240,	 246,	 248-250].	 Severe	 denervation	
of	 pelvic	 loor	 [248]	 and	 external	 urethral	 sphinc-
ter	 [10]	 is	 also	 frequently	 demonstrated.	 Detrusor	
overactivity	may	occur	[250-252].	Urinary	disorders	
usually follow or accompany more obvious neuro-
logic symptoms, such as lumbar pain and perineal 
sensory disturbances, that prompt the appropriate 
diagnosis. However, sometimes voiding distur-
bances	may	be	the	only	or	the	irst	symptom	of	this	
condition,	which	makes	it	more	dificult	to	diagnose	
[240,	246].	Nevertheless,	urgent	MRI	assessment	is	
recommended in all patients who present with new 
onset urinary symptoms concomitantly with lumbar 
back pain or sciatica because it is impossible in a 
signiicant	proportion	of	patients	to	exclude	the	diag-
nosis of prolapsed intervertebral disc in the context 
of referral with suspected cauda equina syndrome.

Emergency surgical decompression has been re-
ported to increase the chance of satisfactory neu-
rological recovery in patients with cauda equina 
syndrome due to central lumbar disc prolapse [240, 
254, 255]. In a meta-analysis of surgical outcomes, 
Ahn	et	al.	[2000]	[243]	reported	that	a	signiicant	im-
provement	in	sensory	and	motor	deicits	as	well	as	
urinary and rectal function occurred in patients who 
underwent	 the	 surgery	within	48	hours,	 compared	
with	those	who	had	the	surgery	more	than	48	hours	
after the onset of the cauda equina syndrome. Al-
though there is still a controversy [247], most of oth-
er reports support the concept that decompression 
performed	within	48	hours	of	onset	of	this	syndrome	
resulted in improved functional outcomes [239, 244, 
256]. However, acontractile detrusor is usually irre-
versible, even after immediate decompression [246, 
257,	258],	although	many	patients	can	empty	their	
bladder postoperatively, this may achieved only by 
straining	 or	 changing	 voiding	 postures	 [246,	 258].	
In contrast to bladder dysfunction, urethral function 
shows a better recovery after surgery [246, 249]. 

For future research, good epidemiological studies 
on	the	occurrence	of	lower	urinary	tract/	bowel	dys-
function are needed. This is increasingly relevant 
with the advent of new, minimally invasive treatment 
options for disc prolapse.

Compr ess ive Nonco mpr ess ive 

Central prolapsed intervertebral disc* 
Trauma- vertebral fracture* 
Tumour- primary, metastatic 
Spinal canal stenosis 
Pott’s disease- tuberculosis 
Abscess

Ischemia- spinal AV malformation causing steal 
Iatrogenic- spinal surgery* 
Following spinal anaesthesia- rare* 

Inflammation

 

 

Table 18. Causes for a cauda equina syndrome

*Can present acutely
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Conclusions:

•  Cauda equina syndrome is a relatively rare 
complication of lumbar disc prolapse (LOE 3).

•  Bladder and bowel manifestations of lumbar 
disc prolapse include: urinary retention, loss 
of sensory functions, decreased sexual func-
tions (LOE 3).

Recommendations

•  Emergency surgical decompression is the 
treatment of choice, the optimum timing is 
considered to be within 48 hours (Grade B/C).

•  Full recovery of lower urinary tract functions, 
including bladder contractility, is unreliable 
(Grade C). 

1. GUILLAIN BARRE SYNDROME 

Since	the	eradication	of	poliomyelitis,	Guillain-Barré	
syndrome	 (GBS)	 has	 become	 the	 most	 common	
cause	 for	 acute,	 laccid	 paralytic	 disease	 in	many	
parts of the world [1]. It presents as a rapidly pro-
gressing	 ascending	 arelexic	motor	 paralysis,	with	
or without sensory and autonomic dysfunction. Fol-
lowing an initial acute progressive phase, which by 
deinition	reaches	a	nadir	within	four	weeks,	there	is	
a	plateau	phase	and	inally	a	recovery	phase.	Sym-
metrical limb weakness is the common presenta-
tion, however there may be in addition cranial nerve 
and respiratory muscle weakness. The disorder af-
fects children and adults of all ages and both sexes. 
GBS	 is	 amenable	 to	 treatment	 with	 intravenous	
immunoglobulin or plasma exchange. However de-
spite this, 4% to 15% of patients die from this syn-
drome, most often due to cardiovascular autonomic 
disturbances, respiratory compromise or aspiration. 
Nearly	20%	have	persistent	disability	[2].	

Autonomic dysfunction is a frequently-overlooked 
complication. Cardiovascular autonomic dysfunc-
tion	is	recognized	in	up	to	60%	of	GBS	patients	[3].	
However, bladder and bowel dysfunction occurs 
much less often. Indeed, the presence of bladder 
or bowel symptoms at the onset of disease, or their 
persistence, casts doubt on the diagnosis [3A] and 
other conditions such as spinal cord disease needs 
to	be	excluded.	During	the	acute	phase,	 it	 is	often	
dificult	 to	assess	LUTD	speciically	due	 to	neuro-
logical dysfunction. Patients are often catheterized 
as part of their general nursing care to monitor water 
balance or maintain hygiene [2]. Furthermore, pa-
tients may be on medications such as opiates and 
tricyclic antidepressants, which in themselves can 
affect bladder and bowel functions. In the largest 
study to date, Sakakibara et al. [4] studied 65 pa-
tients	with	deinite	GBS	(meeting	clinical	and	neu-

rophysiological	criteria)	and	LUTD	was	observed	in	
27.7%	(LOE3/4).	This	igure	 is	almost	 is	similar	 to	
that	quoted	by	Guillain	and	others	 in	 the	early	pa-
pers about this condition [5, 6]. 

The condition is characteristically a symmetrical 
radiculo-neuropathy most often predominantly 
due	 to	 demyelination	 (Acute	 Inlammatory	Demy-
elinating	 Polyradiculoneuropathy,	AIDP),	 but	 also	
there are subtypes where axonal damage prevails 
(Acute	Motor	Axonal	Neuropathy,	AMAN).	There	is	
a	dearth	of	systematic	studies	evaluating	LUTD	in	
GBS.	 In	 a	 few	 reports	 [10-12],	 detrusor	 arelexia	
and disturbed bladder sensation were the common 
indings,	and	a	non-relaxing	urethral	sphincter	was	
also	seen	(LOE3/4).	In	the	study	by	Sakakibara	et	
al. [4], patients most commonly reported voiding 
symptoms in 24.6%, including urinary retention in 
9.2%. Storage symptoms were noted in 7.7%, uri-
nary	urgency	in	7.7%.	None	of	the	patients	in	this	
study	became	incontinent.	Urinary	dysfunction	was	
more	 common	 in	AIDP	 (39%)	 than	AMAN	 (19%),	
although the prevalence of urinary retention was 
almost	the	same	(AIDP,	7%;	AMAN,	11%,	respec-
tively). Factors that were associated with bladder 
symptoms included age, severity of motor weak-
ness	(Hughes	motor	grade)	and	concurrent	bowel	
dysfunction. When patients were followed up, im-
provment in bladder symptoms paralleled improve-
ment in motor weakness. Interestingly, there was 
no correlation between the presence of cardiovas-
cular autonomic dysfunction and bladder dysfunc-
tion.	 Urodynamic	 studies	 performed	 within	 eight	
weeks	 of	 disease	 (n=9)	 showed	 variable	 results,	
demonstrating	 detrusor	 underactivity	 (n=2),	 DO	
(n=3),	both	DO	and	underactivity	(n=5)	and	non	re-
laxing	urethral	sphincter	(n=2).	Three	patients	had	
an elevated post void residual and one patient had 
reduced	bladder	sensations	[4]	(LOE3/4).	Their	re-
sults	were	similar	to	the	urodynamic	indings	from	
Gabavac	et	al.	[12]	(LOE3/4).

a) Urinary dysfunction

Urinary	 dysfunction	 in	 patients	with	GBS	 tends	 to	
appear after the onset of motor weakness in all 
cases [4]; however, in two patients with axonal 
GBS,	it	was	reported	that	voiding	dificulty	and	mo-
tor weakness appeared almost simultaneously [7, 
8]	 (LOE3/4).	A	close	 relationship	between	severity	
of	GBS	and	bladder	dysfunction	has	been	reported	
[8A]	(LOE3/4).	Lichtenfeld	[9]	(LOE3/4)	has	report-
ed urinary retention in one-third of patients requir-
ing ventilator assistance. Even though up to 11% of 
GBS	patients	may	develop	urinary	retention	at	 the	
peak of motor weakness, it will most often improve 
along with other neurological signs after supportive 
patient management, with or without immunomodu-
lation. However bladder dysfunction can persist, 
and it is reported that urinary retention failed to re-
cover	for	10	months,	even	after	a	patient	(with	axo-
nal	GBS)	regained	the	ability	to	walk	[8]	(LOE3/4).	

VIII. NEUROPATHIES AND MUSCLE 
DISORDERS 
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GBS	 primarily	 affects	 the	 large	myelinated	 ibers,	
but pathological studies have demonstrated moder-
ate	to	severe	loss	of	small	myelinated	ibers	and	in-
lammatory	cell	iniltration	in	the	lumbosacral	spinal	
roots, sympathetic chain, and spinal cord [1,13]. It 
has	been	postulated	that	LUTD	in	GBS	may	be	aris-
ing	from	inlammatory	or	immunologically	mediated	
damage	of	of	the	autonomic	ibres	of	the	lumbosa-
cral	nerves	[1,13,	13A]	(LOE3/4).	Contrast	magnetic	
resonance	 imaging	 (MRI)	 has	 demonstrated	 en-
hancement of the nerve roots of the cauda equina 
in	GBS	[14]	(LOE3/4).	The	possible	mechanism	for	
DO	 might	 be	 abnormal	 spontaneous	 depolarisa-
tions	in	demyelinated	nerve	ibres,	and	impairment	
of inhibitory spinal cord interneurons, both of which 
can result in lumbosacral autonomic hyperactivity 
[13A,	15,	16]	(LOE3/4).	

Management	of	LUTS	is	essentially	supportive.	Pa-
tients	complaining	of	LUTS	should	have	their	post-
void residual checked regularly during the progres-
sive phase of the disease. If retaining urine, an 
indwelling catheter may be preferable during the 
acute phase. The need for catheterisation should 
be reviewed regularly as voiding dysfunction can 
recover in parallel to recovery of motor weakness, 
but in some cases this might be delayed. If suit-
able, IC should be considered. Wosnitzer et al. 
reported a successful case of sacral neuromodula-
tion	for	urinary	retention	that	persisted	18	months	
after	 GBS	 [16A]	 (LOE3/4).	 Patients	 with	 overac-
tive	bladder	symptoms	are	likely	to	beneit	from	an	
antimuscarinic medication once it is shown they 
are	 not	 retaining	 urine.	 Of	 speciic	 consideration	
to	GBS	is	the	side	effect	of	 tachycardia,	as	many	
patients may have concomitant cardiovascular au-
tonomic dysfunction. 

There are only limited studies evaluating the natu-
ral	history	of	LUTD	in	GBS	and	long-term	follow-up	
studies of patients are required. Studies evaluating 
the	correlation	between	LUTD	and	other	evidence	for	
autonomic	dysfunction	(such	as	cardiovascular	auto-
nomic	dysfunction)	should	be	speciically	evaluated.	

Conclusions

•  In the acute phase of GBS, about 25% of pa-
tients demonstrate LUT functional problems 
(LOE3/4).

•  Both voiding and storage dysfunction are ob-
served in GBS (LOE3/4). 

•  Recovery of LUT function occurs along with 
the recovery of motor weakness. However, in 
rare cases it might take months (LOE3/4). 

Recommendations

•  Recovery of LUT functions is expected in 
GBS; supportive care, including an indwelling 
catheter or IC, is the treatment of choice for 
urinary retention (C). 

•  Patients with overactive bladder symptoms 
are likely to beneit from an antimuscarinic, 
once they are shown not to be retaining urine. 

•  A systematic evaluation of LUTD during the 
acute phase and recovery following GBS is 
required to optimize therapy (C). 

b) Bowel dysfunction

Bowel	dysfunction	occurs	less	commonly	in	GBS,	
in	 up	 to	 15%	 of	 patients	 [17,	 18].	 In	 a	 study	 by	
Burns	 et	 al.	 [17]	 (LOE3/4)	 adynamic	 ileus	 was	
noted	in	17	out	of	114	GBS	patients.	However,	car-
diovascular symptoms coincided with ileus in only 
5 patients, suggesting a different pathophysiology 
for these two manifestations of autonomic dysfunc-
tion. Indeed in 4 patients, mechanical ventilation 
and	 immobilization	was	 implicated.	 In	 8	 patients,	
pre-existing conditions such as prior abdominal 
surgery or incremental doses of opiates could also 
be linked to ileus. However, three case reports 
by	Gazulla	Abio	et	al.	 (LOE3/4)	 [19],	Sawai	et	al.	
(LOE3/4)	[20]	and	Noew	et	al.	(LOE3/4)	[21]	have	
also shown that paralytic ileus can be the initial 
presenting	symptom	in	GBS.	

There is a lack of good systematic studies on bow-
el	disorders	 in	GBS	during	 the	acute	and	chronic	
phase	 of	GBS.	However,	 there	 are	 some	 reports	
suggesting	an	involvement	of	bowel	autonomic	i-
bers	in	GBS.	Sawai	et	al.	(LOE3/4)	[21]	performed	
a detailed bowel function test in a 47-old man with 
acute	 motor	 axonal	 neuropathy	 (AMAN)	 type	 of	
GBS	who	presented	with	 ileus	 (also	 called	 intes-
tinal	 pseudo-obstruction)	 by	 an	 abdominal	 X-ray.	
Sitzmarks showed prolonged total colonic transit 
time	 (86.4	 hours;	 normal	 16.0-48.0),	 suggesting	
slow transit constipation. Pathological studies of 
GBS	 have	 revealed	 moderate	 to	 severe	 loss	 of	
small	myelinated	ibers	and	inlammatory	cell	inil-
tration in the lumbosacral spinal roots, sympathetic 
chain, and spinal cord. Therefore, involvement of 
bowel	 autonomic	 ibers	might	 also	 occur	 in	 GBS	
[21], as shown in an autopsy case of autoimmune 
gastroparesis	[18].	

Adynamic ileus or intestinal pseudo-obstruction 
occurs in up to 15% of patients during a course of 
GBS,	 particularly	 in	 those	with	 severe	motor	 dys-
function or those under mechanical ventilation [17] 
(LOE3/4).	 Recovery	 of	 bowel	 function	 usually	 oc-
curs along with the recovery of motor weakness in 
GBS,	after	 an	 intensive	 immune	 therapy	 including	
intravenous immunoglobulin. 

There is still a lack of a detailed functional evalua-
tion	of	the	bowel	in	GBS	patients.	Such	studies	are	
needed in order to optimize the therapy in the future. 

Conclusions

•  About 15% of patients demonstrate bowel 
functional problems particularly in the acute 
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phase, but they can also be presenting symp -
toms (LOE3/4).

•  Constipation and intestinal pseudo-obstruc-
tion are observed in GBS (LOE3/4). 

•  Recovery of bowel function usually occurs, 
along with the recovery of motor weakness. 

Recommendations

•  Supportive care, including laxatives or ene-
mas, is the treatment of choice (C). 

2.  FAMILIAL AMYLOID POLYNEUROPATHY

Familial	 Amyloid	 Polyneuropathy	 (FAP)	 is	 a	 rare	
autosomal dominant neuropathy affecting pre-
dominanatly	the	peripheral	autonomic	nerves.	Neu-
ropathy starts insidiously in the lower limbs and is 
characterised by lancinating pains, numbness and 
impaired temperature sensations. 

Autonomic manifestations are common and may 
be the intial manifestation in nearly 25% of patients 
[22]	 (LOE3/4).	 These	 include	 erectile	 dysfunction,	
orthostatic hypotension, bladder dysfunction, distal 
anhydrosis	 and	 abnormal	 pupils.	 LUTS	 generally	
appear early on and are present in 50% of patients 
within	the	irst	three	years	of	the	disease.	Patients	
most often present with voiding dysfunction and in-
continence	(LOE3/4).	Often,	however,	bladder	dys-
function may be asymptomatic and uncovered only 
during	 investigations.	 Urodynamic	 studies	 have	
demonstrated reduced bladder sensations, under-
active	detrusor,	poor	urinary	low	and	an	open	blad-
der neck. There may be failure of relaxation of the 
smooth	and	striated	sphincters	as	well.	Ultrasound	
scans of the bladder may show bladder wall thick-
ening,	a	inding	which	becomes	more	prominent	as	
the disease progresses, and may represent either 
amyloid deposition in the bladder wall or detrusor 
hypertrophy secondary to functional obstruction 
(LOE3/4).	10%	of	patients	with	FAP	type	I	may	pro-
ceed to end stage renal disease [23] and bladder 
diaries	 may	 demonstrate	 global	 polyuria.	 Bladder	
dysfunction	 is	 likely	 to	be	due	 to	small	nerve	ibre	
damage and deposition of amyloid substance in the 
detrusor muscle.

Patients should be followed up regularly, as over-
distention is likely to contribute to bladder dysfunc-
tion. In the early stage of disease, post-void resid-
ual urine will often be less than 100 ml and bladder 
scheduling	 and	 double	 voiding	 is	 often	 suficient.	
However when bladder emptying deteriorates, in-
termittent catheterization is required. 

Lower	 gastrointestinal	 dysfunction	 results	 in	 al-
ternating constipation and diarrhea. This occurs 
concomitantly with other manifestations such as 
episodic nausea, vomiting, and malnutrition. Ano-
rectal physiology studies have demonstrated pro-
longed colonic transit time, low anal pressure at 

rest and loss of spontaneous phasic rectal contrac-
tions during squeeze, suggesting an enteric neu-
ropathy	[24]	(LOE3/4).	

Liver	 transplantation	 remains	 the	 only	 potentially	
curative treatment and gastrointestinal symptoms 
improve in about half of cases [22]. Studies sug-
gest that bladder dysfunction does not improve 
following	 transplantation	 [25]	 (LOE3/4).	 Interest-
ingly, the occurence of urinary incontinence pre-
operatively has been shown to predict higher post-
operative mortality [25]. 

3. FAMILIAL DYSAUTONOMIA

Familial	dysautonomia	(FD)	or	Riley-Day	syndrome	
is the best known of the hereditary sensory and 
autonomic	 neuropathies	 (HSAN).	 This	 autosomal	
recessive condition is characterised by autonom-
ic	 and	 small	 ibre	 sensory	 dysfunction.	 LUTD	 is	
known to occur in this condition and patients most 
often present with incontinence- stress incontinece 
but also overactive bladder symptoms. The limita-
tion of using antimuscarinics is that it can exacer-
bate an already dry mouth from the underlying au-
tonomic	neuropathy.	Less	often,	patients	may	have	
voiding dysfunction manifesting with hesitancy for 
micturition and high post-void residual volumes, 
and may be predisposed to recurrent urinary tract 
infections	[26]	(LOE3/4).	

4. CHARCOT-MARIE-TOOTH DISEASE

Lower	urinary	tract	dysfunction	is	only	occasionally	
described	 in	 Charcot-Marie-Tooth	 disease.	 It	 has	
been reported in a family with proximal lower limb 
weakness where it manifested as loss of bladder 
sensations and urinary retention with detrusor un-
deractivity demonstrated in urodynamics [27]. 

5. AUTONOMIC NEUROPATHIES

a) Acute Idiopathic Autonomic Neuropathy. 

Bladder	dysfunction	is	well	recognized	in	acute	id-
iopathic	autonomic	neuropathy	(acute	pandysauto-
nomia). Acute onset autonomic dysfunction is the 
hallmark, and is thought to be due to lesions of the 
pre- and postganglionic sympathetic and parasym-
pathetic	 ibres.	 Urinary	 retention	 and	 voiding	 dif-
iculty	 are	 common	 and	 cystometry	 demonstrates	
detrusor	arelexia.	Bladder	dysfunction	tends	to	re-
solve earlier than other features of autonomic dys-
function, such as orthostatic hypotension. Constipa-
tion	is	common	[28]	(LOE3/4).	

b) Autoimmune Autonomic Ganglionopathy.  

Presentation is with rapid onset of severe auto-
nomic failure: orthostatic hypotension, gastrointes-
tinal dysmotility, anhidrosis, bladder dysfunction, 
erectile dysfunction and sicca symptoms. They 
have circulating ganglionic acetylcholine receptor 
(AChR)	antibodies.	Bladder	dysfunction	generally	
manifests	 with	 voiding	 dificulty	 and	 incomplete	
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emptying. Severity and distribution of autonomic 
dysfunction appear to depend upon the level of an-
tibody	titers	[29]	(LOE3/4).	

c) Pure Autonomic Failure. 

PAF is a degenerative postganglionic autonomic 
disorder.	Nocturia	and	voiding	dysfunction	are	com-
mon	and	bladder	emptying	 is	often	affected.	Blad-
der diaries may demonstrate nocturnal polyuria. 
Urodynamics	 may	 however	 demonstrate	 detrusor	
overactivity	in	some	patients	[30].	Bladder	dysfunc-
tion in PAF appears to be as common as, but less 
severe	 than,	 MSA	 and	 this	 could	 possibly	 relect	
slower	 progression	 of	 the	 disease	 [30]	 (LOE3/4).	
Constipation is common. 

6.  DISORDERS OF THE NEUROMUSCULAR 
JUNCTION

Widespread autonomic dysfunction is a hallmark 
of	 Lambert-Eaton	myaesthenic	 syndrome	 (LEMS).	
This is associated with antibodies to voltage-gated 
calcium	 channel	 (VGCC)	 of	 the	 P/Q-type	 and	 pa-
tients can present with erectile dysfunction, consti-
pation and bladder dysfunction [31]. 

In the more common disorder of the neuromuscu-
lar	 junction,	myasthenia	gravis,	LUTS	is	rare.	This	
is presumably because the auto-antibodies are di-
rected against the nicotinic acetylcholine receptors, 
rather	 than	 the	muscarinic.	 However	 voiding	 difi-
culties have been reported and urodynamic stud-
ies have revealed detrusor underactivity in these 
patients. In fact, voiding dysfunction may herald a 
new diagnosis of myasthenia or an exacerbation of 
the	 disease	 process	 [32]	 (LOE3/4).	The	 proposed	
mechanism is involvement of acetylcholine recep-
tors in the detrusor muscle or pelvic ganglia [33]. 
Ganglionic	acetylcholine	receptor	antibodies	may	be	
present	in	some	patients	[34].	Urinary	incontinence	
is a listed side effect of anticholinesterase medica-
tions which are used in treating myaesthenia gravis 
[British	 National	 Formulary	 (online),	 2009	 March,	
cited	8	Sept	2009],	though	in	clinical	practice	this	is	
rarely observed. Intestinal pseudo-obstruction has 
been reported in patients of myasthenia gravis with 
subacute autonomic failure. 

7. MUSCLE DISORDERS

a) Muscular Dystrophies

Case	 series	 in	 boys	 with	 Duchenne	 Muscular	
Dystrophy	 (DMD)	 have	 reported	 the	 occurence	
of	 overactive	 bladder	 symptoms,	 and	 DO	 has	
been demonstrated in urodynamics. Symptoms 
improve with antimuscarinic medications [35] 
(LOE3/4).	 The	 exact	 mechanism	 for	 DO	 is	 un-
certain, though it is likely to be due to a distur-
bance of neural control rather than myopathy of 
the detrusor or external sphincter. Patients may 
have severe scoliosis as a consequence of their 
muscle disorder and this, as well as spinal fusion 

surgery for correcting scoliosis, can contribute to 
LUTS	because	of	spinal	cord	compression	[36].	

Myotonic	dystrophy	(MD)	is	an	autosomal	dominant	
disorder caused by unstable trinucleotide repeat 
expansions. The commonest bowel complaint is 
constipation, however most disabling is fecal in-
continence.	EMG	has	demonstrated	myotonia	and	
myopathic changes in the external anal sphincter. 
Bowel	incontinence	is	often	refractory	to	treatment	
[37]	 and	 procainamide	 (300	mg	 twice	 a	 day)	 has	
been	proposed	as	a	treatment	option	[38].	Constipa-
tion is usually treated with prokinetics, laxatives and 
enemas.	 Bladder	 dysfunction	 is	 variable	 and	 less	
often reported with detrusor overactivity or atonia 
being	documented	in	urodynamics	[39]	(LOE3/4).	

b) Mitochondrial cytopathy

Mitochondrial	 neurogastrointestinal	 encephalo-
myopathy	 (MNGIE)	 is	 a	 rare	 autosomal	 recessive	
disorder characterized by gastrointestinal, extra-
ocular, peripheral nerve and cerebral white matter 
involvement. The gastrointestinal disease manifests 
with intermittent diarrhea and pseudo-obstruction. 
Mitochondrial	DNA	abnormalities	 and/or	 thymidine	
phosphorylase mutations in the proper clinical set-
ting	are	diagnostic	[40].	Bowel	dysmotility	has	also	
been	 reported	 in	Wolfram	 syndrome	 (diabetes	 in-
sipidus, diabetes mellitus, optic atrophy, and deaf-
ness,	acronym	DIDMOAD)	[41].	Lower	urinary	tract	
dysfunction has been described in both conditions, 
and the latter may be associated with urinary reten-
tion	and	dilated	upper	urinary	tracts	[41]	(LOE3/4).	

Conclusions

•  Lower urinary tract and bowel dysfunction 
can occur in a variety of neuromuscular dis -
orders (LOE3/4).

•  Both voiding and storage dysfunction are ob-
served in these conditions (LOE3/4). 

Recommendations

•  Patients with neuromuscular disorders with 
bladder symptoms should be managed ac -
cording to their symptoms and the indings of 
urodynamic tests (C). 

LUT	 and	 bowel	 dysfunction	 can	 change	 as	 these	
diseases progress and therefore follow-up is recom-
mended	(C).

8.  PERIPHERAL NEUROPATHY DUE TO IAT -
ROGENIC LESIONS (FOCAL NEUROPATHY)

LUT	 dysfunctions	 can	 occur	 from	 damage	 to	 the	
nerves innervating the pelvic organs, anywhere in 
the course of these nerves through the cauda equina, 
the spinal nerve roots, the sacral plexus, or to the vari-
ous	individual	nerves	that	arise	from	the	plexus.	Most	
injuries to these nerves are iatrogenic. Extensive pel-
vic surgery, such as abdomino-perineal resection for 
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rectal cancer, radical hysterectomy, and aorto-iliac 
surgery are all likely to damage the pelvic para-
sympathetic	nerves	to	the	bladder	and	genitalia.	Of	
course this listing is not complete and almost any 
surgery in the pelvis could damage some nerves 
e.g. adenomectomy, radical prostatectomy, pro-
lapse surgery. Additionally, pelvic irradiation, apart 
from directly affecting the irradiated tissue, could 
cause	damage	to	the	adjacent	nerve	ibers,	result-
ing in altered functions. A variety of types of voiding, 
erectile and fecal dysfunctions can result. 

a) Hysterectomy (simple and radical). 

It	is	dificult	to	attribute	certain	dysfunctions	to	neu-
ronal damage alone, since hysterectomy directly af-
fects static and dynamic functions of the pelvic struc-
tures.	Parys	et	al.	[42]	(LOE	3)	studied	126	women	
after simple hysterectomy. The results show that 
47.0%	had	DO,	36.7%	had	urethral	obstruction	and	
24.8%	stress	incontinence.	Sekido	et	al.	[43]	(LOE	
3) described 9 women treated with radical hysterec-
tomy	more	than	10	years	before	the	study.	Obstruc-
tive	voiding	symptoms	and/or	urinary	 incontinence	
were observed in 7 patients. Cystometry revealed 
impaired bladder sensation, detrusor acontractil-
ity, straining on voiding, and impaired relaxation of 
the sphincter in all assessable patients. In addition, 
decreased bladder compliance was observed in 5 
patients.	Axelsen	[44]	(LOE	2)	studied	100	women	
after radical hysterectomy and found that those 
women who reported incontinence had lower ure-
thral pressure. In a prospective study of over 1000 
women	Jackson	et	al.	found	hysterectomy	to	be	an	
independent	 risk	 factor	 of	 incontinence	 [45]	 (LOE	
2). Plotti et al. analysed literature between 1952 and 
2010 and found that in studies with follow up longer 
than	12	months,	34%	of	patients	demonstrated	DO	
and	lowered	compliance	[46]	(LOE	2).

The introduction of nerve sparing hysterectomy ap-
peared to reduce urinary and sexual dysfunctions 
in comparison with the standard radical hysterec-
tomy. It was found that autonomic nerve preserva-
tion	signiicantly	improved	morbidity	6	months	after	
treatment	 [3-5]	 (LOE	 3).	 There	 is	 however	 signii-
cant lack of long term observations of patients after 
radical hysterectomy in terms of lower urinary tract 
neurogenic dysfunctions. 

b)  Abdominoperineal resection and total meso -
rectal excision 

Retrospective	analysis	of	52	patients	after	abdomi-
noperineal resection was performed by Eickenberg 
et	al.	[47]	(LOE	3).	Neurologic	bladder	dysfunction	
of various degrees was found in 50% but represent-
ed	a	 long-term	problem	 in	only	10%.	Baumgarner	
et	 al.	 [48],	 (LOE	 3)	 studied	 86	 consecutive	 cases	
of abdominoperineal resection and described 11 
cases of various functional problems of micturition. 
These	 reports	 lack	 speciic	 tests	 of	 LUT	 functions	
and are not prospective. At 1 year follow up, dysuria 

incidence is higher after abdominoperineal resec-
tion	than	after	anterior	resection	[48]	(LOE	3).	

Curative total mesorectal excision with autonomic 
nerve preservation can be done with high rates of 
preservation of such function. Pocard et al. [49] 
(LOE	3)	investigated	20	patients	(13	men,	7	women)	
following curative total mesorectal excision with au-
tonomic nerve preservation for rectal cancer. There 
was no difference in preoperative and postopera-
tive	 LUT	 function,	 International	Prostate	Symptom	
Score or urodynamic results, nor in the results of 
the quality of urinary function questionnaire. Sexual 
function and potency were also unchanged in these 
men. The authors conclude that autonomic nerve 
preservation is possible and does not impair urinary 
and	 sexual	 function.	Also	 Kim	 et	 al.	 [50]	 (LOE	 3)	
showed relative safety in preserving sexual and 
voiding dysfunction with total mesorectal excision 
with pelvic autonomic nerve preservation. Evalu-
ation	was	based	on	urolowmetry,	voided	volumes	
and residual volume, while symptoms were evaluat-
ed	with	the	IPSS.	There	were	signiicant	differences	
in	maximum	urinary	 low	 rate	 and	 voided	 volume,	
but no differences in residual volume before and af-
ter surgery. The IPPS increased after surgery from 
6.2	+/-	5.8	to	9.8	+/-	5.9	(p	<	0.05).	

Similar results were reported by Turaldo et al. [51] 
(LOE	3)	evaluating	 incidence	and	pathogenesis	of	
LUT	 dysfunction	 after	 surgical	 treatment	 of	 rectal	
cancer in a series of 219 patients with normal urinary 
function preoperatively. In the immediate follow-up, 
only 17 patients with dysfunction were observed, 14 
stage II, 2 at stage III and 1 at stage IV accord-
ing	 to	Astler-Koller	 classiication;	 six	 months	 later	
only	8	patients	 reported	urinary	dysfunction	and	1	
required catheterisation. However no urodynamic 
studies were performed. There was no correlation 
of	LUT	dysfunction	with	staging,	radiotherapy,	size	
of tumour, or surgical technique. However, worse 
functional results were observed in patients who 
underwent abdomino-perineal resection. 

Lim	et	al.	found	that	not	only	surgery	but	also	preop-
erative irradiation could cause lower urinary tract and 
anorectal dysfunctions. The maximum resting anal 
pressures were unchanged after chemoradiation, but 
the maximum squeeze anal pressures were reduced 
after chemoradiation. They concluded that preop-
erative chemoradiation for rectal cancer carries a 
signiicant	risk	of	pudendal	neuropathy,	which	might	
contribute to the incidence of fecal incontinence after 
restorative	proctectomy	 for	 rectal	 cancer	 [52]	 (LOE	
3).	However	Lange	et	al.	 found	that	 it	 is	mostly	 the	
surgery, not the preoperative radiotherapy which is 
causing	urinary	dysfunction	[53]	(LOE	3).

Focal injury to peripheral innervation of the blad-
der	 and/or	 sphincter	 results	 in	 decentralization	 or	
denervation of the above mentioned organs. There-
fore	 detrusor	 hypocontractility	 (acontractility)	 and/
or	 sphincteric	 deiciency	will	 be	 the	 result	 of	 such	
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damage. This in turn will result in impaired bladder 
emptying	 and/or	 stress	 incontinence.	No	 prospec-
tive	studies	 referring	speciically	 to	 the	problem	of	
functional	disturbances	of	the	LUT	in	focal	iatrogen-
ic neuronal injury in patients after hysterectomy or 
colorectal surgery have been performed.

Iatrogenic faecal incontinence can be caused by 
sphincter damage caused during childbirth, and 
surgery	 for	 anorectal	 problems,	 trauma,	 istulae	
and abscesses. Vaginal delivery can cause not only 
sphincteric, but also neuronal damage to the inner-
vation	of	the	anal	sphincter	[54]	(LOE	3).	There	is	a	
signiicant	paucity	of	epidemiological	data	regarding	
fecal incontinence after pelvic surgery.

Anorectal	 relexes	 and	 anorectal	 manometry	 may	
predict	recovery	of	function	[55,	56]	(LOE	3).	An	in-
teresting	test	in	this	speciic	patient	population	was	
described	 by	Nordling	 et	 al.	 [57]	 (	 LOE	 3).	 In	 pa-
tients after radical hysterectomy, those who had a 
completely denervated bladder had a greater rise 
in maximum urethral pressure during noradrenaline 
infusion	(exceeding	20	cm	H2O)	 than	normal	sub-
jects	(1	to	15	cm	H2O).	The	authors	concluded	that	
urethral supersensitivity to noradrenaline may be 
signify damage of the sympathetic nervous innerva-
tion	of	the	LUT.	

Detailed	 knowledge	 of	 pelvic	 neuroanatomy	 and	
meticulous preparation of the structures adjacent to 
nerves	potentially	at	 risk	 is	essential	 [58-61]	 (LOE	
3).	 Nerve	 sparing	 surgery	 seems	 to	 have	 favour-
able effect on bladder functions and continence in 
patients	after	radical	hysterectomy	[61-65]	(LOE3).	
Thus it seems that it is the nerve function, rather 
than the biomechanics of the urethrovesical com-
plex, which are responsible for incontinence. A 
method	of	intraoperative	identiication	of	the	vesical	
branches of the pelvic nerves during radical hys-
terectomy	 was	 described	 by	 Kuwabara	 et	 al.	 [66]	
(LOE	3).	Postoperative	compliance	of	the	detrusor	
in cases where this method was implemented dem-
onstrated less decrement from preoperative values 
than in cases with conventional approaches. These 
patients	required	signiicantly	fewer	days	to	achieve	
residual urine volumes less than 50 ml after surgery. 

Nerve	sparing	 technique	and	 intraoperative	 identii-
cation of parasympathetic nerves seem also to play 
a	role	in	rectal	cancer	surgery.	Kneist	and	Junginger	
studied 62 patients undergoing mesorectal excision. 
Pelvic	 autonomic	 nerve	 preservation	 (PANP)	 was	
assessed macroscopically and with the aid of intra-
operative electrical stimulation of pelvic autonomic 
nerves. In 46 patients, preservation of parasympa-
thetic	nerves	was	conirmed	and	 these	patients	 re-
mained unchanged in early and long-term urinary 
function, contrasting with patients in whom preserva-
tion	of	the	nerves	was	not	conirmed	[67]	(LOE	3).

Should injury to the nerves innervating the blad-
der/urethra	 complex	 occur,	 the	 treatment	 should	

be based on standard principles and on the results 
of	functional	examination	of	the	LUT.	Zanolla	et	al.	
[68]	 (LOE	 2)	 suggested	 that	 early	 implementation	
of	rehabilitative	treatment	(prompted	voiding)	allows	
satisfactory functional recovery of the bladder activ-
ity in 91% of the symptomatic patients after radical 
hysterectomy. Another interesting issue is the fea-
sibility	 of	 the	 use	 of	 the	 artiicial	 urinary	 sphincter	
to treat stress incontinence in patients with outlet 
denervation after colorectal surgery, hysterectomy 
and/	or	radiotherapy.	Only	one	study	on	this	subject	
was	 identiied	 [69]	 (LOE	3),	describing	a	series	of	
patients after radical prostatectomy and amongst 
them a patient after abdominoperineal resection 
with adjuvant radiation. Authors concluded that 
this method of incontinence therapy should be the 
method	of	 choice,	 however	 there	 is	 a	 signiicantly	
greater	risk	of	revision	(38%	versus	22%	in	the	lit-
erature	for	low	risk	groups).	Bulking	agents	may	be	
considered after radical hysterectomy, if no other 
treatment options are possible [10]. If not result-
ing from sphincter damage, fecal incontinence after 
colorectal surgery might be considered for sacral 
neuromodulation	[70]	(LOE	3).

Future research priorities include good epidemio-
logical research, particularly prospective studies 
of the true incidence of peripheral injury related 
functional	disorders	of	micturition.	Descriptive	stud-
ies of diagnostic testing and therapy are needed. A 
registry database of urinary and fecal incontinence 
after different types of pelvic surgery would be a 
considerable	beneit	for	insight	into	prevalence	and	
preparation	of	guidelines	on	treatment/prophylaxis

Conclusions:

•  Injury to the bladder/sphincter innervation oc-
curs in 30-50% of patients after extensive pel-
vic surgery (LOE 3).

•  Pelvic irradiation could cause nerve damage 
affecting bladder/bowel functions (LOE 2). 

•  Fecal incontinence due to iatrogenic innerva-
tion damage could occur after complicated 
labor, anorectal surgery and pelvic irradiation 
(LOE 3). 

•  Focal injury results in impaired detrusor con-
tractions and/or external urethral sphincter 
deiciency or detrusor/sphincter dyssynergia 
(LOE 3-4)

•  The key means to avoid these complications 
are nerve sparing techniques and intraopera -
tive nerve identiication (LOE 3).

Recommendations:

•  .Patients after extensive pelvic surgery dem-
onstrating functional disorders of micturition 
should be properly evaluated due to the varied 
potential underlying mechanisms (C)
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•  Early rehabilitation of the LUT and of the anal 
sphincter might improve voiding in a majority 
of patients (C).

•  Treatment of choice for acontractile bladder 
in this group remains intermittent catheter -
ization (B).

•  Autonomic nerve preservation should be con-
sidered when performing surgery for rectal 
cancer. Targeted voiding history before and 
after surgery and post-operative post-void re -
sidual urine measurements are mandatory to 
minimise risk of secondary detrusor damage 
through chronic urinary retention (B).

1. EPIDEMIOLOGY 

Even	though	there	are	few	studies	today	to	conirm	
it, the impact on the quality of life for patients with 
vesicosphincteric	 disorders	 (VST)	 due	 to	 multiple	
sclerosis	(MS)	is	probably	signiicant.	Moreover,	 in	
a	recent	cross-sectional	study	(LOE4),	Notvedt	et	al	
[1] demonstrated that those patients with VST had 
distinctly lower quality of life scores on the SF36 
scale	in	comparison	with	the	population	of	MS	pa-
tients that is asymptomatic. The tools for evaluat-
ing	quality	of	life	that	take	into	account	VST	in	MS	
have been validated so that variations in it over the 
course of the illness can be measured [2-5]. 

VST is extremely polymorphic, and it appears in the 
great	majority	of	cases	within	the	irst	6	to	10	years	
of	 the	progression	of	 the	 illness	 [6-11].	Once	VST	
has	started	(2	to	10%	of	cases	as	primary	symptom	
[7, 12-14]), they will present a more elevated risk 
of developing severe follow-on urological problems 
(LOE4)	[15]).

The prevalence of VST in the global population of 
patients	who	are	suffering	from	MS	is	in	the	order	of	
30	to	96%	[6-8,	10,	11,	13,	14,	16-32]	(LOE	2b-4).	
The size of this interval manifests the differences 
linked	 to	 the	 type	of	MS,	 to	 the	duration	of	 the	 ill-
ness, and to the degree of handicap, as well as to 
a probable under-evaluation by certain practitioners 
of the urological problems that develop progres-
sively and slowly. 

2. URINARY DYSFUNCTION IN MS 

Urinary	symptomatology	in	MS	is	polymorphic	and,	
like its incidence, probably subject to change over 
time. The most frequent urinary symptoms are in-
disputably	overactive	bladder	(OAB)	symptoms:	uri-
nary	 frequency	 (32	 to	99%),	urgency	 (32	 to	85%),	
and	urge	 incontinence	(19	 to	80	%)	(LOE2b-4)	 [7-
11,	13-15,	18-22,	24-34].	

Obstructive	urinary	symptoms	also	exist	to	a	lesser	
degree:	dificulty	of	voiding	and	chronic	or	acute	uri-

nary	retention.	Dysuria	was	found	in	6	to	79%	of	the	
patients, and acute episodes of urine retention were 
reported	in	8	to	73%	of	the	patients	(LOE2b-4)	[8-
11,	13,	14,	18-22,	24-35].	

All of these studies were carried out most frequently 
in a retrospective fashion or on a population of pa-
tients coming for a consultation for another reason, 
which can upwardly bias the estimated frequency 
of the disorders. There was a cross-sectional study 
from	Marrie	et	al	[5]	(LOE4)	of	16,858	patients.	Of	
those	patients,	9688	(57.5%)	had	responded	to	the	
two	 questionnaires	 that	 were	 posted	 (Bowel	 Con-
trol	 Scale	 (BWCS)	 and	Urogenital	Distress	 Inven-
tory-6	 (UDI-6)).	The	 igures	 conirm	 the	 frequency	
of	 urinary	 disorders	 in	 the	MS	 population:	 urinary	
frequency	(28%),	urgency	(17%),	urge	incontinence	
(14%),	and	dificulty	with	bladder	emptying	(12.5%).	
Independent of the non-response rate, there are 
several elements that cause us to think that these 
igures	are	 in	actuality	 higher.	 Indeed,	 65%	of	 the	
patients complain of having at least 1 episode of 
urinary tract infection, and the majority of patients 
have	 not	 been	 treated	 or	 had	 a	 speciic	 checkup.	
One	can	think	of	this	very	elevated	rate	of	episodes,	
labeled	 “UTI”,	 as	manifesting	 the	 underlying	 vesi-
cosphincteric disequilibrium in numerous patients. 
Problems with emptying the bladder are particularly 
poorly evaluated by patients, with a large number 
of	 patients	 having	 a	 signiicant	 post-void	 residual	
amount without an evident clinical manifestation. In 
a	cross-sectional	study	(LOE4)	carried	out	in	2004,	
Kragt	et	al	had	also	 found	a	proportion	of	16%	of	
patients	who	had	a	post-void	residual	(PVR)	greater	
than 100 ml but without any symptoms that were de-
tected by the questionnaires that are normally used 
in	evaluations	of	MS	(EDSS,	Guys	Neurological	dis-
ability	Scale	(GNDS)).	

The estimation of the global incidence of these dis-
orders	 in	 the	 body	 of	 patients	with	MS	underlines	
the frequency of VST in this population. In practice, 
it is therefore important that the tools that are used 
to evaluate these problems are the most appropri-
ate ones possible, because, all of the authors agree 
that the fact that VST is often ignored by the doc-
tors who take care of these patients is due to the 
fact that the patients under-report their symptoms 
(LOE5).	What	is	more,	a	certain	number	of	the	pa-
tients will suffer from uronephrological complica-
tions secondary to VST. It is therefore important to 
be able to isolate the groups of patients that are at 
risk so that complex examinations that are seen as 
risky are not imposed upon the entire population of 
patients	who	are	suffering	from	MS	[8,	29,	35].	

In	a	systematic	review	of	 the	 literature,	De	Sèze	et	
al [17] found that the duration of the progression of 
MS	was	one	of	 the	principal	 factors	 that	 inluenced	
the	frequency	of	VST	(LOE	2b-4).	Thus,	the	majority	
of the studies that were carried out in patients who 
had	a	duration	of	the	progression	of	MS	of	more	than	

IX. MULTIPLE SCLEROSIS 
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13 years found a more homogenous frequency for 
the different symptoms that was in the high range in 
comparison	with	 the	other	igures	cited	up	until	 the	
present:	 urinary	 frequency	 (38.5	 to	 99%),	 urgency	
(44	 to	 85%),	 and	 urge	 incontinence	 (63	 to	 72%)	
(LOE2b-4).	The	frequency	of	obstructive	disorders	is	
likewise markedly more elevated [36-79.5%) [7-10, 
14,	 18,	 20,	 25,	 28].	A	 second	 important	 factor	 that	
is associated with the frequency of VST is the de-
gree	of	the	patient’s	physical	handicap	as	estimated	
by	the	EDSS	(LOE2b-4)(Expanded	Disability	Status	
Scale)	 [1,	8,	20,	29,	36-40].	 It	 is	dificult	 to	conirm	
from these studies whether this factor has a role in 
itself, however, on the other hand, clinical practice 
indicates this common sense observation. A person 
who can compensate for the urgency by going to the 
toilet beforehand will see the appearance of urge in-
continence following the appearance of a new motor 
or	visual	handicap	(LOE5).	The	appropriate	manage-
ment of this problem can allow the improvement of 
urinary	disorders	without	any	speciic	action	on	 the	
bladder or the sphincter. As in those patients who 
have medullar injuries, the clinical examination does 
not	always	allow	the	discovery	of	the	speciic	neuro-
logical insults that are associated with VST. Certain 
authors have found an association between the py-
ramidal	syndrome	and	 irritable	VST	[8,	14,	20,	29].	
No	neurological	presentation	has	been	found	that	is	
associated in a manifest fashion with bladder void-
ing	 disorders	 [10,	 41,	 42].	 No	 correlation	 between	
radiological insults on the central nervous system 
(localization	and	intensity)	and	clinical	VST	has	actu-
ally been found [36, 43-45]. The analysis of a series 
of autopsies that were done on patients who had a 
sacral	and	lumbar	insult	(autopsy	series)	did	not	ind	
any	correlation	with	clinical	VST	[46]	(LOE5).	

Other	 associations	 have	 been	 indicated,	 but	 they	
have all been controversial. The type of progres-
sion	 for	 the	MS	(progressive	or	by	crisis),	 the	age	
at	which	MS	started,	and	the	sex,	the	age,	the	geo-
graphical location where the patient lives, and the 
like do not thus appear to be associated with a more 
elevated	 frequency	of	VST	 [14,	20,	29,	36,	38-40,	
47]. The age of the patient does not have impact 
anymore.	 On	 the	 other	 hand,	 older	 patients	 will	
have the same problems as the general population 
(benign	prostate	hyperplasia	in	men	and	stress	uri-
nary incontinence in women), and those problems 
will	 of	 course	 often	 be	more	 dificult	 to	 treat	 than	
they are in the general population. 

It	is	dificult	to	precisely	establish	mortality	from	uro-
nephrological complications. In a recent study of the 
causes	of	death	in	MS	patients	in	the	U.S.	that	was	
carried	out	using	death	certiicates	(LOE4),	a	symp-
tomatic urinary tract infection was considered as a 
contributing	cause	to	the	death	in	8.4%	of	the	cas-
es, which made it one of the principal causes that 
were	 associated	 with	mortality	 [48].	 In	 that	 study,	
terminal	 renal	 insuficiency	was	 not	 found	 to	 be	 a	
notable cause of mortality. 

a) Infectious complications 

The reported frequency of lower urinary tract infec-
tions is elevated in the literature, ranging from 13 to 
80%	[17]	[7,	9,	10,	18,	21,	25,	29,	30,	38,	49-52]	af-
ter at least 10 years of progression of the illness. In 
the	study	by	Marrie	et	al,	64.6%	of	the	patients	indi-
cated at least one annual episode of urinary tract in-
fection. The diagnoses of symptomatic urinary tract 
infection	is	therefore	very	dificult	 in	those	patients	
who have a neurogenic bladder. Indeed, in close to 
half of these cases the symptoms that are related 
to neurogenic detrusor overactivity will be compli-
cated by a lower urinary tract infection, as has been 
well	demonstrated	by	Lisenmeyer	et	al	(LOE	3c)	in	
spinal	cord	injury	patients	(SCI)	[53].	There	is	also	
an incompressible rate of asymptomatic bacteriuria 
in	many	neurological	patients	[54]	(LOE4).	The	oc-
currence	of	 febrile	urinary	 tract	 infection	 (pyelone-
phritis, orchitis, or prostatitis) is estimated to be be-
tween	2	and	23%	(9%	on	average).	In	addition	to	the	
risk of mortality from certain of these infections that 
has already been underlined, several retrospective 
studies	(LOE5)	report	an	aggravation	of	MS	follow-
ing	an	episode	of	this	type	[1,	55,	56].	Neurogenic	
detrusor	overactivity	is	probably	a	signiicant	factor	
in the occurrence of upper urinary tract infections. 
Game	et	 al	 [57]	 have	 also	 reported	 a	 prospective	
open study in which the injection of botulinum toxin 
in	 the	detrusor	 in	 patients	with	MS	had	allowed	a	
signiicant	reduction	of	symptomatic	urinary	tract	in-
fections	to	be	observed	(LOE3c).	

b) Alterations of the bladder 

Morphological	alterations	of	the	trabeculation,	thick-
ening of the bladder wall, and diverticula were found 
in	4	to	75%	of	cases	according	to	the	series	(30%	
on	average)	 [9,	10,	14,	19,	21,	25,	27-31,	34,	38,	
49,	50,	52,	58,	59].	These	alterations	did	not	have	
pathological consequences that were different from 
those	that	are	found	in	the	general	population	(pri-
marily increased risk of symptomatic urinary tract 
infections). The exact proportion of vesical calculus 
is	dificult	to	estimate,	because	the	majority	of	stud-
ies do not indicate the precise site of calculi events. 
It can be estimated to be in the neighborhood of 5%. 
Several factors are associated with the discovery 
of morphological alterations of the lower tract: post 
void residual greater than 100 ml and a progression 
of	MS	of	more	 than	10	years	 in	duration	 [19,	 60].	
There is no correlation between VST and the mor-
phological anomalies that were found [14]. 

c) Bladder cancer 

The data on the more elevated risk of a vesical tu-
mor	in	patients	with	MS	are	controversial.	Indeed,	it	
known that those patients who have a neurogenic 
bladder have had a more elevated risk of develop-
ing a particular bladder tumor: epidermoid carcino-
ma	(LOE2b-4)	[61-64].	There	are	other	factors	that	
increase this risk in theory, such as tobacco use, in-
dwelling urinary catheters, untreated vesical calculi, 
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and chronic urinary tract infection. In patients with 
MS,	the	use	of	treatment	by	cyclophosphamide	can	
be an additional risk. The risk is even further elevat-
ed in those patients who have an indwelling urinary 
catheter or who have been exposed to tobacco. 
The risk of bladder cancer appears to be slightly 
increased	in	those	patients	who	suffer	from	MS,	as	
a result of risk factors related to their neurogenic 
bladder as well as from medullar trauma: indwell-
ing urinary catheter, vesicular calculi, and chronic 
infections. There are other factors that increase this 
risk in theory, such as tobacco use and treatment 
with cyclophosphamide. The several studies that 
have	speciically	analyzed	the	risk	of	vesical	tumor	
in	patients	with	MS	(LOE4-5)	allow	its	incidence	to	
be estimated at around 0.29%, which is two to three 
times higher than the incidence in the general popu-
lation [23, 65-67]. The diagnoses of these cancers 
is	particularly	dificult	in	neurological	patients,	espe-
cially if they have been catheterized, because the 
usual	 diagnostic	 tools	 (cystoscopy,	 cytology,	 and	
BTA	test)	may	not	be	as	accurate	as	usual	because	
of	the	inlammatory	change	of	the	bladder	[63].	

d) Complications of the upper urinary tract 

Renal	calculi	were	 found	 in	2-10%	of	 the	cases,	
hydronephrosis was found in 1 to 16% of the cas-
es, and vesicoureteral reflux was found in 2 to 
15%	of	 the	cases	 (LOE	2b-4)	 [9,	10,	14,	18,	21,	
25,	27-31,	34,	38,	49,	50,	52,	59].	Contrary	to	the	
case in medullar traumatization and in spina bi-
fida, the incidence of terminal renal insufficiency 
is	rare	 in	patients	with	MS,	and	does	not	appear	
to be greater than what it is in the general popula-
tion	 [68].	On	 the	other	hand,	a	certain	degree	of	
renal insufficiency is indicated in certain articles, 
and may be as high as 2 to 3% in those patients 
whose illness has progressed for more than 10 
years [19, 25, 27]. 

e) Risk factors in urological complications 

As	we	have	speciied	previously,	 the	great	hetero-
geneity	 of	 the	 clinical	 signs	 of	 VST	 in	 MS	 leads	
to delayed diagnosis of urological complications. 
Simple clinical surveillance therefore exposes one 
to the risk of overlooking a complication that could 
signiicantly	 increase	the	risk	of	urinary	tract	 infec-
tion,	such	as	post	micturition	 residue	 (LOE4)	 [42].	
De	Sèze	et	al	[17]	looked	at	data	based	on	the	liter-
ature in an attempt to discern the principal risk fac-
tors for urological complications. Those results must 
be considered with prudence, because the majority 
of the studies that were used in that analysis were 
retrospective	(LOE4).	The	duration	of	the	progress	
of	MS	 is	 the	principal	 risk	 factor,	with	an	 increase	
in	the	frequency	of	disorders	appearing	after	6	to	8	
years of progression of the illness. These data are 
consistent	with	two	cross-sectional	studies	(LOE4)	
that	report	a	duration	of	the	progress	of	MS	that	is	
signiicantly	 more	 elevated	 in	 those	 patients	 who	
have alterations of the upper urinary tract [9, 49]. 

The	 second	 signiicant	 risk	 factor	 (especially	 in-
fectious) is the method of urinary drainage. The 
indwelling	 catheter	 (LOE2b-4)	 [9,	 25]	 has	 been	
associated with a number of known infectious com-
plications [69]. The utilization of suprapubic cath-
eters	was	associated	with	a	 reduced	 risk	 (LOE3c)	
[70, 71], however, the series that was published 
was mid-term [5 to 6 years) and not long term follow 
up. If one relies on the data that is available for the 
treatment of patients with SCI, then the best urinary 
drainage methods are intermittent catheterizations 
and	voluntary	voiding	(when	it	can	be	done	without	
residue)	(LOE2)	[72].	

The third classic risk factor, independent of diagno-
sis	with	MS,	is	the	occurrence	of	post	void	residual,	
which is associated with a more elevated risk of uri-
nary tract infection, of vesicular calculus, and, over 
time, of the distention of the upper urinary tract. 

The other risk factors, suggested by many au-
thors, are more rarely reported and do not allow 
for a group analysis. The urodynamic risk factors 
will be addressed in the following chapter. The 
progression	of	MS	and	 the	patient’s	 sex	are	not	
associated with particular alterations of the upper 
urinary	 tract.	 Men	 were	 more	 disposed	 to	 have	
febrile	 urinary	 tract	 infections	 (LOE4)	 [8,	 9,	 25,	
35].	Older	patients	were	more	susceptible	to	pre-
sentation with urological complications, due on 
the one hand to the occurrence of urological pa-
thologies at their age, but also probably due to the 
longer	progression	since	the	start	of	MS	[17].	The	
same factor could explain the data of certain au-
thors who report more frequent urological compli-
cations in those patients who have a more severe 
handicap	(LOE4)	[9,	14,	15,	51].	

f) The role of urodynamics in multiple sclerosis 

The clinical manifestation of vesicosphincteric dis-
order	in	MS	is	heterogeneous,	and	urodynamic	ex-
amination	is	indicated	in	two	situations.	The	irst	is	
in cases in which the patient requests treatment for 
urinary symptoms that bother him or her. The pur-
pose of the examination is to understand the vesi-
cosphincteric disorder that is causing the clinical 
symptom and to propose an appropriate treatment. 
The second situation is one in which the patient is 
considered at risk and for whom a search for ad-
ditional urodynamic risk factors is to be carried out. 

With urodynamic examination before the treatment 
of urinary symptoms, the most frequently found 
anomaly is detrusor overactivity, which is found in 
34	to	99%	of	cases.	It	is	deined	by	the	presence	of	
detrusor	 contractions	 outside	 of	 the	 bladder	 illing	
phase. The second anomaly was detrusor under-
activity, which was found in 5 to 37% of the cases 
[6,	 9-11,	 18,	 20,	 22,	 24-26,	 28-30,	 32-36,	 38,	 50,	
52, 59, 73, 74]. In those patients who have urinary 
symptoms, a normal cystomanometry was found in 
at the most 30% of the cases [21, 25, 33]. 
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Regarding	the	sphincter,	vesicosphincteric	dyssyn-
ergia	 (VSD)	 was	 found	 in	 6	 to	 82%	 of	 the	 cases	
(35%	on	average).	 It	 is	deined	by	 the	absence	of	
relaxation or by the reinforcement of the electrical 
activity of the external sphincter during vesicular 
contraction for micturition, and is the object of nee-
dle	electromyography	of	the	anal	sphincter	[58,	75].	
VSD	 is	associated	 indifferently	with	detrusor	over-
activity or detrusor underactivity, although the asso-
ciation	of	detrusor	overactivity	with	VSD	(43	to	80%	
of	cases	[7,	18,	34,	50,	51])	 is	more	frequent	than	
that	 of	 detrusor	 underactivity	 with	 VSD	 (less	 than	
10%	[9,	73]).	OAB	syndrome	seems	to	more	often	
be	the	result	of	DO,	especially	urgency	incontinence	
[20,	 52]	 (one	 of	 the	 incontinence	 risk	 factors	 that	
was found was the female sex and the existence 
of	low	closure	pressure	[25]).	Obstructive	VST	was	
as	often	associated	with	DO	as	it	was	with	detrusor	
underactivity, and there is also often an associated 
VSD	[10,	20].	VSD	does	not	appear	to	correlate	to	
the type of urinary symptom [20]. 

The urodynamic presentations progress through 
time in a manner that cannot be predicted, espe-
cially	from	the	detrusor	component.	However,	VSD,	
when it is demonstrated in a patient, most often per-
sists without change [26, 59, 73, 76]. 

The	role	of	the	urodynamic	examination	(UDE)	in	a	
patient who is considered at risk for urological com-
plications	is	much	more	debated.	Certainly,	UDE	is	
indicated	because	of	the	association	of	certain	UDE	
anomalies with the possible occurrence of urologi-
cal	complications.	The	purpose	of	UDE	is	therefore	
the exclusion of an area of risk for the occurrence of 
complications. Even though this approach is today 
the most agreed upon, it is useful here to remember 
that,	at	 least	 in	 the	case	of	MS,	 it	has	never	been	
evaluated in a strict fashion as part of a prospec-
tive protocol. This is explained in part by the fact 
that sometimes many years will pass before the uro-
logical complications occur, which makes the task 
of	evaluation	very	dificult.	The	adversaries	of	pro-
ceeding in this fashion propose a more pragmatic 
approach, with regular surveillance of simple crite-
ria	(post	micturition	residue,	renal	echography)	and	
they propose a therapeutic approach only in those 
patients who present with a complication. This ap-
proach has the advantage of simplicity for the pa-
tient and for the doctor. The theoretical risk is that 
of	 the	 late	 diagnoses	 of	 a	 future	 complication	 (in-
deed, close to 50% of asymptomatic patients have 
urodynamic	anomalies	 (LOE4))	 [21]	and	of	having	
to therefore propose a therapy to the patient that 
is more intensive than what could have been pro-
posed had an earlier diagnosis been made. 

The	three	elements	of	UDE	that	were	strongly	as-
sociated with urological complications were detru-
sor overactivity, bladder compliance failure, and 
VSD	[9,	77].	The	relationship	between	DO,	bladder	
compliance failure, and the alteration of the upper 

urinary tract are classic in neurogenic bladders. The 
advent of the use of intradetrusor botulinum toxin 
reinforced the notion of causality between an ele-
vated intravesical pressure regime and the risk of 
alteration of the upper urinary tract, because certain 
authors indicated a disappearance of vesicorenal 
relux	after	injection	of	botulinum	toxin,	at	which	time	
the intravesical pressure regime normalized [57]. 
The relationship between urological complications 
and	VSD	is	more	debated	[15,	29,	35].	The	practical	
dificulties	of	researching	this	anomaly,	the	invasive	
nature of the electromyogram that is necessary for 
conirmation,	and	the	absence	of	targeted	therapeu-
tic	eficacy	for	VSD	restrict	this	systematic	search.	

3. COLORECTAL DYSFUNCTION IN MS 

a) Epidemiology 

Digestive	 disorders	 are	 very	 frequent	 in	 patients	
who	have	MS,	and,	 like	 the	urinary	disorders	 that	
are	to	blame,	when	they	are	signiicant	they	have	a	
signiicant	impact	on	patients’	quality	of	life	(LOE4)	
[1,	5,	78].	What	is	more,	the	patients	seem	to	tend	to	
be ashamed of these problems and seldom report 
them. Clinicians have few tools at their disposal for 
evaluating this impairment. Consequently, digestive 
disorders	are	often	undetected	(LOE3-4)	[27,	34].	

Taking	 into	 account	 the	 great	 diversity	 of	 deini-
tions in the several studies that are concerned with 
this problem, one is obliged to regroup the diges-
tive symptoms into two large groups: those symp-
toms	 that	 can	 be	 deined	 as	 “retentive”,	 including	
abdominal	pain,	latulence,	and	constipation	on	the	
one	hand,	and	those	symptoms	that	can	be	deined	
as “irritant”, including false urges to defecate, diar-
rhea,	and/or	incontinence	of	stool	and/or	gas	on	the	
other	hand.	Digestive	disorders	of	both	types	were	
found	 in	45	 to	68%	of	 the	cases	 (LOE	4)	 [27,	78-
82].	The	frequency	of	the	“retentive”	symptoms	was 
clearly the more elevated, ranging from 31% to 54% 
[27,	78-82].	The	frequency	of	the	irritant	symptoms	
ranged	from	6	to	20%	[27,	78-82].	The	authors	who	
had	 sought	 to	 lush	 out	 the	more	 exceptional	 epi-
sodes of incontinence found a frequency of at least 
one episode of that type in the months that preceded 
the interview in 29 to 30% of the cases [27, 79]. Fi-
nally, a proportion of about 20% of the symptomatic 
patients had a combination of irritant and retentive 
disorders	[27,	78-82].	The	igures	were	clearly	more	
signiicant	than	in	the	general	population,	where	the	
“retentive” disorders have a frequency that is esti-
mated to be around 2 to 20% and the “irritant” disor-
ders	have	a	frequency	of	2%	[83].	

Risk	factors	for	digestive	disorders	in	MS	have	not	
been	identiied,	to	enable	[27,	78-82].	Similarly,	the	
duration	 of	 the	 progress	 of	 MS	 does	 not	 appear	
to	 be	 a	 factor	 that	 inluences	 the	 frequency	 of	 di-
gestive disorders. The factor that seems to be the 
most important is the estimated degree of disability 
(LOE3c-4)	[82,	84].	Thus,	Munteis	et	al.	[84]	found	in 
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a	case	control	study	(LOE	3c)	a	frequency	of	diges-
tive disorders that exceeded 21.2% if the patients 
had	an	EDSS	between	0	and	1.	This	frequency	ex-
ceeded	 78%	 in	 those	 patients	who	 had	 an	EDSS	
that	was	greater	 than	4.5.	Other	 risk	 factors	were	
suggested	(LOE4),	but	they	seemed	to	have	an	in-
luence	that	was	less	clear,	such	as	female	gender,	
the existence of related urinary disorders, age, and 
taking	anticholinergic	treatments	[27,	78-82,	84].	

b)  Pathophysiology of MS-related digestive dis -
orders 

Few	 studies	 have	 been	 carried	 out	 speciically	 in	
patients	who	have	multiple	sclerosis.	One	of	the	dif-
iculties	 is	 the	 frequent	 existence	 of	 related	 treat-
ments	that	can	themselves	bring	about	the	speciic	
symptoms. The colic transit times can be extended 
or shortened in those patients who present with 
digestive	disorders	 [85-87].	Several	 anorectal	ma-
nometry anomalies were in evidence: reduced tone 
and	compliance,	a	reduced	sensation	of	illing	and	
incoordination of the external anal sphincter dur-
ing expulsion, with an onset of the phenomenon 
known as paradoxical anal sphincter contraction. 
In patients with faecal incontinence, a decrease 
in anal canal pressures and hyper-reactivity of the 
rectal wall have been shown manometrically. In the 
most	recent	of	these	studies,	Munteis	et	al	[84]	has	
found that the anomalies that are found the most 
often are those of maximal sphincter pressure, of 
anal	 inhibitory	 relex	 (which	 occurred	 later	 than	 in	
the control population), and the presence of para-
doxical contraction of the puborectal musculature 
during straining. These anomalies might be able to 
allow the proposal of biofeedback re-education in 
affected	patients.	However,	at	present	the	beneit	of	
this approach has not yet been proven. 

1. URINARY INCONTINENCE

a) Epidemiology and prevalence 

Spinal	cord	injury	(SCI)	including	cauda	equina	in-
jury usually causes impairments of urinary functions 
such	as	urinary	incontinence	(UI)	and/or	dificulty	in	
urination. Studies on prevalence of bladder man-
agement	 in	 chronic	 SCI	 persons	 [1-3]	 (see Table 
19) and one study in patients with chronic cauda 
equina	 lesions	 [4].	About	 8%-11%	 of	 chronic	 SCI	
persons had normal voiding [1,2], not different from 
the time after initial rehabilitation [2]; and more nor-
mal voiding in tetraplegics then paraplegics [2].

According	 to	 the	 study	 from	 Denmark	 [2],	 at	 dis-
charge from the initial rehabilitation period of 233 
traumatic SCI patients, bladder-emptying meth-
ods were as follows: 12% normal voiding, 57% 
suprapubic tapping, 19% abdominal pressure, 5% 
Crédé	manoeuvre,	11%	CIC,	2%	SIC,	8%	urethral	
indwelling	 catheter	 (IDC),	 0.4%	 suprapubic	 cath-

eter	 (SPC),	 0.4%	 sacral-anterior-root-stimulation	
(SARS),	and	5%	use	of	condom-catheter	or	diaper.	
When	dividing	the	patients	by	years	of	injury	(before	
1981	and	after	1980),	there	was	a	decreasing	trend	
of	using	suprapubic	tapping	(drop	from	over	60%	to	
45%),	abdominal	pressure	(from	over	20%	to	15%)	
and	Crédé	manoeuvre	(drop	from	over	12%	to	1%)	
but	there	was	an	increasing	trend	of	using	CIC	(rise	
from	0%	to	26%).	Over	times,	37.5%	to	46%	of	SCI	
persons changed their bladder-emptying manage-
ment	[2,3];	28%	found	their	bladder-emptying	meth-
ods	to	be	a	problem;	of	these	58%	were	tetraplegic	
[2]; and the biggest bother bladder management to 
the subjects was in the compression or straining 
group	(over	50%	of	the	subjects)	[1].	

There	was	a	statistically	signiicant	difference	in	the	
frequency	 of	 urinary	 tract	 infection	 (UTI)	 between	
the	 bladder	 management	 (P<	 0.001)	 [1];	 the	 fre-
quency	of	UTI	was	high	(about	70%)	 in	 the	mixed	
group	(65%	used	CIC	with	other	methods)	and	the	
CIC	group	and	 less	(less	 than	50%)	 in	 the	groups	
with	 catheter	 free	 [1].	 According	 to	 the	 study	 i-
nanced	by	Medicon	Valley	Academy	and	Coloplast	
A/S	and	done	in	Denmark,	of	those	using	CIC,	92%	
reported using hydrophilic-coated catheters [2] but 
there	was	no	report	about	 frequency	of	UTI.	How-
ever there was a report of reused silicone catheter 
for	CIC	in	28	SCI	men	done	in	Thailand	[5]	with	the	
average time of usage of each catheter of 3 years, 
36% reported fever with cloudy urine and 64% of 
foul smell urine; however, where the frequency of 
CIC is higher, the abnormality of the urethra was 
lower	(P,	0.05)	[5].	

In	a	large	prospective	cohort	study,	Drake	et	al.	[4]	
reported the changes in bladder management meth-
od	with	advancing	time	after	SCI,	inding	that	29%	
of patients with SCI for at least 20 years changed 
method over the 6 year period. Podnar et al [5] stud-
ied 55 patients with chronic cauda equina or conus 
medullaris	injury:	76%	of	the	patients	reported	LUT	
dysfunction,	 70%	 had	 urinary	 incontinence	 (UI)	
(56%	of	men	and	71%	of	women);	and	a	post	void	
residual	 (>100	ml)	was	 found	 in	 40%	of	men	 and	
17% of women. Perianal sensation was abnormal in 
96%,	electromyography	(EMG)	of	the	external	anal	
sphincter	 (EAS)	muscle	 in	 88%,	 and	 sacral	 relex	
in	84%	of	patients;	using	multiple	linear	regression	
analysis,	perianal	sensory	 loss	(P=0.0001)	and	fe-
male	gender	(P<0.02)	had	a	signiicant	positive	ef-
fect on urinary incontinence score [5]. 

b)  Pathology and disease-specific LUT 
problems

Pontari et al. [6] analyzed 7 bladder specimens 
from	6	 cervical	SCI	 patients	 and	 1	 L1	 congenital	
myelomeningocele	 (MMC)	 and	 compared	 them	
with	 bladder	 specimens	 obtained	 from	 8	 organ	
transplant donors to determine whether the musca-
rinic receptor subtype mediating contraction alters, 
and found that whereas normal detrusor contrac-

X. SPINAL CORD LESIONS



939

tions	are	mediated	by	the	M3	receptor	subtype,	in	
patients	with	NBD,	 contractions	 can	be	mediated	
by	the	M2	muscarinic	receptor	subtype	[6].	Hafer-
kamp et al [2006] [7] evaluated the role of neuro-
peptide	Y	 in	31	patients	with	NDO	and	7	patients	
with	stress	urinary	incontinence	(SUI)	and	conclud-
ed	that	the	reduction	of	neuropeptide	Y-containing	
nerves, inhibiting the contractile response of the 
detrusor, may play a role in the development and 
persistence	of	NDO	in	SCI	patients.	Oner-Iyidoğan	
et	al	 [2004]	 [8]	 found	 that	urine	8-iso	PGF2alpha	
concentrations	were	signiicantly	increased	in	SCI	
with	hyperrelexic	group	(median	value	0.89	pg/mg	
creatinine)	compared	to	both	normal	control	(0.52	
pg/mg	creatinine)	and	SCI	with	arelexic	groups	(P	
<	0.001);	and	the	lowest	concentrations	of	urinary	
8-iso	 PGF2alpha	 were	 observed	 in	 the	 arelexic	
group	(0.22	pg/mg	creatinine)	[8].	

According to the study of viscerosensory pathway 
of	 the	 lower	 urinary	 tract	 (LUT)	 by	 Schmid	 et	 al	
[2004][9],	 after	 electrical	 stimulation	 (ES)	 of	 the	
posterior	 urethral	 mucosa	 (single	 square	 pulses	
of 0.2 ms, 2 to 3-fold sensory threshold, 60 mA in 
complete SCI patients), evoked skin sympathetic 
responses	(SSRs)	of	 the	hand	could	be	recorded	
in 14 of 15 sensory incomplete SCI patients with 
disturbed urethral sensation but not in 13 sensory 
complete SCI patients with loss of any urethral 
sensation. Electrically evoked urethral sensations 
resembled the subjective desire to void at full blad-
der reported by controls and patients [9]. 

Schmid et al [10] did a comparative study of mo-
tor	 evoked	potentials	 (MEP)	and	evoked	pressure	
curves	(EPC)	from	the	urethral	compressive	muscu-
lature	(UCM)	in	9	healthy	persons	and	33	patients	
with	 neurogenic	UI	 (15	SCL,	 14	 cauda	 equina	 le-
sion, and 4 multiple sclerosis). In healthy subjects 
the central latency was 19.0 msec, the peripheral 
latency was 4.25 msec, and the ratio between cen-
tral and peripheral latencies was 4.4. In patients 
with	 incomplete	SCL,	 the	 central	 latency	was	 sig-
niicantly	 delayed	 (22.7	 msec),	 whereas	 the	 pe-
ripheral	responses	were	normal;	and	the	ratio	(5.5)	
was	increased.	Those	with	a	complete	SCL	showed	
no	 UCM	 reaction	 after	 transcranial	 stimulation,	
whereas peripheral responses were normal. The 
increased	ratio	of	6.0	indicated	a	SCL.	Ten	patients	
with	 incomplete	 cauda	 equina	 lesions	 and	UI	 had	
normal central latencies but prolonged peripheral 
latencies of 6.7 msec; the ratio of 3.4 indicated a 
lesion of the sacral caudal roots. In patients with 
complete cauda equina injury neither central nor 
peripheral responses could be evoked [10]. 

According	to	Dai	and	Xiao	[2005]	[11],	the	thresholds	
of stimulation on ventral root were 0.02 ms duration, 
0.2-0.4	 mA,	 (mean	 0.3	 mA+/-0.07	 mA),	 compared	
with	0.2-0.4	ms	duration,	1.5-3	mA	(mean	2.3	mA+/-
0.5	 mA)	 for	 dorsal	 root	 (P<0.01)	 to	 cause	 evoked	
potentials	and	EMG.	The	continuous	stimulation	for	
about	3-5	seconds	on	S2	or	S3	ventral	root	(0.02	ms,	
20 Hz, and 0.4 mA) could resulted in bladder detru-
sor contraction, but the strongest bladder contraction 

Study (year)
 

Subjects
 

Methods of bladder management
 

Dahlberg et 

al (2004)[1]
 

129 traumatic SCI in Finland; mean 

time since injury 18 years (SD 13)
 

Normal voiding: 11%

Controlled voiding (assisted voiding or incontinence: 12%

CIC: 12%; mixed (CIC with other methods):23%

Suprapubic tapping 24%

Compression or straining (usually with condom catheter): 

12% Catheter or conduit: 5%

Hansen et 

al (2004)[2] 
233 SCI in Denmark (82% males, 47% 

tetraplegics, mean age at the time of 

follow-up of 50.5 years and mean time 

since injury of 24.1 years)

46% changed bladder emptying method

Normal voiding: from 12% to 8%

CIC: from 11% to 36%

SPC: from 0.4% to 6%

Suprapubic tapping: from 57 to 31%

Crede manoeuvre: from 5 to 19%

Patki et al 

(2006)[3] 
64 traumatic pediatric onset, ambulate 

SCI; mean follow-up 7 years; mean 

age 46 years

Spontaneous voiding: initial 62.5%; 47.5% of them deteriorated

CSIC: initial 31.2%; 25% of them improved

SPC: initial 6.3%

37.5% required a change in urological management

68.7% had abnormal urodynamics at the last follow-up

Table 19:  Studies reporting prevalence of speciic bladder management methods in chronic SCI
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over	50	cm	H2O	was	usually	caused	by	stimulation	
on S3 ventral root in 7 of the 10 patients [11]. 

1. UroDynaMic StUDiES 

Ockrim	et	al	[2005]	[12]	found	that	in	men	with	SCI,	
cystometric	variables	and	detrusor	overactivity	(DO)	
remained consistent over sequential studies while 
in	those	with	LUT	symptom	of	urge,	a	signiicant	de-
crease in the number and pressure of involuntary 
detrusor	contractions	(IDCs)	in	consecutive	cystom-
etries	resulted	in	a	reduction	of	observed	DO	from	
72%	 to	63%	and	48%,	 in	 the	 three	 studies.	Chou	
et al [2006] [13] did a retrospective study on urody-
namic studies to provide reference ranges for “nor-
mal” variability in urodynamic parameters that can 
be considered as “no real change” from one study 
to the next. Fifty consecutive individuals with SCI 
had	2	trials	(trial	1	and	trial	2)	of	urodynamic	studies	
done 5 minutes apart, and the following data were 
collected: maximum cystometric capacity, open-
ing pressure, maximum detrusor pressure, volume 
voided,	and	postvoid	residual	(see	Table 20 ).  

Generao	et	al	[2004]	[14]	did	a	retrospective	review	
of SCI cases with 1-year minimum follow up to de-
termine the effect of SCI on the developing bladder 
and kidneys using video-urodynamics, sonograms. 
In	 42	 children	 (average	 age	 at	 injury	 of	 5.3	 years	
and mean follow up of 5.5 years), 40 used CIC and 
37	took	antispasmodics.	No	patient	had	relux,	hy-
dronephrosis or renal scarring. Safe bladder capac-
ity,	the	pressure	speciic	volume	at	40	cm	water	or	
less,	was	 less	 than	the	expected	capacity	 in	80%,	
58%	and	50%	of	 cervical,	 thoracic	and	 lumbar	 in-
jured patients but 100%, 76% and 67% of the re-
spectively groups undergoing multiple urodynamics 
had increasing capacity with time. 

Ersoz and Akyuz [2004] [15] investigated bladder-
illing	 sensation	 in	 73	 consecutive	 traumatic	 SCI	
patients to determine to examine the quality of the 
preserved sensation and to determine the potential 

for sensation-dependent bladder emptying in this 
patient	group.	Bladder-illing	sensation	was	present	
to some degree in all incomplete SCI patients, in 
82.4%	of	 the	patients	with	complete	 lesions	below	
T10,	 and	 38.9%	 of	 the	 patients	 with	 complete	 le-
sions	above	T11.	There	were	statistically	signiicant	
differences between three groups with respect to 
bladder	 sensation	 category	 (P<0.001).	About	86%	
of the patients with incomplete lesions, 53% of the 
patients with complete lesions below T10 and 22% 
of	 those	with	 lesions	above	T11	had	bladder-illing	
sensation	before	Pves	reached	25	cmH2O	and	si-
multaneous bladder capacity of more than 150 ml 
was present in 61.2, 41.2 and 22.2% of the patients 
in	the	groups,	respectively.	Bladder-illing	sensation	
investigations	were	reliable	in	terms	of	bladder	ill-
ing sensation category in 36 SCI patients who had 
second cystometric examination. 

To quantitatively measure bladder mucosal sensory 
function,	 Ukimura	 et	 al	 [2004]	 [16]	 used	 neurose-
lective	 Current	 Perception	 Threshold	 (CPT)	 tests	
in	8	healthy	volunteers	and	38	patients	with	NBD.	
Standardized neuroselective CPT measures were 
obtained	from	the	left	index	inger	and	the	mucosa	
of the posterior bladder wall. The CPT values in the 
bladder could be determined using the neuroselec-
tive measures in all patients but three who had no 
sensory	 response	 (absence	 of	 sensation)	 caused	
by	complete	SCI.	In	the	8	patients	with	NDO	due	to	
incomplete supra-sacral SCI, the bladder CPT value 
(4.0+/-1.9)	at	5Hz	was	signiicantly	 lower	 (p<0.01)	
than	 that	 in	 the	controls	 (26.2+/-17.7).	 In	 the	NBD	
determined	to	be	underactive	(n=11,	including	post	
pelvic surgery, post infra-sacral level SCI and diabe-
tes patients), the higher CPT values of bladder mu-
cosal	sensory	functions	were	found	at	5Hz	(p<0.05),	
250Hz	(p=0.07),	and	2000Hz	(p<0.05)	compared	to	
the controls. As described in the section diagnosis 
of	neurogenic	urinary	 incontinence,	no	ibre	speci-
icity	has	so	far	been	found	depending	on	frequency	
of current used or current type.

 

Urodynamic parameters 

 
Maximum

 

5th to 95th percentile       

Maximum
 

10th to 90 th percentile   

Maximum
 

25 th to 75 th percentile 

Mean
 

Increase
 

Decrease
 

Increase
 

Decrease
 

Increase
 

Decrease
 

Cystometric capacity (mL)       
 

234.63
 

+213.50
 

-158.05
 

+126.40
 

-74.60
 

+72.00
 

-27.00
 

Opening pressure (cmH2O)      
 

54.56
 

+30 -18.00  
 

+13.70       -12.00
 

+4.00
 

-9.50  

Maximum detrusor pressure (cmH2O)
 

60.82 
 

+17.35
 

-27.80
 

+10.00
 

-20.00
 

+4.00
 

-10.00
 

Volume voided (mL)
 

122.20
 

+177.25
 

-176.00
 

+105.60
 

-82.00
 

+50.00
 

-30.00
 

Postvoid residual (mL)
 

176.06
 

+197.25
 

-118.00
 

+131.00
 

-86.00
 

+50.00
 

-30.00
 

Table 20: Variability in urodynamic parameters for 50 SCI individuals 
(adapted from Chou et al. [13])
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2. DEtrUSor (ExtErnal) SphinctEr DySSynErGy

Schurch	et	al	[2005]	[17]	assessed	types	of	DSD	in	
105 chronic SCI males and evaluated the change 
in	the	DSD	pattern	over	time.	Results	showed	that	
those	with	an	 incomplete	sensory	and	motor	SCL	
presented	 with	 DSD	 type	 1	 whereas	 those	 with	
complete	sensory	and	motor	SCI	 lesion	had	DSD	
type 2 to type 3. A correlation was also found be-
tween	the	AIS	and	the	DSD	type	but	not	between	
the	DSD	 type	and	 the	 level	of	 lesion;	and	at	me-
dium	 to	 long-term	 follow-up,	 a	 signiicant	 change	
was	 found	 in	 the	DSD	 type	 [17].	Generally,	pres-
ence	 of	 DSD	 was	 determined	 by	 increased	 wire	
needle	EMG	activity	and/or	by	dilated	bladder	neck	
and proximal urethra during detrusor contraction, 
in the absence of valsalva or attempt to inhibit void-
ing.	De	et	 al	 [2005]	 [18]	 did	a	 comparative	 study	
to	explore	the	diagnostic	congruence	for	DSD	be-
tween	needle	EMG	and	voiding	cystourethrogram	
(VCUG)	in	the	neurogenic	population.	They	found	
60% agreement and 40% disagreement between 
EMG	 and	 VCUG	 for	 diagnosis	 of	 DSD.	 Binomial	
testing	 demonstrated	 signiicant	 disagreement	 (P	
<	 0.000)	 in	 observed	 proportions	 [18].	 By	 retro-
spectively analyzing clinical data consisting blad-
der	 and	 EAS	 EMG	 from	 41	 SCI	 individuals	 with	
NDO,	Wenzel	et	al	[2006]	[19]	found	that	the	onset	
of bladder contractions was detected within 1 sec 
of the start of the EAS contraction for both synergic 
and dyssynergic human subjects; and they con-
cluded that this detection could be used as a con-
trol signal to deliver inhibitory ES to arrest nascent 
bladder contractions and maintain continence [19]. 

3. coMplicationS rElatED to UrEthral inDwEllinG 
cathEtErization (iDc)

During	2004-2006,	 at	 least	 three	papers	 reporting	
urinary complications related to prolonged urethral 
IDC	such	as	follows:	the	catheter	balloon	of	a	Foley	
catheter	 inserted	only	half-way	was	 inlated	 in	 the	
urethra	distal	 to	 the	 stricture	and	a	 long-term	 IDC	
caused urethral erosion and a severe degree of 
hypospadias	 (Vaidyanathan	et	al,	2004)	 [20];	 con-
tracted	 bladder	 followed	 by	 autonomic	 dysrelexia	
(AD),	gross	hematuria	and	extravasation	of	contrast	
media due to improper technique of voiding cys-
tourethrography	 (Kovindha	 et	 al,	 2005)	 [21];	 and	
continuously incontinent despite a catheter and low 
bladder compliance leading to a urinary diversion 
to	achieve	continence	(Stoffel	and	McGuire,	2006)	
[22].	In	chronic	SCI,	IDC	was	associated	with	higher	
mean	 levels	 of	 C-reactive	 protein	 (CRP)	while	 in-
termittent catheterization was associated with lower 
levels	of	CRP	when	compared	with	other	methods	
of bladder management [Frost et al, 2005] [23]. 

4. vESicoUrEtEral rEflUx (vUr)

VUR	seems	common	among	SCI	patients	with	up-
per	 motor	 neuron	 (UMN)	 neurogenic	 bladder.	Ac-
cording	 to	 the	 study	 of	 Linsenmeyer	 et	 al	 [2004[	

[24], there was an association of posterior position 
of	ureteral	oriices	and	relux	(p	=	0.004)	but	no	dif-
ferences were found with regard to bladder capac-
ity, bladder wall compliance, or voiding pressures 
between	the	relux	group	and	nonrelux	group.	

5. StonE forMation

Linsenmeyer	 and	 Linsenmeyer	 [2004]	 [25]	 found	
that the majority of bladder stones were calcium 
phosphate	 (46.8%)	 or	 struvite	 (26.7%).	According	
to	the	retrospective	study	in	32	patients	with	NBD,	
Matlaga	et	 al	 [2006]	 [26]	 found	 renal	 stones	were	
infectious	 in	etiology	 in	37.5%	(12	struvite/carbon-
ate apatite) and metabolic in 62.5%. All with struvite 
calculi were infected with urea-splitting bacteria.

Stone	formation	is	usually	related	to	IDC.	In	2006,	
there	were	ive	papers	reporting	on	such.	Ke	et	al.	
[27] found bladder calculi with a nidus of hair that 
could have been introduced into the bladder ac-
cidentally during the cystostomy catheter replace-
ment.	According	to	the	retrospective	study	of	Ku	et	
al	[28],	over	the	17	years	28%	and	15%	of	140	men	
were diagnosed with bladder and renal stones for a 
total of 59 and 25 episodes, respectively; bladder 
stone was more common in patients injured when 
aged	 >	 or	 =	 24	 years	 than	 in	 those	 injured	when	
aged	<24	years	(OR	2.5;	95%	CI	1.1-5.7;	P	=	0.03);	
patients with complete injury had a greater risk of 
renal stone formation than those with incomplete 
injury	(OR	4.1,	95%	CI	1.3-12.9;	P	=	0.016);	renal	
stone was more common for patients with urethral 
catheterization than for those voiding spontaneous-
ly	(OR	5.7,	95%	CI	1.3-24.6,	P	=	0.021)	and	for	pa-
tients	with	bladder	stone	than	for	those	without	(OR	
4.7,	1.5-15.1;	P	=	0.01).	According	to	the	review	by	
Ost	and	Lee	[29],	recurrent	UTI,	IDC,	VUR,	and	im-
mobilization hypercalcuria were major risk factors 
for the development of urolithiasis. 

According	to	the	retrospective	study	of	Ozawa	et	al	
[2005] [30], the incidence of bladder stone in urethral 
IDC	 was	 1.11	 times/100	 months,	 cystostomy	 was	
1.05,	 contemporary	 urethral	 IDC	 at	 night	 time	 only	
was 0.96, CIC-wet was 0.61, and CIC-dry was 0.21; 
and	 the	urethral	 IDC	group	had	signiicantly	higher	
incidence	of	bladder	stone	than	CIC-dry	(p<0.05).	

Linsenmeyer	 and	 Linsenmeyer	 [2006]	 [31]	 did	 a	
prospective	cohort	study	by	examination	of	IDC	for	
encrustation at the time of removal for cystoscopy 
and found that 35% of 49 SCI individuals had blad-
der stones. Catheter encrustation was noted in 13 
patients and 11 of them also had bladder stones 
i.e., a positive result for catheter encrustation had 
a	positive	result	for	bladder	stones	85%	of	the	time.	
Thirty-six individuals had no catheter encrustation; 
of these, 16% were found to have bladder stones. 

6. BactEriUria

In	 a	 retrospective	 study,	 Jayawardena	 and	Midha	
[2004] [32] suggested that healthy asymptomatic 
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SCI patients who came for annual evaluations 
should not have routine urine cultures if they are at 
low	risk	for	UTIs;	that	is,	<6	WBC/HPF	in	the	urine	
and/or	 nitrite	 negative	 [32].	Svensson	et	 al	 [2004]	
[33] studied the occurrence of bacteriuria in SCI 
patients	with	NBD	who	used	CIC.	Of	344	cultured	
samples,	there	were	285	isolates:	coagulase-nega-
tive	Staphylococci	(27%),	Enterococci	(25%),	Kleb-
siella	 spp	 (19%),	 and	Escherichia	 coli	 (12%);	 and	
bacteria	 grew	 at	 concentrations	 of	 105-108	 cfu/L,	
but	only	a	few	at	104	cfu/L.	Levendoglu	et	al	[2004]	
[34] prospectively studied in 27 SCI patients who 
applied CIC during the initial rehabilitation and 40 
controls. E. coli was predominantly isolated from 
the urine and the urethral cultures of both female 
and male patients; there was concordance between 
urethra and urine cultures concerning the growth of 
E.	coli	(P=0.82);	and	Pseudomonas	was	colonized	
more in male patients [34]. Waites et al [2004] [35] 
found that among 77.1% of men with bacteriuria, 
uropathogens were shown in the perineum in 57.4% 
and	 in	 the	urethra	 in	85.2%;	differences	 in	 the	oc-
currence of uropathogens in men with and without 
bacteriuria	were	statistically	signiicant,	and	organ-
isms were present in higher numbers in men with 
bacteriuria. 

7. EpiDiDyMo-orchitiS anD othEr coMplicationS

Over	the	17-year	follow-up	study	of	Ku	et	al	[2006]	
[36],	of	140	male	patients	(24.3%	complete,	the	av-
erage	age	at	onset	of	24.8	years	old,	 the	average	
time since SCI of 16.9 years), 27.9% were diag-
nosed with epididymo-orchitis; and in multivariate 
analysis, patients on CIC had a 7.0-fold higher risk 
(OR,	6.96;	95%CI,	1.26-38.53;	P=0.026);	however,	
a	history	of	urethral	 stricture	 lost	 statistical	 signii-
cance	(P=0.074).	Nambiar	et	al	[2005]	[37]	reported	
a C4 tetraplegia man presenting with a necrotic ul-
ceration on the ventral aspect of the penis and scro-
tum of 2 days duration and diagnosed with fulminant 
Fournier	gangrene.	Vaidyanathan	et	al	 [2004]	 [38]	
reported cases of a perirenal haematoma due to 
warfarin and a tumour like of necrotic slough and 
debris in the bladder. 

8. QUality of lifE (Qol)

Oh	et	al	[2005]	[39]	conducted	a	prospective	trial	in-
volving 132 SCI patients and 150 controls matched 
to age and sex to determine the psychological and 
social status of patients using CIC. According to 
health-related	 quality	 of	 life	 (HRQOL),	 the	 Medi-
cal	 Outcomes	 Study	 36-Item	 Short-Form	 General	
Health	Survey	(SF-36)	scores	did	not	reveal	any	sig-
niicant	differences	between	the	men	and	women	in	
the patient group. When patients and controls were 
divided into two groups according to sex and age, 
the	SF-36	scores	of	 the	patients	were	signiicantly	
lower than the controls across both sex and all age 
groups, other than the energy and vitality scale, the 
differences	 for	 which	 were	 not	 statistically	 signii-
cant in women and those younger than 50 years. 

Later	Oh	et	al	[2006]	[40]	used	the	Beck	Depression	
Inventory	(BDI)	with	SCI	patients	on	CIC	and	control	
group	and	found	that,	the	average	total	BDI	scores	
were	20.3+/-1.0	in	the	patient	group	and	11.4+/-0.5	
in	the	control	group,	respectively	(P<0.001);	69.6%	
of 102 the patients reported severe depression; fe-
male	patients	had	a	3.8-fold	higher	risk	(OR	13.83;	
95%CI	 1.42-10.31;	 P=0.008)	 of	 depression	 than	
male patients; and those who were unable to per-
form catheterization independently had a 4.6-fold 
higher	risk	(OR	4.62;	95%	CI	1.67-12.81,	P=0.003)	
of depression than those who were able to perform 
self-catheterization. 

c) Disease speciic management

1. UroloGical follow-Up practicE

According to cohort studies [4, 5, 41], there was evolu-
tion of bladder management by time, outcomes and 
complications in both pediatric onset and adult onset 
SCI;	treatment	was	modiied	in	a	substantial	propor-
tion	of	patients	over	the	observation	periods.	Regular	
urodynamic follow-up is warranted for protection of the 
upper	urinary	 tract	 (UUT)	and	maintenance	of	conti-
nence, however, urological follow-up practice varied: 
in	Bochum,	Germany,	follow-up	included	urodynamic	
evaluation,	sonography	of	the	UUT	and	LUT,	urine	ex-
amination, and evaluation of renal function and treat-
ment	 modiications	 were	 based	 on	 the	 urodynamic	
indings	 [42];	 in	 the	Spinal	 Injuries	Units	 of	U.K.,	 all	
units performed routine upper tract screening, ranging 
from annually to every 3 years [43]. 

According to the retrospective chart review of 
Sepahpanah et al. [44], the 24-hour creatinine 
clearance	(CCr)	was	highly	variable	from	one	eval-
uation to the next and the within-subject standard 
deviation	(SD)	for	CCr	was	25.9mL/min;	for	all	com-
parisons of repeatability, variability, and reliability, 
serum creatinine was superior to CCr; and renal 
ultrasound results and post-void residuals were 
the major factors in changing medical manage-
ment with regard to renal function preservation. To 
determine the accuracy of bladder stone detection 
by	abdominal	x-rays	of	 individuals	with	SCI,	13/62	
(20.97%)	 of	 stones	 found	 during	 cystoscopy	were	
detected by the x-ray; the detection by x-ray was 
33% for stones 1.0 cm to 1.49 cm, 33% for stones 
1.5	cm	to	1.9	cm,	and	54%	for	stones	>	or	=	2.0	cm;	
and	57%	for	volumes	>	or	=	1.0	cm3	[25].	In	addi-
tion, long-term SCI individual with aged 50 to 60 or 
more should be screened for prostate and bladder 
cancer [45, 46]; however, PSA cannot be used in 
patients	with	IDC	and	diagnosis	should	be	based	on	
prostatic biopsies [45]. 

2. intErMittEnt cathEthErization (ic)

IC is recommended as the safest method of blad-
der	emptying	for	SCI	persons	with	NBD	[47],	espe-
cially	 for	 those	who	have	suficient	hand	skills	 or	
a willing caregiver to perform the catheterization 
[48].	Mizuno	et	al	[2004]	[49]	reported	a	paraplegic 
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woman using CSIC for 27 years who had no com-
plications	 and	 absence	 of	 UI	 due	 to	 underactive	
and normal capacity bladder. However SCI men on 
CIC, according to the retrospective comparative 
study of patients on CIC had a 7.0-fold higher risk 
of	epididymo-orchitis	[28].

3. tEchniQUES

Previously, recommended bladder training with 
CIC was time-dependent, however, some experi-
enced bladder over-distention, especially in those 
with polyuria that made an IC programme unman-
ageable [50]. Polliack et al [2005] [51] compared 
volume-dependent	 IC	 (VDIC)	 following	 bladder	
volume measurement by a portable ultrasound de-
vice	in	SCL	patients	with	time-dependent	IC	(TDIC).	
After 12-30 days follow-up, the number of IC per 
patient per day, the time required to perform vol-
ume measurements and IC, and their total cost, 
were approximately 44, 49, and 46% lower in the 
VDIC	group	than	in	the	TDIC	group.	UTI	was	found	
in	 three	patients	 in	 the	TDIC	group	and	 in	none	 in	
the	VDIC	group.	

4. typE of cathEtEr

In developed countries, there is a variety of urethral 
catheters available for SCI individuals.  

However, in reviewing all controlled trials comparing 
methods of using catheters in people with neuro-
genic	bladder	dysfunction,	Jamison	et	al	[2004]	[52]	
could not draw any conclusions regarding the use 
of different types of catheter. According to the multi-
centre	RCT	of	De	Ridder	et	al	 [2005]	 [53],	57	SCI	
male patients completed the 12-month study; 64% 
of those using the SpeediCath hydrophilic-coated 
catheter	experienced	1	or	more	UTIs	compared	to	
82%	of	those	using	the	uncoated	polyvinyl	chloride	
(PVC)	catheter	 (p	=	0.02);	and	 twice	as	many	pa-
tients	in	the	SpeediCath	group	were	free	of	UTI.	Ac-
cording	 to	 another	multi-centre	 study	 of	 Bjerklund	
Johansen	et	al	 [2007]	 [54],	of	378	SCL	(the	mean	
duration of IC was 4.6 yr) who completed a 12-d 
trial	of	the	novel	hydrophilic	catheter:	LoFric	Primo,	
55.2% of the patients were happy to continue with 
the novel device, which was 74% of patients using 
standard PVC catheters and 36% of those using 
prelubricated	PVC	(p=0.04).	

In	 a	 developing	 country,	 such	 as	 Thailand,	 Japa-
nese reusable silicone catheters were reused and 
median duration of usage for each catheter was 2 
years.	Electron	microscopic	indings	of	 the	 reused	
catheters for 2 years revealed encrustation but no 
obstruction in the lumens and 20% increase in stiff-
ness.	Demographic	data,	urinary	management	and	
complications	did	not	have	signiicant	relation	to	the	
abnormality	of	the	urethrogram	or	UTI	[21].	

Ozawa	et	al	[2005]	[30]	applied	a	contemporary	(re-
usable) balloon catheter at night time only. After a 
mean follow up of 41 months, the incidence of fe-

brile	episode	was	as	follows:	CIC-wet	3.36	times/100	
months,	 IDC	2.96,	cystostomy	1.26,	 the	contempo-
rary catheter 0.57, and CIC-dry 0.42. The incidence 
of	 febrile	episode	 in	CIC-wet	and	 IDC	were	signii-
cantly	higher	than	in	CIC-dry	(p<0.05).	The	incidence	
of	bladder	stone	was	as	follows:	IDC	1.11	times/100	
months, cystostomy 1.05, the contemporary catheter 
0.96, CIC-wet 0.61, and CIC-dry 0.21. 

5. BlaDDEr rElaxantS

Many	 SCI	 individuals	 with	 NDO	 experienced	 high	
detrusor pressure with incontinence and post-voiding 
residual,	 bladder	 relaxants	 –	 antimuscarinic	 drugs,	
usually are prescribed for those applying CIC as well 
as	IDC.	Tolterodine,	2	mg	twice	daily	[55],	controlled	
release	oxybutynin	(OXY-XL)	[56],	doubled	dosage	of	
tolterodine	ER	or	Trospium	[57]	and	self-selected	dos-
ages	(SSD)	of	tolterodine	and	oxybutynin	[55]	showed	
reduction	in	degree	of	UI	and	increase	in	IC	volumes,	
and cystometric capacity; but the side effect of dry 
mouth	was	differed	signiicantly	when	comparing	tolt-
erodine	SSD	with	oxybutynin	SSD	(P	<	0.05)	[55].

6. intravESical vanilloiD inStillation 

According	to	a	review	article	[58],	intravesical	treat-
ment options may either act on the afferent arc of 
the	 relex	 such	 as	 local	 anaesthetics	 or	 vanilloids	
or on the efferent cholinergic transmission to the 
detrusor muscle such as intravesical oxybutynin or 
botulinum toxin. Clinical trials and case series done 
in	SCI	with	NDO	proved	the	eficacy	of	intravesical	
instillations of various concentrations of resinifera-
toxin	(RTX)	by	cystometric/	urodynamic	parameters	
and	 degree	 of	 UI	 [59-64];	 intravesical	 capsaicin	
(CAP)	also	improved	in	symptoms	and	urodynamic	
parameters	[57,61],	without	a	signiicant	difference	
between	the	CAP	and	the	RTX	groups	[61].	When	
compared	RTX	with	injection	of	300	units	botulinum	
A-toxin diluted in 30 ml normal saline, both treat-
ments	provided	signiicant	reduction	in	mean	cath-
eterization and episodes of incontinence, and a sig-
niicant	 increase	 in	mean	irst	 involuntary	detrusor	
contraction and in mean maximum bladder capacity 
at 6, 12 and 24 months after therapy; while botuli-
num-A	toxin	signiicantly	reduced	also	the	maximum	
pressure of uninhibited detrusor contractions more 
than	RTX	at	all	follow-up	time	points	[59].

7. trEatMEnt of DSD

In	 those	 using	 relex	 voiding	 to	 empty	 bladder,	 it	
is recommended to attempt use of non-surgical 
methods	 –	 for	 example	 alpha-blocker	 and	 botuli-
num	toxin	injection	into	the	urethral	sphincter	[48].	
According	to	the	study	of	Reitz	et	al	[2004]	[65],	12	
male	SCI	patients	with	NDO	and	DSD	received	10	
mg of isosorbide dinitrate sublingually and found 
that	nitric	oxide	signiicantly	reduced	external	ure-
thral	 sphincter	 pressures	 at	 rest	 (p	 <	 0.05)	 and	
during	dyssynergic	contraction	(p	<	0.05);	and	the	
mean	post	 triggering	 residual	volume	was	signii-
cantly	reduced	(p	<	0.05).	
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8. prEvEntion of Uti 

According to 2 double-blinded, placebo-controlled 
RCTs	 [66,	 67]	 studying	 the	 effectiveness	 of	 cran-
berry	 supplement	 (400-mg	 cranberry	 3	 times	 a	
day for 4 weeks [66] and 2 g per day for 6 months 
[67]),	 at	 preventing	 UTIs	 in	 SCI	 individuals	 with	
NBD,	bacterial	count,	white	blood	cell	(WBC)	count,	
bacterial counts in urine, urinary pH or episodes of 
symptomatic	UTI	did	not	differ	between	the	placebo	
and	cranberry	groups.	According	to	another	RCT	to	
determine the effectiveness of methenamine hippu-
rate	(MH)	(1	g	twice-daily)	and	of	cranberry	(800	mg	
twice-daily),	MH	as	well	as	cranberry	did	not	have	
a	 signiicantly	 longer	UTI-free	 period	 compared	 to	
placebo	Lee	et	al	[2007]	[68].	In	addition,	when	tak-
ing  phosphorus supplementation, there was no sig-
niicant	change	in	urine	pH	during	the	2-week	period	
compared to when the patient was off supplementa-
tion Schlager et al [2005] [69].

9. antiBiotic prophylaxiS

Some advocated antibiotic prophylaxis for recurrent 
UTI	[43].	To	determine	the	safety	and	eficacy	of	a	
weekly	oral	cyclic	antibiotic	 (WOCA)	regimen	con-
sisting of the alternate administration of an antibiotic 
once per week over a period of at least 2 years to 
prevent	UTI	in	SCI	adult	patients,	symptomatic	UTI	
dropped	 from	 9.4	 to	 1.8	 per	 patient-year;	 and	 no	
severe adverse events and no new cases of colo-
nization with multiple drug resistant bacteria were 
reported [Salomon et al, 2006] [70]. 

10. BlaDDEr irriGation 

Waites et al [2006] [71] conducted a randomized, 
double-blind comparison of twice daily bladder ir-
rigation	using	1	of	3	different	solutions	for	8	weeks	
with	30	mL	of	(a)	sterile	saline,	(b)	acetic	acid,	or	(c)	
neomycin-polymyxin solution in community-residing 
persons	with	NBD	who	used	IDC.	Results	showed	
that the 3 irrigants had no detectable effect on the 
degree	of	bacteriuria	or	pyuria;	no	signiicant	devel-
opment of resistance to oral antimicrobials beyond 
what was observed at baseline; but all groups had a 
signiicant	increase	in	urinary	pH.

11. trEatMEnt of Uti

Bycroft	et	al	[2004]	[43]	found	few	routinely	treating	
asymptomatic	UTI	in	SCI	individuals	using	catheters;	
and the range of recommended duration of treatment 
for	symptomatic	UTI	was	3-14	days	(mean	6.3).

12. ElEctrical StiMUlation 

Lavano	 et	 al	 [2004]	 [72]	 reported	 improvement	 in	
bladder emptying and continence in 6 neuropathic 
patients	treated	with	sacral	nerve	stimulation	(SNS)	
and results were unchanged during the follow-up 
(maximum	26	months)	 in	 all	 except	 1	 patient.	 Kut-
zenberger et al [2005] [73] reported a 17-year experi-
ence	with	sacral	deafferentation	(SDAF)	and	implan-
tation	 of	 sacral	 anterior	 root	 stimulator	 (SARS).	Of 

464	paraplegics	receiving	a	SDAF-SARS,	complete	
deafferentation was successful in 94.1% and conti-
nence	was	achieved	in	83%.	With	a	mean	follow-up	
of 6.6 years, 420 out of 440 paraplegics used the 
SARS	 for	 voiding	 (frequency	4.7	per	day)	and	401	
used	it	for	defecation	(frequency	4.9	per	week);	UTI	
declined from 6.3 per year preoperatively to 1.2 per 
year postoperatively and kidney function presented 
stable. Hansen et al [2005] [74] applied automatic 
event	 driven	 ES	 of	 the	 dorsal	 penile/clitoral	 nerve	
triggered	 by	Pdet	 exceed	 10	 cmH2O	and	 reported	
during	stimulated	illing	Pdet	never	exceeded	55	cm	
H2O	 and	 an	 average	 bladder	 capacity	 increase	 of	
53% was achieved in suprasacral SCI patients. 

d) Guidance for further research:

Most	of	 the	papers	relating	 to	epidemiology	and	pa-
thology of urinary incontinence in spinal cord lesion 
patients were case series; and few papers were clini-
cal	 trials	 or	 RCTs	 relating	 to	 pharmacological	 treat-
ments.	As	UTI	is	a	common	complication	among	SCI	
individuals,	 further	 RCT	 to	 prove	 whether	 a	 weekly	
oral	 cyclic	 antibiotic	 for	 UTI	 prophylaxis	 as	 well	 as	
optimal dosage, effectiveness and safety of bladder 
relaxants including drugs for blocking nerves inner-
vating	bladder	 is	 beneicial	 in	SCI	with	NBD	should	
be	done.	Regarding	types	of	catheter,	RCT	should	be	
conducted to prove whether to reuse catheters is safe. 
In addition, to make an automatic, event driven electri-
cal	stimulation	for	the	treatment	of	NDO	suitable	in	a	
clinical setting further investigations are needed.

Conclusions : 

•  The proile of muscarinic receptors in the blad-
der may be altered in patients with neurologi-
cal disease (LOE 3).

•  Skin sympathetic responses and motor 
evoked potentials may help assess autonom-
ic and somatomotor pathways of the lower 
urinary tract. (LOE 3).

•  I n patients with neurological disease, indi-
viduals often change their method of bladder 
management, inluenced by a range of factors 
including renal function. (LOE 2)

•  Long-term urethral indwelling catheteriza-
tion leads to bladder and urethral complica -
tions (LOE 3).

•  Encrustation of a catheter is predictive of blad-
der stones; abdominal x-ray is not an adequate 
method to detect bladder stones (LOE 3). 

•  Volume-dependent intermittent catheterization 
may offer advantages compared with time-de-
pendent intermittent catheterization. (LOE 3) 

•  Combined clean intermittent catheterization 
during the day time with indwelling contempo-
rary balloon catheter at night time showed less 



945

urinary infection than clean intermittent cath -
eterization with incontinence and permanent 
urethral indwelling catheterization. (LOE 3)

•  Increased dosage of Tolterodine or Trospium 
gave a better effect to control neurogenic de -
trusor overactivity with incontinence. (LOE 2) 

•  Urethral lora may be a bacterial source for the 
development of urinary infection. (LOE 3)

•  Low bacterial concentrations in the urine 
(<105cfu/L) of patients on intermittent catheter-
ization might be due to contamination. (LOE 3)

•  Cranberry extract, methenamine hippurate or 
phosphorus supplements were not found to be 
effective in acidifying urine or preventing uri -
nary tract infection. (LOE 2)

•  A weekly oral cyclic antibiotic seemed efica-
cious in preventing UTI. (LOE 3) 

•  Bladder irrigation was not effective in reducing 
bacteriuria in persons with neurogenic bladder 
using indwelling catheterization. (LOE 2)

Recommendations:

•  Regular urological monitoring, at least annual-
ly, is appropriate to early detect complications 
and to adjust bladder management in patients 
with neurogenic bladder dysfunction. (A/B)

•  Recommend urine culture only there is high 
risk of urinary tract infection. (C)

•  Routinely inspect catheters for encrustation, 
as an early indicator of risk of bladder stone 
formation. (C)

•  Cystoscopy is necessary if bladder stones are 
suspected. (C)

•  Adjust urinary tract management according 
to results of urological evaluation and emer -
gence of complications. (B)

•  Clear diagnosis of DSD requires VCUG facili-
tated by EMG. (C)

•  Clear instructions on catheter management 
can help to reduce risk of complications. (B) 

•  Dosages of bladder relaxant drugs in excess of 
the licensed doses have been used in attempt -
ing to control neurogenic detrusor overactivity 
and incontinence; if side-effects cannot be tol-
erated, intravesical botulinum toxin injection 
are effective. (B)

2. FAECAL INCONTINENCE

a) Epidemiology and prevalence

[According	to	Dvorak	et	al,	2006]	[75],	in	patients	with	
central cord syndrome, bowel and bladder continence 
was	reported	by	81%	in	those	with	American	Spinal	
Injury	Association	 (ASIA)	motor	score	 improvement	
from	a	mean	of	58.7	at	 injury	 to	a	mean	of	92.3	at	
follow-up. However, neurogenic bowel dysfunction 
(NBoD)	 is	 common	among	 spinal	 cord	 injury	 (SCI)	
patients	(Table 21 ). From 2004 to 2007, there were 
6	studies	reporting	epidemiology	of	NBoD	in	chronic	
spinal	cord	injured	(SCI),	from	various	countries	[76-
80]	(more	details	see	section	D1	in	this	chapter).	Apart	
from SCI [2-6], there were other spinal cord lesions 
(SCL)	that	causes	NBoD	such	tumors	(e.g.	a	conus	
medullaris	ependymoma	and	ilum	terminale	lipoma	
[81];	a	clear	cell	meningioma	along	the	thoracic	and	
lumbar	levels	[82],	neuroblastoma	[83]);	venous	con-
gestive	myelopathy,	mostly	at	thoracolumbar	and/or	
conus	medullaris	levels	[84];	transverse	myelitis	[85];	
and	iatrogenic	[86,	87].	Tanaka	et	al	[2006]	[85]	77%	
of	22	transverse	myelitis	(average	age	at	onset	8.8	
years,	mean	follow-up	7.1	years)	had	NBoD.	

Study 

(year) 

Countries Subjects Prevalence  

  Faecal 
incontinence 

Constipation Others 

Liem et al  (2004) [76] Canada 352 SCI (> 20 years) 41.8% (including 
diarrhea) 

47.9%  

Ng et al (2005) [77] Australia 110 SCI (duration 
from injury, median 17 years)

 

41% 46% (including 
laxative use) 

Abdominal pain 33% 

Abdominal bloating 22%; 
 

Tongprasert & Kovindha  

(2006) [78]
Thailand 100 SCI (duration 

from onset, mean 6 years)

 

35%  

(normal subjects: 
1.8%, p = 0.0013) 

86% (including 
uses of laxative, 

enema, etc) 

Haemorrhoid 16% 

(normal subjects, 
20%, p =0.338) 

Vallès et al (2006) [79] Spain 54 motor complete SCI
 (mean duration from 

onset 6 years)
 

85% 67%  

Vallès et al (2006) [79] Spain 109 patients 

83% had spinal sacral 
reflexes (SSR)

31%  27%  

more in tetra 
A,B,C 

 

Pagliacci et al (2007) [80] Italy
 

403 SCI (duration 
from discharge to 

follow-up,  mean 3 years) 

2.7% 
 

(20.1% partial)
 

  

Table 21. Prevalence of neurogenic bowel dysfunctions reported in spinal cord injury patients
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b)  Pathology and disease speciic lower gastro-
intestinal (LGIT) problems

According	 to	 electromyography	 (EMG)	 of	 exter-
nal	anal	sphincter	 (EAS),	18	and	22	of	64	patients	
with cauda equina or conus medullaris lesions had 
bilateral	and	unilateral	EMG	abnormalities	[88].	Us-
ing anorectal manometry, the maximum anal resting 
pressure of a 26-lumbosacral SCI patients group 
with	mixed	symptoms	of	constipation	and/or	FI	was	
slightly lower than that of a 13-normal volunteers 
control	group	[89].	During	defecation	,	88.5%	of	the	
patients	 but	 7.7%	 of	 the	 control	 group	 signiicantly	
showed	pelvic	loor	dysfunction	(PFD).	Rectoanal	in-
hibitory	relex	(RAIR)	was	 identiied	 in	both	groups.	
The rectal volume for sustained relaxation of the anal 
sphincter tone in lumbosacral SCI patients group was 
signiicantly	higher	than	the	control	group.	The	mean	
rectal	volume	to	generate	the	irst	sensation	was	sig-
niicantly	 higher	 in	 SCI	 patients	 than	 in	 the	 control	
group.	 Regarding	 constipation,	 its	 association	 with	
level of injury was supported by many studies, i.e. 
upper	motor	 neuron	 vs	 lower	motor	 neuron	NBoD.	
Decreased	colonic	pressure	activity	was	found	dur-
ing sleep in SCI individuals and may contribute to 
delayed colon transit time after SCI [90]. 

Furlan and Fehlings [2006] [91] examined the char-
acteristics of the top 100 most frequently cited ar-
ticles	(so-called	“citation	classics”)	on	traumatic	SCI	
that	were	published	between	1986	and	2003,	and	
compared this selected professional literature with 
the	 consumers’	 perspective	 on	 the	 key	 issues	 in	
SCI	research.	From	a	SCI	consumers’	perspective,	
the areas of greatest interest included motor func-
tion, bowel and bladder control, sexual function, 
and	pain.	Motor	function	was	the	leading	topic	in	the	
matching list between professional literature and 
consumers’	 perspective.	 According	 to	 Anderson’s	
quality	 of	 life	 (QOL)	 survey	 of	 the	 SCI	 population	
[2004] [92], regaining arm and hand function was 
most important to quadriplegics, whereas regaining 
sexual function was the highest priority for paraple-
gics; and improving bladder and bowel function was 
of	 shared	 importance	 to	 both	 injury	 groups.	 Later,	
according	to	a	web-based	survey	of	286	SCI	popu-
lation	aged	18	years	or	older	completed	the	survey,	
results showed that bladder and bowel concerns 
during sexual activity were not strong enough to de-
ter the majority of the population from engaging in 
sexual	activity	[93];	however,	bladder	and/or	bowel	
incontinence during sexual activity was a highly sig-
niicant	concern	in	women	with	SCI.	In	addition,	the	
occurrence	 of	 autonomic	 dysrelexia	 (AD)	 during	
typical	bladder	or	bowel	care	was	a	signiicant	vari-
able	predicting	 the	occurrence	and	distress	of	AD	
during sexual activity [94]. 

FI	 had	 10	 times	more	 impact	 on	QOL	 than	 those	
with	no	FI	and	NBoD	had	signiicant	impact	on	their	
QOL	[95].	They	had	signiicantly	lower	Gastrointes-
tinal	QOL	score	as	compared	with	the	normal	per-
sons	[96].	There	were	no	statistically	signiicant	dif-

ferences	in	satisfaction	or	QOL	between	those	with	
colostomies and those with traditional bowel care 
programs; however, 55.7% of those with colosto-
mies and 41.7% of those without colostomies were 
very	unsatisied	with	their	bowel	care	program	[97].	

c) Conservative bowel management

According	 to	 the	 “Neurogenic	Bowel	Management	
in Adults with Spinal Cord Injury” Clinical Practice 
Guideline	 published	 by	 the	 Consortium	 for	 Spinal	
Cord	Medicine	 [98],	 rectal	 stimulations	help	assist	
elimination	of	 the	stool:	mechanical	 stimulations	–	
digital	rectal	stimulation	(DRS)	and	manual	evacu-
ation;	and	chemical	stimulations	–	suppository	and	
mini-enema	(liquid	suppository).	Korsten	et	al.	[99]	
used a manometric catheter to assess colonic mo-
tility	 at	 baseline,	 during	 DRS,	 and	 after	 DRS	 and	
evacuation of barium oatmeal paste in six subjects 
with SCI; and results showed that manometric 
changes	 in	 response	 to	 DRS	 were	 accompanied	
by expulsion of barium oatmeal paste in every sub-
ject	by	the	ifth	DRS.	In	patients	with	cervical	SCI,	a	
signiicant	increase	in	systolic	blood	pressure	(BP)	
was induced by insertion of rectal medications and 
persisted	during	additional	DRS,	and	the	manual	re-
moval	of	stool	induced	AD	were	reported;	however,	
systolic	BP	recovered	to	pre-program	values	within	
5 min after defecation[100]. 

Uchikawa	et	al.	 [101]	 reported	a	successful	bowel	
movement in 75% of 20 SCI patients by using a 
modiied	washing	 toilet	seat	equipped	with	a	cam-
era monitor and an electronic bidet to facilitate pre-
cise hitting of the anal area with water streams to 
stimulate bowel movement for a maximum of 30 
minutes.	Regarding	 transanal	 irrigation,	 it	 showed	
improvement in constipation, FI and symptom-relat-
ed	QOL	in	SCI	individuals	[102].

Push up, abdominal massage and a forward-lean-
ing position may aid evacuation by increasing ab-
dominal	pressure	 [98].	Ayaş	et	al.	 [103]	studied	 in	
patients with SCI and showed that abdominal mes-
sage	gave	positive	effects	–	 increase	in	frequency	
of defecation per week, decrease in total colonic 
transit time and lesser FI. As contraction of the 
abdominal wall musculature plays a role in normal 
defecation,	Korsten	et	 al.	 [104]	 assessed	whether	
an abdominal belt with implanted electrodes would 
improve	dificulty	with	evacuation	in	SCI	individuals	
and demonstrated that neuromuscular stimulation 
of the abdominal wall improved defecation function, 
including	time	to	irst	stool	and	total	bowel	care	time.

Oral	 medications	 to	 enhance	 bowel	 movement	
have	 been	 used,	 but	 evidence	 of	 eficacy	 is	 lack-
ing. Cisapride does not seem to have clinically use-
ful	 effects	 in	people	with	SCI	 [104].	Korsten	et	 al.	
[105] did a randomized, blinded design, to test the 
eficacy	of	neostigmine	in	SCI	persons	with	defeca-
tion	 dificulty	 by	 infusing	 one	 of	 three	 intravenous	
infusates	(normal	saline,	2	mg	neostigmine,	or	2	mg	
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neostigmine	 +	 0.4	mg	 glycopyrrolate	 –	 to	 prevent	
neostigmine’s	muscarinic	effects)	on	separate	days	
and determining on bowel evacuation of the barium 
paste, heart rate and airway resistance; and results 
indicated that both neostigmine and neostigmine + 
glycopyrrolate resulted in prompt bowel evacuation. 
Studies have shown that neostigmine + glycopyr-
rolate intravenous administration is safe and well 
tolerated in persons with chronic SCI [105, 106] and 
studies	have	been	under	way	to	assess	the	eficacy	
of neostigmine by other routes [106].

d) Guidance for further research

Most	of	the	studies	reported	were	case	series	and	
used	different	deinitions	of	faecal	incontinence	and	
constipation. Therefore further researches should 
base	 on	 internationally	 acceptable	 deinitions	 so	
that	 they	 can	 be	 compared.	 In	 addition,	 RCTs	 on	
rectal or anal stimulations both mechanical and 
chemical as well as medications promoting bowel 
movement are needed. 

Conclusions : 

•  Constipation is more common than faecal 
incontinence among people with established 
SCI (LOE 3).

•  Constipation is more common in those with 
preserved sacral relexes, whereas faecal in-
continence is more common in those without 
sacral relexes. (LOE 3)

•  Faecal incontinence has impact on the QOL of 
SCI individual and is a substantial concern for 
women with SCI during sexual activity. (LOE 3)

•  Digital rectal stimulations aid bowel evacua-
tion in individuals with SCI, in part by increas-
ing left-side colonic motility. (LOE 3)

•  Transanal irrigation with water improves con-
stipation and quality of life in individuals with 
SCI. (LOE 2)

•  Abdominal massage may be effective in enhanc-
ing bowel movement and defecation. (LOE 3)

•  Anal stimulation by water stream may be effec-
tive in stimulating bowel movement and short-
ening bowel care time. (LOE) 

Recommendations:

•  Encourage adherence to the clinical practice 
guidelines on neurogenic bowel management 
in adults with spinal cord injury (A).

•  Apply mechanical stimulation e.g. digital rectal 
stimulation, to aid bowel evacuation- especial-
ly in those with preserved sacral relexes (B).

•  Use chemical stimulants when mechanical 
stimulation fails (C).

•  Beware of autonomic dysreflexia during 
bowel care, especially in those with a high 
SCI lesion (C).

•  Consider transanal irrigation with water for 
those with severe chronic constipation and 
faecal impaction (B).   

The following text describes the literature relating to 
adult patients.

1. URINARY INCONTINENCE

Myelomeningocele	(spina	biida)	is	one	of	the	most	
common birth defects of the spine and brain. It oc-
curs in 1-2 births per 1000, potentially involving all 
levels	 of	 the	 spinal	 column	 (lumbar	 26%,	 lumbo-
sacral 47%, sacral 20%, thoracic 5% and cervical 
spine 2%). Associated Arnold- Chiari malformation 
is	seen	in	85%	of	children,	often	requiring	ventriculo-
peritoneal	shunting	of	cerebrospinal	luid.	Ingestion	
of	folic	acid	prior	to	conception	and	during	the	irst	
trimester	of	pregnancy	has	signiicantly	reduced	the	
incidence of this problem and other associated neu-
ral tube defects. The neurologic defect produced is 
quite variable and cannot be totally predicted by the 
vertebral	 level	 of	 the	 lesion.	Additionally	 the	 ibro-
sis associated with myomeningocele closure, may 
tether the cord. Subsequent growth of the infant 
or child will produce further neurologic problems, 
manifesting as changes in bladder, bowel and lower 
extremity function. 

The incidence of urethrovesical dysfunction in my-
elomeningocele is not absolutely known, but most 
studies	 suggest	 it	 is	 very	 high	 (>90%).	 Similarly,	
anorectal dysfuction is very common, but its exact 
incidence has not been reported. Congenital neu-
rologic	 bladder	 dysfunction	 with	 spina	 biida	 and	
sacral dysgenesis that manifested itself only at mid-
dle	age	in	a	48-year-old	male	is	reported	by	Kane-
oya	et	al.	(LOE4)	[1].	Yamamura	et	al.	reviewed	the	
literature of tethered cord of adult onset and found 
56	cases	published.(LOE	3)	[2].

The two major consequences of the vesicourethral 
dysfunction are urinary incontinence and hydro-
ureteronephrosis which can occur early or later 
in life. There are many studies documenting the 
urodynamic characteristics of the vesicourethral 
unit in myelomeningocele patients but almost all 
in children. Almodhen and colleagues examined 
myelomenigocele patients in postpubertal age and 
correlated	 these	 indings	 with	 upper	 urinary	 tract	
changes	[3]	(LOE	3).	Of	the	26	patients	with	urinary	
incontinence before puberty, 12 achieved conti-
nence following puberty. Hydronephrosis remained 
stable in 4 patients, improved in 3 and was new 
onset	 in	 3	 ,	 whilst	 vesicoureteral	 relux	 persisted	
in 1 patient, resolved in 4 and was new onset in 
1.	 Regarding	 the	 urodynamic	 indings	 in	 patients	

XI. MYELOMENINGOCOELE
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achieving urinary continence following puberty, total 
cystometric	bladder	capacity	increased	signiicantly	
and maximum detrusor pressure and detrusor leak 
point	pressure	showed	insigniicant	changes.	Con-
servative treatment is thus a viable option for some 
myelomeningocoele patients, and with current treat-
ment	modalities	including	IC,	signiicant	upper	tract	
deterioration is rare after puberty. 

In the past, much attention has been directed at the 
signiicance	 of	 dyssynergia	 between	 the	 external	
sphincter and the bladder, and the associated dete-
rioration of the upper renal tracts in these patients. 
With the increasing use of IC, more emphasis has 
been placed on the pressure the bladder is able to 
generate prior to leaking as a prognostic factor in 
predicting upper tract deterioration. 

Urodynamics	 is	 the	cornerstone	 in	 the	diagnosis	of	
vesicourethral dysfunction in myelomeningocele. 
Urodynamic	indings	may	predict	the	patients	at	risk	
of upper tract deterioration. Controversy continues 
as when to initiate these studies, either as soon as 
possible	after	back	closure,	at	the	irst	sign	of	upper	
tract changes, or before considering management 
of incontinence. Studies supporting each position 
have been reported, although the preponderence 
of evidence suggests earlier diagnosis of potentially 
unfavourable factors is advisable.Taskinen et al. [4] 
examined 30 patients with anorectal anomalies. All 
patients underwent spinal magnetic resonance imag-
ing	and	urodynamic	investigation.	Major	lumbosacral	
abnormalities were detected in 57% of patients, in-
cluding 13, 4 and 3 with a tethered cord, syringomy-
elia	and	caudal	 regression,	 respectively.	Signiicant	
dysfunction	of	the	LUT	in	57%	of	the	cases	involved	
DO	in	11,	DSD	in	4,	distended	bladder	in	4	and	lazy	
bladder in 1. When the spinal cord was normal, 54% 
of	the	patients	had	abnormal	urodynamic	indings	but	
when the spinal cord was abnormal, 59% had abnor-
mal urodynamics. When the bony spine was normal, 
33% of the patients had an abnormal spinal cord but 
when the bony spine was abnormal, 69% had an ab-
normal	spinal	cord	(LOE3).

As	 hydronephrosis	 and	 vesico-ureteric	 relux	 are	
a consequence of detrusor dysfunction, synchro-
nous	 luoroscopic	 evaluation	 of	 the	 urinary	 tract	
is advisable at the time of urodynamics. Similarly, 
renal ultrasound has become an invaluable routine 
serial evaluation in these patients, assessing renal 
growth, development of scarring and, most impor-
tantly,	 hydroureteronephrosis.	 Repeat	 urodynam-
ics and ultrasound may have a role in this patient 
population, however recommendations for timing 
and frequency of these studies still need to be elu-
cidated. Although renal scans are routinely used, 
especially in the myelomeningocele patient with hy-
dronephrosis, the exact role of this study in these 
patients is not clear.

Urologic	treatment	depends	on	the	age	of	the	patient	
and the nature of the vesico urethral dysfunction as 

characterized by urodynamics. In a retrospective 
study, urinary sepsis accounted for the majority of 
admissions	(62%),	while	38	of	62	patients	required	
60 surgical procedures [5]. Targeting the primary 
urological	abnormality	(the	dysfunctional	and	usual-
ly poorly compliant bladder) allowed implementation 
of	effective	 treatments,	 including	 regular	 IC	 (52%)	
in order to preserve upper renal tract function. As-
sociated postural abnormalities complicated both 
conservative and interventional therapies. 

The mainstay of treatment is IC and antimuscarin-
ic medication. As continence is not at issue in the 
neonate and infant, treatment may be postponed, 
unless upper tract changes are present. Some evi-
dence exists pointing to the fact that early initiation 
of treatment may prevent subsequent deleterious 
bladder	 changes.	 Recently	 botulinum	 toxin	 was	
suggested as a possibility to avoid invasive surgery 
in these patients [6]. 

In adult patients who in childhood underwent blad-
der augmentation surgery, it is thought that there is 
an increased risk of a developement of bladder ma-
lignacies. This assumption is made on case reports 
only. However a detailed analysis comparing con-
trol	group	with	patients	after	ileal/colonic	cystoplas-
ty	 revealed	 that	 there	 was	 no	 difference	 (p=0.54)	
in the incidence of bladder cancer in patients with 
augmentation	 cystoplasty	 vs	 controls	 [1]	 (LOE	 2).	
Screening for bladder malignacies in a myelome-
ningocele group of patients with augmented blad-
der	was	not	shown	to	be	cost	effective	[2]	(LOE2).	
Bruschini	et	al.	evaluated	104	patients	who	were	not	
managed and followed-up adequately during their 
childhood	[7]	(LOE	3).	Relux	and	urinary	tract	dam-
age were found in 30 patients, and 6 patients pre-
sented	signs	of	upper	tract	damage	without	relux.	
The	cystometry	showed	DO	in	48%	of	patients,	poor	
compliance in 49% of patients, increased bladder 
capacity	in	2%	and	normal	cystometry	in	1%.	Detru-
sor	leak	point	pressure	over	40	cm	H2O	was	associ-
ated with upper urinary tract damage. Patients with 
a decrease of functional bladder capacity over 33% 
had	more	renal	scars	than	their	counterparts.	Over-
all, 26 % of urological untreated myelomeningocele 
patients had kidney damage. 

On	the	other	hand,	work	by	Olsson	and	colleagues,	
evaluated 175 Swedish myelomeningocele patients 
in	 adult	 age	 [8]	 (LOE	 3).	 IC	 for	 bladder	 emptying	
was	 used	 by	 85%,	 and	 59%	 used	 enemas	 on	 a	
regular basis because of the neurogenic bowel dys-
function.	Renal	dysfunction	was	 than	seen	only	 in	
1.7% of the adolescents.

Lumbar	to	sacral	nerve	re-routing	was	suggested	to	
be a viable alternative to restore voiding and bowel 
movement	in	spina	biida	patients.	Recently	a	study	
from	 North	America	 demonstrated	 a	 78	 %	 sucess	
rate	of	this	novel	treatment	modality	[3]	(LOE3).	An-
other interesting treatment option is fetal surgery. 
However recent data from an observational study of 
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28	patients	who	underwent	 in	utero	surgical	myelo-
meningocele clossure between 1997 and 2002 dem-
onstrated that at a mean age of 9.6 years 23 used IC 
to manage the bladder, 24 required a bowel regimen 
to manage constipation and 6 underwent lower uri-
nary tract reconstruction with enterocystoplasty and 
a catheterizable bladder channel. Videourodynamics 
performed in 14 patients at a mean age of 7.4 years 
revealed	decreased	bladder	capacity	in	71%,	DO	in	
35% and increased detrusor pressure in 25% [4]. 
Management	of	incontinence	and/or	upper	tract	de-
terioration mirrors the treatment of neurologic blad-
der dysfunction. Variations in this algorithm include 
the use of vesicostomy in the younger child who has 
failed conservative measures and has evidence of 
deteriorating upper tracts. External sphincterotomy 
has no routine place in the management of these 
patients and the use of the appendico vesicostomy 
in	 continent	 LUT	 reconstruction	 (Mitrofanoff)	 has	
become	very	popular.	Most	studies	on	surgical	man-
agement of the myelomeningocele bladder are de-
scriptive	(LOE	4)	at	best.

Data	from	adult	and	paediatric	surveys	show	renal	
damage to be the single most prevalent cause of 
morbidity and mortality; even in children, 30-40% 
exhibit evidence of renal damage. Additional factors 
such as chronic infection and stone formation will 
then render the kidney more vulnerable to progres-
sive loss of renal mass and subsequent chronic re-
nal	failure.	Renal	transplantation	is	now	considered	
the optimal treatment for end-stage renal disease in 
all age groups. Although more prone to complica-
tions, recent data on patients with meningomyelo-
cele	or	severely	abnormal	LUTs	demonstrate	good	
patient	and	graft	outcomes	[9](LOE	3).

Guidance for further research  

Further	clariication	of	 the	role	of	 fetal	surgery	 to	re-
pair the neural tube defect is required, especially in 
term of prevention of damage to the lower urinary 
tract. Similarly the role of early intervention, conser-
vative or surgical, is required. The timing of surgical 
intervention needs further study as well as better qual-
ity	 of	 life	 assessments	 and	 risk/	 beneit	 analyses	 of	
LUT	reconstructive	procedures.	The	development	of	a	
tissue-engineered substitute for cystoplasy and nerve 
re-routing is being studied. Finally, the fate of the adult 
myelomeningocele patient, especially those who have 
undergone reconstruction needs to be documented.

Conclusions:

•  Myelomenigocele is one of the commonest 
birth defects (LOE 1).

•  Incidence is decreased by appropriately-timed 
folate ingestion during pregnancy (LOE 2).

•  Most patients have bladder dysfunction 
which can lead to incontinence and / or up-
per tract deterioration (LOE 3).

•  The majority will derive signiicant beneit from 
conservative measures (LOE 3).

Recommendations

•  Regular surveillance with urodynamics and 
renal ultrasound is mandatory from infancy. 
However the exact timing is not deined. One 
must observe the general rules for neurogenic 
bladder (B).

•  Early initiation of conservative measures 
(clean intermittent catheterization, antimusca -
rinic medication) generally provides protection 
of the upper urinary tract (B).

•  The role of new treatment options, for example 
biotechnology and nerve surgery, needs to be 
evaluated (C).

•  Extensive surgery is reserved for failed con-
servative treatment (B).

2. BOWEL PROBLEMS 

Using	 MEDLINE	 we	 identiied	 English-language	
journal articles and reviews published from 2000 to 
April 2012, looking for the keywords myelomeningo-
cele, fecal incontinence, management.

Voluntary control of defecation requires rectal sen-
sation, peristalsis and adequate anorectal sphincter 
function.	Neurological	 defects	 in	 patients	with	 spi-
nal lesions may affect one or more of these com-
ponents resulting in different types of defecation 
disorders: fecal incontinence, chronic constipation 
or both. Incontinence is one of the major stigmas 
affecting patients born with myelomeningocele [10]. 
Bowel	dysfunction	occurs	in	most	children	with	spi-
nal cord impairment from disease or injury.

Although many different regimens have been used 
to manage this problem, none has had universal 
success.	 Behavioural	 modiication	 and	 laxatives	
failed to achieve an acceptable result because of 
the persistence of soiling. A small dose of laxatives 
alone accomplished nothing while administering a 
large dose to an incontinent patient only resulted 
in	profound	embarrassment	 [11].	Biofeedback	was	
introduced for use in children with intact rectal sen-
sation, but recent trials have reported less encour-
aging	results.	“Digital	disimpaction”	is	unpleasant	to	
perform and only succeeds in emptying the distal 
rectal ampulla.

Bearing	in	mind	that	none	of	these	patients	can	re-
sist the push of peristalsis, the most effective therapy 
is complete emptying of the colon, since it takes at 
least	 24–48	h	 to	 reill	 again.	This	 can	be	achieved	
nowadays	 by	 two	ways,	 (A)	 retrograde	 colonic	 en-
ema	(RCE)	using	a	special	ballon	catheter	or	(B)	an	
operative procedure which allows an antegrade con-
tinence	 enema	 (ACE).	 In	 neurological	 fecal	 incon-
tinence,	standard	enemas	are	dificult	 if	not	 impos-
sible to administer, because there is inability to retain 
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the	enema-	which	lows	out	involuntarily	through	the	
weak anus during its instillation. Therefore a cathe-
ter-based	RCE	 system	 has	 been	 developed	 by	 in-
dustry, the application of which can easily be applied 
either by the parents or even by children over the age 
of	7–8	years.	Not	all	children	tolerate	this	procedure,	
as colonic peristalsis creates pains in some of them. 
However the reported results are good according to 
Eire et al. [12]. Shandling et al. [13] reported 100% 
success in using the enema continence catheter in 
the	 management	 of	 his	 patients	 with	 spina	 biida.	
These	 authors	 regard	 the	RCE	as	 one	 of	 the	 best	
conservative methods of treatment for relieving fecal 
incontinence originating from myelomeningocele and 
other neurological problems. 

The impact of ACE surgery in the management of 
patients with myelomeningocele was analysed by 
Lemelle	 et	 al.	 [10].	 47	 patients	 were	 treated	 with	
ACE, of whom 41 still used the method at a mean 
time of 4.1± 1.9 years after the ACE operation. 
With	ACE,	faecal	incontinence	was	signiicantly	im-
proved compared with conventional management 
and neither retrograde rectal enema nor digital 
extraction were required. In most cases, ACE was 
performed using the appendix or the caecum. Six 
patients	 (12.8%)	 stopped	 using	 the	ACE	 for	 vari-
ous reasons, from conduit problems due to stomal 
stenosis	or	catheterization	dificulties,	lack	of	moti-
vation or “too long time to empty the enema”. ACE 
stoma surgery was applied before, concomitantly 
or after urinary incontinence surgery in 5, 27 and 
10 cases respectively. Enemas were performed at 
most three times a week, and tap water was used 
in	 the	majority	 of	 patients.	 Mean	 volume	 for	ACE	
was	1.2	L	(range	0,25–3,0	L).	Mean	enema	time	for	
colonic	washout	with	ACE	was	50	±	19	min	(range	
15–90	 min),	 however	 mean	 washout	 duration	 for	
ACE tended to be shorter with implantation of the 
conduit on the left-segment of the colon.

Casale	et	al.	[18]	were	unable	to	ind	any	differenc-
es in the continence rate or stomal complications 
between	 total	 reconstruction	 (ACE	 and	 continent	
urine stoma) or staged reconstruction. However, be-
cause of shared pathology the authors believe that 
most	patients	beneit	 from	 intervention	 in	 the	gas-
trointestal and the genitourinary tract. Therefore, a 
major advantage of total continence reconstruction 
is avoidance of the morbidity of a second major sur-
gical	procedure	(LOE	3).	Nevertheless,	convention-
al	treatment	should	be	tested	irst,	and	the	eficacy	
of	RCE	may	be	a	predictor	of	 the	eficacy	of	ACE	
on	 bowel	 management.	 Moreover,	 percutaneous	
endoscopic insertion is fully reversible and does 
not present drawbacks potentially encountered 
with	 the	catheterizable	 conduit	 [10].	Nevertheless,	
experience	with	 the	Malone	procedure	has	proved	
that a suitable continent and catheterizable conduit 
can be obtained with an appropriate technique. In 
selected and motivated patients, and with the help 
of a specialist nurse providing close support in the 

postoperative period, surgical ACE procedure might 
be	preferred	according	to	the	surgeon´s	experience.

As	 no	 absolute	 indication	 has	 been	 deined	 for	
ACE, other criteria should be used to evaluate 
clinical outcome of bowel management, including 
health	 –	 related	 quality	 of	 life	 (HRQoL).	 The	 de-
velopment	 of	 a	 disease-speciic	HRQoL	measure	
for use with myelomeningocele has been proposed 
by	 Parkin	 et	 al.	 [20].	 HRQoL	 assessment	 should	
be performed prospectively when ACE produce is 
planned and performed during pre and post-oper-
ative	periods.	According	to	Eire	et	al.	 [1998]	ACE	
procedure	 and	 RCE	 can	 be	 the	 best	 options	 for	
achieving the best social integration. For wheel-
chair users and other selected patients, the ACE 
(being	 faster	 and	easier)	 is	 better	 than	 the	RCE,	
which needs some help in its use [12, 15]. 

Sacral neuromodulation has been described also in 
the therapy of these patients, but the persistence 
of continence control and tolerance of the patient 
need to be evaluated for a prolonged period of time. 
Sacral neuromodulation may only be successful in 
a small selected number of patients, in whom pre-
served anatomy of the sacral nerves permits place-
ment of the electrodes on the sacral nerves [19].

Conclusions (LOE 3)

•  Neurologic bowel dysfunction and bowel prob-
lems, including fecal incontinence and consti -
pation, are prevalent among myelomeningo -
cele patients.

•  Fecal incontinence and methods of bowel care 
affect the QoL and social activities of myelo -
meningocele patients.

•  The main goal is to empty the colon as much as 
possible, to achieve continence during the sub -
sequent 24–48 hours. This can be achieved by 
retrograde colonic enema using a special ballon 
catheter, or by an operative procedure which al-
lows an antegrade continence enema (ACE).

Recommendations B/C:

•  colorectal problems deserve more attention in 
the treatment of myelomeningocele patients

•  Appropriate bowel programme / management 
should be properly designed for each person, 
after adequate counselling.

1.  SYSTEMIC LUPUS ERYTHEMATOSIS 

a) Urinary incontinence

Nervous	system	involvement	occurs	in	about	half	of	
patients	 with	 systemic	 lupus	 erythematosis	 (SLE).	

XII. SYSTEMIC AND OTHER 
CONDITIONS
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Neurological	 manifestations	 of	 systemic	 lupus	 ery-
thematosis are subacute encephalo-myelopathy, 
subacute	myelopathy	(rarely)	and	chronic	encepha-
lomyelopathy. Seizures and psychiatric disorders are 
the most common manifestations; spinal cord lesions 
are	uncommon.	Symptoms	of	LUT	dysfunction	can	
occur, however data on prevalence are not available.

Sakakibara	et	al.	(LOE	4)	[1]	published	the	indings	of	
6 women and 2 men, mean age 23 years, suffering 
from	SLE	 for	 2-25	 years	 under	 immunosuppressant	
therapy.	All	8	patients	had	urodynamic	abnormalities:	
5	had	decreased	urinary	low,	3	 increased	post-void	
residual urine, 2 increased maximum urethral closure 
pressure, 5 detrusor overactivity, and 5 impaired de-
trusor	 contractility.	 Detrusor-sphincter	 dyssynergia	
was found in 4 patients and abnormal motor behav-
iour	of	the	external	sphincter	during	EMG.	They	found	
DO	more	common	in	patients	with	brisk	deep	tendon	
relexes	(80%)	than	in	those	without	(33%).	Repeated	
studies during a follow-up period of between 2 months 
and	8	years	showed	deterioration	in	3	patients	includ-
ing loss of bladder sensation, development of a low 
compliance bladder and decreased bladder capacity 
(LOE	 4).	A	 study	 by	 Duran-Barragan	 et	 al.	 demon-
strated	similar	indings	 in	 their	series	of	 ten	patients	
and	they	postulated	that	LUTD	was	predisposing	the	
patients	to	recurrent	UTIs	[3]	(LOE	4).	

Yu	 et	 al.	 studied	 152	women	with	SLE	and	 found	
a	 signiicant	 relationship	 between	 central	 nervous	
system	 involvement	 and	 the	 adapted	 AUA	 index	
score.	The	most	common	urodynamic	inding	was	a	
small	cystometric	bladder	capacity	(<150	ml;	n	=	7	
patients),	followed	by	a	weak	urinary	low	rate	(<12	
ml/second;	n	=	6	patients).	 In	3	of	7	patients	with	
small cystometric bladder capacities, imaging stud-
ies documented a contracted bladder with marked 
hydroureteronephrosis	[2]	(LOE	3)

Conclusions

•  Half of the patients with systemic lupus erythe-
matosis show nervous system involvement. In 
30%, subacute and chronic encephalomyelop -
athy may cause LUT dysfunction with variable 
patterns, including; reduced bladder capacity, 
detrusor overactivity, impaired detrusor con -
tractility, pathologic voiding pattern and in -
creased post-void residual urine (LOE 4).

Recommendations

•  The dysfunction pattern may change over 
time, therefore urological follow-up is recom-
mended (C).

•  Urodynamic tests are necessary to deine the 
underlying pathophysiology of the urinary 
symptoms (C).

•  Patients with SLE and voiding dysfunctions 
should be managed expectantly, according to 
the urodynamic results ( C).

2. HERPES ZOSTER

Herpes	 zoster	 (shingles)	 results	 from	 reactiva-
tion	 of	 the	 dormant	 varicella-zoster	 virus	 (VZV)	
resulting in vesicular eruptions of the skin or mu-
cous membranes. Two distinct syndromes due 
to genital varicella zoster infection, cystitis and 
urinary retention, have been described. Cystitis 
classically presents with dysuria, frequency and 
hematuria and cystoscopic verification of local 
inflammatory changes on the bladder mucosa 
should be performed for the diagnosis of her-
petic	cystitis	[4]	(LOE	3).	

The	overall	incidence	of	LUT	dysfunction	is	4%	[5],	
however	involvement	is	reported	as	high	as	28	%	if	
cases of lumbosacral involvement are considered. 
According to Chen et al., voiding dysfunction fol-
lowing herpes zoster can be; 1. Cystitis-associat-
ed, whereby direct involvement of the bladder wall 
results	 in	herpetic	 cystitis,	 2.	Neuritis-associated,	
due to retrograde spread of infection by the VZV 
from the dorsal root ganglia of the sacral seg-
ments,	 or	 3.	 Myelitis-associated,	 caused	 by	 her-
petic	 myelitis.	 Occasionally,	 patients	 with	 skin	
rash in the lumbar or even lower thoracic derma-
tomes may develop bladder dysfunction and this is 
thought to be due to spread of VZV to the sacral 
segments	(LOE	3).	

Two	 case	 reports	 describe	 urodynamics	 indings	
in	herpes-zoster	patients.	Usually	patients	develop	
complete	urinary	retention,	with	or	without	overlow	
incontinence due to detrusor acontractility and lack 
of	bladder	sensation.	Repeat	urodynamic	studies	at	
week 10 after the onset of the disease demonstrat-
ed a return of the detrusor contraction, normalising 
after	14	weeks	[6,	7]	(LOE	4).

Herpes zoster-associated voiding dysfunction is 
a transient phenomenon and is not uncommon in 
patients with lumbosacral dermatome involvement. 
Treatment with IC or indwelling catheter placement 
is recommended in order to avoid secondary dam-
age	 to	 the	LUT	due	 to	chronic	urinary	retention	or	
UTIs.	 The	 disease	 usually	 is	 of	 a	 benign	 clinical	
course, with recovery of bladder functions.

Conclusions

•  28 % of patients with Herpes zoster in the lum-
bosacral dermatomes show LUT dysfunction, 
with impaired voiding as the most common 
symptom (LOE 4).

•  The most common symptom is overlow incon-
tinence due to detrusor acontractility and lack 
of bladder sensation (LOE 4).

•  Voiding dysfunction has a transient course and 
almost every patient will regain normal voiding 
within 3-4 months, or at the least achieve bal-
anced bladder function (LOE 3).
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Recommendations 

•  Till functional recovery takes place, urinary 
tract management with intermittent catheterisa-
tion or indwelling catheter is recommended ©. 

3.  HIV

a) Urinary incontinence

HIV virus belongs to the family of retroviruses. This 
family of viruses is known for latency, persistent vire-
mia, infection of the nervous system, and weak host 
immune	responses.	HIV	has	high	afinity	 for	CD4	T-
lymphocytes	and	monocytes.	HIV	binds	to	CD4	cells	
and becomes internalized. The virus replicates itself 
by	generating	a	DNA	copy	by	reverse	 transcriptase.	
Viral	DNA	becomes	 incorporated	 into	 the	host	DNA,	
enabling further replication. HIV enters the nervous 
system early, at the time of initial infection, and may 
immediately cause symptoms, or it may cause de-
layed-onset symptoms, potentially at any time during 
the	person’s	lifetime.	All	parts	of	the	nervous	system	
may	be	involved.	Neurological	disorders	could	be	HIV-
related, or due to secondary infections, malignancies, 
metabolic or nutritional problems and to therapy.

It	is	estimated	that	up	to	80%	of	patients	are	symp-
tomatic in terms of nervous system and for 30%, neu-
rological symptoms are the initial clinical problem, in 
the	 absence	 of	 anti-retroviral	 treatment.	 Neurologi-
cal syndromes may be the sole clinical problem or 
cause of death. The following brain symptoms have 
been described: meningitis, dementia, stroke, sei-
zures, and degenerative disorders. For the spinal 
cord, transverse myelitis and progressive myelopa-
thy have been observed. 

Due	to	nervous	system	involvement	 in	HIV	 infection,	
consequent	effects	on	LUT	function	can	be	anticipated	
[8].	Shin	et	al.	(LOE3)	described	a	higher	prevalence	
of incontinence in HIV-positive patients as compared to 
HIV-negative in nursing homes [9]. Whether this repre-
sents a true trend, or or an observation related to the 
terminal stage of the disease and associated comor-
bidities,	remains	to	be	elucidated.	Gyrtrup	et	al.	(LOE	
3) found voiding problems in 12% of HIV-infected pa-
tients, mostly in advanced stages of the disease [10].

Virtually all parts of the body could by involved in 
AIDS	patients,	either	as	 the	primary	 location	of	HIV	
infection or secondary to HIV-related complications. 
Among the different manifestations, particular atten-
tion should be paid to the primary locations as they 
develop early in the stage of the disease. HIV can 
affect all areas of the central and peripheral nervous 
system- for example, HIV-associated dementia, 
vacuolar myelopathy, distal sensory peripheral neu-
ropathy and myopathy. Pelvic organ dysfunction has, 
however, been little studied. Patients may develop 
voiding dysfunction and chronic retention due to lum-
bosacral polyradiculopathy. Prior to the introduction 
of the newer anti retroviral therapies in the 1990s, in-
fection with cytomegalovirus was the most common 
cause [11] and other causes include lymphomatous 

iniltration,	 syphilis	 or	 a	 herpetic	 radiculopathy	 due	
to	herpes	varicella	zoster	or	simplex.	Mahieux	et	al.	
(LOE	 3)	 described	 a	 case	 of	 acute	myeloradiculitis	
due to cytomegalovirus as the initial manifestation 
of	terminal	stage	HIV	[12].	Matsumoto	et	al.	(LOE	3)	
[13] reported a case of lumbosacral polyradiculopathy 
where	voiding	dificulties	and	lower	limb	paresis	were	
the primary manifestation of HIV infection. Another 
pattern	 of	 LUT	 dysfunction	 is	 urgency	 incontinence	
and	DSD	[14]	in	the	context	of	vacuolar	myelopathy.	

Begara	et	al.	(LOE	3)	performed	urodynamic	studies	
in	 10	 patients	with	AIDS	 and	 voiding	 disorders	 and	
found that the most common symptom was urgency 
incontinence	and	the	most	common	urodynamic	ind-
ing	was	DSD	 [15].	 In	3	patients	 they	 found	demon-
strable	functional	disorders	of	the	LUT	(2	patients	had	
DO:	one	of	them	had	a	history	of	encephalopathy	from	
HIV and the other patient had polyneuritis; the third 
patient had myelitis and a urodynamically-diagnosed 
sympathetic	decentralization.	Detrusor	arelexia	was	
described	in	2	HIV-positive	patients	by	Menendez	et	
al.	[16]	(LOE	3).	One	of	them	had	an	ascending	myeli-
tis of probable herpetic origin, the other had a cerebral 
abscess caused by Toxoplasma gondii.

Since during the course of the disease all parts of 
the nervous system can be involved, either as the 
primary	location	or	secondary	to	AIDS-related	com-
plications,	 no	 disease	 speciic	 diagnosis	 or	 treat-
ment can be proposed. It is important to observe 
that	sometimes	functional	disorders	of	the	LUT	can	
be	the	irst	manifestation	of	the	HIV	infection.	When	
managing the patient with HIV infection one must 
bear in mind that both storage and voiding problems 
can occur and that both should be treated according 
to the results of urodynamic studies. 

Future research needs to be supported by a stronger 
evidence base. All reports of HIV and voiding prob-
lems are rather anecdotal and no good prospective 
studies exist. The need for such studies is particular-
ly important, when realizing that it takes up to 20-30 
years	 from	HIV	 infection	 to	AIDS	 full	manifestation,	
and that new antiviral treatment modalities could pro-
long	the	life	of	a	patient	with	HIV	signiicantly.	Partic-
ular attention should be paid to primary nervous sys-
tem involvement by HIV and the voiding dysfunctions 
that could be the side effects of HIV drug therapy.

b) Faecal incontinence

As diarrhoea is common in HIV infected patients, 
faecal incontinence can also occur, mostly due to 
anal sphincter weakness. The true incidence of HIV 
neuropathy-related faecal incontinence is not known 
and	further	studies	are	needed	[17]	(LOE	4).	Many	of	
the limitations of knowledge seen with urinary inconti-
nence apply to faecal incontinence.

Conclusions :

•  HIV can inluence the nervous system and LUT 
function in two ways: as a result of primary 
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infec tion, or secondary to AIDS-related com -
plications (LOE2/3).

•  Nervous system manifestation of HIV infec-
tion can by the only sign of infection, and it 
is therefore important to take the possibility 
of HIV infection into consideration when fac-
ing unusual signs and symptoms from the LUT 
without any other obvious cause (LOE 3).

•  HIV/AIDS is a progressive disease and dynam-
ic changes to the LUT functions can occur dur -
ing the evolution of the disease (LOE 2). 

•  Faecal incontinence in HIV/AIDS patients is 
usually associated with diarrhoea, however 
the true incidence is not known (LOE 4).

Recommendations:

•  Patients with HIV and nervous system patho-
logical signs and symptoms should be evalu -
ated for functional LUT problems (B).

•  Due to the variety of LUT functional damage in 
HIV patients, dynamic evaluation of LUT func -
tion is essential for tailoring of therapy (C).

•  No HIV-speciic therapy of LUT problems and 
faecal incontinence is currently available. Due 
to the variety of functional damage, therapy 
should be individually tailored, according to 
the results of functional/ imaging studies (C).

4. NEUROSYPHILIS

Neurosyphilis	 results	 from	 longstanding	 infection	
with	 Treponema	 pallidum.	 Bladder	 dysfunction	 is	
common, though most classically in tabes dorsalis. 
The predominant neurological manifestations are 
sensory ataxia and spontaneous lancinating pains. 
Voiding dysfunction occurs due to involvement of 
sacral posterior roots and the dorsal column of the 
spinal cord, resulting in loss of bladder sensation 
and	signiicantly	elevated	post-void	 residual	urine.	
The bladder is atonic, though there may be some 
myogenic damage from chronic over distention. 
Some patients may demonstrate detrusor overac-
tivity	 and	DSD	 [18,	 19].	The	 condition	 is	 rare	 and	
there is no contemporaneous epidemiological data.

5. DIABETES MELLITUS

a) Urinary incontinence

Diabetes	 is	one	of	 the	commonest	 causes	of	poly-
neuropathy. Amongst different types of polyneuropa-
thies in diabetic patients “diabetic cystopathy” occurs 
in	43%	to	87%	of	insulin-dependent	diabetics,	with	no	
sex or age differences. It is also described in about 
25% of diabetic patients on oral hypoglycemic treat-
ment. A Scandinavian study showed that in patients 
who have had diabetes for 10 years, the prevalence 
of diabetic cystopathy in those who were insulin-de-
pendent was 2 to 4 per 1000 and in those on oral 
hypoglycemic agents was 1 to 3 per 1000. The cor-

relation between diabetic cystopathy and peripheral 
neuropathy	ranged	from	75%	to	100%.	Nephropathy	
was	seen	in	30%	to	40%	of	cases	[20]	(LOE	3)

Diabetes	duration,	 treatment	 type,	peripheral	 neu-
ropathy,	 and	 retinopathy	were	 signiicantly	 associ-
ated with severe incontinence in multiple regression 
models adjusted for age, education, and history of 
UTI	 [21]	 (LOE	3).	Lewis	et	al.	 in	a	cross-sectional	
studies of 50-90 year old women found that insulin 
dependent diabetes was strongly associated with 
urinary incontinence, while non insulin dependent 
diabetes	was	not	[22]	(LOE	2).	

Van Poppel et al. [23] reported neuropathological ex-
amination of bladder biopsies from 14 patients with 
severe insulin-dependent adult-onset diabetes, com-
pared with acetylcholinesterase and S100 staining of 
38	control	specimens.	A	decrease	in	acetylcholines-
terase activity, due to axonal degeneration was found 
in all cases. An increase in S100 positivity was found 
in the majority and is due to Schwann cell prolifera-
tion as a regeneration attempt after demyelination 
or axonal degeneration. When acetylcholinesterase 
activity decreases and an S100 density increase is 
found in a patient with diabetes, this combination is 
highly suggestive of diabetic cystopathy amenable 
to	 early	 symptomatic	 treatment	 (LOE	 2).	 Because	
of	the	uncontrolled	hyperglycemia,	patients	with	DM	
develop	altered	NGF	activity,	which	may	be	a	mecha-
nistic factor in the development of diabetic bladder 
dysfunction [24, 25].

Since the peripheral nerves are involved, the clinical 
manifestations of diabetic cystopathy might be very 
different.	Usually	there	is	reduced	sensation	of	blad-
der fullness, and decreased frequency of voiding. This 
is followed by slowing of the urinary stream and dif-
iculty	in	voiding	due	to	impaired	detrusor	contraction.	
Post-voiding dribbling may also occur. The impaired 
bladder emptying and urinary retention predispose 
to	 urinary	 tract	 infections.	 No	 prospective	 studies	
referring	speciically	to	the	problem	of	functional	dis-
turbances	of	 the	LUT	in	diabetic	patients	have	been	
reported. It has been shown that urine output does not 
contribute	signiicantly	to	diabetic	cystopathy	[26].	

Yamaguchi	 et	 al.	 studied	 84	 diabetic	 cystopathy	
patients [27]. In addition to large post-void residual 
and	decreased	sensation,	urinary	urgency,	DO,	and	
increased bladder sensation were seen in 55%, 
42%	and	14%,	respectively.	The	prevalence	of	DO	
in patients with increased bladder sensation was 
58%.	DO	increased	with	age,	but	not	with	the	dura-
tion	of	diabetes.	A	brain	MRI	was	performed	 in	32	
cases. The prevalence of multiple cerebral infarc-
tion	 in	 patients	 with	 DO	 was	 76.5%.	 The	 authors	
concluded that urinary urgency is not uncommon 
in	diabetic	cystopathy.	Both	central	and	peripheral	
mechanisms	are	involved	[28]	(LOE	3).	

Ishigooka	et	al.	[29]	(LOE	3)	described	the	results	of	
the ice-water test in diabetic patients with and without 
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cystopathy. 12.5% of patients without cystopathy and 
25% of patients with cystopathy did not feel the ice 
water	sensation.	Ueda	et	al.	[30]	(LOE	2)	performed	
studies evaluating sympathetic skin response in cor-
relation with cystometry. They found that patients 
without sympathetic skin responses had increased 
residual urine and decreased detrusor contraction 
pressure, while patients with a lower amplitude of 
sympathetic skin response and more prolonged la-
tency	than	controls	had	a	signiicant	decrease	in	de-
trusor contraction pressure. The changes within the 
bladder function were observed as early as within 
one year from the diagnosis of diabetes.

Beylot	et	al.	[31],	(LOE	2)	found	that	the	presence	of	
residual urine in diabetic patients, after exclusion of 
co morbidities, was strongly associated with periph-
eral neuropathy. Ho et al. showed increased blad-
der	sensation,	followed	by	DO	in	94	female	diabetic	
patients undergoing urodynamic studies [32]. Those 
patients	with	OAB	are	more	likely	to	have	impaired	
voiding function. 

No	speciic	treatment	has	been	described	in	regards	
to the population of patients with diabetic cystopa-
thy. Therefore general rules as for the other bladder 
conditions	with	impaired	(absent)	detrusor	contrac-
tions	 should	 be	 followed.	 Sacral	 Neuromodulation	
has	 been	 used	 to	 treat	 LUTD	 in	 DM,	 with	 similar	
long	term	results	as	in	non	DM	patients	[33].

Future research should endeavour to give epidemi-
ological information on the incidence of diabetes-re-
lated	functional	disorders	of	micturition,	and	speciic	
results of therapeutic interventions. 

Conclusions :

•  Diabetic cystopathy occurs in up to 80% of in-
sulin dependent diabetes mellitus (LOE3).

•  Urinary incontinence is strongly associated 
with insulin dependent diabetes, but not with 
insulin independent diabetes (LOE 2).

•  Overactive bladder is not uncommon in dia-
betes, presumably relecting both central and 
peripheral mechanisms (LOE 3).

•  Patients with diabetic cystopathy generally can 
have OAB and/ or impaired detrusor contractions 
with increased post-void residual (LOE 3,4).

•  Recurrent urinary tract infections might be a 
long term problem (LOE 3,4).

•  There is a lack of speciic treatment for dia-
betic cystopathy.

Recommendations:

•  Post void residual measurement and urine dip-
stick (optional culture) for patients with insulin 
dependent diabetes mellitus should be per -
formed yearly (C).

•  In case of increased post-void residual, 
prompted voiding might be useful (C/D).

•  Treatment of choice for acontractile bladder in this 
group remains intermittent catheterization (B/C).

b) Faecal Incontinence

Caruana	et	al.	[34]	(LOE	3)	found	that	diabetic	pa-
tients with faecal incontinence showed increased 
thresholds of phasic external sphincter contraction 
(P<0.05)	and	had	reduced	resting/	maximal	volun-
tary anal sphincter pressures compared with con-
trols	 (P<	0.05).	 Increased	 thresholds	of	 conscious	
rectal sensation in some incontinent patients with 
diabetes may contribute to faecal incontinence by 
impairing the recognition of impending defecation. 
Nakayama	et	 al.	 [35]	 (LOE	3)	 found	 that	 age	and	
diabetes	 have	 an	 independent	 negative	 inluence	
on faecal incontinence after stroke. Abnormal inter-
nal-anal-sphincter function could be contributory in 
diabetic	patients	with	faecal	incontinence	[36]	(LOE	
3).	Russo	found	that	acute	hyperglycaemia	inhibits	
external anal sphincter function and decreases rec-
tal compliance, which could explain the aetiopatho-
genesis	of	faecal	incontinence	[37]	(LOE	3).

Talley	 [38]	 (LOE	3)	studied	gastro-intestinal	symp-
toms, frequent abdominal pain, bowel-related ab-
dominal	pain,	 relux,	dyspepsia,	constipation,	diar-
rhea and fecal incontinence in diabetic patients. 
There	was	a	 clinically	 signiicant	 decrease	 in	QoL	
scores in diabetics compared with population norms 
across	all	subscales.	The	impact	on	QoL	in	diabe-
tes was predominantly observed in type 2 diabetics. 
For	all	 the	Short	Form-36	subscales,	GI	 symptom	
groups	were	signiicantly	(all	p	<	0.0001)	associated	
with	 poorer	 QoL	 in	 diabetes,	 independent	 of	 age,	
gender, smoking, alcohol use, and type of diabetes. 

Conclusions  

•  Faecal incontinence in diabetes patients may 
be due to impaired anorectal sensation and/or 
decreased anal closing pressure after hyper -
glycemic episodes (LOE 3).

•  Gastro-intestinal symptoms impact negatively on 
health-related QoL in diabetes mellitus (LOE 3).

Recommendations:

•  Patients with diabetes and fecal incontinence 
should have anorectal manometry performed 
before introducing therapy for fecal inconti -
nence (C/D).

•  More studies on neurologic bowel dysfunction 
and management in diabetes are needed be -
fore giving further recommendation (B). 
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LIST OF ABBREVIATIONS

Most	abbreviations	used	in	the	text	are	given	here.	
Others	may	be	given	within	the	front	of	the	section	in	
which they are used

ACh  acetylcholine
AChE acethylcholinesterase
AD	 autonomic	dysrelexia
ADL	 activities	of	daily	living
ALD	 Alzheimer’s	disease
AS anal sphincter
AUS	 artiicial	urethral	sphincter
BBB	 Blood-brain	barrier
BCR	 bulbocavernosus	relex
BST:	 bethanechol	supersensitivity	test
CC cystometric capacity
CIC clean intermittent catheterization
CMG	 cystometrogram
CPG	 clinical	practice	guideline
CPT current perception threshold
CT computer tomography
CTT colonic transit time
CUM	 continuous	urodynamic	monitoring
CVA cerebro-vascular accident
CVC conventional cystometry
DI	 double	incontinence
DLB	 dementia	with	Lewy	bodies
DOA	 detrusor	overactivity
DRS	 digital	rectal	stimulation
DSD	 detrusor	sphincter	dyssynergia
ES electrical stimulation
EAS external anal sphincter
EMG	 electromyography
EPT electric perception threshold
FI faecal incontinence
FTD	 fronto-temporal	dementia
GBS	 Guillain-Barre	Syndrome
ID	 indwelling	catheter
IC intermittent catheterization
IVES intravesical electrical stimulation
IWT ice water test
LGIT	 lower	gastrointestinal	tract
LMNL	 lower	motor	neuron	lesion
LOE	 level	of	evidence
LS	 lumbosacral
LUT	 lower	urinary	tract
LUTD	 lower	urinary	tract	dysfunction
LUTS	 lower	urinary	tract	symptoms
Pdet max maximum detrusor pressure

MMC	 meningomyelocoele
MUP	 motor	unit	potential
MRI	 magnetic	resonance	imaging
MS	 multiple	sclerosis
MSA	 multiple	system	atrophy
NBo	 neurogenic	bowel
NBoD	 neurogenic	bowel	dysfunction
NDO	 neurogenic	detrusor	overactivity
NLUTD	 neurological	lower	urinary	tract	dysfunction
NUI	 neurogenic	urinary	incontinence
NFC	 natural	ill	cystometry
OR	 odds	ratio
PD	 Parkinson’s	disease
PF	 pelvic	loor
PFD	 pelvic	loor	dysfunction
PSP progressive supranuclear palsy
Psym parasympathetic
PVR	 post	void	residual
QoL	 quality	of	life
RCT	 randomised	controlled	trial
SARS	 sacral	anterior	root	stimulation
SCI spinal cord injury
SCL	 spinal	cord	lesion
SDAF	 sacral	deafferentation
SIC sterile intermittent catheterization
SLE	 systemic	lupus	erythematosis
SNS	 sacral	nerve	stimulation
SOM	 somatic
SPC suprapubic catheter
SSEP somatosensory evoked potentials
SSR	 sympathetic	skin	response
SUI	 stress	urinary	incontinence
Sym sympathetic
TBI	 traumatic	brain	injury
TRI	 transrectal	irrigation
TURS	 transurethral	sphincterotomy
UFM	 urolowmetry
UI	 urinary	incontinence
UMN	 upper	motor	neuron
US	 urethral	sphincter
U/S	 ultrasound
UTI	 urinary	tract	infection
UUT	 upper	urinary	tract
VCUG	 voiding	cystourethrogram
VSD	 vesicosphincteric	disorders
VUR	 vesicoureteric	relux
WBC	 white	blood	cells
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Older people have the highest known prevalence of 
urinary incontinence (UI) of any group, other than 
those	with	 speciic	neurological	disease	 (e.g.,	 spi-
nal	cord	injury).	As	the	proportion	of	older	people	in	
the populations of the developed world increases, 
so will the absolute numbers of those with either uri-
nary (UI) or faecal incontinence (FI) or lower urinary 
tract	symptoms.[1]	Even	if	improvement	in	physical	
functioning among older people continues, and re-
search	 in	 the	ield	 is	able	 to	demonstrate	continu-
ing	 beneit	 whilst	 containing	 costs,	 the	 impact	 on	
future health care and long-term care costs will still 
be	profound.[2]	Early	signals	suggest	however	that	
the decrease in disability for older people observed 
in the last two decades of the twentieth century has 
not	been	seen	in	those	aged	40	–	64	years[3].

No	matter	how	one	deines	“older”	or	“elderly,”	this	
population is characterized by its variety, ranging 
from active, community-dwelling, working, healthy 
nonagenarians to bed-bound, chronically ill, func-
tionally- and cognitively-impaired persons in their 
late	60’s.	Because	 the	healthier	group	 is	closer	 in	
phenotype and physiology to middle aged than to 
frailer older people, information relating to the man-
agement of urinary and faecal incontinence in this 
group	is	integrated	into	the	other	ICI	chapters.	This	
chapter focuses on frailer older people, emphasiz-
ing not only the different aetiologies and treatment 
of UI and FI, but the additional issues of disease 
burden, disability, altered responses to drug thera-
py, the role of caregivers, and goals and organisa-
tion	of	care.	This	chapter	is	aimed	at	all	those	who	
work with the frail elderly, and is also intended to be 
relevant	 to	 specialists	 who	may	 ind	 standard	 ap-
proaches	ineffective	in	this	population.	

The	committee	took	the	view	that	where	there	is	a	
paucity	of	data	relecting	the	eficacy	or	utility	of	ap-
proaches to the treatment of UI or FI in frail older 
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adults, interventions aimed at community dwelling, 
itter	older	adults	should	be	employed	with	due	re-
gard	to	the	likely	beneits,	harms,	feasibility,	expec-
tations and outcomes of treatment, rather than be 
denied	any	intervention.	The	pathophysiology	of	UI	
in the frail elderly requires a broader conception of 
“disease,”	 centreing	on	patient-level	 factors	 rather	
than just the bladder or bowel and its neurological 
control.	UI	 and	FI	 in	 frail	 older	 people	 is	 normally	
a result of multiple interacting risk factors, includ-
ing age-related physiological changes, comorbid-
ity, polypharmacy and common pathways between 
them.	Furthermore,	 the	 impact	of	urinary	or	 faecal	
incontinence in the frail elderly includes functional 
impairment,	and	extends	beyond	the	affected	 indi-
vidual to their caregivers, leading to caregiver stress 
and	 an	 increased	 likelihood	 of	 institutionalisation.	
Therefore,	 assessment	 in	 frail	 persons	 requires	 a	
broader	scope.	Failure	to	address	the	multifactorial	
nature of disease and treatment limits not only clini-
cal care and research, but also important opportuni-
ties	to	improve	function	and	quality	of	life[4].	Treat-
ment is usually multicomponent, and must address 
the many associated factors and shared underlying 
impairments	with	other	geriatric	syndromes	(for	ex-
ample,	by	combining	lower	extremity	exercise	with	
prompted	voiding)[5].	Drug	therapy	must	be	placed	
in	 the	 context	 of	 altered	 pharmacology,	 polyphar-
macy, and an increased susceptibility to adverse 
effects.	 Effective	 management	 may	 also	 require	
system-level approaches, with different models of 
care	(e.g.,	for	institutionalised	persons).	

The	challenge	in	providing	a	review	of	UI	in	frail	older	
people	is	the	relative	dearth	of	Level	1	evidence	for	
interventions; the frail present multiple challenges for 
research (not the least of which is substantial trial 
drop-out due to intervening illness and death) and 
there is still a systematic problem in including older 
people	in	clinical	trials[6].	Over	and	above	this	prob-
lem is the continuing paucity of new clinical trials,  
despite the clear epidemiological imperative that the 
oldest-old are the fastest growing group of affected 
individuals.	Intervention	studies	and	outcomes	need	
to be more broadly based, incorporating caregivers, 
a range of care settings, alternative models of care, 
and	goals	of	care	unique	to	this	population[7].

A. General considerations
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Overview

Given the broad range of this report, we used 
multiple	 searches	 using	 the	 following	 MESH	
terms (in caps) and phrases, alone and in com-
bination, using the PubMed and Ovid search 
engines:	 AGED,	 AGED	 OVER	 80,	 ACTIVITIES	
OF	 DAILY	 LIVING,	 DEPRESSION,	 elderly,	
FALLS	 ,	 frail,	 FRAIL	 ELDERLY,	 FRAILTY,	 func-
tion,	 geriatrics,	 LONG	 TERM	 CARE,	 MEDICA-
TIONS,	 NURSING	 HOME,	 older,	 QUALITY	 OF	
LIFE,	 RANDOMIZED	 CONTROLLED	 TRIAL;	
and	BLADDER,	GYNAECOLOGICAL	SURGICAL	
PROCEDURES,	 PELVIC	 FLOOR,	 PROSTATE,	
STRESS	 INCONTINENCE,	 SURGERY,	 URE-
THRA,	URINARY	 INCONTINENCE,	URINATION	
DISORDERS,	 UROGYNECOLOGY,	 UROLOGY,	
VAGINA,	 VOIDING	 DYSFUNCTION	 ,	 nocturia	
OR	 nocturia	 OR	 “night-time	 voiding”	 OR	 “night-
time	 voiding”	OR	 “nocturnal	 voiding”	OR	 “night-
time	voids”	OR	 “night-time	voids”	OR	 “nocturnal	
voids”	OR	“night-time	frequency”	OR	“night-time	
frequency”	OR	 “nocturnal	 frequency”	OR	 “night-
time	urination”	OR	“night-time	urination”	OR	“noc-
turnal	 urination”	 OR	 “night-time	 micturition”	 OR	
“night-time	micturition”	OR	“nocturnal	micturition”	
OR	“night-time	polyuria”	OR	“night-time	polyuria”	
OR	 “nocturnal	 polyuria”	OR	nocturia)	OR	 ((noc-
tur*	OR	night*)	AND	(void*	OR	urination	OR	mic-
turition	 OR	 polyuria	 OR	 pollakiuria	 OR	 “LUTS”	
OR	“lower	urinary	tract	symptoms”	OR	“BPH”	OR	
“benign	 prostatic	 hyperplasia”))	AND	 (“aged,	 80	
or	over”	OR	aging	OR	elderly	OR	older	OR	“very	
old”	 OR	 senior	 OR	 “all	 aged”	 OR	 geriatric	 OR	
frail	 OR	 aged)	AND	 (“double	 blind	 method”	 OR	
“double	blind”	OR	placebos	OR	placebo	OR	“con-
trolled	 clinical	 trial”	 OR	 “randomized	 controlled	
trial”	 OR	 “random	 allocation”	 OR	 “single	 blind	
method”	 OR	 “research	 design”	 OR	 “exp	 clinical	
trials”	 OR	 “clinical	 trial”	 OR	 “single	 blind”	 OR	
“double	blind”	or	“triple	blind”	OR	“single	mask*”	
OR	 “double	mask*”	 or	 “triple	mask*”)	 (longitudi-
nal	OR	“natural	history”	OR	cohort	OR	incidence	
OR	 remission	 OR	 progression	 OR	 prospective	
OR	 “community-based”	 OR	 “population-based”	
OR	epidemiol*	OR	 “follow-up”);	TOLTERODINE;	
OXYBUTYNIN;	 SOLIFENACIN;	 PROPIVERINE;	
TROSPIUM,	 IMIDAFENACIN;	 DARIFENACIN;	
FESOTERODINE;	 Ovid	 Expert	 Search	 Filter;	
Publication	 years	 2004-11.	 We	 included,	 where	
possible,	information	from	non-English	language	
articles	where	an	English	language	abstract	with	
sufficient	 information	was	available.	References	
in retrieved articles were reviewed for additional 
relevant	articles.	We	also	searched	the	Cochrane	
Database	and	National	Guideline	Clearinghouse	
for relevant systematic reviews, meta-analyses, 
and	evidence-based	recommendations.	

1. FRAILTY

Who,	 then,	 are	 the	 frail	 elderly?	Consistent	with	
increasing consensus in the geriatric literature, 
we	define	“frail	older	persons”	as	 those	over	 the	
age	 of	 65	with	 a	 clinical	 presentation	 or	 pheno-
type combining impaired physical activity, mobil-
ity, balance, muscle strength, motor processing, 
cognition, nutrition, and endurance (including 
feelings	of	fatigue	and	exhaustion)	[8-10]	.	Frailty	
is not, however, synonymous with disability and 
comorbidity.	 In	one	study,	among	persons	meet-
ing	strict	phenotypic	criteria	for	fragility,	only	22%	
also	had	both	comorbidity	and	disability,	46%	had	
comorbidity	without	 disability,	 6%	disability	with-
out	comorbidity,	and	27%	had	neither	comorbidity	
nor	disability	[9].	Frail	people	usually	have	multi-
ple chronic medical conditions, take multiple med-
ications, require care from others and assistance 
to perform some or all of the personal activities 
of	 daily	 living	 (PADLs)	 (e.g.,	 bathing,	 dressing,	
toileting, and mobility), are often homebound or 
institutionalised	They	have	a	high	risk	of	intercur-
rent disease, increased disability, hospitalisation, 
and	death	[1,8].	For	example,	in	the	US,	10%	of	all	
persons	over	65	require	help	or	supervision	with	
at	 least	one	ADL,[11]	and	the	total	prevalence	of	
frail	elders	has	been	estimated	at	6.1%.[12]	From	
the	United	Kingdom	Hertfordshire	cohort	study	of	
men	and	women	aged	between	65-74,	the	preva-
lence	of	frailty	was	8.5%	among	women	and	4.1%	
among	men	[13].

Several	studies	suggest	 that	 the	relationship	be-
tween	UI	and	frailty	is	not	unidirectional.	Incident	
UI	in	those	over	age	65	has	been	associated	with	
a	 two-fold	 increased	 risk	of	 impairment	 in	ADLs,	
instrumental	 activities	 of	 daily	 living	 (IADLs	 –	
e.g.,	 transportation,	 finances,	 shopping,	 laundry,	
housekeeping), and poor performance on three 
physical measures, suggesting that incident UI 
may be an early marker of the onset of frailty 
[12].	 In	 a	 population-based	 study	 of	 older	Mexi-
can	Americans,	incident	but	not	prevalent	UI	was	
independently associated with functional decline 
in	ADLs,	 IADLs,	 and	 physical	 performance	 [14].	
Another	 population-based	 study	 found	 an	 as-
sociation	 between	 UI	 and	 IADL	 decline,	 but	 not	
ADL	decline,	nursing	home	admission,	or	death,	
after	adjustment	for	age	and	comorbidity	[2].	The	
authors suggest that the relationship between UI 
and adverse outcomes may be mediated by base-
line illness severity and functional impairment 
[2].	A	recent	Portuguese	study	showed	that	older	
people	 who	 presented	 with	 either	 “slowness”	 or	
“exhaustion”	 had	 a	 risk	 of	 UI	 almost	 five	 times	
greater	than	those	without	[15].	

II. SEARCH STRATEGIES III.  DEFINING THE FRAIL OLDER 
POPULATION
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2.  IMPACT OF UI ON MORBIDITY AND INSTI -
TUTIONALISATION

UI in frail persons can have much more severe con-
sequences	than	in	healthy	older	persons.	Although	
one early study suggested that older persons with 
UI	had	a	higher	mortality	risk,	[16]	subsequent	stud-
ies that more fully adjusted for comorbidity and 
functional	 status	 have	 not	 found	 any	 association.	
[2,12,	 17,18]	 Several	 multivariate	 studies	 suggest	
that patients with new onset UI at the time of stroke 
have	higher	 rates	of	 death	or	disability	at	 2	 years	
(OR	4.43;	95%	CI	1.76	 to	11.2)[19]	 to	5years	(OR	
3.21	[95%	CI	1.04−9.91]),	[20]	especially	if	UI	per-
sists	(OR	7.47	[95%	CI	2.29−24.42]).[20]

Given its association with frailty, it is not surprising 
that UI remains a risk factor for nursing home admis-
sion, despite global variation in services and temporal 
changes	in	elder	care.	Studies	showing	a	signiicant	
association between UI and institutionalisation have 
been	done	in:	Finland	(men	[not	women]	with	urgency	
UI);[21]	Germany;[22]	New	Zealand	 (persons	>	age	
65);[23]	US	(men	more	than	women,[24]	after	hip	frac-
ture,[25]	among	Hispanic	elderly,[14]	and	patients	at-
tending	a	dementia	clinic[26]);	Japan	(men	only)[27],	
and	Hong	Kong[28].	Two	studies	failed	to	ind	a	signii-
cant association after controlling for comorbidity, us-
ing	US[2]	and	Canadian	databases.[29]	It	is	estimated	
that	the	fraction	of	US	NH	admissions	attributable	to	
UI	in	men	is	0.10	(95%	CI	0.08–0.13)	and	in	women	
0.06	 (95%	CI	 0.05–0.09).[30]	 The	 prevalence	 of	 UI	
at	NH	admission	in	the	U.S.	shows	small	area	varia-
tion	of	almost	50%	and	differs	by	race,[31]	suggesting	
that patient and caregiver factors and local resources 
affect	 the	 role	UI	 plays	 in	 institutionalisation.	An	 im-
portant methodological issue for such studies is the 
erroneously low prevalence of UI found in administra-
tive	long-term	care	databases	when	UI	is	deined	by	
physician	diagnosis	in	the	medical	record.[32,	33]	An-
other issue, particularly in studies of institutionalisation 
in persons with dementia, is the failure to include UI 
as	a	risk	factor	 [34]	or	deining	 it	only	by	a	compos-
ite	 function	score	 [35].	The	signiicant	association	of	
faecal incontinence and institutionalisation (odds ratio 
1.79,	95%	CI:	1.00-3.20),	in	one	Canadian	study	was	
lost	 when	 adjusted	 for	 cognition,	ADL	 dependence,	
and	self-reported	health[36],	although	a	survey	of	US	
geriatricians found that the presence of faecal inconti-
nence was more likely to result in a referral to a nurs-
ing	home	than	not	[37].	

1. BACKGROUND

The	aetiology	of	UI	in	frail	older	adults	is	grounded	
in the concept of a classic geriatric syndrome, in-

volving multiple interacting risk factors, including 
age-related changes, comorbidity, and potentially 
common	pathways	between	them.	This	section	ad-
dresses	all	of	these	components.

2. QUALITY OF THE DATA

The	data	on	 the	aetiology	of	UI	 in	 the	 frail	elderly	
population is limited, and observational studies of 
varying	quality	constitute	much	of	this	literature.	Ad-
ditionally, longitudinal studies of large numbers of 
frail	 individuals	are	dificult	to	carry	out	because	of	
paucity in recruitment and the high rate of natural at-
trition.	Despite	the	lack	of	such	studies,	many	rela-
tively large, careful descriptive studies and case se-
ries,	as	well	as	expert	consensus	processes,	have	
made important contributions to our understanding 
of	the	aetiology	of	UI	in	this	population.	

3. UI AS A GERIATRIC SYNDROME

In older adults, especially those who are frail, UI 
is considered to be a geriatric syndrome, because 
many of its risk factors are not directly related to 
the	genitourinary	tract.[38,	39]	Geriatric	syndromes	
have	been	deined	as	 ‘‘multifactorial	 health	 condi-
tions that occur when the accumulated effects of 
impairments in multiple systems render an older 
person	 vulnerable	 to	 situational	 challenges”.[38]	
Thus,	 large	 numbers	 of	 different	 baseline	 as	 well	
as precipitating risk factors may interact with each 
other	in	inluencing	the	ability	of	an	older	individual	
to remain continent in the face of common daily 
challenges (Figure 1 ).	This	multifactorial	complex-
ity, combined with the fact that most individual risk 
factors typically account for only a small proportion 
of the overall risk, have greatly complicated the de-
velopment of a pathophysiological framework for 
the	study	of	common	geriatric	syndromes.[38]	

Nevertheless,	 because	common	 risk	 factors	 (e.g.	
lower	 and	 upper	 extremity	 weakness,	 sensory	
and affective impairment) may be shared by dif-
ferent geriatric syndromes (such as UI, falls, and 
functional	 dependence)	 [40],	 they	may	 represent	
particularly attractive sites for intervention devel-
opment.[38]	 For	 example,	 as	 proposed	 by	 Kuo	
and	 Lipsitz,[41]	 the	 presence	 of	 brain	white	mat-
ter hyperdensities within critical periventricular 
and subcortical regions could represent key risk 
factors for the development of different geriatric 
syndromes	such	as	 falls,	 impairment	 in	executive	
cognitive	 function,	depressive	symptoms,	and	UI.	
In fact, recent functional magnetic resonance im-
aging	(fMRI)	studies	have	begun	to	identify	central	
nervous system areas that are particularly relevant 
to	urgency	[42-44].	Therefore,	failure	of	activation	
within orbitofrontal regions may contribute to an 
older individuals’ decreased ability to suppress ur-
gency	[44].	Connectivity	pathways	within	the	right	
insula and anterior cingulate gyrus may also play a 
role	 in	maintaining	continence,[43,	44]	supporting	
the	 concept	 that	 declines	 in	 connectivity[45]	 and	

I.  AETIOLOGY AND ASSESSMENT

B. Urinary Incontinence in frail 
older people
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coordination[46]	 between	 different	 brain	 regions	
represent	early	critical	events	in	aging.	These	ind-
ings suggest the possibility that interventions to 
prevent the development of white matter hyperin-
tensities, such as control of vascular risk factors, 
could	also	prevent	UI.

4.  AGE-RELATED CHANGES RELEVANT TO 
UI IN THE FRAIL ELDERLY

Age-related	 changes	 in	 the	 LUT	 can	 function	 as	
risk factors for the development, continuation, and 
worsening of UI in frail elderly persons (Table 1 ).	
At	 the	same	 time,	 they	 rarely	are	alone	suficient	
to cause UI, and in some persons have no effect 
on	lower	urinary	tract	symptoms	(LUTS)	or	UI.	Fur-
thermore,	 the	 literature	 on	 “normal”	 LUT	 ageing	
has many potentially confounding methodological 
limitations.	Normal	ageing	changes	are	dificult	 to	
study, because longitudinal data including large 
numbers of individuals spanning many years are 
necessary	 to	 deinitively	 separate	 “normal	 LUT	
ageing”	from	confounding	factors	and	comorbidity.	
Cross sectional studies are subject to confounding 
by comorbidity and time-dependent cohort effects, 
such	 as	 change	 in	 labour	 and	 delivery	 practices.	
Thus,	to	date	many	studies	actually	describe	“age-
related”	associations,	as	opposed to normal age-
ing.	 Other	 limitations	 include:	 derivation	 of	much	
of the cellular and neurochemical data from animal 
studies; morphologic studies based on cadavers 
with	unknown	parity,	comorbidity,	and	LUT	symp-
toms;	 “age-effects”	derived	 from	studies	of	symp-
tomatic persons; and use of surgical patients at 
tertiary	centres	as	“normal”	controls.	Even	the	dei-
nition	of	“normal”	can	be	dificult:	 is	 it	continence,	
absence	 of	 LUTS,	 lack	 of	 comorbid	 disease,	 or	
normal	 physiological	 testing	 [47]?	 The	 following	

sections	 focus	on	indings	 from	more	 robust	and,	
where	possible,	conirmatory	studies.	

a) Bladder.  Understanding age-related changes in 
the bladder is complicated by a paucity of longi-
tudinal	 data,	 variable	 deinitions	 of	 “normal,”	 and	
use of potentially biased (and symptomatic) refer-
ral	populations.	It	is	dificult	to	isolate	such	factors	
as	 the	 role	of	decreased	blood	low,	poor	voiding	
habits, comorbidity, central and peripheral nervous 
system	innervation,	and	relex	patterns	as	determi-
nants	of	bladder	function	in	older	persons.	The	re-
search focus has been urodynamic function, neu-
rohumoural responsiveness of detrusor smooth 
muscle,	and	ultrastructure.	While	the	key	role	of	the	
urothelium and afferent systems on micturition are 
increasingly	 appreciated	 (See	 Committee	 2,	 Cell	
Biology;	Committee	 3,	Neural	 Control;	 and	Com-
mittee 4, Pathophysiology), there are only limited 
human	data	on	urothelial	changes	with	age.	Urody-
namic changes associated with age have typically 
included smaller voided volume, increased residu-
al volume, smaller bladder capacity, and increased 
involuntary detrusor contractions (detrusor overac-
tivity	(DO)).	Correlations	with	age	are	often	small,	
suggesting that other factors are at least as im-
portant	 [48].	 Urodynamic	 indings	may	 not	 relate	
to symptoms: in a urodynamic study of community-
based	healthy	persons	over	age	55,	DO	was	found	
in	42%	of	continent	women,	one-third	of	whom	were	
totally	 free	of	LUTS	 [47].	 In	another	study,	charts	
of	53	consecutive	females	over	age	80	undergoing	
multichannel	urodynamics	according	 to	 ICS	stan-
dards	were	 retrospectively	 analyzed.	All	 of	 these	
elderly	patients	presented	with	LUT	symptoms,	yet	
in	 11%	urodynamic	 studies	were	 reported	 as	 be-
ing normal, with considerable other discordance 
between	symptoms	and	urodynamic	indings	[49].	

Figure 1. Mechanistic of Geriatric Syndromes
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Nevertheless, in a cross-sectional study involving 
ambulatory, cognitively intact, community-dwelling 
older	female	volunteers,	maximum	urethral	closure	
pressure, detrusor contraction strength, and urine 
low	rate	all	declined	signiicantly	with	age,	regard-
less	of	whether	DO	was	present	 or	 not	 [50].	The	
ability	of	 the	bladder	 to	empty	eficiently	also	de-
clines in healthy older men and women who have 
no	evidence	of	bladder	outlet	obstruction	(BOO)	or	
signiicant	confounding	disease	[47,	51].	A	variety	
of different risk factors associated both with age-
ing and common comorbid conditions may contrib-
ute to age-related declines in detrusor contractile 
function, which may ultimately lead to detrusor un-
deractivity	[52,	53].	Decreased	contractile	function	
during voiding in older persons is associated with 
lower	urine	low	rates	and	a	small	increase	in	post	
voiding	 residual	 volume	 (PVR)	 (generally	 to	<	50	
ml)	[54].	Even	in	men	with	BOO,	an	elevated	PVR	
may	 relect	 decreased	bladder	 contractility	 rather	
than	obstructed	 voiding	 [55].	While	 some	studies	

suggest a myogenic origin of impaired contractil-
ity, others suggest that impaired blood supply, with 
concomitant ischemic-reperfusion injury causing 
patchy denervation, leads to decreased contrac-
tility	 (see	Committee	3,	Neural	Control).	More	 re-
cently,	Smith	highlighted	the	potential	contribution	
of age- and disease-related declines in bladder af-
ferent sensory activity in contributing to impaired 
voiding performance seen with detrusor underac-
tivity	 [56].	 Incomplete	 bladder	 emptying	 from	 all	
such causes can reduce functional bladder capac-
ity, and thereby contribute to the urinary frequency 
and	 nocturia	 common	 in	 frail	 older	 persons	 [52].	
The	recent	development	of	a	model	allowing	con-
tinuous	 urolow	 in	mice	 has	 led	 to	 studies	 evalu-
ating	 the	 impact	 of	 normal	 aging	 on	 overall	 LUT	
performance	[57,	58].	While	aging	did	not	inluence	
measures	of	detrusor	expulsive	strength,	pre-con-
traction pressures, intervoid intervals, per-void 
volumes	and	voiding	low	rates	all	 increased	with	
aging	[57].	Moreover,	aged	animals	demonstrated	

Table 1.  Age-related changes that can contribute to UI in frail elderly persons

Age-Relat ed Chang e Potential Effects on Continence 

Bladder ultrastructure on electron microscopy 

                Dysjunction pattern 

                Muscle and axon degeneration 

 

Bladder overactivity and urgency UI 

Impaired bladder contractility, increased residual urine, and 
decreased functional bladder capacity 

Bladder function 

Decreased capacity 

Decrease sensation of filling 

Increased detrusor overactivity 

Decreased bladder contractile function 

Increased residual urine 

 

Increased likelihood of urinary symptoms and UI 

Urethra 

Decreased closure pressure in women 

 

 

Increased likelihood of stress and urgency UI 

Prostate 

Increased incidence of benign prostatic obstruction 

Increased incidence of prostate cancer 

 

Increased likelihood of urinary symptoms and UI 

Decreased oestrogen (women) Increased incidence of urogenital atrophy and related 
symptoms 

Increased incidence of recurrent urinary tract infections 

Increased night-time urine production  Increased likelihood of nocturia and night-time UI 

Altered central and peripheral neurotransmitter concentrations and actions Increased likelihood of lower urinary tract dysfunction 

Altered immune function Increased likelihood of recurrent urinary tract infections 

Increased prevalence of white matter hyperintensities in brain Increased prevalence of severe urge / urgency, link to 
cognitive impairment and impaired mobility 
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a decreased homeostatic capacity to respond to 
the	challenge	of	continuous	bladder	illing,	with	in-
direct measures suggesting a role for decreased 
bladder	volume	sensitivity	[57,	59].	

In human studies, the observation that bladder vol-
ume at the initial desire to void declines with age 
may be confounded by comorbid conditions and 
concurrent	 medications	 [60].	 Furthermore,	 unlike	
the positive association between detrusor contrac-
tion	 strength	 and	 DO	 found	 in	 younger	 subjects,	
older	adults	fail	to	demonstrate	this	DO-associated	
increase	 in	 detrusor	 contractility	 [61].	 Moreover,	
many frail older persons with UI present with a 
combination	 of	 DO	 on	 illing	 and	 poor	 contractil-
ity during voiding, an association termed detrusor 
hyperactivity	with	impaired	contractility	(DHIC)	[52,	
62,	 63].	 In	 such	 cases,	 the	 bladder	 contraction	
does not empty the bladder fully, leaving a large 
PVR	 otherwise	 not	 explained	 by	 BOO.	 Because	
DHIC	 symptoms	 can	 include	 urgency	 UI,	 stress	
and	mixed	UI,	 dribbling,	 frequency,	 and	 nocturia,	
they	may	be	mistaken	for	other	conditions.	At	 the	
same	 time,	 DHIC	 may	 be	 mistaken	 for	 DO	 with	
normal	 contractility	 because	 signiicant	 detrusor	
underactivity may be present in the absence of any 
relevant	symptoms.	

Ultrastructural studies demonstrate cellular chang-
es associated with age-related changes in detru-
sor	 function.	One	series	of	 such	studies	 involved	
symptomatic	 and	asymptomatic	 persons	aged	65	
to	 96,	 using	 urodynamic	 testing	 and	 electron	mi-
croscopy of bladder biopsy specimens, which were 
read	 in	 a	 blinded	 fashion	 using	 explicit	 protocols	
[54,	 64-68]	 A	 consistent,	 one-to-one	 correlation	
between	speciic	urodynamic	indings	and	bladder	
ultrastructure was observed, although there has 
been considerable debate about the veracity of 
these	indings	and	they	have	not	been	reproduced	
and	have	been	disputed	by	the	indings	of	a	 later	
study which found the ultrastructural changes de-
scribed evenly distributed between normal women 
(n	=	15)	and	women	with	detrusor	overactivity	 (n	
=	 22)	 .[69]	 The	 small	 number	 of	 asymptomatic	
patients	 with	 no	 DO,	 normal	 contractility,	 and	 no	
obstruction, detrusor muscle fascicles were largely 
intact,	 with	 two	 distinctive	 ultrastructural	 indings	
that may be related to ageing alone: muscle cell 
membranes	 characterized	 by	 numerous	 “dense	
bands”	 and	 markedly	 depleted	 caveolae,	 and	
slightly widened spaces between muscle cells with 
limited	 content	 of	 collagen	and	elastin.	Depletion	
of caveolae may be related to de-differentiation of 
muscle cells, which could eventually result in the 
reversion of actively contractile cells to inactive, 
synthetically	 immature	 cells.	 A	 similar	 phenom-
enon has been reported in atherosclerotic blood 
vessels and postmenopausal myometrium, and 
may be related to reports of increased collagen 
in	bladders	from	older	women	[54,	70].	Moreover,	
lack of oestrogen contributes to, and oestrogen re-

placement reverses, both caveolar depletion and 
detrusor	 ibrosis	 [71,	 72].	 Thus,	 both	 ageing	 and	
post-menopausal decline in oestrogen levels may 
contribute to bladder muscle cell differentiation 
and	contractile	function	[52].	

The	natural	history	of	 these	ultrastructural	changes	
remains	 largely	 unknown.	 From	 the	 ultrastructural	
studies	described	above,	a	subset	of	23	patients	was	
followed	longitudinally	[67].	The	previously	observed	
one-to-one correlation between ultrastructure and 
function was maintained, but it was unclear whether 
urodynamic	or	ultrastructural	changes	occurred	irst	
in	subjects	who	developed	or	had	a	change	in	LUTS.	
The	pattern	of	dense-bands	and	nondisruptive	mus-
cle	cell	degeneration	varied	over	 time:	 the	DO	with	
dysjunction pattern developed in some subjects, and 
impaired detrusor contractility and the corresponding 
degeneration pattern was observed to progress in 
severity	or	develop.	Other	 investigators	have	found	
similar results but without the one-to-one correla-
tion	(e.g.,	see	Brierly	et	al	[73]).	Clearly,	further	work	
is needed understand the associations between 
changes in ultrastructure,urodynamic features and 
clinical	syndromes.	

In addition to such alterations in ultrastructure, a 
variety	 of	 changes	 involving	 relevant	 nerve	 ibres,	
receptors and signalling pathways have also been 
described in bladder tissues from aged animals, 
and	to	lesser	extent	human	biopsies.	For	example,	
with	aging	overall,	sympathetic	nerve	ibre	density	
may	decrease	[74,	75].	Bladder	biopsies	from	older	
subjects	 with	 normal	 urodynamic	 proiles	 typically	
show	 little	 or	 no	 evidence	 of	 axonal	 degeneration	
and	 the	 density	 of	 some	 CGRP-positive	 sensory	
nerves is maintained in old age, yet the impact of 
aging	 on	 other	 categories	 of	 sensory	 ibres	 or	 on	
motor	ibres	remains	unknown	[54,	74].	Examples	of	
other changes include decreased contractility and 
calcium	luxes	 in	 response	 to	 cholinergic	 agonists	
or	 depolarization	 [76];	 increased	 responsiveness	
to	 adrenergic	 agonists	 with	 increased	 expression	
of	 the	alpha	1D-adrenergic	 receptor	 [75];	 declines	
in	 phosphodiesterase	 5	 (PDE5)	 levels	 and	 possi-
bly	signaling	 [77];	as	well	as	decreased	P2X1	pu-
rinergic	receptor	expression	[78].	Unfortunately,	the	
interpretation	and	generalisability	of	 these	indings	
is often limited by a failure to include intermediate 
age-points which would allow investigators to distin-
guish changes attributable to aging as opposed to 
maturational	processes	[79,	80].

b) Urethra. 	 Due	 to	 their	 common	 embryological	
origin, the urethra undergoes age-related muco-
sal and stromal changes similar to the vagina, and 
urethral changes in older women can be partially 
inferred	 from	 examination	 of	 vaginal	 tissue.	 Be-
cause	 of	 the	 dificulty	 of	 obtaining	 non-cadaveric	
urethral tissue, data on urethral smooth and stri-
ated muscle changes with age are complicated 
by	confounding	factors	and	deinitions	of	controls.	
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Urethral	closure	pressure	decreases	with	age	[81,	
82].	Based	on	a	sample	of	82	women	aged	20-70,	
urethral closure pressure was found to decrease 
by	15	cmH2O	per	decade	 [83].	A	number	of	ana-
tomical and physiologic changes may account for 
this	decline.	Mucosal	 thinning	and	 lack	of	proteo-
glycans reduce urethral wall apposition; this also 
may contribute to retrograde movement of perineal 
bacteria into the bladder causing urinary tract infec-
tions	[84].	These	mucosal	changes	may	extend	up	
to the bladder trigone, causing irritation of sensory 
afferent	 nerves,	 and	 possibly	 triggering	 DO	 [85].	
The	 submucosal	 venous	 plexus	 in	 the	 proximal	
urethra loses its corkscrew shape, the number and 
volume of arterial vessels decrease, and vascular 
pulsations	 lessen.[86]	 Several	 studies,	 using	 dif-
ferent measurement techniques, have shown that 
urethral	vascular	density	and	blood	low	decrease	
with	 age,	 but	 not	 vascular	 low	 velocity	 [87-89].	
However,	 age	 explained	 only	 9%	 of	 the	 variabil-
ity	in	vascular	density	in	one	study	[90],	and	none	
of the studies controlled for vascular risk factors 
such	 as	 hypertension	 and	 diabetes.	 The	 relative	
importance of decreased vascular volume versus 
hypoxia	on	urethral	 functional	 integrity	 is	unclear.	
Other alterations in the urethral stroma are in-
creased volume of connective tissue, decreased 
ratio of proteoglycans to collagen, and decrease in 
nerve	density	[91,	92].	

Cadaver studies suggest that the number and 
density of urethral striated muscle fibres de-
crease with age, especially in the ventral wall of 
the	proximal	urethra	 [93,	94].	These	authors	es-
timated	 that	 striated	 fibres	 decrease	 by	 1%	 per	
year.	 Large	 inter-individual	 variations	 were	 ob-
served, with age and parity accounting for only a 
small part of the variability, suggesting that other 
yet	 to	 be	 defined	 factors	 are	 important.	 These	
studies also found that cross-sectional striated 
muscle fibre area decreased while fibre diame-
ter	was	preserved.	Another	cadaver	study	by	the	
same group found that circular smooth muscle 
width	 was	 25%-50%	 higher	 in	 younger	 women	
(aged	20-39	years)	than	older	(aged	70-89),	and	
that	younger	women	had	higher	fibre	counts	[95].	
Smooth	 muscle	 loss	 in	 the	 older	 women	 cor-
related with loss of striated muscle in the ante-
rior	urethra.	Moreover,	a	 recent	study	 raised	 the	
possibility	 that	TNF-alphamay	 contribute	 to	 age-
related rhabdosphincter satellite cell death and 
muscle	 loss	 with	 aging	 [96].	 Urethral	 sensation,	
measured as current perception thresholds, was 
significantly higher in older women in two stud-
ies	(by	the	same	authors),	one	comparing	48	as-
ymptomatic	women	and	13	with	urgency	UI	 [85],	
and	 another	 in	 asymptomatic	 women	 [97].	 The	
authors	concluded	 that	age-related	LUT	sensory	
neuropathy could contribute to the higher preva-
lence	of	overactive	bladder	(OAB)	symptoms	with	
age; however, urethral sensation thresholds were 
higher in women with urgency UI when controlled 

for	 age	 and	 parity	 [85],	 and	 the	 “asymptomatic”	
older	women	may	have	had	urodynamic	DO	[97].	

With	 age,	 the	 urethral	meatus	 generally	moves	 to-
ward	the	vaginal	introitus,	and	may	be	dificult	to	see	
if	 there	 is	considerable	 introital	stenosis.	Caruncles	
-benign violaceous soft swellings-often appear at 
the meatus, and are not problematic unless they 
cause	discomfort	or	obstruction.	Urethral	diverticula	
can be a diagnostic challenge, especially in older 
women, because the symptoms (dysuria, pain, UI, 
frequency, urgency, dyspareunia) may be attributed 
to	postmenopausal	changes,	age,	OAB,	or	urgency	
UI	 [98].	Diverticula	should	be	considered	 in	women	
who	have	 repeatedly	 failed	 “conventional”	UI	 treat-
ment.	Diagnosis	requires	 imaging	by	voiding	cysto-
urethrography, ultrasound, or magnetic resonance 
scans.	 Urethral	 obstruction	 is	 relatively	 uncommon	
in older women, and is nearly always secondary to 
other	LUT	dysfunction	 (e.g.,	pelvic	organ	prolapse)	
or	is	iatrogenic	(from	LUT/pelvic	surgery	or	radiation.	
In men, age-related decrease in striated sphincter 
muscle	cell	density	occurs	as	well,	[99,	100]	and	has	
been associated with increased muscle cell apopto-
sis	 [99]	 .	While	some	investigations	describe	an	 in-
crease in resting prostatic urethral pressure with age, 
[101]	others	note	the	increase	occurs	only	to	the	sixth	
decade then subsequently decreases, along with a 
shortening	of	sphincteric	urethral	length	[102].	These	
discrepancies	may	relect	differences	in	prostate	vol-
ume	and	morphology.	

c) Pelvic loor. Pelvic	loor	changes	in	normal	old-
er	men	have	not	been	well	studied.	In	women,	the	
effect	of	age	on	pelvic	loor	structure	and	function	
is	 dificult	 to	 differentiate	 from	 the	 effects	 of	 hor-
monal	status	and	parity	[103].	A	number	of	studies	
are cross sectional rather than longitudinal, and fo-
cus	on	symptomatic	women.	For	example,	a	ques-
tionnaire study of over 4,000 community women 
aged	25-84	found	no	association	between	age	and	
stress	UI	(SUI),	OAB,	or	anal	UI,	after	adjustment	
for obesity, birth history, menopause, and hormone 
use	 [104].	 Similarly,	 in	 a	 random	 sample	 of	 343	
Austrian	women	aged	18-79	years,	impaired	pelvic	
muscle	contraction	(graded	by	the	Modiied	Oxford	
Scale)	was	weakly	associated	with	parity	and	body	
mass	index	but	not	age	[105].	In	contrast,	a	recent	
study	combining	an	 interview,	physical	exam	and	
transperineal	ultrasound	 identiied	age	as	a	weak	
(r	 =	 -0.25)	 but	 statistically	 signiicant	 predictor	 of	
pelvic muscle weakness and levator ani morphom-
etry even after controlling for obvious confounders 
[106].	 Evidence	 of	 denervation	 and	 changes	 in	
pelvic	 striated	muscle	ibre	number,	 type,	and	di-
ameter have been found in asymptomatic and nul-
liparous	women	 (see	Committee	2,	Cell	Biology).	
For	example,	 in	a	sample	of	82	nulliparous	wom-
en, neither levator function (measured by resting 
vaginal closure force and augmentation of vaginal 
closure force) nor pelvic organ support (on pelvic 
exam)	showed	an	association	with	age	[85].	A	his-
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tomorphometric study, using levator ani muscle 
from	 94	 female	 cadavers	 (aged	 15-58),	 10	 male	
cadavers	(aged	23-35),	and	24	women	undergoing	
pelvic surgery, found that myogenic cell damage 
was	associated	with	both	parity	and	age	(</>	age	
35),	but	 there	was	no	difference	between	nullipa-
rous women, men, and women with pelvic organ 
prolapse	and/or	UI	[107].	Total	collagen	content	in	
pelvic muscle and fascia declines with age, with 
increased cross-linking and decreased elasticity, 
[108]	but	 this	association	does	not	 imply	a	direct	
causative	effect	of	 “ageing.”	Constipation	may	 in-
dependently	 contribute	 to	 pelvic	 loor	 dysfunction	
in	older	women	[109,	110].	

d) Vagina. The	prevalence	of	age-related	changes	
in	 the	 vagina	 varies	 with	 hormonal	 status,	 coex-
istent vascular disease, and the continuation or 
lack	of	sexual	activity	 [111].	The	postmenopausal	
decrease in oestrogen plays a part in many age-
associated	vaginal	changes.	Oestrogen	 is	 trophic	
for	much	of	the	LUT	in	women,	with	oestrogen	re-
ceptors found in the vagina, vestibule, distal ure-
thra, bladder trigone, pelvic muscles, and ligamen-
tum	 rotundum	 [112].	Yet,	 as	 the	Women’s	Health	
Initiative trial has shown, one cannot assume that 
the association between low oestrogen levels 
and physiological changes implies that hormone 
replacement will reverse these changes, restore 
function,	 or	 reduce	 symptoms	 [113,	 114].	 More-
over,	the	data	are	equivocal	whether	and	how	LUT	
oestrogen receptors change in number, density, or 
function	with	age	[86].

Following menopause, the vaginal epithelium los-
es	 the	majority	of	 its	 supericial	 and	 intermediate	
layers.	Mucosal	 thinning	may	 be	 associated	with	
inlammation,	 evident	 as	 erythema,	 telangiecta-
sia,	 petechiae,	 friability,	 and	 erosions.	 This	 may	
be responsible for urgency and frequency in some 
frail	 elderly	 women.	 In	 addition,	 there	 is	 loss	 of	
epithelial glycogen and lubrication, and mucosal 
pH	increases	from	4.5-5.5	to	7.0-7.4.	[¬68]	These	
changes	can	lead	to	loss	of	normal	adherent	lora	
(lactobacillus), colonisation with pathogenic or-
ganisms	such	as	E.	coli	and	enterococci,	and	the	
observed increase in bacteriuria and recurrent 
symptomatic	urinary	tract	infections	(UTIs)	in	older	
women	[115].

Vaginal	 blood	 low,	 which	 is	 important	 for	 muco-
sal integrity and submucosal fullness, decreases 
with	age.	Whether	this	is	oestrogen-related,	and/or	
due	to	concomitant	vascular	disease	is	not	known.	
Collagen and lipofuscin deposition in the stroma 
increases, and may be accompanied by invasion 
by	lymphocytes	and	plasma	cells	[115].	The	com-
bined epithelial and stromal changes are associat-
ed	with	vaginal	wall	thinning	and	lattening	of	rugae	
[112].	The	vaginal	vault	may	shorten	and	narrow,	
and the introital opening decrease (and in severe 
cases become stenotic), which may make vaginal 

examination,	intercourse,	and	use	of	pessaries	dif-
icult.	 However,	 it	 is	 not	 clear	 that	 vaginal	 short-
ening is clinically relevant: in one case series of 
over	3,000	women	attending	a	general	clinic,	total	
vaginal	length	decreased	by	only	0.08	cm	every	10	
years	[116].	Vaginal	shape	also	may	be	altered	by	
POP.	Because	of	 the	multiple	potential	confound-
ing factors discussed above, a causal relationship 
between urogenital atrophy and urogenital symp-
toms/LUTS	should	not	be	automatically	assumed.	
Very	 few	 randomised	 trials	 of	 oestrogen	 (oral	 or	
topical) for urogenital symptoms include women 
over	age	75,	use	patient-deined	outcomes	in	addi-
tion to physiological measures, or evaluate quality 
of	 life	outcomes	 [117].	There	are	 insuficient	data	
to provide an evidence-based approach to symp-
tomatic	 urogenital	 atrophy	 in	 older	 women.	 Oral	
oestrogen	 should	 not	 be	 used,	 but	 expert	 opin-
ion supports topical oestrogen treatment (cream, 
intravaginal tablets, or oestrogen-impregnated 
pessary-like	 ring).	 The	 validation	 of	 vaginal	 self-
swab collection specimen collection offers new 
opportunities	 for	 extending	 relevant	 questions	 to	
epidemiological studies of older women living in 
the	community	[118].

e) Prostate. 	Histological	benign	prostate	hyperpla-
sia	 (BPH)	 is	 strongly	 age-related	 [119],	 and	may	
lead	 to	 prostate	 enlargement	 (BPE)	 and	 outlet	
obstruction	 (BOO).	 While	 many	 LUT	 changes	 in	
women are associated with lower oestrogen levels, 
BPH	 results	 from	 the	 development	 of	 an	 oestro-
gen-predominant	hormonal	milieu	 in	 the	prostate.	
The	 trophic	 prostatic	 androgen,	 dihydrotestoster-
one,	 is	 formed	 by	 the	 5-α	 reduction	 of	 testoster-
one.	 Dihydrotesterone	 levels	 decrease	 with	 age,	
while oestradiol concentrations increase in the 
prostate stroma and remain constant in epithelial 
tissues,	 leading	 to	 an	 increase	 in	 the	 oestradiol/
dihydrotesterone ratio and promoting stromal pro-
liferation	 [120,	121].	Epithelial	hyperplasia	 in	 turn	
is	mediated	by	an	array	of	stromal	factors	[122].	

Histological	BPH	occurs	 in	 nearly	 80%	of	men	by	
age	eighty	 [119].	Mean	prostate	volume	 increases	
with age but is very variable; its strongest predic-
tor	 is	 prostate	 speciic	 antigen	 level	 of	 >1.4-2	 ng/
mL	[123].	LUTS	in	men	increase	linearly	over	time,	
with the fastest increase during the seventh decade, 
such	that	by	age	80	approximately	one-third	of	men	
have received treatment for moderate to severe 
LUTS	 [124].	 Natural	 history	 studies	 and	 random-
ized intervention trials, however, consistently dem-
onstrate that symptomatic progression of benign 
prostate	 disease	 is	 not	 inevitable.	 LUTS	 remit	 in	
about one-third of symptomatic men without treat-
ment	 [125].	Approximately	 one-third	 to	 one-half	 of	
affected	men	develops	DO.	Thus,	even	in	the	pres-
ence	of	demonstrable	BPE	and/or	BOO,	the	aetiolo-
gy	of	LUTS	is	multifactorial,	making	prostate-related	
LUTS	in	older	men	a	diagnosis	of	exclusion.	Never-
theless,	age-stratiied	normative	values	for	prostate	
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volume,	PSA	level,	as	well	as	 indicators	of	clinical	
symptoms, quality of life measures and urodynamic 
parameters	may	help	in	such	decisions	[126].

Although	most	patients	are	asymptomatic	at	the	time	
of prostate cancer diagnosis, this is another possible 
cause	of	LUTS,	including	urgency	UI,	in	older	men.	
However,	 evaluation	 for	 prostate	 cancer	 in	 frail	 el-
derly men is rarely if ever indicated, given the high 
likelihood	of	limited	remaining	life	expectancy.	

The	evidence	is	contradictory	as	to	whether	pros-
tatic	inlammation,	either	acute	or	chronic,	contrib-
utes	 to	 urinary	 retention	 and	 LUTS	 in	 frail	 older	
men.	In	a	single	institution	case	series	of	374	men	
undergoing	TURP	for	acute	urinary	retention	(AUR)	
or	 LUTS,	 pathological	 evidence	 of	 acute	 inlam-
mation	was	 signiicantly	more	 common	men	 pre-
senting	with	AUR	than	LUTS	(70%	vs.	45%)	[127].	
However,	in	a	much	smaller	case	series	of	70	men	
presenting	with	AUR,	there	was	no	association	be-
tween	 inlammation	 from	 prostate	 infarction	 and	
AUR	 [128].	Nevertheless,	 a	 recent	 study	 demon-
strated phenotypic changes and an increased dif-
ferential	expression	of	a	variety	of	genes	involved	
in	 inlammation	 and	 oxidative	 stress	 within	 glan-
dular adjacent stroma microdissected from young 
and	 aged	 mouse	 prostates	 [129].	 Such	 changes	
may play a role in promoting the development of 
BPH,	BPE	and	cancer	in	aged	prostates	[130].

f) Other changes.  The	role	of	various	neurotransmit-
ters in the central and peripheral nervous system in 
UI is under active investigation (see Committee, Cell 
Biology).	 Nevertheless,	 age-related	 changes	 in	 the	
actions of these neurotransmitters, their receptors, or 
the cellular events they stimulate may contribute to 
the	development	of	UI	in	frail	older	persons.

The	 prevalence	 of	 both	 asymptomatic	 bacteriuria	
and	UTIs	increase	with	age	[115],	and	the	two	are	
often	found	together	in	the	frail	elderly.	Age-related	
changes in immune function, vaginal epithelium, 
faecal	 incontinence,	and	 insuficient	hygiene	 relat-
ed	to	disability,	cognitive	impairment,	and/or	lack	of		
caregivers may predispose the frail elderly to bacte-
riuria	and	recurrent	UTIs.	However,	the	role	of	oth-
erwise asymptomatic bacteriuria (often found in as-
sociation	with	pyuria)	[131],	in	the	aetiology	of	UI	in	
frail	elderly	people	remains	unclear	[132].	Treating	
otherwise asymptomatic bacteriuria in frail elderly 
patients with chronic, stable UI does not, in gen-
eral,	 reduce	UI	severity	 [133].	UTI	symptoms	may	
be	 subtle	 and	 non-speciic	 in	 this	 population,	 and	
include worsening of UI, altered mental status in pa-
tients with dementia, decreased oral intake, or a mi-
nor	but	important	decline	in	functional	ability	[133].	
At	the	same	time,	current	consensus	criteria	for	UTI	
are	poorly	sensitive	and	only	fairly	speciic	for	UTI	
in	frail	elderly.	In	a	prospective	cohort	of	340	nursing	
home	residents,	in	which	UTI	was	deined	as	pyuria	
(>10	white	cells)	with	>100,000	colony	forming	units	
on	culture,	the	McGeer,	Loeb,	and	revised	Loeb	UTI 

criteria	had	sensitivities	of	only	19-30%	and	speci-
icities	of	79-89%	[134].	

5.  FACTORS OUTSIDE THE LOWER URINARY 
TRACT CAUSING OR CONTRIBUTING TO UI

Of	8,688	participants	in	the	English	longitudinal	study	
of	ageing,	of	whom	4,417	had	one	or	more	diagno-
ses, there were shortfalls in receipt of basic recom-
mended care, most noticeable in areas associated 
with	disability	and	frailty	[135],	A	hallmark	of	UI	in	the	
frail elderly population is the wide variety of factors 
and conditions outside the lower urinary tract that 
can cause or contribute to leakage (table 2 ).	

a) Medications.  Older people consume a high pro-
portion	 of	 prescribed	medications.	 Those	 over	 65	
years	 of	 age	 comprise	 between	 12	 –	 16%	 of	 the	
population	in	the	US,	UK	and	Canada	but	consume	
32%,	50%	and	45%	of	prescribed	medications	 re-
spectively	 and	 are	 therefore	 at	 greater	 risk	 of	 ex-
periencing adverse events associated with their 
use	 [136-141].	 The	 risk	 of	 dificulty	 in	 controlling	
urination in community dwelling older women taking 
medications	with	LUT	effects	was	about	30%	higher	
compared to those who did not take such medica-
tions	(OR	1.31	[95%	CI	1.05–1.21])	Overall,	20.5%	
of these women reported incident incontinence at 
Year	4	 (3	years	 from	baseline).	We	found	one	ad-
ditional	study	since	the	4th	ICI	which	examined	959	
elderly	community	dwelling	women	from	the	Health,	
Aging	 and	 Body	 Composition	 Study,	 multivariate	
logistic regression analyses revealed that current 
users	of	alpha	blockers	(adjusted	odds	ratio	(AOR)	
=4.98,	 95%	 conidence	 interval	 (CI)	 =1.96-12.64)	
and	oestrogen	(AOR=1.60,	95%	CI=1.08-2.36)	had	
a greater risk of urinary incontinence than nonus-
ers.	There	was	no	greater	risk	of	UI	associated	with	
current use of anticholinergics, central nervous sys-
tem	medications,	 or	 diuretics	 [142].	Many	 classes	
of medications commonly prescribed for the frail el-
derly can cause or contribute to the development of 
UI (Table 3 ).	The	possibility	that	UI	could	be	caused	
by a medication should be taken into account before 
prescribing	drug	treatment	for	UI	in	older	persons.

b) Co-morbid conditions and functional impair -
ment:  The	prevalence	of	urinary	incontinence	(UI)	
is	 increased	 in	 the	presence	of	 frailty.	The	elderly	
are prone to frailty and commonly have co-morbid 
medical	 illnesses.	 In	a	 large	population-based	ob-
servation	 study	 UI	 (deined	 as	 use	 of	 pads)	 was	
independently associated with one or more other 
geriatric conditions (cognitive impairment, injurious 
falls, dizziness, vision impairment, hearing impair-
ment)	 in	60%,	 two	or	more	conditions	 in	29%	and	
three	or	more	in	13%	[143].

In	 a	 sample	 of	 572	 older	 Latinos	 participating	 in	 a	
programme to increase walking, medical comorbid-
ity was independently associated with higher rates of 
UI	(OR	1.66).	A	higher	degree	of	physical	activity	was	
independently	associated	with	lower	rates	of	UI	(OR	
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Table 2.  Comorbid conditions that can cause or contribute to UI in frail elderly persons

UI = urinary incontinence

Conditions  Comments Imp lications for Management 

Comorbid m edical ill nesse s 
Diabetes mellitus 

 
 
 
  

Degenerative joint disease 
 

 
Chronic pulmonary disease 

 
 
 

Congestive heart failure 
Lower extremity venous insufficiency 

 
 
 
 Sleep apnoea 
 
 
 
 
 

 
Poor control can cause polyuria and 
precipitate or exacerbate incontinence; 
also associated with increased likelihood 
of urgency incontinence and diabetic 
neuropathic bladder   
Can impair mobility and precipitate 
urgency UI 
 
Associated cough can worsen stress UI 
 
 
Increased night-time urine production at 
night can contribute to nocturia and UI 
 
 
 
 
 May increase night-time urine production 
by increasing production of atrial 
natriuretic peptide 

 
Better control of diabetes can reduce 
osmotic diuresis and associated polyuria, 
and improve incontinence 
 
  
Optimal pharmacologic and non-
pharmacologic pain management can 
improve mobility and toileting ability 
Cough suppression can reduce stress 
incontinence and cough-induced urgency UI 
 
Optimizing pharmacologic management of 
congestive heart failure, sodium restriction, 
support stockings, leg elevation, and a late 
afternoon dose of a rapid acting diuretic may 
reduce nocturnal polyuria and associated 
nocturia and night-time UI  
 Diagnosis and treatment of sleep apnoea, 
usually with continuous positive airway 
pressure devices, may improve the condition 
and reduce nocturnal polyuria and 
associated nocturia and UI 

  
Severe constipation and faecal 
impaction  

 
Associated with “double” incontinence 
(urine and faecal) 

 
Appropriate use of stool softeners 
 Adequate fluid intake and exercise

 
 
Disimpaction if necessary

  
Neurol og ical and psych iatric 
cond iti ons 
Stroke  

  
 
 
  
 
 

           Parkinson’s disease  
 
  
 
 
 
 
 

Normal pressure hydrocephalus 
 
 
 
  

 
Dementia (Alzheimer’s, multi- infarct, others)

 
 
  

Depression  
  

 
 
 
Can precipitate urgency UI and less 
often urinary retention; also impairs 
mobility

 
 
 
  
 
 
Associated with urgency UI; also causes 
impaired mobility and cognition in late 
stages  
 
 
 
 
 
Presents with UI, along with gait and 
cognitive impairments

 
 
 
  
 
Associated with urgency UI; impaired 
cognition and apraxia interferes with 
toileting and hygiene 
 May impair motivation to be continent; 
may also be a consequence of 
incontinence 

 
 
 
UI after an acute stroke often resolves 
with rehabilitation; persistent UI should 
be further evaluated 

 
 
Regular toileting assistance essential for 
those with persistent mobility impairment   
Optimizing management may improve 
mobility and improve UI 
 
Regular toileting assistance essential for 
those with mobility and cognitive 
impairment in late stages

 
 
Patients presenting with all three 
symptoms should be considered for brain 
imaging to rule out this condition, as it 
may improve a ventricular-peritoneal 
shunt 
 
Regular toileting assistance essential for 
those with mobility and cognitive 
impairment in late stages  
Optimizing pharmacologic and non-
pharmacologic management of 
depression may improve UI 

Medications  See Table 3 Discontinuation or modification of drug 
regimen 

Functi onal impairments  
Impaired mobility 
Impaired cognition 

  
Impaired cognition and/or mobility due to 
a variety of conditions listed above and 
others can interfere with the ability to 
toilet independently and precipitate UI 

  
Regular toile ting assistance essential for 
those with severe mobility and/or 
cognitive impairment 

Env ironmenta l factors 
Inaccessible toilets 
Unsafe toilet facilities 
Unavailable caregivers for 
toileting assistance 

 
Frail, functionally impaired persons 
require accessible, safe toilet facilities, 
and in many cases human assistance in 
order to be continent 

 
Environmental alterations may be 
helpful; supportive measures such as 
pads may be necessary if caregiver 
assistance is not regularly available 
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0.77).	Hypertension,	congestive	heart	failure,	arthritis,	
depression	and	anxiety	were	associated	with	a	higher	
prevalence	of	UI.	A	 linear	correlation	was	 found	be-
tween prevalence of UI and the number of comorbid 
conditions.	(correlation	coeficient	=0.81)	[144].

A	 decline	 in	 physical	 health	 has	 been	 associated	
with	 an	 increase	 in	 the	 incidence	 of	 incontinence.	
[145]	In	an	observational	study	of	6,361	community-
dwelling	women,	aged	65	and	older,	participating	in	
the study of Osteoporotic Fractures, after adjusting 
for confounders, women with recent physical func-
tion	 decline	 (a	 worsening	 of	 1	 standard	 deviation	
from baseline) were more likely to report weekly 
incontinence	(OR	1.3)	for	decline	in	walking	speed	
over	 6	metres	 and	 (OR	1.4)	 to	 stand	 from	 sitting.
[146].	The	Nurses’	Health	Study	found	that	moder-

ate-intensity physical activity including walking re-
sulted	in	a	20-25%	reduction	in	the	risk	of	develop-
ing	UI	in	older	women	[147].

Likewise, impaired cognition is associated with an in-
creased	likelihood	of	UI.	For	example	in	a	UK	cross-
sectional	 survey	 of	 over	 15,051	 subjects,	 persons	
with	 cognitive	 impairment	 (Mini	Mental	State	Exam	
score	 <=	 23,	 prevalence	 18%)	 were	 signiicantly	
more	likely	to	have	UI	(adjusted	odd	ratio	[OR]	1.3),	
impaired	hearing	(OR	1.7),	poor	vision	(OR	1.7)	have	
had	at	least	two	falls	in	the	previous	six	months	(OR	
1.4),	and	report	poorer	health	(OR	1.9)	[148].

Comorbid conditions can affect incontinence 
through	 multiple	 mechanisms	 e.g.	 diabetes	 melli-
tus,	present	in	approximately	15-20%	of	frail	elderly,	

Table 3.   Medications that can cause or contribute to UI in frail elderly persons

UI = urinary incontinence

Medications Effects on Continence 

Alpha adrenergic agonists Increase smooth muscle tone in urethra and prostatic 
capsule and may precipitate obstruction, urinary retention, 
and related symptoms 

Alpha adrenergic antagonists Decrease smooth muscle tone in the urethra and may 
precipitate stress urinary incontinence in women 
 

Angiotensin converting enzyme inhibitors Cause cough that can exacerbate UI 

Anticholinergics 
 
  

May cause impaired emptying, urinary retention, and 
constipation that can contribute to UI.  May cause cognitive 
impairment and reduce effective toileting ability. 

Calcium channel blockers May cause impaired emptying, urinary retention, and 
constipation that can contribute to UI.   
May cause dependent ooedema which can contribute to 
nocturnal polyuria 

Cholinesterase inhibitors Increase bladder contractility and may precipitate urgency UI 

Diuretics Cause diuresis and precipitate UI 

Lithium Polyuria due to diabetes insipidus 

Opioid analgesics May cause urinary retention, constipation, confusion, and 
immobility,  all of which can contribute to UI 

Psychotropic drugs 
Sedatives 
Hypnotics 
Antipsychotics 
Histamine1 receptor antagonists 

 
May cause confusion and impaired mobility and precipitate 
UI 
Anticholinergic effects 
Confusion 

Selective serotonin re-uptake inhibitors 
 

Increase cholinergic transmission and may lead to urinary UI 

Others 
Gabapentin 
Glitazones 
Non-steroidal anti-inlammatory agents 

 
Can cause ooedema, which can lead to nocturnal polyuria 
and cause nocturia and night-time UI 
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may	cause	UI	by	diabetes	associated	LUT	dysfunc-
tion	 (DO	 ,	 OAB,	 cystopathy	 and	 incomplete	 blad-
der emptying) or by poor diabetic control (hyper-
glycaemia	 causing	 osmotic	 diuresis	 and	 polyuria).	
The	Nurses	Health	Studies,	NHS	and	NHS	II	[149]	
showed an increase in weekly urgency incontinence 
(OR	1.4)	in	women	with	type	2	diabetes	compared	
to	those	without.	Findings	from	the	NHANES	2001-
2002	 Survey	 showed	 that	 prevalence	 of	 UI	 was	
signiicantly	higher	 in	women	with	 impaired	fasting	
glucose and diabetes mellitus compared to those 
with	 normal	 fasting	 glucose.	 Two	 microvascular	
complications caused by diabetes - peripheral neu-
ropathic pain and macroalbuminuria (approaching 
signiicance)	were	associated	with	weekly	UI.[150]

See	Table 2  as to how comorbid medical conditions 
can contribute to UI

c) Neurological and psychiatric disorders :	A	more	
detailed summary of neurological disorders and their 
impact	on	UI	is	covered	in	Chapter	X.	Neurological	
and psychiatric disorders are highly prevalent in the 
frail	 elderly.	 Neurological	 conditions	 in	 the	 elderly	
commonly associated with urinary incontinence in-
clude	stroke,	dementia	of	the	Alzheimer’s	type	(AD),	
multi-infarct dementia or a combination of the two, 
Diffuse	Lewy	body	(DLB)	disease	and	Parkinson’s	
disease.	 Less	 common	 conditions	 include	Normal	
Pressure	Hydrocephalus	and	Multiple	System	Atro-
phy	(MSA).	Each	of	these	conditions	is	associated	
with the development of brain lesions that can inter-
fere with the normal ability to inhibit voiding as well 
as	affecting	cognition.	These	conditions	are	associ-
ated with impaired mobility and also affect the ability 
to	toilet	independently.	

In	Alzheimer’s	 disease	 UI	 is	 often	 associated	 with	
severe	 cognitive	 decline	whereas	 in	DLB	 it	 usually	
precedes	 severe	 cognitive	 impairment	 [4].	 Occur-
rence	of	UI	was	signiicantly	earlier	3.2	yrs	 in	DLB	
compared	with	5.9	yrs	in	Alzheimer’s	dementia	[151].	

Normal pressure hydrocephalus should be consid-
ered as a diagnosis in any frail elderly person who 
presents with new onset of UI in association with 
gait	disturbance	and	cognitive	impairment.	A	subset	
of	these	patients	beneit	from	surgical	implantation	
of	a	cerebrospinal	luid	shunt	[152].

LUTS,	UI	and	urodynamic	DO	are	common	in	older	
persons	with	Parkinson’s	disease.	A	logistic	regres-
sion	analysis	of	3,414	Parkinson’s	disease	patients	
found	 a	 signiicant	 correlation	 of	 orthostatic	 hypo-
tension and urinary incontinence with age and dura-
tion	 of	 the	 disease.	The	presence	of	UI	 in	 people	
with Parkinson’s may in turn increase their risk for 
disability: in one series of patients with Parkinson’s, 
UI	increased	the	risk	of	falling	by	nearly	six-fold.	Uri-
nary	symptoms	are	often	non-responsive	to	L	Dopa	
therapy and there is an increased risk of cognitive 
decline in people with Parkinson’s disease when 
given	anticholinergic	agents	[153,	154].

Multiple	 system	Atrophy	presents	with	a	 combina-
tion of impaired autonomic function, Parkinson-
ism	(MSA-P)	or	cerebellar	ataxia	 (MSA-C)	or	both	
[155].	It	frequently	begins	with	bladder	dysfunction	
and	 erectile	 dysfunction	 in	males.	 It	 is	 associated	
with	bladder	symptoms	of	DO	and	often	progress-
ing	 to	 incomplete	emptying.	The	early	appearance	
of	LUTS	and	high	post	void	 residuals	may	help	 in	
pointing	to	a	diagnosis	of	MSA-P	rather	than	Parkin-
son’s	disease	[156].

With	 the	 introduction	of	magnetic	 resonance	brain	
imaging into routine clinical practice, reports in 
older patients have increasingly emphasized the 
presence of structural abnormalities involving the 
white	matter[157].	Terminology	has	also	undergone	
a great change, moving away from subcortical ath-
erosclerotic	 encephalopathy	 (Binswanger’s	 dis-
ease,	a	speciic	and	relatively	rare	form	of	demen-
tia),	towards	leukoaraiosis	[158]	and,	most	recently,	
to the concept of white matter signal abnormalities 
(WMSA).[157,	 159].	 A	 dichotomous	 diagnosis	 of	
“cerebral	white	matter	lesions”	on	CT	scans	provid-
ed by a radiologist demonstrated no relationship to 
the	presence	or	absence	of	UI.	A	semi-quantitative	
measure	 of	 global	 WMSA	 appears	 to	 be	 associ-
ated with increased urgency UI and nocturnal fre-
quency	[160].	In	699	non-disabled	elderly	subjects	
with	WMSA	on	MRI	 there	was	 a	 signiicant	 differ-
ence in prevalence of urgency but not incontinence 
between	mild	and	severe	groups	[161].	WMH	have	
been linked to severity rather than to the presence 
of	incontinence	[162].

d) Depression. 	As	in	younger	people,	the	frail	elder-
ly	with	UI	have	a	higher	risk	of	depression,	a	inding	
that	has	been	replicated	across	cultures.	Depression	
in older persons with UI may be under-diagnosed 
and under-treated: in one study of homebound adults 
with	UI	and	severe	depression,	only	35%	carried	a	
previous	diagnosis	of	depression	and	only	34%	had	
been	 prescribed	 an	 antidepressant	 [163].	 UI	 may	
add to the burden of depression by decreasing life 
satisfaction and self-rated health and by its associa-
tion	in	frail	elders	with	comorbidity.	[164-167]

Studies	of	 the	association	of	depression	and	UI	 in	
older persons are consistent across several depres-
sion	measures.	The	validated	Centre	for	Epidemio-
logic	 Studies-Depression	 scale	 was	 used	 in	 two	
U.S.	 studies:	 a	 cross-sectional	 analysis	 of	 nearly	
10,000	community-based	people	found	an	adjusted	
risk	ratio	for	depression	with	UI	1.39	[95%	CI	1.24,	
1.55])	[168].	A	large	community-based	study	of	old-
er	Mexican	Americans	reported	an	adjusted	OR	for	
depression	of	1.94	[95%	CI	1.46-2.59])	[169]	.	The	
emotional disturbances and social isolation sub-
scales	 of	 the	Nottingham	Health	Proile	Question-
naire was associated with urgency but not stress 
urinary incontinence and have included studies in 
Asia	 [145,	 170].	Although	 no	 association	 between	
UI and depression was found in a Korean study of 
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135	community	 living	elderly	aged	greater	than	85	
years,	it	used	a	higher	cut-off	(>7)	on	the	Geriatric	
Depression	Scale	and,	 unlike	many	other	 studies,	
found	no	association	between	UI	and	mobility[171].	
Self-report	 of	 depression	or	 sadness	has	and	has	
not	been	associated	with	UI.	[172-174]	

Psychological distress, assessed by the General 
Health	 Questionnaire,	 was	 associated	 with	 UI	 in	
African	 Americans	 (adjusted	 OR	 5.60	 [95%	 CI	
1.88–16.67]),	but	not	in	whites,	in	a	cross-sectional	
study of community based older persons with mean 
age	67	 years[175].	However,	 a	 longitudinal	 analy-
sis	 of	 the	 same	 population	 over	 13	 years	 found	
that people with UI and psychological distress were 
more	 likely	 to	 report	 UI-speciic	 functional	 impair-
ment	(e.g.,	avoidance	of	social	activities,	shopping,	
and	 physical	 activities)	 (adjusted	 OR	 6.55	 [95%	
CI	 1.94-22.12]).	Additionally,	 persons	 with	 UI	 and	
condition-speciic	 functional	 loss	 were	 more	 likely	
to	develop	psychological	distress	(OR	3.66	[95%	CI	
1.61–8.33])	[176].	

EpiLUTs,	 a	 large	 cross-sectional	 internet	 study,	
showed	 signiicant	 impairments	 in	 mental	 health	
and	HRQOL	when	different	urinary	symptoms	were	
combined	 [177,	 178].The	 US	 sample	 of	 the	 Epi-
LUTS	study,	involving	2,485	men	and	2,877	women	
aged	65	and	older,	found	OAB	was	associated	with	
signiicant	 impairment	 in	 HRQOL.	 Rates	 of	 Anxi-
ety	of	>7	on	the	HADS-A	were	16.4%	for	men	and	
23.6%	for	women	with	OAB	compared	to	3.3%	and	
8.6%	with	minimal	or	no	symptoms.	Similarly	rates	
for	 depression	 on	 the	 HADS-D	 were	 17.3%	 and	
15.7%	for	OAB	compared	to	4%	and	6.4%	in	those	
with	no	or	minimal	symptoms.	[179]

A	case	controlled	study	of	100	elderly	men	attending	
a	Urology	outpatients,	matched	with	100	age	matched	
controls from the community and Geriatric outpatient 
clinics,	 found	 those	 with	 moderate	 to	 severe	 LUTS	
had	worse	HRQOL.	This	was	evident	in	a	number	of	
ageing male symptoms including depression, decline 
in	 feelings	 of	 general	 well-being,	 decreased	 sexual	
performance	and	decreased	muscle	strength	[180].

The	direction	of	the	causal	relationship	between	UI	and	
depression in frail persons is unclear, as nearly all of 
these	studies	were	cross-sectional.	The	results	of	the	
one available longitudinal study suggested that it is not 
UI	itself	but	UI-speciic	functional	loss	(e.g.,	avoidance	
of	social	activities,	attending	church,	etc.)	that	is	most	
closely associated with psychological distress, even af-
ter	controlling	for	important	covariates	[163].

e) Falls: 	Overactive	bladder	 (OAB),	 present	 in	up	 to	
20%	of	older	adults,	and	 its	component	symptoms	of	
urinary urgency and urinary incontinence, urinary fre-
quency,	and	nocturia	have	been	 identiied	 repeatedly	
as risk factors for falls among community-dwelling older 
adults	[181-186].	Mixed	incontinence	(a	combination	of	
urgency and stress incontinence) has also been asso-
ciated	with	falls	risk	in	women	70	years	and	older	[187].	

In hospital, the need to use the toilet has been reported 
to	increase	falls,	especially	among	older	patients	[188].	
Urinary incontinence is also associated with falls in in-
stitutionalized	older	persons	[189,	190].	

f) Stroke: 	 Conservative	 interventions	 (e.g.	 bladder	
training,	 pelvic	 loor	 muscle	 training	 and	 prompted	
voiding) have been shown to have some effect in Co-
chrane systematic reviews, but have not had their ef-
fectiveness	demonstrated	with	stroke	patients.	UI	may	
have particular prognostic implications after stroke, 
being associated with greater mortality, a poorer func-
tional recovery and an increased likelihood of institu-
tionalization than those following strokes who regain 
continence.	Of	1,187	patients	aged	60–96	with	stroke,	
those with low bladder maintenance scores (more 
dysfunction) fared worse with rehabilitation than those 
with	higher	scores	[191].	A	survey	of	stroke	unit	prac-
tice	in	Australia	showed	that	less	than	half	had	a	for-
mal plan for continence care and in the UK, as part of 
the national sentinel audits of stroke, there was little 
advance	in	continence	care	[192,	193].	A	comparative	
study of stroke nursing found a dearth of evidence and 
treatment focused on containment and social conti-
nence, highlighting the need for systematic assess-
ment	and	management	[194].

g) Recommendations for research

Further research is required to:

1.			Examine	 the	 effect	 of	 treatment	 for	UI	 in	 older	
people with Parkinson’s disease

2.			Examine	 the	 temporal	 association	 and	mecha-
nism underlying falls and UI in frail older persons

3.			Examine	the	effect	of	structured	treatment	for	UI	
in	older	people	following	stroke.

h) Recommendations for practice

1.			Clinicians	 need	 to	 assess	 and	 manage	 co-ex-
isting co morbid conditions which are known to 
have an impact on continence status or the abil-
ity	to	successfully	toilet.

6. ENVIRONMENTAL FACTORS

This	 section	 addresses	 those	 factors	 unrelated	 to	
underlying pathophysiology which affect continence 
status	in	frail	older	persons.	

•		The	physical	environment

•		Processes	of	and/or	quality	of	care	

 o  assessment

 o  practices that reduce mobility

 o  toileting assistance

	 o		stafing	levels	and	skill	mix

 o  use and misuse of continence products
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In	this	section	we	deined	processes	of	care	as	the	
instrumental procedures involved in the assess-
ment and management of incontinence relating to 
frail	older	persons.

a) The physical environment

Although	the	physical	environment	is	considered	a	
risk factor for incontinence in frail older adults, there 
is	limited	research	on	this	topic.	We	located	seven	
publications with evaluative data on this topic: two 
of these studies were conducted over 40 years ago 
[195,	196]	prior	to	the	establishment	of	internation-
ally	agreed	standards	for	reporting	trial	data.	Three	
were published from a series of projects conducted 
in	 the	USA	 to	 examine	 the	 impact	 of	 the	 physical	
environment	on	speciic	problems	of	people	with	Al-
zheimer’s	disease	and	related	disorders	[197-199].	
One	qualitative	study	was	identiied	that	employed	
an	ethnographic	design	[200].	Each	of	these	studies	
involved	 individuals	 in	 long-term	 care	 institutions.	
One study evaluated the prevalence and risk factors 
for	 incontinence	 in	 a	 sample	 of	 5,418	 community-
dwelling frail older adults who were receiving home 
care	services	[201].	Environmental	barriers	as	well	
as	 the	 use	 of	 physical	 restraints,	 along	with	 UTIs	
were the most common reversible risk factors for 
urinary incontinence: increasing the risk of urinary 
incontinence	by	over	50%	[201].	In	this	study,	envi-
ronmental hazards included a lack of access to the 
toilet, unavailability of grab rails, inappropriate toilet 
seat height, inadequate lighting, and inadequate 
toileting	substitutes	such	as	commodes	or	urinals.	

Attempts	 to	 evaluate	 the	 effects	 of	 enhancing	 the	
physical environment of long-term care on rates of 
incontinence	were	irst	reported	by	Chanfreau-Rona	
[195,	196].	In	both	studies,	the	intervention	involved	
enhancing visual access to the toilet by painting toi-
let doors in bright colours and strategically locating 
pictorial	 signs	 and	 other	 visual	 cues.	 In	 addition,	
staff were asked to accompany residents to the toi-
let	at	predetermined	‘peak	times’	and	to	employ	op-
erant conditioning techniques to reinforce residents’ 
appropriate	toileting	behaviour.	In	the	irst	of	these	
trials,	 24	 elderly	 female	 residents,	 most	 of	 whom	
had cognitive impairment, were purposively as-
signed to either the intervention, or to usual care for 
seven	weeks	[195].	The	same	procedures	were	re-
peated	in	a	subsequent	trial	(1986),	[196].	Although	
reductions in incontinence were noted for residents 
in	the	experimental	groups	compared	to	the	control	
groups,	 the	extent	 to	which	 these	reductions	were	
related	 to	 the	 intervention	 is	 dificult	 to	 determine	
as both studies lacked power and did not control 
for	confounding	factors.	Nonetheless,	these	studies	
represent an early, multifaceted intervention that in-
volved evaluating the effect of changes to the physi-
cal environment to reduce incontinence in among 
frail	older	adults	in	long-term	care.	

According	 to	 the	 indings	 of	 a	 series	 of	 projects	
conducted by Namazi and colleagues, the overall 

physical environment has a considerable impact on 
the well being and quality of life of individuals with 
Alzheimer’s’	Disease	(AD),	affecting	 their	ability	 to	
function in the face of incontinence, distraction and 
disorientation	 [197].	 One	 of	 the	 projects	 focused	
on the clinical utility of using environmental cues 
(i.e.	 signage,	 colour	 differentiation	 and	 images)	 in	
a	 dementia-speciic	 unit	 to	 assist	 compensate	 for	
resident’	 visuo-perceptual	 deicits	 [198].	 The	most	
effective environmental cue in terms of orienting 
individuals	with	AD	to	the	toilet	was	a	combination	
of	using	a	sign	with	 the	word	 ‘toilet’,	 together	with	
‘wayinding’	arrows	on	the	loor.	No	single	strategy	
was	suitable	 for	all	 individuals	with	AD	due	 to	 the	
variability	in	the	ability	of	individuals	with	AD	to	per-
form all of the tasks associated with successful toi-
leting.	The	researchers	therefore	recommended	“to	
maximize	the	remaining	strengths	of	those	who	are	
aflicted	with	AD,	each	component	of	 the	morphol-
ogy	which	creates	dificulties	 for	AD	patients	must	
be	 identiied	and	 treated	 individually”.	 In	 essence,	
individuals	with	AD	may	need	 individually	 targeted	
cues	that	address	identiied	speciic	areas	deicit.	

In	a	second	project,	Namazi	and	colleagues	 [199]
systematically	 examined	 toilet	 use	 in	 a	 dementia-
speciic	 unit	 under	 two	 conditions:	 with	 the	 toilet	
highly visible to residents, and with the toilet con-
cealed.	The	frequency	of	toilet	use	increased	when	
toilets	were	visually	accessible	during	the	45	hours	
of	observation.	Visibility	and	accessibility	of	 toilets	
may be an important factor in supporting individuals 
to	maintain	continence.	

Toilet	accessibility	also	featured	highly	in	a	qualita-
tive	study	conducted	by	Sacco-Peterson	and	Borell	
[200].	 Using	 ethnographic	methods,	 the	 research-
ers	collected	over	200	hours	of	ield	observational	
data and conducted in-depth interviews with nine 
residents.	 They	 reported	 that	 different	 aspects	 of	
the facility’s physical and socio-cultural environment 
inluenced	residents’	abilities	to	maintain	autonomy	
in	self-care.	For	example,	there	was	an	inadequate	
number of toilets, inadequate privacy for toileting, 
inappropriate	toilet	heights,	excessive	distances	to	
the toilet, and a lack of call light, toilet paper, soap, 
paper	 towels,	 lighting	and	commodes.	Despite	 the	
challenges	of	negotiating	this	‘defeating	ward	geog-
raphy’, many residents attempted to participate au-
tonomously in toileting, whilst others were deterred 
because	of	a	fear	of	falling.	

b) Processes and quality of care

In a systematic review of the prevalence and risk 
factors for urinary incontinence in nursing homes 
Offerman	 and	 colleagues	 [202]	 identiied	 46	 risk	
factors	 for	 urinary	 incontinence	 in	 nursing	 homes.	
These	factors	were	grouped	 into	1)	 locomotion,	2)	
cognitive	 function	and	3)	drugs.	However,	 in	addi-
tion	to	these	risk	factors,	the	reviewers	stated	“dif-
ferences in the care process and quality of care 
can	also	inluence	urinary	incontinence	prevalence;	
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reasons for a less-than-optimal approach in nurs-
ing	 homes	 may	 include,	 for	 example,	 inadequate	
knowledge of and skills for urinary incontinence in 
general, inability to use guidelines for urinary incon-
tinence	care,	insuficient	stafing	and	poor	commu-
nication	among	healthcare	professionals”	 (p.	291).	
They	recommended	that	risk	factors	related	to	care	
processes	be	further	investigated.	

Two	studies	offer	qualitative	data	on	how	processes	
of care in nursing homes may represent a risk factor 
for	 incontinence.	 For	 example,	 descriptive	 informa-
tion	derived	from	semi-structured	interviews	with	six	
elderly women from two nursing homes in Canada, 
suggests	 that	 some	 residents	 experience	 an	 envi-
ronment characterised by rituals and routines, pad 
rationing, limited assistance with pad changing, re-
strictions on the type of products available, set times 
for toileting and pad changes, ageism, and a lack of 
recognition	of	attempts	to	maintain	continence	[203]	
Sacco-Peterson	and	Borell	[200]	also	found	that	‘toi-
leting	assistance	was	provided	at	 set	 times,	and	 ‘if	
residents required more assistance other than at set 
times,	pads	were	used‘.	Pad	use	also	correlated	with	
residents’ mobility level, rather than their cognitive 
or	continence	status.	Additionally,	night-time	use	of	
pads	often	started	following	a	fall	at	night.	Residents	
did	not	divulge	their	dificulties	to	staff,	and	were	re-
luctant to ask for help and thus staff members were 
unaware	 of	 residents	 ‘dificulties	 and	 efforts.	 Resi-
dents	 valued	 the	 capacity	 to	 exercise	 some	 power	
and	 autonomy	 with	 regard	 to	 self	 care,	 and	 didn‘t	
want	 to	 be	 ‘a	 bother	 to	 the	 nurse‘.	 Thus,	 their	 at-
tempts to maintain continence may be undermined 
by care processes that unintentionally diminish an 
individual’s	independent	toileting.	

c) Assessment

A	 comprehensive	 assessment	 to	 determine	 type	
and causes of incontinence is an essential precur-
sor	 to	 appropriate	 management.	 However,	 many	
people with incontinence do not have access to this 
assessment, and are therefore at risk of remaining 
incontinent (Table 4 ).	This	inding	 is	consistent	 for	
older	adults	across	different	countries	and	settings.	

d) Knowledge 

A	lack	of	knowledge	about	incontinence	and	its	man-
agement may operate as an antecedent to care pro-
cesses	 that	 inadvertently	 promote	 incontinence.	 A	
number of studies reveal gaps in nurses’ and nursing 
aides’ knowledge about and attitudes toward older 
people	with	 incontinence	in	 long-term	[204-224],	as	
well	 as	 acute	 care	 [221,	 225-229].	 Other	 research	
highlights gaps in medical practitioners’ knowledge 
about	incontinence	[230-234].	For	example,	a	survey	
of general practitioners (GPs) knowledge of investi-
gation modalities and treatment options for individu-
als with faecal incontinence in the UK, found that 
only	32%	were	aware	of	at	 least	one	 investigation,	
and	32%	were	aware	of	at	least	one	form	of	surgical	

treatment	[230].	In	a	cross-sectional	national	survey	
to determine knowledge, attitudes, and management 
of urinary incontinence among family physicians in 
Canada,	 less	 than	 half	 (46.0%,	 284/617)	 indicated	
that they had a clear understanding of incontinence 
and	 just	 37.9%	 (232/612)	 had	 an	 organized	 plan	
for	 incontinence	 problems	 [234].	 Szonyi	 and	 Mil-
lard	[232]	reported	a	signiicant	improvement	in	GPs	
knowledge about incontinence following receipt of an 
education	package.	

Knowledge about incontinence and its manage-
ment in the general community is also lacking, es-
pecially	 amongst	men,	 those	 aged	 85	 and	 older,	
and	those	with	lower	levels	of	education	[235].	For	
instance, a nation-wide consumer survey conduct-
ed	 in	 the	 USA	 in	 2000,	 found	 four	 in	 ten	 people	
(41%)	 thought	 that	 loss	 of	 bladder	 control	was	 a	
disease	and	a	similar	percentage	(38%)	believed	it	
was	a	natural	part	of	ageing	[236].	

e) Processes of care that reduce functional status

Impaired functional ability can cause or contribute to 
incontinence	 in	 frail	older	persons.	Care	processes	
that restrict or minimise mobility and the ability to 
function	 constitute	 a	 critical	 risk	 factor.	 The	 use	 of	
physical	 restraints	 is	 one	 such	 practice.	 Although	
restraint-free care has been recommended as stan-
dard, restraints remain widely used in long-term care 
–	ranging	from	12-47%	internationally	[237].	In	a	mul-
tivariate	analysis	of	data	 from	2,014	 residents	 from	
270	USA	Medicaid-certiied	nursing	homes,	Brandeis	
and	colleagues	 (1997)	 identiied	 that	urinary	 incon-
tinence was independently associated with impair-
ment	in	ADLs	(OR	=	4.2;	CI	=	3.2,5.6),	dementia	(OR	
=	2.3;CI	=	1.8,3.0),	 the	use	of	anti-anxiety/hypnotic	
medications	(OR	=	.7;CI	=	.5,1.0)	(all	P	<	.04)	and	the	
use	of	restraints	of	the	trunk	(OR	=	1.7;	CI	=	1.5,2.0),	
restrained	 to	 a	 chair	 (OR	=	1.4;	CI	 =	 1.2,1.6),	 and	
bedrails	(OR	=	1.3;	CI	=	1.1,1.5).	Similarly,	in	a	com-
munity–based sample of frail older adults, the use of 
physical restraints was a key reversible risk factor for 
urinary	incontinence	[201].

f) Lack of toileting assistance 

An	obvious,	yet	often	overlooked	risk	 factor	 for	 in-
continence is a lack of toileting opportunities and 
assistance	for	individuals	who	are	care-dependent.	
Research	 from	 USA	 shows	 that	 the	 frequency	 of	
toileting assistance actually provided in nursing 
homes	is	too	low	to	maintain	continence	[238].	

In recent years, the UK media has drawn attention 
to the fact that many people in hospital do not re-
ceive timely assistance to use the toilet: a situation 
that	contributed	to	the	establishment	of	the	“Dignity	
in	Care	Campaign”	–	launched	in	2006.	In	response	
to concerns about neglect in aspects of personal 
and	 healthcare,	 the	 British	Geriatrics	 Society	 pro-
posed that the ability to use the toilet in private was 
in fact, a marker of human rights, and developed a 
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Study Obj ective Sample Met hod Find ings 

[943] 
Du Moulin et al., 
2009 

To assess the 
prevalence of UI 
and gain insights 
into care issues 

2866 patients (mean 
age 80 ±  7.2yrs) 
living at home 
receiving home care 
in Holland 

Survey + audit of 
medical records 

Type of UI was diagnosed in 
49% of patients.  
Management did not differ for 
patients with and without a 
diagnosis of UI type 

[614] 
Georgiou et al., 
2001 

To evaluate the 
recommended 
outcome 
measures in 
clinical practice 

1125 residents in 17 
residential homes, 
14 nursing homes 
and 5 long-stay 
wards in UK. 

Analysis of data on the 
UI section of the Royal 
College of Physicians 
Continuous 
Assessment Review 
and Evaluation 
Scheme audit tool  

Rates of full clinical 
assessment were  
• 48% for people in 

residential homes 
• 24%  for people in 

nursing homes 
• 36% for people in long-

stay wards 

[254] 
Rodriguez et al., 
2007 

To explore 
continence 
prevalence, 
knowledge and 
care 

66 care homes in 
Birmingham, UK 

Survey completed by 
managers or other 
senior staff 

Only two respondents gave 
information indicative of a full 
assessment. Most 
respondents had difficulty 
identifying the process of 
assessment. 

[257] 
Pringle-Specht et 
al., 2002 

To determine 
patterns and 
treatment of 
urinary 
incontinence 

145 residents with 
dementia (mean age 
83.3yrs) from 13 
special care units in 
long-term care 
facilities in USA 

Retrospective audit of 
residents’ medical 
histories using 
‘Incontinence Patterns 
Tool’ (IPT) 

55% of residents with UI and 
dementia had a documented 
care plan for treatment of UI 
2.1% (n=3) had a current 
medical diagnosis of bladder 
incontinence 

[245] 
Wagg et al., 
2008 

To assess the 
quality of 
continence care 
for older people  
 

Patients from 138 
primary care trusts, 
195 secondary care 
trusts, and 27 care 
homes in UK 

Audit of patients’ 
clinical records  

Poorly documented aspects 
of a clinical assessment 
across all settings: rectal 
examinations and post-void 
residual urine volumes. In 
secondary care trusts, 
919/3509 (25%) of histories 
had documentation of an 
assessment to determine UI 
type or cause 

[944] 
Watson et al., 
2003 

To assess the use 
of the Agency for 
Healthcare Policy 
and Research 
Guideline for 
managing UI in 
nursing homes 

200 residents with 
new UI or newly 
admitted with UI 
from 52 nursing 
homes in upstate 
New York, USA 

Retrospective chart 
review and Nursing 
Assistance screening 
interviews 

4 new cases of UI per 100 
beds over 12 weeks 
UI Guideline standards met 
20% of cases (0-45%). 
 Aspects of assessment 
rarely performed  
• rectal examination (15%) 
• digital examination of 

prostate (15%) 
• pelvic examination (2%) 

Table 4. Evaluative studies on assessment of incontinence in frail older adults
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“Behind	Closed	Doors	Campaign”.	The	aim	of	 the	
campaign	was	 to	empower,	educate	and	 inluence	
providers and policy makers to adopt a more pro-
active	stance	to	demand	better	continence	care.	A	
more	recent	campaign,	again	led	by	the	British	Ge-
riatrics	Society,	titled	“Do	not	forget	the	person”	was	
launched	in	March,	2010.	The	extent	to	which	such	
awareness raising activities affect day-to-day care 
processes in the absence of structural change and 
resources	requires	evaluation.

Structured	 toileting	 programmes	 require	 a	 staff	 to	
patient	ratio	of	1:5.	A	lack	of	stafing	or	institutional	
understafing	represents	a	key	risk	factor	for	incon-
tinence among individuals who are dependent on 
another	person	to	use	the	toilet.	Factors	which	have	
been	identiied	in	the	success	(or	otherwise)	of	such	
programmes	are	covered	in	Section	7.

g) Stafing levels and skill mix

Estimating	and	achieving	the	optimal	level	and	skill	
mix	 of	 any	workforce	 is	 a	 challenge.	 In	 long-term	
care where residents’ have chronic health problems 
and	complex	health	needs,	this	problem	is	exacer-
bated	by	a	high	staff	 turnover.	Nurses	consistently	
cite	 inadequate	 stafing	 levels	 as	 a	 major	 barrier	
to	continence	care	 [239-243].	The	extent	 to	which	
patients and residents’ continence care needs are 
considered in formulas designed to establish the 
right	stafing	level	and	skill	mix	is	unclear.	The	time,	
resources, knowledge and skill required to conduct 
an assessment, and offer active, effective manage-
ment and manage incontinent episodes require 
consideration	in	service	planning.

h) Use and misuse of continence aids 

For many people, continence aids represent a 
means by which they can achieve effective and dis-
crete containment of incontinence, minimise physi-
cal discomfort and optimise psychological and social 
function	[244].	At	the	same	time,	overuse	and	misuse	
of continence aids, may represent a risk factor for 
incontinence	and,	for	pads,	urinary	tract	infection.	Al-
though continence aids have an important place in 
the control of incontinence, their use in the general 
community, in hospital settings, and in long-term care 
institutions is widespread (Table 5 ).	For	example,	in	
the largest and widest audit of continence care con-
ducted in the UK and involving over 6,000 patients 
across primary and secondary care trusts, and care 
homes,	containment	strategies	(i.e.	 the	use	of	con-
tinence	aids)	 far	exceeded	all	other	 forms	of	docu-
mented	continence	management	[245].

•  Community / home care / primary care

Extrapolating	data	 from	users	of	absorbent	pads	 in	
one	 area	 in	 Sweden,	 Samuelsson	 and	 colleagues	
[246]	found	6.4%	of	all	women	and	2.4%	of	all	men	in	
the	country,	used	continence	aids:	equating	to	3.7%	
of	the	total	population.	Most	of	these	users	were	aged	
over	75	years	of	age	and	21%	lived	in	special	accom-

modation.	Other	studies	have	examined	use	of	con-
tinence	 aids	 in	 targeted	 populations.	 For	 example,	
among individuals receiving home care services in 
European	countries,	rates	of	continence	aid	use	vary	
from	29-52%	 (mean	39%)	 [247]	 to	57%	 [248].	And	
across primary care trusts in the UK, containment 
strategies	are	used	by	48%	of	patients	[245].	

•  Acute care / hospital / secondary care

Rates	 of	 continence	 aid	 use	 in	 elderly	 patients	 in	
acute care across a number of countries are simi-
lar	and	range	from	55.1%	in	Italy	[249],	56%	in	the	
UK	 [245]	 to	60%	 in	Singapore	 [250]	and	Australia	
[251].	Not	 only	 are	 they	widely	 used	 but	 they	 are	
often	 used	 indiscriminately.	 One	 of	 the	 earliest	
studies to draw attention to an overreliance on pad 
use	was	conducted	by	Starer	and	Libow	[252]who	
found more residents using pads than those with 
incontinence.	 More	 recently,	 Ostaszkiewicz	 and	
colleagues found that in the inpatient care setting, 
pads were inappropriately used for some patients, 
and	 were	 underused	 for	 others	 [251].	 Of	 121	 pa-
tients who were using pads at the times of the sur-
vey,	50(41%)	reported	no	UI	or	FI	in	the	preceding	
24-hours.	 However,	 18%	 of	 patients	 who	 had	 no	
pad	did	report	such	an	episode.	This	mismatch	be-
tween incontinence and pad use has been noted in 
other	research.	[253]	[249]	

•  Long-term care / nursing homes / skilled nurs-
ing facilities / residential aged care / care homes 

We	 located	 six	 studies	 that	 provided	data	on	 the	
use	of	continence	aids	in	long	term	care	facilities.	
These	were	 conducted	 in	 the	UK	 [245,	 254],	 the	
USA	 [255-257],	 and	 in	 Norway	 [258].	 Wagg	 and	
colleagues	reported	that	of	488	residents	from	27	
care homes included in the national audit of conti-
nence	care	in	the	UK,	307	(63%)	used	a	contain-
ment	strategy	to	manage	their	incontinence	[245].	
Roderiguez	and	colleagues	reported	similar	 rates	
based on interview data from managers of 66 care 
homes	in	Birmingham	[254].	

In	 the	 USA,	 Brandeis	 and	 colleagues	 reported	 a	
higher	 rate	 of	 pad	 use	 (84%)	 in	 their	 sample	 of	
2,014	 residents	 from	270	Medicaid-certiied	nurs-
ing	 homes[255].	 Eighty-four	 percent	 were	 man-
aged	with	pads/briefs,	and	more	than	one	third	of	
incontinent patients were managed with two mo-
dalities.	A	 recent	 evaluation	of	 the	use	of	 urinary	
collection	 devices	 by	 57,302residents	 from	 ive	
skilled nursing facilities found that pad use re-
mained	 relatively	 stable	 over	 a	 12	 month	 period	
[256].	Pad	use	among	a	 sample	 of	 11,549	newly	
admitted	 75-84	 year	 old	 residents	 was	 58.7%	 at	
admission	 and	 61.1%	 twelve	 months	 later.	 This	
rate	was	higher	for	residents	aged	85	years	of	age	
and	older	(i.e.	60.3%	at	admission	and	62.6%	one	
year	later).	In	a	survey	of	patterns	and	treatments	
of	urinary	 incontinence	 in	13	special	care	units	 in	
the	USA,	Pringle-Specht	and	colleagues	(2002)	re-
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Community /  home care / primary care 

Study Objective Sample Method Results  

[943]  Du Moulin et al., 
2009 
 

To assess the prevalence of UI and gain 
insights into care issues 

2866 patients (mean age 80 ±  7.2yrs) living at home 
and receiving home care in Holland 

Survey + audit of medical records Pads were used by 59.2% of patients with diagnosis of UI type and 
by 55.8% of patients with no diagnosis of UI type 

[945] Samuelsson et al., 
2001 
 

To study age- and sex speciic use and 
costs of freely available incontinence aids 
in Sweden 

2542 women & 1292 men living in their homes 
(including special accommodation) in a county of 
Sweden who were using incontinence aids 

Audit of incontinence aid prescriptions – data 
extrapolated to general population  

Incontinence aid use 
367000 (3.7%) of all people in Sweden 
6.4%-women /2.4%-men in the county 
765000 (66%) in special accommodation  
Costs 
925 million SK  
50% of cost attributable to those aged 80 yrs or > 

[247] 
Sorbye et al.,  2008  
 

To determine prevalence and 
characteristics associated with UI  

4010 randomly selected older persons (mean age 
82.3 ± 7.3 yrs) living at home in one of 11 European 
countries and using home care agencies  

Cross sectional survey using the International 
Resident Assessment Instrument for Home 
Care (RAI-HC)  

39% used pads (highest usage in France -52% / lowest usage in 
Norway and Czech Republic – 29%) 
Pad use correlated with need for toileting assistance (p<0.001) 

[245] 
Wagg et al., 2008 

To assess the quality of continence care for 
older people  
 

2717 patients from 138 primary care trusts in UK Audit of patients’ clinical records  Containment strategies were used by 1294/2717 (48%) of patients 

Acute care / hospital / secondary care  

Study Objective Sample Method Results  

[250] 
Kadir, 2004 

To determine the incidence and 
appropriateness of incontinence aid use  

333 elderly patients in an acute hospital (Singapore) Survey – patient self report 200/333 (60%)  - using some form of aid 
101 (50.1%) could have been managed with alternatives 

[249] 
Palese et al., 2007 

To evaluate the incidence of pad use and 
explore appropriateness and reasons for 
use   

396 patients (mean age 76.8 ± 11.8yrs) admitted to 
medical units in 2 acute care units in Italy 

Survey – interview + clinical assessment 3 x 
day each day during hospitalization 

Inpatient use of pads – 218/396 (55.1%). Of this cohort, 120/396 
(30.3%) had  incontinence prior to admission 
Rationale for pad use: urinary incontinence associated with acute 
confusion or dementia 

[251] 
Ostaszkiewicz, et al., 
2008 

To determine the prevalence of UI & FI + 
pad use + documentation of incontinence 

447 inpatients (mean age 70 ± 18.7yrs) admitted to 3 
acute and 1 subacute care hospitals in Australia 

Point prevalence survey + an audit of medical 
records 

266/446 (60%)- using a continence product/ device 
50/121 (41%) of patients using pads had no UI or FI in the 
preceding 24 hrs.  
18/113 (16%) patient with UI or FI in preceding 24 hrs had no 
continence product/device  
 

[245] 
 
Wagg et al., 2008 

To assess the quality of continence care for 
older people  

3683 patients from 195 secondary care trusts 
(hospitals) in UK 

Audit of patients’ clinical records 2070/3683 (56%) patients used containment strategies  

[253] 
Zisberg 2011 

To determine incidence of incontinence 
brief [pad] use 

465 older patients (mean age 78.6 ± 5.8 yrs) who 
were not using incontinence briefs prior to admission 
to medical acute care units in a 900 bed teaching 
hospital in Israel 
 

Admission interview and then every day after 
irst 48 hrs 

65/465(14%) used incontinence briefs during most of their 
hospitalization. Brief use was associated with low mobility  
 

Long-term care / nursing homes / skilled nursing facilities / residential aged care / care homes   

Study Objective Sample Method Results  

[255] 
Brandeis et al., 1997 

To describe the frequency and correlates of 
potentially treatable causes of urinary 
incontinence 

2014 residents (mean age 84.3 ± 8.7) from 270 
Medicaide-certiied nursing homes in USA 

Review of MDS data / Interview with the 
nursing home staff, and interaction and 
observation of residents 

990/2014 (49%) of residents were incontinent. Of these, 84.0% 
were managed by pads/briefs. More than one-third (n = 350) of the 
incontinent residents were managed with two modalities 

[258] 
Omi et al.,  2010 

To determine daily pad usage & 
association with UTI, and luid intake 

153 residents (mean age 83 ±  8.2 yrs) from 6 
nursing homes in Norway 
 

Number and weight of pads per/resident 
calculated over 2 days  

118/153 (77%) used pads 
36/48(75%)  men  
82/105(78%) women  
Average number of pad changes p/day-2.7 
UTI correlated with pad use but not luid intake or number of pad 
changes 

[254] 
Roderiguez et al., 2007 

To explore incontinence prevalence, 
knowledge and care 

66 care homes in Birmingham, UK Questionnaire to care home managers Several methods to manage incontinence were cited however 
briefs and pads accounted for over 50% of responses 

Table 5. Evaluative studies on the use of continence aids (pads and briefs)
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ported	that	72%	(n=105)	of	residents	used	a	con-
tinence aid: the most common type of aid being a 
continence	brief	or	pad	(n=93)	[257].

According	 to	 Omli	 and	 colleagues	 who	 estimated	
the	 daily	 pad	 usage	 of	 153	 elderly	 residents	 from	
six	nursing	homes	in	Norway,	77%	of	residents	use	
pads	 [258].	 Omli	 and	 colleagues	 also	 found	 that	
residents’	pads	were	changed	 infrequently	 (i.e.	an	
average	of	 2.3	 times	a	day	 (range	0.5-8.0)	 for	 fe-
male	 residents	and	3.1	 times	a	day	 for	male	 resi-
dents	(range	1.0-9.0).	Moreover,	urinary	tract	infec-
tions	were	associated	with	pad	use	(41	vs.	11%;	P	
=	0.001):	but	not	with	luid	intake	or	number	of	pads	
changes.	 Residents	 pad	 usage	 did	 not	 correlate	
well with the volume of their incontinence: 

As	 inappropriate	use	of	 continence	aids	may	con-
tribute to onset, or continuation of, incontinence, it is 
important that clinicians who advocate or authorise 
their use, are familiar with evidence-based guide-
lines that advocate an active approach to diagnos-
ing	and	treating	incontinence.	

i) Recommendations for research

Further research is required to:

1.			explore	the	physical	environment	as	a	risk	factor	
for UI in frail older adults, and to evaluate the ef-
fect	of	modifying	the	environment.

2.		explore	 the	extent	 to	which	socio-cultural	 fac-
tors and care processes in particular, influence 
frail older adults’ abilities to maintain autonomy 
and	continence.	

3.		identify	 the	 association	 between	 fear	 of	 falling,	
reduced	mobility,	and	UI	in	frail	older	persons.

4.		evaluate	the	effect	of	awareness	raising	activities	
that aim to enhance day-to-day continence care 
processes	in	healthcare	settings.	

j) Recommendations for practice

1.			Environmental	 cues	 such	 as	 toilet	 visibility,	 sig-
nage, colour differentiation and images should be 
used	to	compensate	for	visuo-perceptual	deicits	
in	frail	older	adults	with	cognitive	impairment.	

2.			As	remaining	physical	strength	and	exterity	var-
ies in individuals with cognitive impairment, each 
component of the toileting process which creates 
dificulties	for	such	patients	should	be	identiied	
and	treated	individually.

3.			Awareness	raising	activities	should	be	conduct-
ed to enhance day-to-day continence care pro-
cesses	in	healthcare	settings.	

4.			Ensure	that	the	time,	resources,	knowledge	and	
skill required to conduct an assessment, and of-
fer active, effective management and manage UI 
episodes	are	considered	in	service	planning.

5.			Continue	to	address	gaps	in	healthcare	practitio-
ners’ knowledge about preventing and managing 
incontinence	in	frail	older	persons.

6.			As	inappropriate	use	of	continence	aids	may	con-
tribute to onset or continuation of UI, clinicians 
who advocate or authorise their use, should be 
familiar with evidence-based guidelines that ad-
vocate an active approach to prevention, diag-
nosis	and	treatment.	

Recommendations	 for	 the	 basic	 assessment	 of	 the	
frail elderly persons with UI are summarised in the al-
gorithm	(see	Summary	Document).	Because	UI	in	the	
frail elderly is multifactorial, it is essential to conduct 
a comprehensive assessment with the goal of iden-
tifying	all	potential	contributing	 factors.	Collaboration	
among primary care physicians, geriatricians, surgical 
specialists, nurses, other health professionals, and 
caregivers, both formal and informal is usually neces-
sary	for	optimal	assessment	and	management.

Since	the	last	Consultation,	the	European	Associa-
tion of Urology published guidelines on UI which in-
clude	 those	 for	 frail	older	men	and	women.	These	
are	 largely	 based	 on	 the	 indings	 of	 the	 4th	 ICI	
[259].The	UK	NICE	guidelines	for	the	management	
of lower urinary tract symptoms in men contain no 
speciic	 recommendations	 for	 older	 men	 but	 are	
perhaps	more	age	applicable	than	those	which	ex-
ist	for	UI	in	women.[260,	261]	The	US	government	
sets minimum quality standards for UI assessment 
and management in long term care, but these stan-
dards, along with basic fundamental principles of 
UI,	are	poorly	understood	by	 long	term	staff	 [262].	
Two	groups,	the	US	Assessing	Care	of	Vulnerable	
Elders	(ACOVE)	project	and	the	UK	Clinical	Effec-
tiveness	and	Evaluation	Unit,	have	developed	qual-
ity performance measures for UI care in frailer older 
persons,	using	structured	 literature	review	and	ex-
pert	 panel	 review.[263-267]	 These	 measures	 are	
not guidelines per se, and in some instances lack 
suficient	 detail.	Although	 both	 groups	 have	 dem-
onstrated using their measures that UI assessment 
and	care	by	practitioners	 in	 the	US	and	 the	UK	 is	
poor, and of a lower standard than that afforded to 
younger adults, there is evidence that integrated 
services are more likely to provide a higher stan-
dard	of	UI	care	[268]	Thus,	there	is	an	urgent	need	
to re-establish the fundamentals of UI assessment 
and management for all personnel who care for frail 
older persons with UI and ensure that there is ad-
equate	service	provision.	

1. COMPONENTS

a) Identiication of frail older persons.	 Health	
care providers can screen older patients with UI for 

II.  ASSESSMENT OF THE FRAIL 
OLDER PERSON WITH UI



1022

frailty	 using	 the	 Vulnerable	 Elders	 Survey,	 which	
can	be	administered	 in	person	or	by	phone	 [269].	
Persons	with	a	score	of	3	or	greater	have	four-fold	
increase in the risk of death and functional decline 
compared	with	persons	with	lower	scores.	A	patient	
self	reported	scale	in	which	those	people	classiied	
as either frail or pre-frail had higher frequency of 
hospitalization, a higher probability of co-morbidity 
and	 higher	mortality	 than	 those	 classiied	 as	 non-
frail	 has	 recently	 been	 reported	 [270].	 However,	
caution	still	needs	to	be	exercised	when	classifying	
an older individual as frail as there is considerable 
heterogeneity	within	this	group	[271].

b) Primary care assessment.  Physician education 
using	 a	modiied	 version	 of	 the	ACOVE	model	 to	
reach a large group of primary care physicians re-
sulted	in	between	80%	and	92%	of	them	planning	to	
make	a	change	in	their	practice	behaviour	[272],	al-
though no formal assessment of carry through was 
undertaken.	Geriatricians’	and	primary	care	physi-
cians’ (PCPs) UI assessments were compared in 
a	randomized	multicentre	study	involving	364	sub-
jects,	42%	of	whom	self-reported	UI	to	the	investi-
gators.	Geriatricians	were	signiicantly	more	likely	to	
detect	UI	(59%	of	cases	vs.	16%),	regardless	of	the	
severity of UI, and were more likely to refer to Con-
tinence	Programmes	 (25%);	 all	 referrals	 by	PCPs	
were	 to	 urologists.[273]	 An	 assessment	 strategy	
based on clinical evaluation, simple cystometry, and 
several criteria for referral was compared with uro-
dynamic	diagnosis.	Approximately	25%	of	patients	
met criteria for referral, half of patients accepted 
urodynamic evaluation, yet urodynamics changed 
the	treatment	plan	in	only	12%	of	the	patients	who	
did not met the a priori criteria	for	referral	[274].

Practice	patterns	and	adherence	to	US	UI	guide-
lines were evaluated by retrospective chart review 
of	 300	 consecutive	patients	aged	>65y,	 seen	by	
either an internist or geriatrician for UI at a tertiary 
care	 centre.	 Geriatricians	 ordered	 more	 testing,	
such as urodynamics, before referring patients 
to	 a	 surgical	 specialist.	 [275]	 Overall,	 primary	
care	practitioners	rarely	follow	the	US	Agency	for	
Healthcare	 Research	 and	 Quality	 UI	 guidelines	
(now	 obsolete),	 [276]	 and	 nursing	 home	 practi-
tioners rarely follow the Federal guidance for UI 
care	 regarding	 recommended	 physical	 examina-
tion,	PVR	testing,	urinalysis,	and	identification	of	
potentially	reversible	causes	[277].	Okamura	and	
colleagues investigated the diagnosis and treat-
ment	 of	 lower	 urinary	 tract	 symptoms	 (LUTS)	
by general practitioners (GPs) according to the 
“Practical	manual	for	LUTS	evaluation	and	treat-
ment	 in	 the	 elderly	 For	 GPs	 (Japanese)”	 and	
found adherence to the manual, reinforced by 
educational and promotional activities resulted 
better	treatment	outcomes	[278,	279].

A	 systematic	 review	 of	 articles	 identiied	 only	 5	
studies meeting eligibility criteria, and all were in 

women.	None	 of	 studies	 found	 suficient	 diagnos-
tic	evidence	 (deined	as	positive	>	5	and	negative	
likelihood	ratios	<	0.02)	for	different	types	of	UI.	The	
best was a general population study reporting the 
utility	of	history	and	exam	for	the	diagnosis	of	SUI	
(positive	 and	 negative	 likelihood	 ratios	 3.23	 and	
0.40,	 respectively)	 [280].	Adding	a	nurse	practitio-
ner to general practitioner care for adult patients 
with	UI	can	reduce	the	impact	of	UI	[281].

c) Cough stress test. 	We	found	no	additional	evi-
dence on the utility of the cough stress test since 
the	last	consultation.	Utility	of	the	cough	stress	test	
was	studied	in	97	incontinent	female	long-term	care	
residents using blinded comparison with single 
channel	 cystometry.	 Of	 the	 77%	 in	 whom	 single	
channel cystometry diagnosis was congruent with 
the	 stress	 test	 (i.e.,	 urodynamic	DO	with	 negative	
cough	 test,	 no	 DO	 and	 positive	 cough	 test),	 all	
were	 correctly	 classiied;	 no	woman	with	SUI	was	
missed	 nor	 were	 any	 with	 DO	 misclassiied.[282]	
An	 analysis,	 200	 older	 women	 with	 UI	 found	 that	
provocative full-bladder cough test was as effective 
as radiographic or urodynamic pressure measure-
ment	in	detecting	SUI.	Clinical	diagnosis	incorporat-
ing	the	cough	test	with	leakage	symptoms	was	78%	
accurate,	with	only	6%	false	negatives	for	SUI,	but	
was	only	44%	accurate	with	45%	false	negatives	for	
urgency	UI	[283].

d) Postvoid residual measurement. We	 iden-
tiied	 no	 studies	 evaluating	 the	 impact	 of	 PVR	
measurement on clinical diagnosis and treatment 
outcomes.	 One	 study	 of	 100	 patients	 consecu-
tively	admitted	to	a	geriatric	ward	found	that	34%	
had	PVR	>	50	mL;	 these	patients	tended	to	have	
more	UI	(57%	vs.	38%,	p	>.05),	greater	functional	
dependency,	and	a	higher	mortality	rate	(36%	vs.	
9%).[284]	A	 study	 of	 the	 residual	 urine	 in	 a	 ran-
domly selected community dwelling sample of men 
and	women	aged	75	years	of	age	found	more	than	
10	ml	of	 residual	urine	 in	91	of	 the	92	men	 (me-
dian	 90	ml;	 range	 10-1502	ml),	 and	 in	 44	 of	 the	
48	 women	 (median	 45	ml;	 range	 0-180	ml).	 The	
signiicance	of	 this	single	measurement	could	not	
be	estimated	[285].

e) Urodynamic testing.  Urodynamic testing is fea-
sible	and	safe,	even	in	frail	nursing	home	residents.
[63]	 There	 is	 no	 evidence,	 however,	 that	 urody-
namic	diagnosis	changes	the	outcome	of	treatment.	
Expert	 guidelines	have	 recommended	urodynamic	
testing before surgical or minimally invasive UI 
treatment	in	frail	elders	[286].

f) Ultrasound estimation of bladder weight. 	 A	
single	study	of	men	attending	the	urolow	clinic	of	
mean	age	65	(range	23	–	90)	detected	no	statisti-
cally	signiicant	differences	in	ultrasound	estimated	
bladder	 weight	 between	men	with	Qmax	 <10mL/
min	versus	those	with	>15mL/min	[287].
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2. SUMMARY OF EVIDENCE

1.		Active	case	inding	and	screening	for	UI	should	be	
done in all frail older persons because many do not 
spontaneously	report	their	symptoms.	(Level	1).

2.		Screening	for	frailty	is	possible	with	short	screen-
ing	instruments	(Level	1).

3.		Current	quality	of	primary	care	assessment	of	UI	
in	frail	elders	is	poor	(Level	2).

4.			Cough	stress	test	has	moderate	accuracy	in	frail	
institutionalized	women	(Level	2).

5.		No	 recommendation	 is	 possible	 on	 the	utility	 of	
PVR	 testing	 in	 the	 assessment	 of	UI	 in	 frail	 el-
derly	(Level	4).

6.		Urodynamic	testing	is	feasible	in	frail	older	people	
(Level	1)	but	it	is	unlikely	to	change	management	
or	 outcomes	 except,	 perhaps,	 in	 those	 consid-
ered	for	surgical	treatment	of	UI	(Level	4).

3.  RECOMMENDATIONS FOR EVALUATION 
(SEE ALGORITHM)

The	 essential	 irst	 step	 is	 to	 actively	 case	 ind	 in	
the frail elderly, as the condition is generally under-
reported.	The	second	is	to	identify	treatable,	poten-
tially reversible conditions and other factors (medi-
cations, environment) that can cause or contribute 
to	UI.	Although	UI	associated	with	such	factors	has	
been	commonly	called	“transient	UI,”	 for	most	 frail	
elderly it is a chronic and often progressive condi-
tion.	It	is	important	to	evaluate	for	such	contributing	
factors because their amelioration may improve UI 
directly, make UI more amenable to other interven-
tions, and overall improve the patient’s (and carer’s) 
quality	of	life.[288]	

The	common,	treatable,	potentially	reversible	condi-
tions that can contribute to UI in frail older people can 
be	 deined	 by	 the	mnemonic	 DIPPERS	 ((Delirium,	
Infection	 [urinary	 tract),	 Pharmaceuticals,	 Psycho-
logical,	Excess	luid	(in/out),	Restricted	mobility,	and	
Stool	 impaction	[and	constipation]).	This	 is	a	useful	
aid	 to	 teach	and	 remember	 these	conditions	 [289].	
Cognisance must be made of the potential to over-
treat asymptomatic bacteriuria as apparent infection 
because	of	the	risk	of	adverse	outcome	[290].	

1.  BACKGROUND

This	 section	 highlights	 the	 issues	 that	 distinguish	
management of incontinence in frail older people 
from	 that	 of	 healthier	 older	 adults.	 These	 include	
preferences for care, goals of care, determination of 
costs	and	beneits,	special	issues	in	drug	treatment,	
and	issues	unique	to	frail	elderly	men.	They	incorpo-
rate knowledge of physiological, psychological, so-

ciological, and economic changes associated with 
frailty	and	advanced	age,	and	relect	the	importance	
of patient-centred goals and the role of caregivers in 
this	population.	These	factors	provide	the	context	of	
continence care and should be incorporated into the 
management of all incontinent frail persons, regard-
less	of	the	choice	of	speciic	treatment.	

2. ROLE OF COMORBIDITY IN MANAGEMENT 
DECISIONS

Many	 frail	 older	 people	 will	 have	 co-existing	 dis-
ability	and	comorbidity,	both	of	which	can	inluence	
the clinical presentation and assessment of UI, as 
well	as	responsiveness	to	interventions.	Frail	older	
people are not only at higher risk for unintended ad-
verse	effects	 from	 treatment	 (e.g.,	 fulminate	Clos-
tridium dificile colitis from antibiotics used to treat 
otherwise asymptomatic bacteriuria), but also may 
realise	 additive	 beneits	 in	 domains	 other	 than	UI	
[291]	from	UI	treatment	that	is	aimed	at	underlying	
comorbidity	and	impairment	(e.g.,	topical	oestrogen	
for irritating urogenital atrophy reduces recurrent 
UTIs);	 and	 a	 nursing	 home	 exercise	 programme	
done in the course of toileting improves both physi-
cal	 function	and	UI	 [5]).	Likewise,	management	of	
chronic cough from obstructive pulmonary disease 
may	beneit	stress	urinary	incontinence.

3. DEFINING OUTCOMES FOR TREATMENT

Outcome measures must be fundamentally differ-
ent from those used in healthy older persons, be-
cause of the heterogeneity of this frail population 
regarding	 comorbidity,	 remaining	 life	 expectancy	
(RLE),	 patient	 perceptions,	 personal	 values,	 and	
the	 involvement	 of	 caretakers	 and	 proxy	 decision	
makers.	 Unfortunately,	 intervention	 studies	 in	 the	
frail elderly remain focused on objective disease re-
lated variables and seldom, if at all, take account of 
these	factors.	Additionally,	comorbidity	is	frequently	
used	as	an	exclusion	criterion	in	therapeutic	trials.	A	
review of care home residents’ views on continence 
showed that they valued having independent bowel 
and bladder function, but believed incontinence to 
be	 inevitable	 and	 intractable.	Residents	 often	had	
low	 expectations,	 and	 declined	 further	 evaluation	
and	treatment	[292].	There	are	no	data	on	frail	older	
peoples’	expectations	from	speciic	treatments.

Although	quality	of	 life	(QoL)	 is	a	key	concern	for	
UI	in	all	persons	(see	Committee	5,	Initial	Assess-
ment	 Including	 Quality	 of	 Life),	 and	 has	 special	
relevance	 in	 frail	 elderly	 with	 limited	 RLE,	 there	
are	 few	 validated	 QoL	 outcome	 measures	 appli-
cable	 to	 this	 population.	 Only	 one	 validated	 UI-
related	 QoL	measure	 is	 derived	 speciically	 from	
patient-based	data	among	persons	older	than	65,	
and these subjects were community-dwelling and 
relatively	healthy	[293].	None	of	 the	ICI-endorsed	
UI-related	QoL	measures	 have	 been	 validated	 in	
oldest-old	 or	 cognitively	 and/or	 functionally	 im-
paired	persons.	Traditional	UI	QoL	domains—e.g.,	

III.  FACTORS IN MANAGEMENT
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impact	on	 IADLs,	 travel,	sexual	 relations—are	of-
ten not relevant to frail elderly, and there could be 
signiicant	 “loor	 effects”	 for	 social	 and	 role	 func-
tion	domains.	One	alternative	QoL	domain	for	frail	
elderly is social interaction, especially for nursing 
home	 residents;[294]	 an	 analysis	 of	 cross	 sec-
tional	and	longitudinal	data	from	over	100,000	US	
nursing home residents found that prevalent and 
especially incident UI had negative impact on so-
cial interactions, particularly among persons with 
moderate	 ADL	 impairment	 [294].	 An	 analysis	 of	
older	Medicare	beneiciaries	over	65	years	of	age,	
and	 including	those	over	85,	 found	signiicant	 im-
pairment	of	QoL,	in	accordance	with	that	found	in	
younger	people	[295].

The	profound	question	when	considering	UI	out-
comes	in	frail	older	persons	is,	“Is	complete	cure	
ever	possible?”	 In	short,	 this	depends	on	patient	
factors, specific treatment(s), and the target out-
come.	 While	 no	 geriatrician	 endorses	 “ageism”	
and therapeutic nihilism, research evidence sug-
gests that complete dryness is unlikely for cer-
tain frail patients, particularly frail institutionalised 
persons with severe cognitive and functional im-
pairment.	Even	“intractable”	UI	is	amenable	to	in-
terventions that may improve the patient’s urinary 
and	bowel	function	and	quality	of	life	[4].	The	Frail	
Elderly	Committee	of	the	Third	ICI	 introduced	an	
alternative continence paradigm for frail elderly 
(Figure 2 ), which subsequently was generalised 
for	 all	 persons	 with	 UI	 [296].	 In	 this	 paradigm,	
people	with	“dependent	continence”	are	dry	as	a	
result of ongoing assistance, behavioural treat-
ment,	 and/or	medications.	UI	would	 return	 if	 the	
interventions ceased, a situation analogous to 
chronic	disease	models	[297]	such	as	“controlled	
hypertension”	 or	 “controlled	 diabetes.”	 Persons	
with	 “independent	 continence”	are	cured	without	
need	 for	 ongoing	 treatment	 (e.g.,	 dry	 after	 suc-
cessful	 anti-incontinence	 surgery).	 For	 patients	
who are unable to achieve independent or depen-
dent	continence,	“contained	incontinence”	should	
be possible by use of appropriate products such 
pads,	catheters,	and	appliances	(See	Committee	
20,	 Management	 Using	 Continence	 Products),	
thus	 providing	 “social	 continence”	 or	 “accepted	
incontinence.”[298,	 299]	 The	 balance	 between	
the degrees of continence achieved may vary as 
UI severity changes, and are dependent upon pa-
tient	and	caregiver	preferences.	All	of	these	con-
tinence outcomes encompass a common need: 
to be both realistic and hopeful about UI in frail 
elders while avoiding nihilism and neglect; main-
taining comfort and dignity and preventing avoid-
able	complications	of	UI.	

Although	 the	 ICS	 standardisation	 document	 on	
outcomes	 in	older	patients	 is	now	over	10	years	
old, little progress has been made and many of 
the	identified	needs	still	pertain	(see	Recommen-
dations	for	Research)	[7].

4.  ROLE OF REMAINING LIFE EXPECTANCY 
IN TREATMENT DECISIONS

Remaining	 life	 expectancy	 (RLE)	 is	 a	 key	 yet	 of-
ten misunderstood concept in treatment decisions 
for	 frail	older	people.	RLE	is	not uniformly short in 
this population; moreover, there is a demographic 
trend	of	increasing	RLE,	with	a	smaller	proportion	of	
persons spending their remaining years living with 
disability	 [300].	 Evidence	 shows	 that	many	 health	
care	 professionals	 will	 underestimate	 life	 expec-
tancy[301].	Reference	to	actuarial	tables	produced	
for	insurance	purposes	is	often	enlightening.	Incor-
poration	of	RLE	into	treatment	decisions	in	urology	
and gynaecology has been studied only in relation 
to	cancer	treatment.	Only	two	studies,	both	in	pros-
tate	cancer,	examined	specialists’	ability	to	estimate	
RLE.	Canadian	urologists	were	more	accurate	in	es-
timating	longer	RLE:	using	scenarios	based	on	ac-
tual	patient	data,	31%	were	accurate	within	1	year,	
67%	within	3	years,	and	82%	in	estimating	greater	
than	 or	 less	 than	 10	 years	 in	 82%	 of	 responses	
[302].	 Comprehensive	 Geriatric	 Assessment	 can	
help	 estimate	 remaining	 life	 expectancy	 and	 can	
help predict treatment-related morbidity and mortal-
ity	in	older	men	with	prostate	cancer	[303].

Walter	 and	 Covinsky	 [304]	 developed	 a	 graphical	
tool	 for	estimating	quintiles	of	RLE	by	age.	Medical	
conditions	most	closely	associated	with	shorter	RLE	
are	 class	 III/IV	 congestive	 heart	 failure,	 end-stage	
renal	 disease,	 and	 oxygen-dependent	 chronic	 ob-
structive	pulmonary	disease.	Estimates	of	RLE	are	
signiicantly	affected	by	 frailty	and	cognitive	 impair-
ment	[305].	Functional	status	has	a	dramatic	impact	
on	 life	 expectancy.	 For	 example,	 75-year-old	 men	
and	women	without	limitations	have	life	expectancies	
5	 years	 longer	 than	 those	 with	ADL	 limitation	 and	
more	than	1	year	longer	than	those	limited	in	mobil-
ity	[306].	Alzheimer’s	dementia	decreases	RLE	pro-
foundly	 (by	nearly	75%)	among	older	persons	who	
otherwise	would	be	in	the	top	quintile	of	RLE	[307].	
Compared	 to	older	persons	with	at	most	one	 IADL	
deicit,	persons	with	more	deicits	have	signiicantly	
higher	5-year	mortality	(with	two	deicit,	adjusted	RR	
1.46	[95%	CI	1.20	–	1.78]	;	with	three	or	more	dei-
cits,	adjusted	RR	1.64	[1.26	–	2.14]	)	[305].

5. PREFERENCES FOR CARE

Because	there	are	multiple	treatment	options	avail-
able for frail older adults with UI, and individualised 
care should be emphasised, obtaining patients’ and 
carers’ opinions regarding preferences and goals 
for	 care	 is	 essential	 for	 quality	 care	 planning.	 It	
should not be assumed that persons with cognitive 
impairment are unable to make their care preferenc-
es known or participate in treatment decisions and 
all reasonable efforts to help them to do so should 
be	made.	

Preferences for toileting and changing were stud-
ied	in	111	nursing	home	residents	with	UI;	residents	
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preferred	 an	 average	of	 2	 pad	 changes,	 1.5	 toilet	
assists,	 and	2	walking	assists	more	 than	 they	ac-
tually received, yet even these levels were lower 
than guidelines recommend, suggesting that resi-
dents	 may	 have	 reduced	 expectations	 based	 on	
their	 experience	 [308].	 In	 a	 second,	 residents	 of	
board-and-care facilities and two nursing homes, 
their family members, and facility nursing staff were 
given	 deinitions	 of	 and	 information	 about	 ive	 UI	
treatment options (indwelling catheter, prompted 
voiding, adult diapers, electrical stimulation, and 
medications)	 [309].	Respondents	were	asked	 their	
preferences between pairs of treatment options 
(e.g.,	 “diapers”	 versus	 prompted	 voiding).	Most	 of	
the board-and-care respondents were continent, al-
though some were undergoing UI treatment at an 
outpatient	clinic.	Patients	and	family	members	were	
evenly	 divided	 between	 “deinitely”	 and	 “probably”	
preferring	prompted	voiding	versus	diapers.	Almost	
80%	of	nursing	staff,	however,	preferred	prompted	
voiding	 to	 diapers.	 Families	 perceived	 staff	 mem-
bers as unwilling to perform prompted voiding, and 
some thought prompted voiding was degrading to 
the resident and that it was bothersome to be asked 
to	go	to	the	toilet	frequently.	Using	a	similar	method,	
a	German	study	with	117	geriatric	hospital	patients	
(mean	 age	 85;	 43%	 with	 UI),	 72	 staff	 members,	
and	 71	 family	members,	 found	 that	most	 patients	
preferred	 diapers	 (79%),	 medications	 (78%),	 and	
scheduled	 toileting	 (79%)	 over	 urinary	 catheters,	
and	64%	preferred	scheduled	toileting	[310].	When	

choosing between diapers and medication, equal 
proportions	 preferred	 each	 option.	 Patients	 with	
greater functional dependence were more likely to 
prefer	 catheters,	 and	 those	 with	 experience	 with	
diapers were more likely to prefer medications and 
toileting.	Notably,	spouses	showed	moderate	to	al-
most perfect agreement with patient preferences, 
but	those	of	other	family	proxies	had	only	slight	to	
fair	agreement.	In	a	qualitative	study	of	25	women	
with	pelvic	loor	dysfunction	living	in	residential	facil-
ities,	residents	expressed	a	desire	to	live	with	their	
problem rather than undergo assessment and man-
agement, emphasizing the need to include the pa-
tient	in	management	decisions	at	the	outset	[311].

6.  COSTS AND BENEFITS OF UI TREATMENT 
IN FRAIL ELDERLY

An	overall	discussion	regarding	UI-related	costs	 is	
covered	 by	 Committee	 22,	 Economics	 of	 Inconti-
nence.	The	following	discusses	UI	cost	issues	spe-
ciic	to	the	frail	elderly.

a) Estimating Costs.  For the majority of devel-
oped countries, the greatest increase in population 
is	occurring	in	the	oldest	old,	those	>	age	85.	This	
group has the highest prevalence of UI, and ac-
cordingly the increased prevalence of lower urinary 
tract	 symptoms	will	 result	 in	 higher	UI	 care	 costs.	
Such	an	 increase	has	 already	 been	observed	be-
tween	1992	and	1998	amongst	US	women	aged	>	
65	 [312].	The	 costs	 of	 care	 for	 older	 persons	 has	

Figure 2.   A Paradigm for Continence
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been	estimated	at	double	that	for	people	under	65,	
but care for those older persons living in institutions 
was less than for community dwelling individuals 
[313].	 Likewise,	 the	 cost	 of	OAB	 in	 ive	European	
countries	 is	 estimated	 to	 rise	by	one	billion	Euros	
between	2000	and	2020,[314]	and	in	the	US	it	has	
been	estimated	that	by	2030	the	greatest	increase	
in	demand	for	UI	care	(81%)	will	be	in	older	women	
aged	60-89	with	OAB	symptoms	 [315].	 In	one	US	
study using of a community managed care popula-
tion,	the	presence	of	OAB	and	comorbidity	doubled	
the	associated	costs	of	UI	care	[316].	In	South	Ko-
rea, the estimated cost of treating overactive blad-
der	was	117	billion	Korean	Won	(KRW)	in	2006	and	
145	billion	in	2007.	The	estimated	total	cost	in	treat-
ing	stress	urinary	incontinence	was	122	billion	KRW	
in	2006	and	59	billion	in	2007	[317].	

Costs	 can	 be	 expressed	 as	 direct	 costs,	 indirect	
costs,	 and	 intangible	 costs	 [318].	 Previous	 esti-
mates have focused on diagnostic costs, treatment 
(including routine care and pads), and consequence 
costs (skin irritation, urinary tract infection, falls, 
fractures, additional nursing home and hospital 
admissions,	 longer	 hospital	 length	 of	 stay).	 Direct	
healthcare costs are most often estimated but there 
is a lack of meaningful research into indirect costs 
and	those	related	to	comorbidity	in	the	frail	elderly.	
Intangible costs have not been considered in these 
estimates because of their subjective nature and 
the	methodological	dificulty	of	 collection	and	esti-
mation.	Much	of	 the	evidence	 for	 the	cost	of	UI	 in	
older persons has been gathered from either epide-
miological surveys or analyses of claims from insur-
ance databases; these have often involved many 
assumptions or complicated formulae to calculate 
inal	costs.	There	is	a	consistent	theme	that	the	cost	
of caring for older adults with UI will increase, but 
the	estimated	magnitude	of	this	increase	is	variable.	

For the frail elderly, especially those in long term care, 
cost	 calculation	 is	 especially	 complex.	 The	 greatest	
costs for UI care in nursing homes are by far nurs-
ing	labour	costs	[319].	Extrapolated	costs	for	nursing	
home	admission	due	 to	UI	was	$6	billion	 (2000	US	
dollars),[30]	with	institutional	costs	of	UI	management	
and	 consequences	of	 $5	billion	 (2000	U.S.	 dollars).
[320]	In	one	small	6-month	study,	the	mean	daily	cost	
of UI care, including direct nursing care, indirect nurs-
ing	overhead,	and	supplies,	was	$9.09	 (+	$	10.52	 )	
per	 resident	 (2003	U.S.	dollars)	 [321].	The	costs	 for	
UI	pads	alone	in	Dutch	long-term	care	have	been	esti-
mated	at	160	million	Euros	[322].	In	an	Australian	sub-
acute	care	setting,	the	costs	of	daily	UI	care	was	$49	
AU,	with	most	spent	on	staff	wages	[323].	In	Canada,	
researchers	found	that	1%	increase	in	UI	prevalence	
was	 associated	 with	 an	 11-12%	 increase	 in	 costs	
[324].	The	extra	nursing	time	needed	to	maintain	toi-
leting	 programmes	 contributes	 to	 high	 costs	 [325].	
Routine	 garment	 and	 laundry	 costs	 may	 be	 lower	
than estimated because in practice residents are not 
changed	as	often	as	needed.	In	addition,	for	prompted	

voiding to remain effective, such things as regular re-
fresher education programmes for staff or wet sensors 
may be necessary, and thus are rarely considered in 
cost	estimates.	Moreover,	the	time	period	over	which	
the	costs	and	beneit	are	calculated	needs	to	be	ex-
plicit	because	both	beneit	and	costs	will	change,	and	
patient	morbidity	and	mortality	need	to	be	considered.	
The	costs	of	correcting	functional	and	medical	causes	
of	UI	are	rarely	considered.	Also,	the	potential	differen-
tial in costs across the span of cognitive and functional 
impairment	has	seldom	been	assessed,[326]	despite	
evidence that UI care costs are closely related to the 
degree	of	functional	impairment	[327].	Some	surveys	
suggest that the costs of care for younger community 
dwelling adults outweighs that associated with the el-
derly, but there are wide variations of estimates de-
pending	upon	the	population	studies	[328].

Costs related to caregivers of frail persons with 
UI living in the community include lost wages, de-
creased productivity (both within and outside of the 
home), the additional number of caretaking hours 
when	a	 frail	person	develops	UI,[329]	and	 the	cu-
mulative effect of increased strain and burden, 
along	with	any	resultant	illness.	Overall,	there	is	still	
limited data on costs of UI treatment in other resi-
dential (such as assisted living or rest homes) and 
acute	care	settings	[330	(2004)],costs	may	vary	by	
access	 to	care.	Because	so	many	 frail	elderly	are	
homebound or live in institutions, they often do not 
have the same access to the UI therapies as other 
populations.	Their	health	care	providers	may	be	lim-
ited to primary care physicians, community nurses, 
and	care	assistants	or	aides	with	little	to	no	exper-
tise	in	UI	management.	Specialist	consultation	may	
be minimally available in home or long term care 
settings, leading to a focus solely on behavioural 
management	and/or	containment	products.	An	as-
sessment of a multi-component intervention based 
upon absorbent products, a structured skin care 
regimen, and nursing advice on incontinence asso-
ciated dermatitis revealed that incontinent residents 
used	an	average	of	5.19	absorbent	products,	at	a	
mean	cost	of	€	1.79	per	day.	Following	introduction	
of the intervention, the mean number of absorbent 
products	 consumed	per	day	was	2.02	per	 inconti-
nent	patient,	at	a	mean	cost	of	€	0.97	per	day	[331].

Cost relates strongly to reimbursement, which var-
ies considerably from country to country, depending 
not only on structure of the health system but spe-
cial programmes for the aged and persons with UI 
(see	Models	of	Care	below).	Within	particular	coun-
tries, there may be further variation based on insur-
ance, co-insurance, drug versus procedure cover-
age and incentives, access to care, programmes for 
vulnerable	populations,	and	urban/rural	differences.	

b) Beneit and effectiveness of treatment.	 The	
ability	 to	 deine	 the	 beneit	 of	UI	 treatment	 in	 frail	
older people is highly dependent on the individual, 
their	 caregivers,	and	 the	health	care	system.	Out-
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comes research indicates that patients value qual-
ity of life, which encompasses many domains be-
sides	reduction	in	UI	(See	Committee	6,	Symptom	
and	Quality	 of	 Life	Assessment).	 Even	 cognitively	
impaired	people	can	still	express	treatment	prefer-
ences	[310,	332],	so	it	 is	also	possible	to	evaluate	
domains	 of	 quality	 of	 life	 (e.g.,	 social	 interaction)	
[294]	and	assess	 treatment	 satisfaction	directly	or	
behaviourally.	At	the	same	time,	we	found	no	data	
on the value or utilities frail elderly or their caregiv-
ers assign to varying degrees of UI (with or with-
out	treatment	 intervention)	versus	“dryness.”	Stan-
dard outcomes such as quality adjusted life years 
(QALYs)	 may	 overestimate	 effectiveness	 in	 older	
people,[333]	 not	 just	 because	 of	 potentially	 differ-
ent utilities, but because of the altered importance 
of	“years	of	life	saved”	in	a	population	with	variable	
and	sometimes	limited	remaining	life	expectancy.

The	need	for	novel	and	specific	outcomes	for	use	
in both trials of UI interventions and clinical care 
of	incontinent	frail	elderly	people	continues.	Out-
comes measured by single item tools of perceived 
benefit or satisfaction with treatment are unlikely 
to be generalisable across the heterogeneous 
older	 population.	 It	 should	 not	 be	 assumed	 that	
perceived benefit of treatment can be measured 
with the same tools across cultures and health 
systems, unless such tools are sensitive to differ-
ences in such things as reimbursement and pro-
vision	 of	 continence	 services	 and	 supplies.	 The	
association	 between	 expectations,	 preferences,	
and outcomes needs to be prospectively studied 
in	 relevant	 ad	 representative	 populations.	 New	
approaches and tools to assess UI-specific qual-
ity of life in cognitively-impaired frail elderly are 
needed, as well as better understanding of the in-
teraction between functional impairment and the 
impact	of	UI	[294].	When	QALYs	are	included	as	
an outcome in UI treatment trials in older persons, 
they should be specifically analysed by age and 
also	possibly	health	status.

7. ISSUES IN DRUG TREATMENT

a) Age-related changes in pharmacology. Specif-
ic age-related changes in pharmacokinetics, altera-
tion in drug absorption, distribution, metabolism and 
clearance, and their potential effect on UI drugs, 
are shown in Table 6 .	Age-related	pharmacokinetic	
changes are rarely considered in planning the dura-
tion of time off previous UI medications, placebo-run 
in periods, and wash-out periods in UI drug trials in 
older	persons.	The	numerous	factors	potentially	af-
fecting drug clearance in such patients, as well as 
previous	 and/or	 cross-over	 compounds,	may	 con-
found	observed	drug	effects.	Age-related	changes	
in pharmacodynamics have been described for ben-
zodiazepines, beta-adrenergic agents, and opiates 
[334,	335]	but	there	are	few	available	data	concern-
ing change, even in these, other than for limited 
numbers	of	community	dwelling	older	people.	

b) Availability of low dose agents.  One effect of 
the	 under-representation	 (if	 not	 exclusion)	 of	 frail	
older persons in UI drug studies is a lack of knowl-
edge regarding minimal effective drug doses for this 
population.	The	age-related	changes	in	pharmacol-
ogy noted above suggest that some UI drugs may 
be effective at lower than standard doses in frail el-
derly with concomitant decreased adverse effects 
[336].	This	issue	is	especially	relevant	for	extended-
release preparations, which cannot be divided into 
smaller	doses.	There	are	some	data	supporting	the	
effective	 use	 of	 low	dose	 oxybutynin	 in	 older	 per-
sons,	but	such	studies	are	exceptional	[337,	338].

c) Inappropriate polypharmacy. Approximately	60%	
of	 people	 over	 age	 65	 take	 at	 least	 one	 prescribed	
medication,	and	about	one-third	 take	more	 than	ive	
prescribed	 drugs.	 In	 addition,	 many	 take	 over-the-
counter and naturopathic or herbal agents, with the 
rate	 of	 use	 varying	 across	 countries	 and	 cultures.	
The	likelihood	of	adverse	drug	reactions	(ADEs)	and	
drug	 interactions	 rises	 exponentially	 as	 the	 number	
of	medications	increases.	This	has	led	to	the	recom-
mendation	in	geriatric	prescribing	to	“subtract	before	
adding,”	 to	consider	whether	 target	symptoms	might	
be due to medications before adding another drug tar-
geting	those	symptoms.	This	approach	is	relevant	in	
geriatric	UI,	 as	UI	may	have	been	precipitated	and/
or worsened by medications (see Table 3 ).	Changes	
to	existing	drug	regimens	should	be	considered	in	the	
management	 of	UI	 in	 all	 frail	 older	 people.	The	 na-
tional audit of continence care in the United Kingdom 
reported	that	of	older	adults,	mean	age	80	years,	only	
27.5%	 (2082/7572)	 had	 documented	 evidence	 of	 a	
medication	review	[339].

d) Adverse drug effects .	 ADEs	 are	 extremely	
common	 in	 older	 persons,[340]	 with	 rates	 up	 to	
35%	 among	 community-dwelling	 persons	 aged	 >	
65	 in	 the	 US	 [341],	 and	 up	 to	 two-thirds	 of	 long	
term	 care	 residents	 [342].	 In	 a	 recent	 UK	 study,	
59%	of	ADEs	requiring	hospital	admission	involved	
patients	aged	>	60	[343].	Factors	associated	with	
higher	ADEs	in	the	elderly	are	higher	drug	doses,	
age-related pharmacological changes, polyphar-
macy, comorbid conditions, and the interactions 
between	 them	 and	 female	 sex	 [344,	 345].	 Older	
people	 are	 at	 higher	 risk	 of	ADEs	 from	 antimus-
carinics because of age, and comorbidity-related 
changes in muscarinic receptor number and dis-
tribution, blood-brain barrier transport, and drug 
metabolism	 [346].	 Whereas	 antimuscarinic	ADEs	
in younger persons are bothersome, in the frail el-
derly they can result in serious morbidity such as 
sedation,	heat	intolerance,	delirium,	and	falls.[4]	

A	 major	 antimuscarinic	 ADE	 of	 concern	 in	 frail	
adults is cognitive decline, yet there is little data 
about	its	actual	incidence	or	prevalence.	Cognitive	
effects may be under-detected because they are 
clinically subtle, neither asked about nor reported 
by the patient, or mistaken for age-related diseases 
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Parameter Age-assoc iated Change s UI Drugs  Potentia lly affected 

Absorption Minimal quantitative change despite  gastric 
motility, yet little known regarding effect on 
slow-release agents 

Extended release preparations 

 Skin thickness Transdermal preparations 

Distri bu tion Decrease in lean body mass leads to  Vd 
/ T  for hydrophilic drugs and Vd/ T  for 
lipophilic agents  

Lipophilic agents, tricyclic 
antidepressants 

Decreased protein binding in frail patients 
with low albumin, leading to higher 
concentration of free drug 

Tolterodine 

Hepatic met abo lism  Phase I reactions (oxidation/ reduction) Tricyclic antidepressants 

No change in Phase II reactions 
(glycosylation) 

 

 Hepatic blood	low and  hepatic mass, 
leading to reduced clearance for agents with 
irst-pass metabolism 

Oxybutynin 
Tolterodine 
Solifenacin 
Darifenacin 

Stereoselective selectivity in metabolism 
(hypothetical) 

Enantiomers 

Cytochrome P450 Oxybutynin 
Tolterodine 
Solifenacin 
Darifenacin 

Clearance Decrease in renal clearance Tolterodine 

 

Table 6.  Pharmacokinetic changes in older persons

Vd = volume of distribution, T½ = half life

and	 ageing	 [347,	 348].	 Persons	with	 pre-existing	
cognitive impairment (especially from conditions 
known to affect central cholinergic pathways) may 
be	at	greater	 risk	 for	 this	ADE	although	there	are	
some data to suggest that those with established 
dementia	may	not	experience	cognitive	decline	fol-
lowing	 therapy	 with	 anticholinergic	 agents	 [349].	
Actual	 incidence	 rates	 of	 cognitive	 impairment	
with	antimuscarinic	agents	for	UI	are	dificult	to	es-
timate	 because	 of	 probable	 under-reporting	 [64],	
the different measures used across studies, failure 
to specify the measure in published trials, the use 
of	proxy	measures	(such	as	quantitative	EEG),	and	
differences in psychometrics and clinical relevance 
of self-report, physiologic, and performance mea-
sures	of	cognition.

Xerostomia	 is	 common	 in	 older	 people	 [350].	 A	
study	of	175	acutely	hospitalized	community	dwell-
ing	 older	 people	 (mean	 (SD)	 82	 (5.7)	 years)	 and	
252	outpatients	 (mean	 (SD)	77	 (5.7)	 years)	 found	
that	63%	of	the	hospitalized	elderly	and	57%	of	out-
patients	complained	of	dry	mouth.	Dry	mouth	was	
more common amongst those on multiple medica-
tions	 [351].	 In	 general,	 older	 people,	 women	 and	

those taking multiple medications are more likely 
to	 report	 the	 symptom	 .	 Antimuscarinics	 clearly	
may	exacerbate	this	condition,	leading	to	concerns	
about	deteriorating	dental	health	and	a	2011	warn-
ing	 to	 the	 Food	 and	Drug	Administration	 from	 the	
American	Dental	Association	 [352].	Meta-analyses	
of bladder antimuscarinics show minor variations 
in the incidence of dry mouth from clinical trials, 
with	oxybutynin	associated	with	the	highest	preva-
lence	[353].	A	recent	subcut	analysis	of	a	random-
ized	controlled	trial	of	solifenacin,	5mg/day,	versus	
oxybutynin	 5mg	 tid,	 examined	 the	 tolerability	 of	
both drugs in subjects under and over the age of 
65	 years,	 the	 study	 found	 that	 dry	mouth	was	 no	
more	 common	 amongst	 those	 over	 the	 age	 of	 65	
but	was	more	common	and	more	severe	with	oxy-
butynin	[354].	In	those	over	75	years	of	age	treated	
with	8mg	versus	4mg	of	fesoterodine	from	a	pooled	
analysis of data from registration trials, dry mouth 
was	more	common	in	the	older	aged	sample	[355].	

Another	 antimuscarinic	ADE	 to	which	 the	 frail	 el-
derly may be predisposed is decreased visual ac-
commodation,	yet	this	has	been	speciically	evalu-
ated	 only	 in	 young	 healthy	 volunteers,[356]	 and	



1029

drug	 trials	 typically	 report	 only	 “blurred	 vision,”	
without	further	characterization.

The	incidence	of	increased	PVR	as	an	ADE	is	sel-
dom reported in clinical trials of antimuscarinics for 
UI	or	OAB.	When	it	has	been	reported,	the	magni-
tude	of	 increase	 is	 seldom	of	 clinical	 signiicance.	
The	 incidence	of	acute	urinary	 retention	with	anti-
muscarinics in general is low, but it has not been 
systematically	 evaluated	 in	 the	 frail	 elderly.	 There	
is	no	consensus	as	to	what	constitutes	a	suficiently	
high	PVR	to	preclude	antimuscarinic	treatment	or	to	
require dose adjustment of an already prescribed 
agent.	 If	 urinary	 frequency	or	UI	worsens	after	an	
antimuscarinic	 is	 started	 or	 increased,	 then	 PVR	
should	be	checked	because	an	increased	PVR	will	
lower	 functional	 bladder	 capacity	 and	 worsen	 UI.	
PVR	should	be	monitored	in	frail	older	men	treated	
with antimuscarinics who may not reliably report 
change	 in	 LUTS	 or	 voiding	 dificulty.	 The	majority	
of men with clinically relevant outlet obstruction are 
excluded	 from	 treatment	 trials	 and	 the	 results	 of	
these	should	be	viewed	in	that	light.

e) Drug interactions .	 Because	 frail	 older	 people	
take higher numbers of drugs and usually have 
several comorbid conditions, drug interactions are 
more	 common	 [357].	All	 antimuscarinic	 agents	 for	
UI will have additive side effects when combined 
with	 other	 anticholinergic	 agents.	 Antimuscarinics	
could potentially alter the absorption of other drugs 
by	slowing	gastrointestinal	motility.

Drug-drug	 interactions	 for	 oxybutynin,	 solifenacin,	
darifenacin,	and	tolterodine	 include	potent	CYP3A4	
inhibitors (azole antifungals, macrolide antibiotics, 
cyclosporin,	 and	 vinblastine).	 Fesoterodine,	 a	 pro-
drug	that	is	converted	to	tolterodine	by	non	speciic	
esterases,	is	also	dependent	upon	CY3A4	for	its	ex-
cretion.	There	 is	one	case	 report	 of	 interaction	be-
tween	 tolterodine	 and	 warfarin	 in	 2	 older	 patients, 
[358]	which	has	not	been	seen	in	healthy	volunteers.	
Naturopathic/	 herbal	 preparations	 should	 also	 be	
considered for potential interactions, especially in ar-
eas	where	these	agents	are	used	frequently.	

There	 is	still	uncertainty	regarding	 interactions	be-
tween antimuscarinic agents for UI and cholines-
terase	 inhibitors	 (CEIs)	 used	 for	 dementia.	 There	
is	 evidence	CEIs	 can	 cause	 or	 worsen	UI	 from	 a	
case	report	[359]	and	also	a	case	series	of	216	con-
secutive	patients	with	probable	Alzheimer’s	disease	
attending	a	memory	 treatment	centre	 [360].	 In	 the	
latter,	 CEI	 treatment	 was	 overall	 associated	 with	
7%	risk	of	new	UI:	the	highest	risk	was	observed	in	
patients with more behaviour problems, and lower 
risk in patients who demonstrated positive cogni-
tive	 and/or	 behavioural	 response	 to	 CEI.	 Further	
evidence for an interaction between antimuscarin-
ics	and	CEIs	comes	from	a	database	study	of	nurs-
ing	home	residents	in	one	US	state	[361].	Residents	
with dementia, newly treated with cholinesterase 

inhibitors, were more likely to then be prescribed 
a bladder antimuscarinic than those residents with 
dementia not given a cholinesterase inhibitor, an 
example	 of	 a	 geriatric	 “prescribing	 cascade.”[362]	
Concomitant	 use	 of	 antimuscarinics	 (extended	 re-
lease	oxybutynin	and	 tolterodine)	and	cholinester-
ase inhibitors in nursing home residents was as-
sociated	with	a	decline	in	ADL	function	in	the	most	
functionally able residents but there was no wors-
ening of cognition, probably because the cognitive 
measure	 (MDS-COG)	was	 inadequately	 sensitive.	
More importantly, there was no case of delirium ob-
served	 [363].	A	 recent	 study	 in	which	 the	 primary	
objective was to assess the cognitive impact of tro-
spium chloride in older people with dementia treat-
ed	with	galantamine	over	a	six	month	period.	The	
study hypothesised that galantamine in combination 
would not result in any adverse outcome such as 
that	reported	by	Sink	[363].	46	subjects	with	UI	and	
dementia	were	enrolled,	10	withdrew	from	the	study.	
No effect on cognition or activities of daily living was 
detected	 over	 the	 duration	 of	 the	 study.	 A	 within	
group analysis demonstrated an improvement in 
nocturia and reduction in pad use in this combina-
tion	group	[364].	A	small	study	reported	some	posi-
tive effect of the treatment of UI with propiverine in 
subjects	with	probable	AD	taking	cholinesterase	in-
hibitors	[365].	Although	intuitively	illogical,	given	the	
opposing pharmacological actions, there seems to 
be no reason not to use bladder antimuscarinics for 
older	people	with	dementia.	The	current	weight	of	
evidence appears to be that a positive outcome in 
terms of bladder control can be achieved without a 
signiicant	detriment	in	either	cognition	of	activities	
of	daily	living.	

Drugs	 also	may	 interact	 with	 comorbid	 conditions	
(drug-disease interactions), such as diseases that 
affect hepatic or renal metabolism and clearance, 
slow	gastric	motility	(e.g.,	advanced	diabetes),	pre-
dispose to delirium, or are associated with impaired 
central	 cholinergic	 transmission	 (Alzheimer’s	 and	
Parkinson’s	diseases).	

f) Potentially inappropriate drugs for older 
persons. 	 Efforts	 at	 quality	 improvement	 for	 older	
populations have led to the development in several 
countries	 of	 expert	 consensus	 guidelines	 regard-
ing	inappropriate	drugs	for	older	persons,[366,	367]	
although the continuing relevance of these guide-
lines has been questioned and alternative systems 
suggested	[368,	369].	A	revised	Beers	criteria	was	
introduced	 in	 2012	 [370].	 These	 guidelines	 focus	
on	 drugs	 with	 lower	 risk-beneit	 ratios	 and	 higher	
potential for drug-drug and drug-disease interac-
tions, and are used for nursing home regulation and 
quality	 performance	 measurement.	 The	 concerns	
regarding	oxybutynin	and	tolterodine	in	causing	uri-
nary	retention	have	been	removed.	All	bladder	an-
timuscarinics are included because of their risk of 
causing constipation and darifenacin, fesoterodine, 
lavoxate,	 oxybutynin,	 solifenacin,	 tolterodine	 and	
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trospium are noted with respect to their anticholin-
ergic	properties.	

8.  SPECIAL ISSUES UNIQUE TO FRAIL OLDER 
MEN.

Although	their	ranks	thin	into	the	ninth	decade,	men	
still	comprise	a	signiicant	portion	of	frail	older	per-
sons.	The	prevalence	of	UI	 increases	in	men	after	
age	 80,	 going	 from	 about	 one-third	 of	 the	 rate	 in	
women	 to	 the	same.	Over	 the	past	 ten	years,	 the	
prevalence	of	UI	in	US	male	nursing	home	residents	
aged	65-74	has	increased	to	a	greater	extent	than	in	
female	residents	(from	39%	to	60%,	compared	with	
45%	to	59%)	[371].	At	the	same	time,	frail	men	are	
under-represented in UI treatment trials, whether 
behavioural, pharmacological, or surgical (see also 
Committee	15:	Surgery	for	Urinary	Incontinence	in	
Men).	Since	the	time	of	 the	 last	 ICI,	 the	European	
Association	 of	 Urology	 has	 summarized	 their	 rec-
ommendations	 (2012)	 for	 Urinary	 incontinence	 in	
frail/older	men	and	women	[372]

This	under	 representation	 is	 unfortunate,	 because	
results from treatment trials in frail women cannot 
be	directly	extrapolated	to	men	for	several	reasons:

•		Differences in comorbidity:  frail older women 
have higher rates of functional impairment and 
chronic disease and geriatric syndromes which 
may mean that frail men may be more likely to re-
spond	to	behavioural	 intervention	[373,	374].	For	
older adults who become incontinent, a composite 
measure of physical performance (rising from a 
chair, walking, balance) is a better predictor of UI 
incidence	in	men	than	in	women	[375].	

•		Differences in the relationship between UI and 
cognition:  one systematic urodynamic study of 
nursing	 home	 residents	 with	 UI	 found	 a	 signii-
cant	 association	 between	 DO	 and	 more	 severe	
cognitive impairment in women, but not in men 
(although power was likely low, as the number of 
men	was	only	17)	[63].

•		Differences in caregivers:  more older men have 
living spouses who can provide care, with a poten-
tial impact on the risk and type of caregiver burden 
associated	with	UI	management.	

•		Prostate cancer:  nearly all men in their ninth de-
cade	have	histological	evidence	of	prostate	cancer.	
However,	it	is	not	clear	that	frail	elderly	men	have	an	
increased	 risk	 of	 prostate	 cancer-speciic	mortality,	
especially	given	that	their	RLE	is	primarily	affected	by	
comorbid	conditions.	The	need	to	screen	for	and	treat	
prostate cancer diminishes with functional status, co-
morbidity,	 and	 RLE	 [376].	At	 the	 same	 time,	more	
men are living with the sequelae of prostate cancer 
treatment,	particularly	stress	UI	after	radical	surgery.

•		Benign prostate disease:  the prevalence of his-
tological	BPH,	BPE,	and	BOO	increase	with	age,	
and	 is	associated	with	LUTS,	UI,	and	DO.	 In	 the	

urodynamic	 study	 cited	 above,	 29%	 of	men	 had	
BOO	and	59%	had	DO	as	the	predominant	cause	
of	UI,	versus	4%	BOO	and	61%	DO	in	women	[63].	

•		Risk of urinary retention:  because of age-related 
decrease in detrusor contractile function and in-
creased	 likelihood	of	BPE	and	BOO,	 it	 is	often	as-
sumed that frail elderly men have a higher preva-
lence	and	risk	of	urinary	retention.	However,	this	has	
never	been	demonstrated.	Among	NH	residents	with	
UI, the prevalence of underactive detrusor was simi-
lar	in	women	and	men	(38%	and	41%,	respectively),	
despite	the	higher	prevalence	of	BOO	in	men	[63].

•  Differences in device usage: 	A	 nationally-repre-
sentative	survey	of	adults	in	the	US	showed	that	old-
er men were nearly three times less likely than older 
women	 to	 use	 pads	 to	 contain	 leakage	 (15%	 vs.	
45%)	 [377].	 Newer	 data	 from	Scandinavia,	 where	
some countries provide absorptive pads as part of 
the	health	care	beneit,	showed	that	this	gap	might	
be	 narrowing	 (22%	 vs.	 48%),	 and	 that	 increased	
functional impairment was associated with greater 
pad	usage	 [378].	 In	a	 survey	of	 patients	 recruited	
from family practice clinics in the Netherlands, the 
gender difference for pad usage by older adults with 
UI	was	even	higher,	with	4	out	of	5	women	using	
pads	versus	1	of	9	men	using	pads	[379].	Men	are	
also more likely to be users of indwelling catheters, 
both	 in	 the	 long-term	care	setting	 [256]	and	 in	 the	
community	[378].	

•  Differences in medical treatments: there are 
medications that might be used by only one gender, 
or	 might	 have	 distinct	 side	 effect	 proiles.	Alpha-
blockers in particular should be cautiously con-
sidered in men with suspected outlet obstruction 
from prostate disease, due to their potential side 
effects	of	causing	orthostatic	hypotension.	 (Grade	
C)	[372].	The	interactions	of	UI	and	other	conditions	
with regards to orthostatic hypotension and risk of 
falls	merits	attention.	In	a	German	registry	of	3,414	
patients with Parkinson’s disease, for those with uri-
nary	incontinence	(716;	21%),	orthostatic	hypoten-
sion	was	reported	for	14%	of	the	men,	yet	only	9%	
of	the	women	[380].	On	the	other	hand,	for	women	
and men who had strokes and urinary incontinence, 
both were equally more likely to sustain a fall after 
stroke, though women were more likely to sustain 
an	injury	(OR	1.5)	than	were	men	[381].

•  Differences in surgical treatments: there are 
gender-speciic	devices	and	surgical	approaches	
that do require active management on the part of 
the	 patient.	 In	 particular,	 certain	 frail	 older	 men	
might not be appropriate for placement of an ar-
tiicial	urinary	sphincter	due	to	co-morbidity,	medi-
cations	and	cognitive	and/or	functional	impairment	
would not allow for the individual to manage the 
device	on	his	own	(Grade	C)	[372].

Despite	 the	 issues	 noted	 above,	 evaluation	 and	
management of UI in most frail older men follows the 
same	roadmap	as	for	frail	women	(see	Algorithm).
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9. SUMMARY OF THE EVIDENCE

1.			Patients	 and	 caregivers	 have	 clear	 preferences	
for the type of UI management, and they are of-
ten discordant between the two groups (Level 2)

2.		Age-related	 changes	 in	 pharmacokinetics	 affect	
antimuscarinic drugs for UI and should be incor-
porated	into	treatment	planning.	(Level 1-2)

3.		Drugs	may	be	effective	at	 lower	doses	 in	 frailer	
compared with healthier older persons (Level 3)

4.		Polypharmacy	 increases	 the	chance	of	adverse	
reactions	to	drug	therapy.	(Level 1)

5.		Adverse	 drug	 events	 are	 more	 common	 in	 the	
frail	elderly.	(Level 2)

6.		Drug-drug	 and	 drug-disease	 interactions	 are	
common in frail older persons (Level 1-3).

7.		The	 economic	 burden	 of	 UI	 in	 frail	 elderly,	 as	
well	 as	 the	 cost-beneit,	 cost-effectiveness,	 and	
cost-utility of its treatment, has been incompletely 
characterised (Level 4)

8.		The	majority	of	drugs	for	treatment	of	overactive	
bladder	remain	lagged	as	potentially	inappropri-
ate medications for older people (Level 3-4) .

1. LIFESTYLE INTERVENTIONS

As	 treatable	and	potentially	 treatable	correlates	of	
and risk factors for UI are determined, interventions 
that	 ameliorate	 their	 effects	 have	 been	 devised.	
Several	lifestyle	interventions	have	been	evaluated	
in healthier older and younger women, including 
dieting and medication to help with weight loss, di-
etary	modiication,	luid	selection	and	management,		
and	constipation	management	(See	Committee	12,	

Adult	 Conservative	 Management).	Although	 many	
health care professionals advocate lifestyle inter-
ventions	to	treat	UI,[382-385]	we	did	not	locate	any	
studies investigating these interventions for the 
frail	 elderly.	 Some	 of	 these	 interventions	 may	 be	
inappropriate for or impractical to use in frail older 
people,	for	example	weight	loss,	yet	advanced	age	
alone should not preclude use of lifestyle interven-
tions	 if	assessment	warrants	 this.	 Inadequate	luid	
intake and dehydration are common in long-term 
care	residents	[386]	.	Dehydration	may	actually	in-
crease the risk of UI in frail elders, because of its 
signiicant	association	with	 constipation	and	deliri-
um,	both	known	risk	factors	for	UI	[387-389].

a) Quality of data and results. 

We	 located	 articles	 addressing	 lifestyle	 interven-
tions for UI in older women, but the number of 
oldest-old subjects was very small, few to none ap-
peared	 to	be	 frail,	and	no	studies	stratiied	 results	
by	age.	Two	very	small	older	trials	and	one	recent	
small	RCT	[390]	raise	the	possibility	that	increased	
hydration for incontinent frail elderly may actually 
decrease	UI	[391,	392].	

b) Summary of the evidence (see Table 7 )

1.		No	recommendations	are	possible	regarding	life-
style interventions for UI in the frail elderly (Level 4)

2.  BEHAVIOURAL INTERVENTIONS

Behavioural	interventions	have	been	especially	de-
signed for frail older people with cognitive and phys-
ical impairments that may affect their ability to learn 
new behaviours or to actively participate in self-care 
activities.	These	 interventions	evolved	from	classi-
cal behavioural change theory, using antecedent 
and/or	 consequent	 conditioning	 to	 shape	 the	 de-
sired	behaviour.	Because	behavioural	interventions	
have no side effects, they have been the mainstay 
of	UI	treatment	in	the	frail	elderly	[393].	Behavioural	

IV. TREATMENT OF URINARY INCON-
TINENCE IN THE FRAIL ELDERLY

Intervention Aut hors Study Design Sample Method s Resu lts 

Fluid management Kincade et al, 
2007[383]  

Two arm, 
randomized trial 

Caffeine reduction Bryant et al,  
2002 [946]

 
 

Prospective 
randomized 
controlled trial 

 

Schnelle, Leung, 
Rao, Beuscher, 
Keeler, Clift & 
Simmons, 
2010[390]  

Randomized 
controlled trial 

  

After adjusting for age, hormone 
status, and race women in the 
self-monitoring group had statisti-
cally significant less urine loss 
(average 13.3g less urine loss) 
than women in the wait list group.

Self monitoring was 
individualized and women 
were counselled on fluid 
consumption, quick pelvic 
floor muscle contraction, 
management of constipa-
tion and voiding frequency.

224 community-
dwelling women 
aged 18 years and 
older with UI

95 consecutive 
adults with UI 
coming to two 
continence nurse 
advisors

112 residents 
(average age 86 
years) in 12 
nursing homes

Caffeine intake was significantly 
reduced in treatment group and 
frequency and urgency was 
significantly improved compared to 
control group one month post 
intervention.   

Treatment group received 
education regarding 
caffeine reduction; control 
received no information. 

Significant improvement in UI 
frequency and percent of appropri-
ate toiletings. Individuals with lower 
Mini Mental Status Examination 
(MMSE) scores responded well to 
treatment.  

Prompted voiding, 
physical activity. mobility 
endurance, food and fluid 
ake (i.e., offering fluids 
and  snacks of choice 
between meals) 

Multifactorial 
intervention: food and 
fluid intake, exercice, 
prompted voiding

Table 7. Lifestyle Interventions.
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interventions, also called voiding programmes, 
used predominantly in frail adults, all of which re -
quire active caregiver participation , include: 

•		 Prompted voiding , involving prompts to toilet 
with contingent social approval, is designed to 
increase patient requests for toileting and self-
initiated toileting, and decrease the number of 
UI	 episodes.	 It	 was	 irst	 used	 in	 the	 1980s	 for	
incontinent	nursing	home	residents	[394].	

•		 Habit retraining ,	 which	 requires	 the	 identiica-
tion of the incontinent person’s individual toilet-
ing pattern, including UI episodes, usually by 
means	 of	 a	 bladder	 diary.	 A	 toileting	 schedule	
is	 then	 devised	 to	 pre-empt	UI	 episodes.	There	
is no attempt in habit retraining to alter an indi-
vidual’s	voiding	pattern	[395,	396]	Timed voiding  
involves	 toileting	 an	 individual	 at	 ixed	 intervals,	
such	as	every	3	hours.	This	is	considered	a	pas-
sive toileting programme; no attempts are made 
at patient education or reinforcement of behav-
iours,	 or	 to	 re-establish	 voiding	 patterns	 [397].	
Other terms used to describe timed voiding are 
scheduled	 toileting,	 routine	 toileting,	 and	 ixed	
toileting	[393,	397].	Combined toileting and ex-
ercise therapy. 	 Functional	 Intervention	Training	
incorporates	strengthening	exercises	into	toileting	
routines by nursing home care aides (nursing as-
sistants)	[398].	Another	combination	intervention,	
administered by occupational or physical thera-
pist,	involves	toileting	and	mobility	skills	[399].

Cognitive and functional impairments common 
in frail elderly persons may preclude the use of 
some	 of	 these	 interventions.	 In	 addition,	 the	 con-
text	 in	which	care	 is	provided	has	been	implicated	
in	the	provision	of	continence	care	[400-402].	Staff	
buy-in for the intervention is considered an impor-
tant	component	 to	behavioural	 interventions	 [403].	
Consideration of organisational and social factors 
and interplay among older adults, by the healthcare 
team, is considered important to implementation of 
evidence-based	practices	[404].

Although	pelvic	loor	muscle	rehabilitation	has	not	
been	studied	extensively	in	frail	older	persons,	age	
and frailty alone should not preclude their use in 
appropriate	 patients	 with	 suficient	 cognition	 to	
participate	 [405,	 406].	 Similarly,	 a	 combined	 be-
havioural	modiication	programme	involving	pelvic	
loor	muscle	exercises,	bladder	training,	and	infor-
mation	about	lifestyle	modiications	that	prevented	
UI in community-dwelling older women aged be-
tween	55	and	80	years[407],	could	be	effective	in	
some frail older women, but we located no studies 
that reported on promotion or maintenance of uri-
nary	continence	in	frail	older	adults.	

a) Quality of data

Since	 the	 last	 ICI,	 we	 identiied	 a	 metastudy	 of	
systematic reviews for bladder training, prompted 

voiding, habit retraining, and timed voiding using a 
metastudy	 framework	 [396].	This	metastudy	 con-
irmed	our	earlier	indings.	The	majority	of	trials	in-
cluded in the systematic reviews did not determine 
the	type	of	UI,	or	suficiently	describe	whether	co-
morbidity that possibly contributed to UI was evalu-
ated	or	treated.	Randomised	trials	in	long	term	care	
have overwhelmingly depended on research per-
sonnel	 to	 supervise	 or	 conduct	 the	 interventions.	
Studies	 repeatedly	 show	 that,	 once	 a	 trial	 ends,	
the long-term care staff rarely maintains the inter-
vention	at	the	same	level,	if	at	all.	Outcome	evalu-
ation	is	usually	limited	to	“wet	checks”	(percentage	
of times the patient is found to be wet on a set 
schedule) and not UI, and no studies report cure or 
patient-based outcomes, such as satisfaction with 
treatment	 and	 quality	 of	 life.	No	 studies	 reported	
impact	on	caregivers.	One	trial	investigated	the	ef-
fects	of	prompted	voiding,	exercise,	luid	and	food	
intake	on	faecal	and	urinary	incontinence.	Trained	
research	 staff	 provided	 the	 intervention	 5-days	 a	
week	between	7am	to	3:30pm	for	12	consecutive	
weeks	 [390].	Few	 intervention	studies	have	been	
conducted with incontinent hospitalised and home-
bound	frail	elders.	One	study	with	hospitalised	old-
er patients found that the main intervention used 
for urinary incontinence was absorbent products 
[408].	Incident	urinary	incontinence	at	hospital	dis-
charge was associated with absorbent product use 
during	hospitalisation	[409].	

Limitations in many studies include: small samples 
with	low	power	to	detect	signiicant	differences;	vari-
able	terminology	and	operational	deinitions	making	
comparisons	 across	 studies	 dificult.	 Additionally,	
there is little ethnic or cultural diversity; much data 
are limited to women, especially in nursing home 
trials.	There	is	little	focus	on	night-time	UI;	little	con-
sideration as to the psychological impact of toilet-
ing programmes on patients and caregivers, and 
no	 long-term	 follow	 up	 [393,	 410].	 Many	 studies	
excluded	 frail	older	adults	with	 terminal	 illness,	 in-
ability to respond to a one-step command, or poor 
language	ability	[411-414].	Ethical	concerns	for	hu-
man subjects prohibits withholding treatment, thus 
true	“control”	groups	were	nearly	impossible	to	cre-
ate.	Two	studies	used	delayed	treatment	as	controls	
[413,	414]	The	frequency	of	the	intervention	varied	
across studies as well, with toileting conducted ev-
ery	 two	hours	 over	 12-hour,	 14-hour,	 and	24-hour	
schedules	[394].

b) Eficacy (Table 8 ) 

Prompted voiding  is more effective, in the short-
term, than no intervention for improving daytime 
dryness in nursing home residents and some 
home	care	clients	(Level	1)	[415].	A	three-day	trial	
of prompted voiding should be initiated, and the 
intervention should be continued, but only in those 
that achieve appropriate toileting rates (the num-
ber of times the resident voided into the toilet divid-
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Intervention  Aut hors  Study Design  Sample  Method s Resu lts  

Prompted Voiding      

 Palmer, 2005[394]  Systematic literature 
review 

1 quasi-experimental, 
1 repeated measures, 
1 prospective case 
series, and 1 
systematic (Cochrane) 
review  

Sample, methods, and results were 
examined to address: is prompted 
voiding effective in reducing wetness 
episodes and increasing requests for 
toileting? 

Different prompted voiding protocols were 
used limiting comparison across studies. 
Sample sizes were small and mainly white 
elderly female long-term care residents 
participated. Staff adherence to the 
protocol was important to its success. 
Little evidence exists that self-initiated 
requests for toileting is increased. 
Wetness episodes decreased in the short-
term. 

 Eustice, Roe, & Paterson, 
2000 [415]  

Cochrane Review 
update 

Nine trials 

included, N = 674 

older adults.  

Literature searched according to 
protocol (all randomized or quasi-
experimental studies). Two reviewers 
evaluated studies for methodological 
quality; third reviewer proof read the 
review.   

Insufficient evidence to reach firm 
conclusions for practice. Suggestive 
evidence exists for short-term benefit from 
prompted voiding, longer effects are not 
known.  

 Schnelle, Leung, Rao, 
Beuscher, Keeler, Clift & 
Simmons, 2010[390]) 

RCT 112 nursing home 
residents in 12 nursing 
homes in USA 

Prompted voiding, exercise and 
mobility endurance, food and fluid 
intake administered by trained 
research staff for 5 days a week from 
7am to 3:30pm over 12-week period. 
Frequency of urinary and fecal 
incontinence and constipation were 
outcome variables.  

Urinary incontinence frequency and 
number of appropriate toiletings improved.  

Habit Retraining 

 Ostaszkiewicz, Chestney & 
Roe, 2004 [947]938] 

Cochrane Review Four trials included, N 
= 378. 

Literature searched and evaluated per 
protocol. Trials too heterogeneous to 
for meta-analysis.  

Adherence to habit retraining protocols is 
difficult for staff. Evidence is too limited to 
judge if improvements in continence make 
habit re-training protocols worth investment. 

  Nikoletti, Young & King, 
2004 [948] 

Randomized 
controlled trial 

41 elderly incontinent 
patients on acute care 
rehabilitation units in 
Australian hospitals  

Patients in the treatment group were 
monitored for 72-hours with an 
electronic device. Patients in the 
control group received standard habit 
training. Prescribed voiding times for 
both groups (control and monitoring 
group) were developed and 
continence outcomes were measured.  

No statistically significant improvements in 
self-reported or carer reported UI 
frequency. Significant reduction in self-
reported and carer reported severity of UI 
in one-month follow up of treatment group. 
Missing data and problems with using the 
electronic monitoring device were noted.  

 

Table 8.  Behavioural interventions
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Timed Voiding

 

 Ostaszkiewicz, Johnston & 
Roe, 2004 [420]  

Cochrane Review Two trials met 
inclusion criteria, N= 
298 female subjects 
with reduced mobility 
and cognitive 
impairments.  

Literature searched and evaluated per 
protocol.  

Nighttime incontinence was significantly 
lower in intervention group. Data were 
considered too few to make a 
recommendation for or against timed 
voiding.  

Mobili ty and Toileting  Interventi ons 

 Ouslander, Griffiths, 
McConnell, Riolo, Kutner & 
Schnelle, 2005 [5]  

Randomized 
controlled trial cross-
over design.  

102 residents in four 
Veterans Affairs 
nursing home  

Research staff implemented the 
Functional Incidental Training (FIT) 
intervention four times daily, five days 
a week for eight weeks.  

FIT improved endurance, strength and UI; 
64 residents completed the intervention. 

 Van Houten, Achterberg & 
Ribbe, 2007  [399]  

Randomized single 
blinded trial. 

57 dependent women 
with no cognitive 
impairment with 
longstanding UI living 
in 24 long-term care 
institutions. 

Physiotherapists or occupational 
therapist administered the intervention 
to the treatment group for an 
individualized eight-week long 
programme of mobility and toileting 
skills. 

Intervention group experienced 37.7% 
reduction in the daily amount of urine loss, 
but results were not statistically significant.  

Preven tion  
Interventi ons 

     

 Diokno et al, 2004 [407]  Randomized 
controlled trial 
comparing 
behavioural 
modification 
programme (BMP) to 
no treatment group. 

Ambulatory 
postmenopausal 
continent volunteer 
women, N = 359. 

Women in BMP intervention group 
received educational sessions and 
individualized evaluations of 
knowledge, adherence and skills.  

At 12 months follow up, women in BMP 
group had significantly better continence 
status, pelvic muscle strength and 
displacement score.  

Intervention Aut hors St udy Design Sample Met hod s Resu lts

Table 8:  Behavioural interventions (continued)
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ed by	the	total	number	of	voids)	of	>	66%,	or	a	wet	
check rate (number of times the resident was wet 
when	physically	checked)	of	<20%	[416].	All	others	
should	be	managed	by	check	and	change.	This	ap-
proach allows prompted voiding to be targeted just 
to	the	approximately	one-third	of	residents	who	are	
eligible for and respond to prompted voiding, and 
could help decrease the considerable time and la-
bour costs now used for inappropriate, unsuccess-
ful	toileting	[417].	The	2005	revised	US	guidelines	
for continence care in nursing homes approved this 
approach	as	quality	care	 [418].	Prompted	voiding	
with	food	and	luid	management	and	exercise	was	
effective in reducing UI frequency and increas-
ing	 the	 number	 of	 appropriate	 toileting	 episodes.	
Those	nursing	home	residents	with	 less	cognitive	
impairment	 (higher	 Mini	 Mental	 Status	 Examina-
tion scores) showed lower improvement than those 
with	more	cognitive	impairment	[390].	

The	 large	majority	of	prompted	voiding	 trials	were	
conducted	in	the	United	States.	No	data	are	avail-
able about the long-term effects of prompted void-
ing and there is no evidence relating to the adoption 
of	such	programmes	in	other	jurisdictions.

There	is	insuficient	evidence	to	determine	if	timed 
voiding 	improves	continence	(Level	4)	[419].	No	ad-
ditional intervention studies on timed voiding were 
located since the previous International Consulta-
tion.	Several	of	the	studies	included	in	a	systematic	
review had only female subjects with cognitive im-
pairment, and included use of additional interven-
tions such as antimuscarinic drugs (propantheline 
or	 lavoxate),	 staff	 education,	 bedside	 commodes,	
and	absorbent	products.	

There	 is	 insuficient	 evidence	 to	 determine	 if	habit 
retraining 	improves	continence	(Level	4)	[420,	421].	

Functional Incidental Training 	 (FIT)	 incorpo-
rates	 endurance	 and	 strengthening	 exercises	
(e.g.,	 sit-to-stand,	 bicep	 curls)	 while	 an	 aide	
conducts	 prompted	 voiding	 with	 a	 resident.	 FIT	
significantly improves physical endurance and UI 
(measured	 by	wet	 check).	Across	 several	 differ-
ent	 long-term	 populations,	 FIT	 led	 to	 a	 38%	 re-
duction	in	daily	urine	loss	[5,	398,	399].	However,	
all	 FIT	 efficacy	 trials	 relied	 on	 trained	 research	
nursing	staff,	FIT	costs	more	than	usual	care,	and	
it may be difficult to implement in nursing homes 
without	changes	in	existing	staffing	levels,	limiting	
its	generalisability	[5,	422,	423].	

Operant behavioural strategies  have shown some 
effectiveness in improving UI in long-term care resi-
dents	(Level	B)	[394,	395].	The	underlying	principle	
is	 that	behaviour	 is	modiied	by	 its	consequences,	
even	in	frail	adults	[424].	A	balance	must	be	struck,	
however, between encouraging self-care activities 
and patient preferences for care and functional abil-
ity, on-going evaluation of the frail older person’s 
status,	and	treatment	effectiveness.		

c) Summary of evidence

1.		Prompted	 voiding	 is	 effective	 in	 the	 short-term	
treatment of daytime UI in nursing home resi-
dents and home-care clients when caregivers 
comply with the protocol (Level 1) .	

2.		Prompted	voiding	is	ineffective	and	should	not	be	
used for people who need the assistance of more 
than one person to transfer; these people should 
be	managed	with	“check	and	change.”	(Level 1) .

3.		Prompted	 voiding	 should	 not	 be	 continued	 in	
eligible	 persons	who	 have	 less	 than	 a	 20%	 re-
duction in wet checks (Level 1)  or toilet success-
fully less than two-thirds of the time after a three 
day trial; these people should be managed with 
“check	and	change.”	(Level 1) .

4.		Interventions	 combining	 toileting	 and	 exercise,	
decrease wet checks and improve endurance in 
nursing home residents, including those with psy-
chiatric disease (Level 1) .

5.		Interventions	combining	prompted	voiding,	exer-
cise,	luid	and	food	intake	 interventions	 improve	
UI frequency and appropriate toileting (Level 1) .	

6.		It	is	uncertain	whether	habit	retraining	reduces	UI	
in frail older persons (Level 4) .

7.		It	 is	uncertain	whether	timed	voiding	reduces	UI	
in frail older persons (Level 4) .

8.		There	 are	 no	 proven	 interventions	 to	 reduce	
night-time UI in frail older persons (Level 4) .

9.		There	 are	 no	 proven	 interventions	 to	 reduce	
the incidentce ofUI in hospitalized frail older 
persons (Level 4) .

d) Interventions with caregivers and long term 
care staff

Acute	 care	 patients	 have	 preferences	 for	 urinary	
incontinence	 treatment	 that	 is	 signiicantly	 discor-
dant	to	hospital	staff.	For	example,	nurses	and	phy-
sicians preferred scheduled toileting over diapers 
more	than	did	the	patients	[310].	The	authors	sug-
gested that communication about treatment prefer-
ences	should	occur.	

3.  INTERVENTIONS WITH LONG TERM CARE 
STAFF AND CAREGIVERS

Many frail elderly people rely on family, caregiv-
ers,	 or	 residential	 and/or	 nursing	 staff	 for	 toileting	
assistance	 and	 personal	 care.	 These	 carers	 may	
not be available as frequently as necessary for the 
frail elder to maintain continence, and even if avail-
able they may not be able or willing to provide the 
needed	 assistance.	Research	 has	 shown	 that	 the	
frequency of toileting assistance actually provided 
in	US	nursing	homes	 is	 too	 low	 to	maintain	conti-
nence	 [425,	 426].	 There	 is	 dissonance	 between	
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nursing home surveyors, nursing staff, and nursing 
home administrators’ knowledge and beliefs about 
UI and its management, which may be an important 
barrier	to	effective	UI	care	[427].	A	number	of	stud-
ies suggest that nurses in acute and long-term care 
settings continue to provide urine containment in-
terventions	rather	than	promoting	continence	[249,	
250,	253,	255-258,	428-432].	For	example,	99%	of	
residents with UI in one study facility wore absor-
bent	products	and	only	3%	had	 received	UI	 treat-
ment	[433].	Moreover,	nursing	staff	preferences	for	
UI	management	(toileting)	often	conlict	with	those	
of residents and their families’ patient treatment 
preferences	(medications	and	garments)	[309,	310,	
434].	Acute	care	patients’	preferences	for	urinary	in-
continence treatment also differ from hospital staff 
preferences	 [310].	 For	 example,	 nurses	 and	 phy-
sicians preferred scheduled toileting over diapers 
more	than	did	the	patients	[310].	The	authors	sug-
gested that communication about treatment prefer-
ences	should	occur.	

In long term care, a two-pronged behavioural in-
tervention to UI care, one geared towards the resi-
dent and the other geared towards staff members, 
appears	 necessary	 [435-437].	 Nursing	 assistants	
play a key role in the success of behavioural pro-
grammes, and organisational schemes need to be 
devised to create incentives for them to keep resi-
dents	continent	[438].	Direct	care	providers	will	be	
unlikely to implement programmes unless residents 
and	their	families	advocate	for	them	[439].	This	ad-
vocacy, however, appears unlikely if, based on their 
experiences,	nursing	home	residents	have	reduced	
expectations	and	do	not	 anticipate	 receiving	 sufi-
ciently frequent and prompt toileting, and therefore 
express	no	desire	for	more	frequent	toileting	[426].	
One documented barrier to toileting programmes 
in	 long	 term	 care	 is	 their	 labour	 intensity.	Bladder	
training programmes are considered one of the 
three most time consuming activities for long-term 
care	staff	[321].	

A	 number	 of	 approaches	 have	 been	 trialled	 in	 an	
attempt to promote continence and to improve the 
management of incontinence care in long term care 
facilities.	 One	 involves	 a	 specialty	 practice	 exem-
plar model to improve continence care in long-term 
care,	with	a	nursing	faculty	member	with	expertise	
in the assessment and treatment of UI having a clin-
ical	practice	in	a	facility.	Graduate	nursing	students,	
working with this individual, focus on the Minimum 
Data	Set	Resident	Assessment	Protocol	for	UI.	As-
sessment and treatment skills ultimately are trans-
ferred to the facility nursing staff members through 
several mechanisms, including staff education and 
improved	 continence	 care	 systems	 [440].	 Quality	
assurance programmes using incontinence quality 
indicators	have	also	been	proposed	[441].	A	clinical	
leadership	model	 in	 the	 sub-acute	 setting	 in	Aus-
tralia used a staff empowerment and mentorship 
model to make evidence based changes related to 

continence care during the patient’s stay and on dis-
charge	 [442].	The	 effectiveness	 of	 clinical	 leaders	
may depend on a number of factors including, but 
not limited to their educational preparation for the 
role;	 the	extent	 to	which	 they	 feel	supported;	and;	
maintenance	of	the	role	(i.e.	succession	planning).

a) Quality of data. 

Several	authors	point	 to	 the	dificulty	of	conducting	
research	in	long-term	care	settings	[435,	436,	443].	
Factors	such	as	stafing	ratios,	changes	in	adminis-
trative	and	regulatory	policies,	and	iscal	issues	are	
beyond	 researchers’	 control.	 Several	 investigators	
report that staff compliance was less than total, and 
some	experienced	problems	with	 staff	 training.	For	
instance, in one study several staff members did not 
attend group-training sessions and needed one-on-
one training, and other staff members did not perform 
the protocol or document its use, especially when 
stafing	levels	were	low	[436].	Little	staff	intervention	
research to improve continence in older persons has 
been	conducted	in	the	acute-care	setting.	

b) Results

1. intErvEntionS with lonG-tErM carE Staff

A	 recent	 systematic	 review	of	 the	management	of	
incontinence and promotion of continence in older 
people in care homes concluded that use of incon-
tinence pads and toileting programmes comprised 
the most common management strategies, and 
assessment processes were inconsistently used 
[444].	 Assessment	 protocols	 are	 a	 key	 irst	 step	
in the process of identifying residents’ individual 
continence	 care	 needs.	A	 number	 of	 assessment	
tools	have	been	developed	 for	 this	purpose.	They	
include, but are not limited to: 

	 •		the	Resident	Assessment	 Instrument/Minimum	
Data	Set	(RAI/MDS)	used	in	US	nursing	homes;

	 •		the	 ‘Continence,	History,	Assessment,	Medi-
cations,	Mobility,	Plan’	(CHAMMP)	tool,	devel-
oped	to	support	the	use	of	the	RAI/MDS	[445],	

	 •		the	 ‘Capital	 Health	Authority	 (CHA)	 Screen-
ing	Tool’	for	use	within	community	and	clinical	
settings	in	Canada,	[446],	and	

	 •		the	 Continence	 Assessment	 Tools	 for	 Resi-
dential	Aged	 Care’	 for	 use	 within	Australian	
long-term	care	settings	[447].

Toileting	assistance	programmes	also	play	a	cen-
tral role in optimising continence for frail older 
adults	 in	 long	 term	 care	 settings.	 One	 group	 of	
researchers investigated the effect of a scheduled 
toileting programme on the incidence of nursing 
home	 staff	 injury,	 using	 a	 quasi-experimental	 de-
sign	using	a	75	bed	unit	and	a	similar	comparison	
unit	 [448].	 Fifty	 residents	 in	 the	 intervention	 unit	
were selected to participate based on an assess-
ment indicating their eligibility for a toileting pro-
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gramme.	Mechanical	 lifts	were	purchased	 for	 the	
intervention unit in anticipation of an increase in 
toilet	 transfers.	 Regular	 toileting	 increased	 from	
12%	 pre-intervention	 to	 67%	 in	 the	 intervention	
and	26%	in	 the	comparison	unit.	Staff	 injuries	re-
lated to toileting did not increase in the intervention 
group, and the staff also noted less resident agita-
tion.	A	pre-post	test	trial	of	toileting	assistance	pro-
grammes	involving	153	elderly	residents	in	Japan	
also reported improvements in residents’ conti-
nence	status	following	a	multifaceted	intervention.	
Managerial support was key to the success of the 
intervention, as was the involvement of a clinical 
leader	on	each	unit	to	oversee	the	protocol	[449].	

Although	 toileting	 assistance	 programmes	 are	 ef-
fective in reducing incontinence rates when imple-
mented, and in-service classes on UI may change 
staff knowledge and attitudes about UI, in-service-
classes	alone	do	not	 improve	 resident	 toileting.	 In	
one	study,	only	70%	of	toileting	assists	were	com-
pleted	[435].	The	authors	noted	that	staff	members	
believed	that	toileting	was	“not	worthwhile”	for	some	
residents.	 In	 a	 randomised	 study	 using	 advanced	
practice nurses (with post-graduate training) to 
work with staff to implement evidence-based proto-
cols,	residents	in	the	intervention	arm	experienced	
signiicantly	 greater	 improvement	 in	 UI	 compared	
with	those	receiving	usual	care	[450].	

In	response	to	knowledge	deicits,	some	research-
ers have developed and trialled education and 
awareness-raising strategies, designed to enhance 
knowledge, that would subsequently lead to im-
provements in practice that would, in turn, enhance 
the	quality	of	continence	care	in	long-term	care	[205,	
208,	220,	403,	451-455].	For	example,	a	number	of	
countries have established post-graduate and con-
tinuing education courses that prepare nurses and 
physiotherapists to address the broad spectrum of 
continence	issues.	

However,	the	association	between	improved	knowl-
edge	and	 improved	practice	 is	not	straightforward.	
Some	researchers	reported	improvements	in	knowl-
edge that did not translate into improvements in 
practice	[205,	220,	453].	Cognisant	of	this	dilemma,	
Henderson	and	Kashka	 [212]	 examined	 the	asso-
ciation between knowledge, beliefs, attitudes and 
practice	 about	 incontinence	 in	 a	 sample	 of	 126	
nurses from hospital, home health and long-term 
care	settings	in	Texas,	USA,	using	a	tool	titled	‘the	
Urinary	 Incontinence	Scales’.	Using	 a	multiple	 re-
gression analysis, they found that although partici-
pants’ knowledge and belief were positively associ-
ated with their self-reported practice, attitude alone 
had	a	direct	effect	on	self-rated	practice	[212],	thus	
highlighting the need for educational strategies that 
address the effective behaviours associated with 
caring	 for	 incontinent	persons.	 In	 response	 to	 this 
inding,	and	to	greater	calls	for	UI	content	in	nursing	
curricula, as part of a larger educational programme 

me on rehabilitation, one researcher designed a 
novel	six	hour	experiential	learning	activity	for	nurs-
ing	 students	 to	 experience	 wearing	 an	 absorbent	
incontinence	product	[452].Twenty-one	senior	nurs-
ing students volunteered to participate in the pilot 
trial.	Using	the	Urinary	Incontinence	Scales	to	mea-
sure participants’ attitudes, beliefs, knowledge and 
practice, the researchers reported a post-test me-
dian	increase	of	<	1%	in	attitude	scores;	3.6%	in	be-
lief	scores;	4.4%	in	knowledge	scores,	and	47.6%	in	
practice	scores.	

Given the longstanding challenges surrounding the 
uptake	of	evidence	into	practice,	in	2005,	Stolee	and	
colleagues	conducted	a	qualitative	study	to	explore	
the factors within the work environment that impact-
ed	 the	effectiveness	of	continuing	education.	Data	
were derived from a series of focus groups with a 
sample	of	35	staff	and	managers	of	long	term	care	
facilities, in Ontario, to collect information about 
facts	affecting	transfer	of	learning.	This	information	
was	collated	and	a	Delphi	approach	was	used	with	
34	experts	 in	 long	term	care	to	validate	and	reine	
the	 list	 of	 factors.	 The	 need	 for	 managerial	 sup-
port	was	ranked	as	the	most	important	factor.	This	
was	followed	by:	suficient	resources	to	implement	
new learning; the learner’s belief in the practicality 
of training; integration of the learning into ongoing 
practice; staff feeling valued; on-the-job reinforce-
ment of learning; knowing change of practice is sup-
ported;	seeing	beneits	of	new	approaches;	and	at-
titudes	toward	elderly	people	[456].	Whilst	all	of	the	
above mentioned resource factors are important to 
optimise evidence-based continence care practice, 
a number of researchers draw attention to the need 
for theory to inform improvements in the quality of 
care	 [395,	457-462].	However,	many	 translation	of	
research	 into	 practice	models	 for	 LTC	 rely	 on	 the	
belief that usual care staff are able to implement 
better care if they know what to do and are properly 
motivated	[463].	One	of	the	key	steps	in	the	process	
of translating evidence-based knowledge into prac-
tice	is	to	identify	potential	barriers	to	change	[464].

Research	 literature	 on	 UI	 in	 long-term	 care	 identi-
ies	extensive	barriers	 to	UI	care	 [433,	463,	465].	A	
staff survey revealed that nursing assistants believed 
prompted voiding was very helpful to residents in re-
ducing the frequency and volume of incontinent voids, 
but	that	inadequate	stafing,	staff	work	load,	turnover,	
and	absenteeism	were	signiicant	barriers	to	prompt-
ed	voiding.	They	believed	that	increased	numbers	of	
staff, improved communication, ongoing education, 
and alternative modes of care delivery were nec-
essary	 to	 facilitate	 prompted	 voiding.	 Overall,	 staff	
believed toileting programmes improved resident 
quality of life but the realities of long-term care made 
them	dificult	to	implement	[466].	Nursing	assistants	
believed that UI was a normal part of ageing and that 
nothing	could	be	done	for	it,	99%	of	residents	with	UI	
in the study facility wore absorbent products and only 
3%	had	received	UI	treatment	[433].



1038

A	further challenge to continence care in long term 
care	is	the	fact	that	differences	may	exist	between	
documented	 care,	 reported	 care,	 and	 actual	 care.	
For	 example,	 when	 staff	 perceptions	 regarding	
completed toileting assistance were compared to 
research	 staff	 observations,	 staff	 over-inlated	 the	
percent of toilet assists they completed (stating 
80-90%	when	 the	observed	was	70%)	 [467].	Staff	
members also believed that residents were hap-
pier with a prompted voiding programme, yet only 
52%	 thought	 the	 programme	 improved	 residents’	
continence.	In	another	study,	long-term	care	facility	
residents	reported	a	mean	of	1.8	daily	assists	to	the	
toilet, regardless of whether they were on a toileting 
programme	or	not	[439].

Another	 approach	 to	 translating	 evidence	 based	
protocols into practice, to enhance continence care 
for individuals living in long term care, involves the 
use	of	quality	management	programmes.	Schnelle	
and colleagues tested a computerised quality man-
agement programme for prompted voiding in a con-
venience	sample	of	85	residents	in	eight	US	nursing	
homes	[468].	Each	facility	was	asked	to	identify	staff	
members for the following roles: main contact per-
son; quality control specialist; two licensed person-
nel who would conduct UI assessments; and two 
nursing/health	 care	 assistants	 who	 would	 imple-
ment	 the	 prompted	 voiding	 intervention.	 Informa-
tion on the computer system included UI assess-
ment	and	 residents	wetness	 rates.	Research	 staff	
monitored the database and provided the nursing 
staff	 feedback	by	 telephone	consultation.	The	pro-
gramme	was	effective	 in	 improving	dryness	for	six	
months while research staff monitored the data-
base, but only one facility continued the programme 
after	 the	 research	 ended	 [465].	 The	 researchers	
noted that current incentives for nursing homes to 
maintain	UI	management	systems	are	insuficient.	

One disincentive that needs to be addressed, at a 
resource and policy level, is the fact that toileting 
assistance	 programmes	 require	 statistically	 signii-
cantly more staff time than the practice of checking 
and	changing	residents’	pads.	Engst	and	colleagues	
reported that the latter practice was four minutes 
duration for residents who were soiled and in bed, 
compared	 to	 six	 minutes	 to	 provide	 residents	 with	
toileting	 assistance	 [448].	 Schnelle	 and	 colleagues	
have also reported a cost disincentive for maintain-
ing residents’ functional ability to walk to the toilet 
[469].	In	an	analysis	of	the	cost	and	time	involved	in	
changing residents’ pads, compared with implement-
ing prompted voiding, or a functional improvement 
program	(FIT),	these	researchers	found	that	chang-
ing	residents	pads	 involved	an	average	of	5.5	min-
utes,	 compared	 with	 7.7	 for	 prompted	 voiding	 and	
13.7	 for	 FIT	 [398].	Although	 FIT	 resulted	 in	 signii-
cantly better outcomes for residents in terms of their 
strength, mobility and continence, it relied on a staff 
to	 resident	 ratio	of	one	aide	 to	ive	 residents	 [470].	

These	 resource	 costs	may	 however	 be	 offset	 over	
time by improvements in residents’ functional abili-
ties.	Another	cost	minimisation	strategy	is	to	identify	
and	target	residents	who	are	most	likely	to	beneit.	

As	 reduced	mobility	 is	 a	major	 risk	 factor	 for	 incon-
tinence, further attention should be directed toward 
developing, implementing and evaluating interven-
tions that increase residents’ functional skills, or at 
the very least, minimise their functional decline, and 
prevent	falls.	van	Houten	and	colleagues	[399]	report	
reductions in the daily loss of urine for elderly depen-
dent	women	randomized	to	an	8-week	individualised	
training	programme	of	mobility	and	toileting	skills.	Two	
systematic	 reviews	 afirm	 the	 value	 of	 rehabilitation	
and falls minimisation strategies for frail older adults 
in	 long-term	 care	 [189,	 471].	 Given	 the	 association	
between the use of restraint and incontinence in long-
term care settings, interventions designed to prevent 
and	reduce	restraint	use	should	also	be	adopted.	

Interventions for continence care in frail older 
adults should also aim to minimise the incidence of 
incontinence-associated	 dermatitis	 (IAD).	 Palese	
and	 Carniel	 [472]	 describe	 a	 three-phased	 multi-
intervention incontinence care programme in a 
long-term care facility in Northern Italy that reduced 
the	 incidence	of	 IAD,	and	the	number,	and	cost	of	
absorbent	 products.	 The	 intervention	 consisted	 of	
an assessment process, the introduction of new ab-
sorbent continence aids, a structured skin care regi-
men and advice and education from a Continence 
Nurse	Advisor.	 To	 this	 end,	 it	 is	 important	 to	 use	
tools	 that	 help	 staff	 differentiate	between	 IAD	and	
pressure ulcers such as the Pressure Ulcer Clas-
siication	(PUCLAS)	education	tool	[473].

2.  intErvEntionS to ManaGE niGht-tiME incontinEncE in 
lonG-tErM carE

Night-time sleep in long-term care residents is of-
ten	fragmented	and	disrupted	[474-479]	and	much	
of this fragmentation and disruption is caused by 
noise,	 light	 and	 incontinence	 care	 routines	 [476-
478].	There	is	some	evidence	to	suggest	residents	
may spend long periods of time in bed overnight 
(returning	 to	 bed	 after	 dinner	 about	 6.30pm	 and	
waking	between	0600-0700hrs),	 and	staff	 conduct	
pre-scheduled rounds to reposition residents and 
change	their	pads	[478].	In	this	study,	although	se-
nior staff stated that such rounds were conducted 
every two hours during the night; the number of ob-
served	rounds	was	0.3	-	4.5	per	resident	[478].	

Interventions that have been trialled in an attempt to 
enhance the quality and duration of sleep for resi-
dents’ with incontinence include: 

	 •	a	daytime	physical	activity	programme	[480]	

	 •		a	daytime	physical	activity	programme	com-
bined with a night staff behaviour programme 
aimed at reducing noise, light and sleep-dis-
ruptive	care	practices	[481].
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 •		a	two	or	four	hourly	incontinence	care	sched-
ule based on an individualised assessment of 
each	resident’s	skin	health	[482].

	 •				an	 individualised	 incontinence	 care	 routine	
combined with feedback to usual care staff 
about	methods	to	reduce	noise	levels	[483].

	 •		a	two	or	four	hourly	prompted	voiding	sched-
ule based on an individualised assessment of 
each	resident’s	skin	health	[484].

	 •		a	 four	 or	 eight	 hourly	 pad	 changing	 regime	
based on an individualised assessment of 
each	resident’s	skin	health	[485].

The	combined	indings	of	these	trials	suggest	that	
continence care at night in long-term care settings 
can, and should be individualized based on an as-
sessment of residents’ skin health; their ability to 
spontaneously	 move	 in	 bed;	 and	 on	 their	 sleep/
wake	status.	It	should	also	be	based	on	an	assess-
ment	of	residents’	preferences.	Whilst	toileting	as-
sistance should be available to residents’ during 
the night as well as day, one study suggests that 
prompted voiding is not effective or well tolerated 
at	night.	The	researchers	concluded	that	‘in	gener-
al, incontinent nursing home residents are not re-
sponsive to prompted voiding at night, even when 
the prompts are carried out so as to be minimally 
disruptive	to	sleep	[486].	Clearly,	further	research	
is needed about residents’ preferences for night-
time	continence	care.	

One of the main reasons for residents’ sleep dis-
ruption is due to the time-honoured practice of 
waking residents with incontinence to check their 
continence status and to reposition them in order 
to	minimise	the	risk	of	pressure	ulcers.	The	Agency	
for	HealthCare	Policy	and	Research	Agency,	(now	
the	Agency	 for	Healthcare	Research	and	Quality)	
identiied	 incontinence	 as	 a	 risk	 factor	 for	 pres-
sure ulcers in its now archived Clinical Practice 
Guideline	for	Pressure	Ulcers	in	Adults	(1992).	The	
guideline	also	recommends	that	 ‘any	 individual	 in	
bed who is assessed to be at risk for developing 
pressure ulcers should be repositioned at least 
every two hours if consistent with overall patient 
goals’.	However,	advances	 in	 the	design	and	ab-
sorbency of pads and of pressure relieving de-
vices, may mitigate the number of times residents’ 
need	 such	 care.	 Fader	 and	 colleagues	 randomly	
assigned	 81	 residents	 of	 residential	 homes	 in	
the UK to either a four or an eight hourly night-
time	 pad	 changing	 regime	 [485].	 They	 found	 no	
evidence that the less frequent pad changing re-
gime had an effect on skin erythema or on skin 
pH.	However,	 residents	 on	 the	 less	 frequent	 pad	
changing	regime	had	wetter	skin	(P=0.01;	95%	CI:	
2.89-21.39)	and	ive	residents	developed	grade	2	
ulcers.	Further	research	on	this	issue	is	warranted	
to	guide	practice.	

3. intErvEntionS with carEGivErS

Family caregivers of frail elders with UI report a high 
level	of	physical	fatigue	(70%)	[487].	This	is	particu-
larly so for family caregivers of individuals with UI and 
dementia	[488].	Upton	and	Reed	conducted	a	quali-
tative	study	on	caring	in	the	context	of	 incontinence	
and dementia and reported that the relentless nature 
of incontinence was psychologically draining and de-
manding	on	caregivers.	This	was	particularly	the	case	
if the care-recipient had challenging behaviours; in 
which case, incontinence typically presented as a be-
havioural	problem	[488].	Similar	indings	were	report-
ed	by	Hutchinson	and	colleagues	[489]	who	used	an	
ethnographic	design,	to	examine	the	range	and	varia-
tion of toileting problems and management strategies 
used by family and employed caregivers of individu-
als	with	Alzheimer’s’	Disease	(AD).	The	researchers	
reported	 that	 toileting	emerged	as	a	complex	event	
with many stages and as a task that was unaesthetic 
and	unpleasant	for	caregivers	and	clients.	It	also	oc-
casionally triggered a severe emotional response 
from	the	person	with	AD.	Caregiver’s	responses	were	
variable, however, some read cues and interpreted 
toileting	behaviours.	These	 indings	 from	qualitative	
research	draw	attention	to	the	complexities	of	manag-
ing	incontinence	in	the	context	of	dementia.	

Family caregivers report embarrassment and so-
cial isolation as their most frequent emotional re-
sponses to UI, and a need for information about 
resources.[487]	 In	a	small	pilot	study,	caregivers	
at home felt that the requirements of a behav-
ioural protocol were more than they could manage 
[490].	However,	in	contrast	to	long	term	care	staff,	
family caregivers were adherent with prompted 
voiding	89%	of	the	time,	and	93%	were	somewhat	
or completely satisfied with the decrease in UI 
[491].	 Using	 data	 from	 a	 cross-sectional	 survey	
of	the	Dutch	national	prevalence	measurement	of	
Health	Care	Problems,	Du	Moulin	and	colleagues	
found that more than half incontinent older adults 
(mean	age	80)	living	at	home	and	receiving	home	
care services, had no diagnosis of the type of 
incontinence.	 The	 most	 common	 management	
strategy, regardless of diagnosis, was the use of 
pads	[492].

c) Recommendations for practice

•		Family,	 caregivers,	 or	 residential	 and/or	 nursing	
staff dealing with different levels of UI (mild, mod-
erate, catheter managed) have different educa-
tional	needs	and	require	different	levels	of	support.	

•		Interventions	 to	 support	 family	 caregivers	 of	 in-
dividuals with UI may need to be adapted to suit 
formal carers or staff in long-term care so that they 
accommodate	the	organisational	context.	

•		a	one-size	its	all	approach	will	not	accommodate	
the diverse needs of older people in long term resi-
dential	care.
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•  Interventions or approaches to caring for an in-
dividual with UI and cognitive impairment need 
to be tailored to the person’s unique abilities 
and	disabilities.

•		Interventions	 for	 UI	 should	 be	 theory-based,	
multi-component, interdisciplinary and per-
son-centred.	

4. PHARMACOLOGICAL TREATMENT 

a) Background

This	section	deals	with	the	management	of	the	frail	
elderly.	 The	 pharmacological	 management	 of	 UI	
in healthy older persons is discussed in Chapter 
10,	 Drug	 Treatment.	 Speciic	 treatments	 for	 blad-
der	outlet	obstruction	and	associated	LUTS	in	frail	
elderly men are outside the scope of this chapter; 
special issues in the care of frail older men with UI 
are	discussed	above.

Frail persons with UI should be considered for drug 
treatment only following a comprehensive evalua-
tion of remediable causative factors, and if they are 
appropriate for and have had a trial of behavioural 
and	 lifestyle	 interventions.	 Drug	 treatment	 should	
not generally be used for persons who make no at-
tempt to toilet when aided, become agitated with 
toileting, or are so functionally and cognitively im-
paired that there is no prospect of meaningful ben-
eit.	 Even	 so,	 a	 recent	 study	 of	US	 nursing	 home	
residents suggested that only a small proportion of 
incontinent residents potentially suitable for drug 
therapy	ever	received	it	[493].	

b) Quality of data

Since	 the	 last	 ICI	 we	 located	 a	 further	 13	 ran-
domised	 placebo	 controlled	 trials	 (RCTs)	 of	 an-
timuscarinic medication, involving subjects over 
the	 age	 of	 80.	As	 before,	 the	majority	 of	 studies	
addressing frail older people are of only mod-
est	 quality,	 relecting	 their	 vintage.	 The	 available	
RCTS	were	predominantly	done	in	the	US,	with	a	
small	number	in	Europe,	the	UK,	Germany,	Taiwan	
and	Japan.	.	All	focus	on	antimuscarinic	treatment	
of	 presumed	 urgency	UI.	UI	 diagnosis	was	 over-
whelmingly symptom-based; only three studies 
included	urodynamic	evaluation.	There	have	been	
two	 large	 studies	 of	 older	 people,	 one	 in	Europe	
and	one	in	the	US;	the	latter	targeted	at	frail	older	
people	 identiied	 by	 the	 VES-13	 [494]	 For	 most	
studies however, it was impossible to identify 
whether subjects were frail, even though the spread 
of	co-morbid	condition	and	co-existing	medication	
suggests a representative sample of community 
dwelling	older	people	except	where	the	study	was	
performed in an institutional environment, in which 
it is reasonable to assume a high prevalence of 
functional	and	cognitive	dependence.	

The	methods	of	blinding	and	randomisation	in	RCTs	
were	seldom	speciied.	Other	than	those	conducted	
by the pharmaceutical industry, most studies were 

generally small and potentially under-powered, and 
others lost power because of high dropout rates 
due to illness and death (inevitable in trials with frail 
elderly	 persons).	 Because	 of	 these	 issues,	 many	
RCTs	provide	only	Level	2	evidence.	Some	 larger	
studies in older persons without clear frailty are in-
cluded here, to recognise an increasing emphasis 
on	including	older	persons	in	drug	trials.

Precise descriptions of the target population - in-
cluding	 the	deinition	of	 “frail	persons”	and	a	com-
prehensive description of the degree of cognitive 
and	 functional	 impairment	 -	 were	 usually	 absent.	
Although	 some	 investigators	 included	 information	
on patients’ functional and cognitive status, as well 
as comorbid conditions, the descriptions were often 
only qualitative, and none addressed these issues 
adequately	in	the	analyses.	Explicit,	concurrent	be-
havioural therapy was used in most nursing home 
studies, yet may have occurred in many others 
although	 these	 are	 usually	 speciically	 prohibited	
in	 trials	 managed	 by	 the	 pharmaceutical	 industry.	
Combination therapy and high comorbidity could 
have attenuated differences between drug and pla-
cebo,	and	make	it	dificult	to	compare	results	directly	
with	studies	in	healthy	older	and	younger	persons.	
Outcomes in care home studies were universally 
assessed by UI frequency (pad-weighing, bladder 
diaries, and wet-checks), and none reported quality 
of	life	outcomes.	

In	at	least	six	studies,	investigators	treated	subjects	
with	“urinary	tract	infection”	(usually	deined	as	py-
uria and bacteriuria in the presence of UI) before 
initiating antimuscarinic therapy, and one study 
excluded	 such	 subjects.	 In	 another,	 investigators	
treated urogenital atrophy with oestrogen prior to 
antimuscarinic therapy, possibly leading to an addi-
tional	amelioration	of	symptoms.	However,	no	other	
reversible causes were addressed prior to entry or 
randomisation	in	most	studies.	

The	generally	low	quality	of	these	trials	relects	not	
just	 study	 design,	 but	 the	 larger	 issue	 of	 the	 difi-
culty of doing large, prospective intervention trials 
in	 frail	 populations.	Moreover,	UI	 in	 frail	 elderly	 is	
universally a multifactorial problem involving a large 
number	of	factors	beyond	the	bladder.	Thus,	the	ex-
pectation that drug therapy targeted solely at uro-
dynamic	DO	or	SUI	would	markedly	 improve/cure	
UI	 in	 this	population	 is	unlikely	 to	be	 realised.	Ad-
ditionally, the reporting of adverse events relevant 
to	managing	older	people	appears	 to	be	deicient.	
A	meta-analysis	 examining	 the	measurement	 and	
reporting	 of	 CNS	 outcomes	 showed	 that,	 77%	
(242/314)	 of	 eligible	 trials	 identiied,	 neither	 mea-
sured	nor	reported	CNS	outcomes.	Of	the	remain-
ing	23%,	 it	was	dificult	 to	ascertain	whether	CNS	
adverse events were systematically measured or 
spontaneously	reported.	Only	one	of	72	trials	objec-
tively	measured	changes	in	cognitive	performance.	
Age-stratiied	analyses	of	CNS	outcomes	from	trials	
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in	adults	aged	65	and	older	with	overactive	bladder	
were	found	in	only	eight	publications	[495].

c) Results

Results	from	randomised	trials	are	summarised	in	Table 
9;	the	following	sections	discuss	speciic	drugs	in	detail.

1. oxyBUtynin

The	majority	 of	 older	 studies	 in	 frail	 older	 persons	
used	immediate-release	oxybutynin	(oxybutynin-IR).	
There	are	two	studies	of	extended	release	oxybutynin	
(oxybutynin-ER),	one	examining	cognitive	effects	 in	
nursing home residents with dementia and urgency 
UI,[496]	and	the	other	involving	community-dwelling	
women	over	age	65	[497]	Published	trials	of	the	efi-
cacy	of	transdermal	oxybutynin	included	subjects	up	
to	age	100	and	in	institutional	care	settings,	but	did	
not	stratify	results	by	age	or	comorbidity	[498].	

The	pharmacokinetics	of	oxybutynin-IR	and	 its	ac-
tive	metabolite,	N-desethyloxybutynin,	in	one	study	
tended to show greater plasma levels and bioavail-
ability	with	increasing	frailty	and	age.[499]	Another	
found	 peak	 levels	 in	 21	 octogenarians	 similar	 to	
those	reported	in	young	normal	males	(12.5	ng/mL	
vs.	8.9	ng/mL)	[500].	A	study	of	the	pharmacokinet-
ics	of	transdermal	oxybutynin	showed	no	signiicant	
difference in plasma levels between young and old 
(up	to	77	years)	subjects	[501].

•		Eficacy.	 An	 early,	 small	 (n=15)	 trial	 of	 oxybu -
tynin-IR  and habit training in long-term care resi-
dents	showed	no	effect	on	UI	episodes.[502]	How-
ever, in a subsequent and larger study in long-term 
care residents study who had failed prompted 
voiding	alone,	 the	addition	of	 titrated	oxybutynin-
IR	 resulted	 in	 a	 signiicant	 but	modest	 reduction	
versus	placebo.[503]	Wet-checks	decreased	from	
27%	at	baseline	to	20%	on	drug	and	24%	on	pla-
cebo, leading the authors to conclude that the 
improvement	 was	 not	 clinically	 signiicant,	 espe-
cially given the continuing requirement for nursing 
intervention.	 However,	 their	 a priori deinition	 of	
“clinically	 signiicant	 improvement”	 (one	 or	 fewer	
episodes	of	daytime	UI)	was	achieved	by	40%	on	
drug	but	only	18%	on	placebo	(p<0.05).	The	dose	
generally	 associated	 with	 improvement	 was	 2.5	
mg	 three	 times	daily.	 In	another	 controlled	study	
of	UI	in	long-term	care	residents	(n=24),	there	was	
little	effect	of	oxybutynin-IR	5	mg	twice	daily	given	
for	8	days,	but	all	residents	were	toileted	10	times	
daily, and the dose may have been too high and 
given	 too	 infrequently.[504]	 In	 a	 randomised	 two	
month	trial	in	frail	community-dwelling	elderly,	oxy-
butynin-IR	 plus	 bladder	 training	was	 subjectively	
and objectively superior to bladder training alone 
in	improving	urinary	frequency	(95%	CI	6-27	fewer	
voids	 per	 2	 weeks)	 but	 not	 UI.[505]	 Insuficient	
information	 was	 available	 regarding	 a	 Japanese	
study	in	75	“elderly”	patients	to	assess	the	popula-
tion	and	outcomes.[506]	A	study	in	416	community 

dwelling	older	persons,	including	the	itter	elderly,	
found	 68%	 reported	 a	 partial	 or	 complete	 symp-
tomatic	 cure	with	 2.5	mg	 three	 times	 daily;	 30%	
of	subjects	experienced	ADEs,	but	only	10%	with-
drew	because	of	them.[337]

Only	one	of	 the	 two	 identiied	RCTs	 in	 frailer	 older	
people	 examined	 the	 eficacy	 of	 oxybutynin-ER .
[497]	 The	 other	 examined	 the	 effect	 on	 cognition	
[496]	 and	 is	 discussed	 below.	 No	 published	 RCTs	
of transdermal oxybutynin  in the frail elderly were 
found, and post hoc	sub-analysis	of	eficacy	in	sub-
jects	 over	 the	 age	 of	 65	 has	 been	 published	 only	
in	 abstract	 form.	 In	 a	 small	 Japanese	 case	 series	
(n=13,	mean	age	75)	in	persons	with	urgency	UI	and	
cystometric	 DO, intravesical oxybutynin  caused 
no	signiicant	increase	in	mean	bladder	capacity	one	
hour	after	installation	of	5	mg	oxybutynin	at	pH	5.85.
[507]	 In	 four	patients	who	continued	 twice	daily	 in-
stallation,	two	had	UI	“disappear”	and	one	“markedly	
decrease”	(duration	until	effect	not	noted).	No	patient	
developed	an	“increased	PVR”	(not	deined).	

•		Predictors of eficacy.	Predictors	of	eficacy	were	
studied in one study in persons with urgency UI and 
urodynamic	DO	(n=41,	mean	age	79)	treated	with	
2-4	 weeks	 of	 oxybutynin-IR	 (5-15	 mg/day).[508]	
Factors associated with baseline urine loss (by pad 
weighing) were impaired cognitive orientation (on 
the	Cambridge	Mental	Disorders	of	the	Elderly	Ex-
amination),	number	of	daily	voids,	and	luid	intake.	
Persistent urine loss after treatment was associ-
ated with impaired orientation, reduced sensation 
of	bladder	illing	during	cystometry,	and	most	 sig-
niicantly	 global	 cortical	 under-perfusion	on	 single	
photon emission computed tomography scan, sug-
gesting that cortical factors are the main determi-
nant of the severity of urgency UI before and after 
oxybutynin.	 In	a	study	of	80	older	patients	 (mean	
age	74),	patients	with	dementia	(by	Hasegawa	de-
mentia scale) were less likely than cognitively intact 
patients to report subjective improvement in UI with 
antimuscarinic agents, despite similar objective 
outcomes.[509]	 However,	 these	 results	 could	 re-
lect	treatment-associated	cognitive	effects.	

•	 Adverse reactions. 	A	comparative	sub-analysis	of	
oxybutynin	IR	versus	solifenacin	in	subjects	below	
or	above	65	years	of	age	 (mean	71	years	 in	>65	
year	 age	 group)	 showed	 subjects	 receiving	 oxy-
butynin	IR	at	a	ixed	dose	of	15mg/day	were	over	
eight times more likely to have dry mouth than were 
those	 receiving	 solifenacin	 5mg	 /day,	 irrespective	
of	age	(OR	8.88;	95%	CI	3.91–20.17)	 [354]	(Note	
that	the	median	dose	of	oxybutynin	used	in	clinical	
practice	 is	5mg	bid).	A	comparative	study	against	
once daily trospium chloride conducted in subjects 
up	to	the	age	of	91,	but	with	mean	age	61	(SD	12.4)	
years	showed	oxybutynin	to	be	non-	inferior	to	tros-
pium in terms of resolution of UI episodes, but was 
associated with twice the incidence of dry mouth 
(7.7%	versus	4.1%)	[510].
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Drug
 

Study
 

Design
 

Setti ng  and pts
 

Resu lts
 

Comments
 

Oxybutynin  Minassian 2007 [497] prospective randomized 
12-week, open-label study 
to investigate the 
effectiveness of extended 
release versus immediate 
release oxybutynin 

community-dwelling 
female population over the 
age of 65 

72 women (23%) were enrolled over 34 
months (33 in the immediate release 
group, and 39 in the extended release 
group). The study was stopped 
prematurely 

 

Sand 2007 [949] randomized, open-label, 
assessing health-related 
quality-of-life (HRQoL) and 
safety with oxybutynin 
transdermal system (OXY-
TDS)  

community-based study of 
2878 participants aged 
>/=18 years who had been 
given a diagnosis of OAB. 

There were clinically meaningful and 
statistically significant improvements in 
nine of 10 domains in KHQ at the study 
end; the greatest improvements were in 
Incontinence Impact (-13.5), Symptom 
Severity (-12.4), and Role Limitations (-
13.3). 

No age stratification, not 
obviously a frail element to 
the study sample 

Lackner 2011[950] efficacy of oral extended-
release oxybutynin for urge 
urinary incontinence  

4 week trial in 50 older 
female nursing home 
residents with mild to 
severe cognitive 
impairment. 

both groups achieved a significant 
median decrease in mean urinary 
incontinence episodes and urinary 
frequency at 4 weeks (P = .01-.05). 

No between group 
differences in any outcome 

Solif enacin Herschorn 2011[354] randomized, multicentre, 
prospective, double-blind, 
double-dummy study to 
compare the incidence and 
severity of dry mouth and 
other adverse events in 
patients  65 years and 
>65  

132 subjects with  1 
urgency episode per 24 h, 
with or without urgency 
incontinence, and  8 
micturitions per 24 h for  
3 months. 

incidence and severity of dry mouth and 
other adverse events with solifenacin 
were similar between younger and older 
patients. solifenacin 5 mg/day was 
associated with fewer episodes and 
lower severity of dry mouth, and a lower 
discontinuation rate 

adverse events were 
evaluated in subgroups of 
patients  65 years and 
>65 years.  No 
stratification otherwise 

Table 9.  Evaluable drug trials in frail older people (see text for explanation)



1043

Darif enac in Chapple 2007 [951] RCT assessing efficacy, 
tolerability, safety and 
quality of life in 400 
subjects mean age 72 
years  

randomized (2:1) to 12 
weeks of double-blind 
treatment with darifenacin 
7.5 mg once daily for 2 
weeks, then optional 
titration to 15 mg daily or 
placebo with sham titration 

Mean urgency urinary incontinence 
episodes decreased significantly with 
both darifenacin (-88.6%) and placebo 
(-77.9%; p > 0.05), QoL assessments 
revealed significant improvements with 
darifenacin versus placebo 

Unsure re “frailty” of 
sample 

Fesoter od ine Wagg 2010 [527] RCT, efficacy and PRO 
comparing fesoterodine to 
placebo  

794 community dwelling 
men and women >65 (1/3 
>75) 

improvement in urgency episodes (-
1.92 v -3.47, p<0.001), micturitions (-
0.93 v -1.91, p<0.001), nocturnal 
micturition (-0.27 v -0.51, p=0.003), 
severe urgency episodes (-1.55, -2.40, 
p<0.001), and incontinence pad use  
The response on the treatment benefit 
scale, OAB-S, PPBC, and UPS 
significantly greater in fesoterodine 
group 

Community dwelling 
sample, including very 
elderly, no assessment of 
frailty, largely cognitively 
intact 

DuBeau 2012 [528] 12 week double blind, 
placebo controlled study  

562 people of mean age 
75 years fulfilling definition 
of vulnerable elderly 

mean reductions in UUI episodes  at 
week 12  versus placebo -0.65 (0.21), 
p<0.0018) and 24h micturition 
frequency -0.84 (0.23), p<0.0003) 

 

 

Table 9.  Evaluable drug trials in frail older people (see text for explanation) (continued)

Drug  Study Design  Setti ng  and pts  Resu lts  Comments  
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Cognitive	 side	 effects	 from	 oxybutynin	 have	 been	
reported	 in	 older	 persons.	 In	 one	 case	 series,	 four	
older men with Parkinson’s disease and mild-severe 
cognitive impairment developed confusion, psycho-
sis,	 hallucinations,	 behavioural	 disturbance,	 and/or	
paranoia	after	receiving	oxybutynin-IR	(5-15mg/day),	
which	resolved	when	oxybutynin	was	stopped.[511]	
Of note, each patient was also on L-dopa (co-benel-
dopa) and selegiline, and the observed effects could 
relect	drug-drug	interactions.	However,	these	results	
are	belied	by	a	large	RCT	in	which	oxybutynin-ER	5	
mg daily did not cause more delirium than placebo in 
NH	residents	with	UI	and	dementia	[496].	

There	are	case	reports	of	reversible	peripheral	neu-
ropathy	 conirmed	by	 re-exposure	 in	 a	 70	 year	 old	
woman	taking	oxybutynin-IR	5-7.5	mg/day[512]	and	
recurrent	 heat	 stroke	 associated	 with	 oxybutynin	
in	 one	 elderly	 patient.[513]	 Few	 studies	 have	 ad-
dressed	cardiac	effects.	A	small	study	of	older	per-
sons	in	the	community	with	UI	(n=20,	mean	age	75)	
found no change in resting heart rate or electrocar-
diograph	evidence	of	either	prolonged	PR	interval	or	
QTc,	or	QTc	dispersion	after	4	weeks	of	oxybutynin-
IR	(mean	daily	dose	7.6	mg	[range	2.5-10	mg]).[514]	
Using a large administrative utilisation database, 
no association was found between antimuscarinics 
(oxybutynin,	lavoxate,	hyoscyamine)	and	ventricular	
arrhythmia	 and	 sudden	 death.[515]	 Post-marketing	
adverse	events	with	extended	release	oxybutynin	in-
clude	tachycardia	and	hallucinations.	

2. toltEroDinE 

Since	 the	 last	 ICI,	we	 identiied	no	 further	 studies	
of	tolterodine	for	OAB/	DO.	Analysis	of	the	studies	
of	tolterodine	in	“older	patients	“	does	not	allow	any	
conclusion	 to	be	drawn	about	 the	 frail	elderly.	For	
example,	 “older”	 patients	 in	 one	 RCT	 of	 toltero -
dine-ER  were all community-dwelling, able to com-
plete	a	7-day	bladder	diary,	had	a	high	prevalence	
of	previous	antimuscarinic	treatment	(53-57%),	and	
a	low	prevalence	of	arthritis	(15-18%),	unlike	most	
frail	 older	 persons.[516]	Although	several	 trials	 in-
clude elderly persons in their ninth and tenth de-
cades,[516-518]	mean	age	 (~64	years)	was	much	
lower,	persons	with	“[unspeciied]	disease	which	the	
investigator	 thought	 made	 the	 patient	 unsuitable”	
and/or	 “renal	 disease”	were	 excluded,	 and	 results	
were	not	stratiied	by	age.	In	a	secondary	analysis	
of a large, open label German trial of tolterodine-
IR	 2	 mg	 twice	 daily,	 higher	 age	 was	 signiicantly	
associated	 with	 “less	 favourable	 eficacy.”[519]	
However,	the	absolute	difference	in	odds	was	only	
0.019,	 there	was	no	association	of	 tolerability	with	
age, only mean age is described, and UI frequency 
was based on patient report, not bladder diaries, 
all of which fail to add up to a clinically meaningful 
difference.	 In	 a	 non-randomised	 study,	 tolterodine	
was	 given	 to	 48	 nursing	 home	 residents	 who	 did	
not	respond	to	toileting	alone;	31	of	these	patients	
had	a	29%	increase	in	dryness	(versus	16%	in	resi-

dents	on	toileting	alone)	[484].	We	did	locate	a	trial	
of	1	year	duration	of	the	addition	of	tolterodine	ER	
4mg	to	alpha	blocker	or	5	ARA	therapy	in	older	men	
(mean	age	74.9	years)	which	resulted	in	a	between	
group,	statistically	signiicant	decrease	 in	 the	stor-
age	symptom	score	on	the	IPSS	[520].

•		Adverse reactions. 	There	are	no	prospective	sys-
tematic	data	on	tolerability	 in	frail	patients.	There	
have	been	case	reports	of	hallucinations	(73	year	
old	 woman	 with	 dementia	 [521])	 and	 worsening	
memory,[522]	 including	a	 65	 year	 old	 cognitively	
intact	woman.[523]	There	is	a	case	reports	of	de-
lirium when tolterodine was given with a cholin-
esterase	 inhibitor	 [524].	Analysis	 of	 prescription-
event	monitoring	in	the	UK	(mean	patient	age	63)	
found	a	signiicant	association	between	age	(>74	
years) and psychiatric events and tachycardia 
(odds	ratios	not	given)	[525].	In	a	similar	database	
study,	the	age-	and	sex-adjusted	risk	of	hallucina-
tions	with	tolterodine	was	4.85	(95%	CI	2.72-8.66)	
compared	 with	 10	 other	 drugs	 (acarbose,	 alen-
dronate,	 famotidine,	 3	 proton	 pump	 inhibitors,	 i-
nasteride,	meloxicam,	misoprostol,	and	nizatidine)	
chosen for presumed lack of antimuscarinic, car-
diovascular,	and	CNS	activity,	and	available	in	the	
database.	 Important	 confounders	 such	 as	 other	
drugs	and	comorbidity	were	not	evaluated.	Similar	
to	 oxybutynin-ER,	 post-marketing	 information	 on	
tachycardia and hallucinations was added to the 
tolterodine-ER	package	insert	in	2003.	

3. fESotEroDinE

Since	 the	 4th	 ICI	 we	 located	 four	 studies	 of	 age	
related pharmacokinetics in younger versus older 
subjects (although not frail), a pooled analysis dem-
onstrating	eficacy	of	 fesoterodine	 in	 subjects	over	
the	age	of	65,	 stratiied	 into	>65	and	>75year	age	
groups, a large prospective study which reported 
the	eficacy	of	fesoterodine	in	subjects	stratiied	by	
age	(>65	and	>75)	years	of	age	and	a	prospective	
study	in	the	frail	elderly	[355,	526]The	pharmacoki-
netic study found no clinically meaningful effect on 
5-HMT,	 the	active	metabolite	of	 fesoterodine	phar-
macokinetics or pharmacodynamics after single-
dose	 administration	 of	 fesoterodine	 8	mg.	 The	 ef-
icacy	 of	 fesoterodine	 has	 also	 been	 studied	 in	 a	
European	trial	 in	794	elderly	men	and	women	with	
OAB	 [527],	 47%	 were	 men.	 Forty-six	 percent	 of	
subjects reported urgency incontinence episodes at 
baseline,	and	64%	had	prior	treatment	with	antimus-
carinics.	At	week	12,	the	improvement	from	baseline	
in	urgency	episodes	(-1.92	v	-3.47,	p<0.001),	mictu-
ritions	(-0.93	v	-1.91,	p<0.001),	nocturnal	micturition	
(-0.27	 v	 -0.51,	 p=0.003),	 severe	urgency	episodes	
(-1.55,	 -2.40,	 p<0.001),	 and	 incontinence	 pad	 use	
were	statistically	signiicantly	greater	with	 fesotero-
dine	than	with	placebo.	The	responses	on	the	treat-
ment	beneit	scales,	OAB-S,	PPBC,	and	UPS	were	
also	signiicantly	greater	in	those	in	the	fesoterodine	
group	versus	placebo.	The	effect	of fesoterodine has 
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also been assessed in vulnerable older people as 
assessed	by	 the	Vulnerable	Elders	Survey	Survey	
[269],	which	 identiies	 those	at	 risk	of	death	 in	 the	
following	two	years.	This	12	week	double	blind,	pla-
cebo	controlled	study	including	562	people	of	mean	
age	 75	 years	 resulted	 in	 mean	 reductions	 in	 UUI	
episodes	at	week	12	versus	placebo	 (-0.65	 (0.21),	
p<0.0018)	 and	 24h	 micturition	 frequency	 (-0.84	
(0.23),	p<0.0003)	[528].

•		Adverse effects: 	The	cognitive	safety	of	fesotero-
dine has been assessed in a single small study of 
cognitively intact older subjects, using alprazolam 
as	an	active	control	and	placebo.	There	were	no	
statistically	signiicant	changes	in	performance	on	
a computer assisted battery of cognitive tests ver-
sus	placebo	[529].	

4. SolifEnacin

We	located	a	sub-cut	analysis	from	a	Canadian	study	
which	reported	tolerability	of	solifenacin	versus	oxy-
butynin	in	older	subjects,	reported	above	[354].	Oth-
erwise,	there	were	no	further	relevant	studies.	Phar-
macokinetics of solifenacin have been evaluated in 
23	older	subjects	(mean	age	68);	tmax was longer and 
there	was	a	higher	maximum	plasma	concentration,	
but the differences from results in younger patients 
were small and deemed by the authors to be clini-
cally	irrelevant.[530].	A	secondary	analysis	of	pooled	
Phase	III	data	in	patients	aged	65	and	older	(all	com-
munity	dwelling	and	it,	mean	age	72)	 found	similar	
eficacy	to	that	reported	for	younger	and	middle	aged	
persons	[531].	However,	direct	comparison	with	sub-
jects	<	65	 yrs	 from	 the	 same	pooled	 trials	was	not	
done.	Adverse	 effects	 in	 older	 frailer	 patients	 have	
not	been	speciically	reported.	However,	data	from	an	
open-label,	12-week	trial	in	patients	treated	by	com-
munity urologists found that overall treatment-emer-
gent adverse events were more likely in patients aged 
>80	years	(OR	3.9	[95%	CI	1.3-11.5])	and	taking	con-
comitant	medications	(OR	1.8	[95%	CI	1.2-2.6])	[532].	
Patients with concurrent medications were more like-
ly	to	be	male	and	on	average	about	12-14	years	older,	
have comorbid disease, and be administered higher 
doses of solifenacin, yet had no observed increase in 
heart	rate	or	blood	pressure	with	solifenacin.

•		Adverse effects: 	The	cognitive	safety	of	a	single	
dose	 of	 10mg	 solifenacin	 was	 tested	 versus	 pla-
cebo	 and	 10mg	 oxybutynin	 IR	 in	 an	 exploratory	
study	in	12	cognitively	intact	older	subjects.	Solife-
nacin showed no evidence of impaired cognition or 
self-ratings of mood and alertness versus placebo 
[533].	In	a	3-way	crossover	design,	chronic	dosing	
of	5mg	solifenacin,	placebo	and	5mg	bid	of	oxybu-
tynin were compared using a similar battery of tests 
in	23	older	subjects	with	mild	cognitive	impairment.	
There	was	no	statistically	signiicant	effect	on	cogni-
tion	of	solifenacin	versus	placebo.	Oxybutynin	5mg	
bid was associated with impairment in power and 
speed of attention in a post hoc analysis of pooled 
time	points	at	1+2h	post	dose	[534].

5. DarifEnacin

We	located	one	RCT	of	darifenacin	for	OAB	in	per-
sons	aged	≥65	 (mean	72),	 in	which	 there	was	no	
statistically	signiicant	difference	between	drug	and	
placebo	 for	 the	 primary	 end	 point,	 UI	 frequency.
[535]	 There	 were	 statistically	 signiicant	 improve-
ments	with	drug	 for	urinary	 frequency	 (-25.3%	vs.	
-18.5%	with	placebo;	p	<	0.01)	and	quality	of	 life,	
as	measured	 by	OAB-q	 and	 patient	 perception	 of	
bladder	condition.	A	2	year	extension	study	in	sub-
jects	 >65	 was	 reported,	 showing	 maintenance	 of	
OAB	symptom	improvement	over	the	2-year	period	
with	 44.4%	 patients	 achieving	 >	 or	 =	 90%	 reduc-
tion	in	incontinence	episodes	at	2	years	for	the	64%	
(137/214)	subjects	remaining	in	the	study	[536].

•		Adverse effects.  Cognitive adverse effects of 
darifenacin have been prospectively studied in 
a	series	of	 trials.	The	irst	was	a	3-period	cross-
over	 RCT	 in	 129	 older	 subjects	 (mean	 age	 71,	
54%	 of	 those	 screened),	 88%	 of	 whom	 had	 co-
morbid	medical	conditions	and	93%	were	on	other	
medications.[537]	Cognition	was	assessed	using	
a	 standardized	 computerised	 test	 battery.	 Darif-
enacin at variable doses did not adversely affect 
cognition compared to placebo, but results were 
aggregated so that patients did not serve as their 
own	controls.	A	subsequent	study	in	cognitively	in-
tact	older	persons	(n	=	49,	mean	age	66)	using	a	
similar computer cognitive test battery compared 
titrated	 darifenacin	 and	 oxybutynin-ER	 with	 pla-
cebo	 over	 3	weeks.[538]	Oxybutynin-ER	 but	 not	
darifenacin or placebo adversely affected the pri-
mary endpoint, delayed recall on the Name-Face 
Association	test.	However,	oxybutynin	was	titrated	
one	week	earlier	 than	darifenacin,	 and	 to	 a	 inal	
dose	(20	mg	daily)	much	higher	than	is	commonly	
used	 in	 clinical	practice.	Also,	 there	were	no	dif-
ferences between the two drugs and placebo for 
many	other	domains	of	the	cognitive	battery.

6. troSpiUM chloriDE 

Although	 often	 promoted	 for	 use	 in	 the	 elderly	 be-
cause of the reduced likelihood that the drug crosses 
the blood-brain barrier, we found no studies that eval-
uated	the	agent	speciically	in	frail	older	persons.	All	
studies	have	included	“younger	elderly,”	but	even	the	
most	recent	has	not	stratiied	results	by	age	[539].	

•		Adverse effects: 	 The	 effect	 of	 60mg	 trospium	
chloride	once	daily	over	10	days	on	either	 learn-
ing	 or	 memory	 was	 assessed	 in	 12	 cognitively	
intact	 older	 people	 (>65	 –	 75	 years).	There	was	
no	change	in	standardised	testing.	Additionally,	no	
trospium	was	 detectable	 in	 the	 CSF	 of	 the	 sub-
jects	at	day	10	[540,	541].	As	part	of	a	larger	study	
of	trospuim	chloride	20mg	bid,	36	(26	completed).	
Subjects	 with	 UUI	 and	 dementia,	 treated	 with	
galantamine	and	 trospium)	were	examined.	Sub-
jects	with	severe	dementia	were	excluded	 in	 this	
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non-randomised,	open	label	study.	There	was	no	
observable decrement in either cognition, but only 
measured	by	MMSE,	or	ability	in	terms	of	activities	
of	daily	living	in	the	dually	treated	group	[364].

7. propivErinE 

In	46	patients	with	dementia	(mean	age	81),	there	
was	a	40%	decrease	 in	urgency	UI	with	propiver-
ine	20	mg/day	for	2	weeks,[542]	similar	to	two	small	
Japanese	trials	[543,	544]and	a	German	trial	in	98	
patients.[545]	The	agent’s	high	protein	binding,	ex-
tensive	 irst	 pass	metabolism,	 15-hour	 half	 life	 (in	
normal	younger	persons),	and	renal	clearance	[542]	
need	to	be	considered	if	used	in	frail	older	people.	
There	have	been	no	new	 trials	 reporting	on	either	
eficacy	or	tolerability	in	older	people.

8. iMiDafEnacin

	 There	 have	 been	 no	 pharmacokinetic	 studies	 of	
imidafenacin	in	older	people	[546].	However,	a	pop-
ulation pharmacokinetic analysis demonstrated that 
oral clearance was decreased with advancing age, 
increasing	 hepatic	 function	 parameters	 (AST	 and	
ALP),	 food	 intake,	and	 itraconazole	co-administra-
tion.	The	 absorption	 rate	 constant	was	 decreased	
with	food	 intake	[547].	The	drug	 is	metabolised	by	
the	 CYP3A4	 system,	 and	 it	 is	 affected	 by	 drugs	
which	 inhibit	 this	 system	 [546]	 .	There	appears	 to	
be	no	affect	on	digoxin	pharmacokinetics	in	healthy	
volunteers	 [548].	 There	 are	 no	 trial	 data	 on	 older	
patients	using	this	agent.

9. DUloxEtinE

There	was	a	statistically	 signiicantly	 reduced	 rate	
of	clearance	of	duloxetine	in	patients	over	age	65,	
based	on	a	study	in	12	it	women	aged	65-77.[549]	
The	authors	 felt	 the	differences	were	not	clinically	
signiicant	 given	 the	 “similar	 safety	 proile”	 of	 the	
drug	 in	 older	 and	 younger	 women.	 In	 three	 large	
RCTs	 in	 women	with	 SUI,	 aged	 24-83	 years,	 n	 =	
494	 [none	 frail];[550]	with	OAB,	aged	21-84	years	
[none	frail],	n	=	306	[551];and	with	mixed	UI,	up	to	
age	85[552]),	duloxetine	decreased	UI	and	urinary	
frequency,	but	none	stratiied	outcomes	or	adverse	
effects	 by	 age.	 In	 a	 newer	 randomised	 controlled	
study	of	265	community	dwelling	older	women,	134	
treated	with	duloxetine,	of	whom	20%	had	mild	cog-
nitive	impairment	as	classiied	by	the	modiied	mini-
mental	 state	 exam	 [553],	 duloxetine	 treatment	 led	
to	a	statistically	signiicant	decrease	in	incontinence	
episode	frequency	(median	percent	change	51.6%)	
versus	 placebo	 (32.1%)	 for	 stress	 predominant	
mixed	symptoms,	but	did	not	reach	signiicance	for	
stress	urinary	incontinence	(53%	v	42%)	[554].	Du-
loxetine	is	neither	approved	by	the	US	FDA	nor	rec-
ommended	by	 the	UK	National	 Institute	of	Health-
care	and	Clinical	Excellence.

10. MiraBEGron

	There	are	no	trials	of	mirabegron	in	the	frail	elderly.	
There	 are	 data	 on	 the	 comparative	 pharmacoki-

netics	 in	older	people,	but	not	speciically	 the	 frail	
elderly.	 In	available	studies,	 there	were	no	statisti-
cally	signiicant	differences	in	mirabegron	exposure	
between	older	volunteers	aged	55	years	and	above	
and	 younger	 volunteers	 (18-45	 years).	 Similar	 re-
sults	 were	 obtained	 for	 those	 aged	 65	 years	 and	
above.	AUC	was	 predicted	 to	 be	 11%	higher	 in	 a	
subject	aged	90	years	of	age	[555]

11. oEStroGEn 

Oral	oestriol	3	mg/day	was	compared	to	placebo	for	
12	weeks	in	34	women	aged	75	[84].	The	group	was	
highly self-selected; complete results were available 
for	11	with	SUI,	12	with	urgency	UI,	and	8	with	mixed.	
Two-thirds	of	urgency	UI	and	75%	of	mixed	UI	patients	
reported	 improvement;	 there	 was	 no	 effect	 on	 SUI.	
Four	patients	reported	metrorrhagia	and	mastodynia.	
A	 10	 week	 crossover	 trial	 comparing	 quinestradol	
0.25	mg	four	times	a	day	with	placebo	in	18	women	in	
long-term care (type of UI not reported) found a mean 
12%	decrease	 in	UI	episodes	vs	22%	 increase	with	
placebo.[556]	The	combination	of	conjugated	oestro-
gen	0.625	mg/day	and	progesterone	2.5	mg/day	was	
evaluated	in	a	6	month,	placebo-controlled	trial	in	32	
female	NH	residents	with	predominantly	urgency	UI,	
who	also	received	prompted	voiding	[557].	In	the	21	
women	who	inished	the	trial,	there	was	no	difference	
in wet checks between drug and placebo despite in-
creased serum oestrogen levels and partial oestrogen 
effect	 on	 vaginal	 cytology	and	pH	 in	 the	women	on	
drug.	Two	women	on	the	drug	developed	vaginal	spot-
ting, and	10%	developed	breast	 tenderness.	Similar	
lack	of	eficacy	despite	vaginal	changes	were	 found	
in	a	case	series	of	9	frail	women	(mean	age	83)	with	
urgency	 or	 mixed	 UI	 using	 an	 oestrogen-implanted	
vaginal	ring	(Estring	®)	[558].

12. MiScEllanEoUS MEDicationS

Readers	 interested	 in	 agents	 which	 are	 seldom	
used in clinical practice should refer to the 4th In-
ternational Consultation on Incontinence for data 
relevant to frail older people for information on:

Emepronium bromide, Flavoxate, Propanthe -
line, Imipramine, Flurbiprofen, Procaine hae -
matoporphyrin. 

13. coMparativE trialS

We	found	no	studies	that	compared	antimuscarinic	
agents	 in	 frail	 older	 persons.	 Other	 comparative	
studies in community dwelling elderly, where rel-
evant,	are	mentioned	above.

d) Summary of the evidence

1.		Short-term	treatment	with	oxybutynin-IR	has	small	
to	moderate	eficacy	in	reducing	urinary	frequency	
and urgency UI when added to behavioural thera-
py	in	long	term	care	residents.	(Level 2)

2.		Low	dose	oxybutynin-ER	does	not	cause	delirium	in	
cognitively impaired nursing home residents (Level 1 )
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3.		Oxybutynin-IR	has	been	associated	with	cognitive	
adverse	effects	 in	 persons	with	 dementia	 and/or	
Parkinson’s disease (Level 3) , although the inci-
dence and prevalence are unknown (Level 4)

4.		Oxybutynin	has	been	associated	with	tachycardia	
(Level 3) ,	but	not	associated	with	QTc	prolonga-
tion (Level 3)  or ventricular arrhythmia (Level 2)

5.		Oxybutynin	 is	 less	effective	 in	 persons	with	 im-
paired orientation, cerebral cortical under-perfu-
sion, and reduced bladder sensation (Level 2)

6.		Oxybutynin	is	less	well	tolerated,	versus	solifena-
cin, in older people (level 2)

7.		Fesoterodine	is	effective	in	ameliorating	the	symp-
toms	 of	 OAB	 in	 frail	 older	 people,	 identiied	 by	
VES-13	 (level 1). 	 There	 is	 insuficient	 evidence	
to	determine	the	eficacy,	tolerability,	and	safety	of	
the following agents in the frail elderly (Level 4) :

	 a.		Intravesical	oxybutynin

	 b.		Transdermal	oxybutynin

	 c.		Trospium

	 d.		Tolterodine

	 e.		Darifenacin

	 f.		Solifenacin

	 g.		Mirabegron

	 h.		Duloxetine

	 i.		Oral	and	topical	oestrogen

8.		Tolterodine	 is	 associated	 with	 cognitive	 impair-
ment and tachycardia (Level 3) , although the in-
cidence	and	prevalence	are	unknown.	(Level 4)

9.		Solifenacin	 (5mg/day)	 is	associated	with	no	 im-
pairment of cognition in older persons with mild 
cognitive impairment versus placebo (level 2)

e) Recommendations for practice

•		A	global	assessment	of	the	cognitive	and	“at	risk”	
status	of	 the	patient	should	be	undertaken.	Unfor-
tunately,	 the	 MMSE	 and	 ADAS-Cog	 seem	 to	 be	
insensitive to change in cognitive impairment due 
to	bladder	antimuscarinics	[527,	559].	Patients	that	
might be at risk of impaired cognition have been 
well	described	[348]	and	consist	of	those	with	mild	
cognitive impairment, long-standing type II diabe-
tes, alcohol misuse, dementia and Parkinson’s dis-
ease.	Those	with	Parkinson’s	disease	may	be	ex-
quisitely	sensitive	[560].	These	individuals	will	need	
to be carefully assessed, both prior to, and shortly 
after, initiation of treatment with bladder antimusca-
rinics.	 Treatment	may	 necessarily	 depend	 upon	 a	
global assessment of cognition during the clinical 
assessment and, if possible, a carer’s impression 
of	 change.	 In	 addition	 to	 the	of	 likely	 beneit	 from	

drug	treatment,	considering	the	life	expectancy	and	
wishes of the patient, account should be taken of 
total anticholinergic load, as this clearly increases 
the	 likelihood	 of	 cognitive	 impairment.	 There	 is	
evidence of cognitive safety of these drugs, for 
the most part in cognitively intact older adults, and 
therefore, prescribing bladder antimuscarinics as 
single	agents	is,	on	the	whole,	probably	safe.

•		Those	studies	using	high	doses	(20mg)	of	oxybu-
tynin are associated with an increased likelihood 
of causing cognitive impairment, which may not be 
apparent	to	either	the	patient	or	the	clinician.	This	
drug should probably be avoided in the elderly at 
high dose, and in those at cognitive risk, in any 
case.	 The	 other	 antimuscarinics	 should	 be	 initi-
ated carefully, at the lowest dose for tolerability, 
with	dose	 increases	where	 indicated	 for	eficacy,	
and	reviewed	early.	

•		The	length	of	exposure	to	anticholinergics	seems	
to be important, studies suggest a lack of decline 
in	those	with	established	dementia	[349,	561]	,	but	
with	exposures	of	at	least	two	years,	there	is	a	re-
ported	increase	in	mortality	[562-564].	To	what	ex-
tent	this	is	explained	by	case	mix,	comorbidity	or	
other factors is not known and will be the subject 
of	further	research.	Consideration	should	be	given	
to	limiting	the	overall	exposure	of	antimuscarinics,	
particularly if in combination with other drugs with 
anticholinergic	properties.

5.  SURGICAL TREATMENT IN THE FRAIL 
ELDERLY

a) Background

Despite	 ongoing	 reports	 concerning	 the	 aetiology	
and pathophysiology of UI in older people, informa-
tion on surgical management of the frail elderly is 
scarce	 [565,	 566].	 Nevertheless,	 currently,	 surgical	
management	of	stress	incontinence	(SUI)	in	elderly	
women is the same as in younger stress-incontinent 
patients	[567,	568].	However,	the	outcomes	of	anti-in-
continence surgery in frail elderly patients may be af-
fected by inherent co-morbidities, as well as impaired 
bladder	and	pelvic	loor	function.	There	are	still	very	
few studies of gynaecological surgery in older frail 
women, surgical treatment for post-prostatectomy UI 
in frail men, and minimally invasive procedures, or 
peri-operative care (including prevention of common 
postoperative complications) in urological and gyn-
aecological	patients.	We	reviewed	the	available	data	
and general issues regarding peri-operative care 
which	could	improve	surgical	outcomes	in	this	group.	
Aspects	of	surgical	 treatment	of	UI	 in	healthy	older	
persons	are	also	covered	in	13:	Surgery	for	Urinary	
Incontinence	in	Men,	Chapter	14:	Surgery	for	Urinary	
Incontinence	in	Women,	and	Chapter	15:	Surgery	for	
Pelvic	Organ	Prolapse.	

In providing an evidence-based summary on this 
topic, we have taken advantage of the recent litera-
ture review and research recommendations from 
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the	American	Geriatrics	 Society,	 New	 Frontiers	 in	
Geriatrics	 Research:	 An	Agenda	 for	 Surgical	 and	
Related	Medical	Specialties.	 [569].	This	project	 in-
volved systematic literature reviews that were used 
to generate summary statements and recommenda-
tions	for	research.	Their	indings	and	recommenda-
tions pertinent to the frail elderly regarding surgical 
treatment of geriatric UI, geriatric gynaecological 
surgery, and general care of the geriatric surgical 
patient are included in the summary statements be-
low.	 Data	 supporting	 these	 conclusions	 are	 avail-
able	in	the	monograph	[570].

b) Incontinence surgery in frail elderly women 

Surgical	intervention	is	considered	to	be	the	most	
eficient	 and	 durable	 approach	 for	 the	 treatment	
of	SUI.	A	wide	variety	of	surgical	techniques	have	
been described, among which the mid-urethral 
sling procedures have gained worldwide populari-
ty.	Since	the	last	ICI	report	on	UI	surgical	treatment	
in frail elderly appeared, there are few new data 
on which to base appropriate recommendations for 
this	group.	Several	studies	have	used	U.S.	national	
hospital	discharge	databases	to	examine	surgical	
rates, but unfortunately they either age-adjusted 
results	[571]	or	used	relatively	young	cut-off	points	
(e.g.,	 </>	50	 years)	 [572].	Even	 in	 series	 that	 do	
speciically	 look	at	elderly	women	 (mean	age	78,	
range	68-90),	most	patients	are	cognitively	 intact	
(95%)	[573].	Cognitive	impairment	appears	to	bias	
against	having	surgery:	in	one	study,	only	0.11%	of	
operations for UI were done in women with demen-
tia, cerebrovascular disease, or hemiplegia com-
bined.	 Despite	 the	 fact	 that	 absolute	 numbers	 of	
ambulatory UI surgery cases in women increased 
from	1994-1996,	the	percent	done	in	those	aged	>	
80	years	remained	the	same	(4-5%)	[574],	with	the	
same proportions for pelvic organ prolapse sur-
gery	(5%)	[575].	In	the	US,	surgery	rates	in	elderly	
women	vary	by	region	and	race	[576].

One	 single-centre,	 community-based	 series	 of	 54	
patients	aged	70	years	and	above	provides	a	pic-
ture	 of	 this	 surgical	 population.	 Twenty-eight	 per-
cent	of	patients	were	aged	>	80,	 four	 resided	 in	a	
nursing	 home	 or	 assisted	 living	 facility,	 82%	 had	
signiicant	 comorbidities,	 and	 32%	were	 classiied	
as	 American	 Society	 of	 Anaesthesiology	 class	 III	
risk.	Intra-operative	complications	occurred	in	11%	
of	patients;	postoperatively,	11%	required	intensive	
care	monitoring,	6%	had	serious	complications,	7%	
became	delirious,	 and	9%	experienced	a	 slow	 re-
turn	of	bowel	function.	The	authors	concluded	that	
discharge planning was especially important for 
these patients, and recommended presurgical plan-
ning with regard to discharge destination and likely 
need	for	assistance	[577].	

Although	higher	complication	rates	generally	relect	
the	comorbidity	common	in	frail	elders	(10.4%	com-
plication	 rate	with	 comorbidity	 vs.	 5.8%	without	 it,	
p<.001)	[572],	some	studies	have	found	age	protec-

tive	(in	one,	age	>73	years	is	associated	with	lower	
risk of vaginal cuff infection and recurrent prolapse 
following	 vaginal	 sacrospinous	 ixation	 [578]).	The	
morbidity and mortality for geriatric patients under-
going anti-UI procedures appear to be similar to 
those of other major non-cardiac surgical proce-
dures	 [569].	 Mortality	 is	 inconsistently	 associated	
with increased age, and most strongly related to 
cardiac	or	cancer	complications	 [579].	Many	stud-
ies do not uniformly control for the impact of comor-
bidity	on	mortality	 [579].	Pre-operative	administra-
tion of oestrogen appears ineffective in promoting 
wound	 healing	 [580].	 Patient-controlled	 analgesia	
provides adequate pain control and sedation and 
increased patient satisfaction compared with stan-
dard	ixed-dose	and	time	administered	medications	
in	cognitively	 intact	geriatric	patients	[580].	Choice	
of anaesthetic agent may affect postoperative cog-
nition	and	urinary	retention.	The	use	of	methyl	na-
ltrexone	 to	 treat	opioid-related	urinary	 retention	or	
constipation may become an important adjunct to 
surgical	care	in	frailer	patients	[581].	There	are	few	
age-speciic	 data	 on	 outcomes	 available,	 and	 no	
studies	systematically	examine	quality	of	life,	func-
tional	outcome,	or	discharge	destination.	

With	the	advent	of	newer	“minimally	 invasive”	pro-
cedures, there has come some modicum of use in 
older,	 albeit,	 not	 frail	 patients.	 Injection	 of	 bulking	
agents in women appears to be as little effective in 
younger women as in elderly patients and age does 
not	appear	 to	 relate	 to	outcomes	 [569].	There	are	
several	 published	 reports	 examining	 outcomes	 of	
tension-free	vaginal	tape	(TVT)	in	the	elderly	popu-
lation.	However,	most	 of	 these	 studies	 are	 limited	
by short term follow-up, small patient groups and 
confounding	 variables	 [582-584].	 Hellberg	 et al. 
showed	that	at	three	months,	women	≥	75	years	old	
had	a	cure	 rate	of	81.6%	compared	with	a	 rate	of	
92.8%	 in	women	<75	years	old.	At	 later	 follow-up,	
regardless	 of	 duration	 since	 the	 TVT	 procedure,	
the	proportion	of	women	with	cure	for	‘any’	inconti-
nence	decreased	with	increasing	age.	Women	≥	75	
years	old	had	a	cure	rate	of	55.7%,	compared	with	
79.9%	in	women	<	60	years	old	(p=	0.0001)	[585].	
In one single institutional study, authors showed no 
signiicant	difference	 in	cure	 rate	 (85%	vs.	91.3%,	
respectively).	 However,	 follow-up	 was	 only	 10.4	
months	 [586].	 In	 a	 randomized	 controlled	 trial	 of	
tension-free	 vaginal	 tape	 (TVT)	 versus	 6-month	
wait-list control, the intervention group at 6 months 
had	a	statistically	signiicantly	greater	improvement	
in	mean	I-QOL	score,	patient	satisfaction	score,	and	
urinary	 problem	score	 [587].	There	was	 no	 objec-
tive	measure	of	cure.	Peri-operative	complications	
were common, with bladder perforation by needle 
in	one-in-ive	(22.6%)	which	required	24	hours	of	in-
dwelling	catheterisation;	urinary	 retention	 (12.9%),	
and	less	than	5%	with	either	a	urinary	tract	infection	
or	new	urinary	urgency	 (3.2%).	 In	an	uncontrolled	
case	 series	 examining	 the	 use	 of	 the	 suprapubic	
arch	(SPARC)	sling	procedure,	the	outcomes	in	43	
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older	women	 (ages	65-91)	were	separately	exam-
ined.	Objective	cure	rate	was	evaluated	by	clinical	
and	 urodynamic	 examination	 and	 subjective	 cure	
rate	 by	 using	 a	 visual	 analogue	 score.At	 a	 mean	
follow-up	 of	 36	 months	 (range,	 12	 -	 54	 months),	
objective	and	subjective	 cure	 rates	 in	997	women	
were	91%	and	95%,	respectively	[588].	There	was	
statistically	 signiicant	 improvement	 in	 pad	 weight	
and	pad	numbers	(from	a	mean	of	5	to	0)	and	the	vi-
sual	analogue	score.	No	severe	intra-	or	post-oper-
ative complications were observed, and no patient 
developed de novo	 urgency	 UI.	 In	 a	 case	 series,	
long-term clinical outcomes following placement of 
a	retropubic	mid-urethral	sling	(SPARC)	in	patients	
aged	70	and	over	were	compared	with	outcomes	of	
a	younger	cohort.	Overall	success	rate	after	a	 fol-
low-up	of	4	years	was	83.2%	in	the	younger	group	
and	53.1%	in	the	group	of	older	patients	(p=	0.0003)	
[589].	 In	 a	 comparative	 prospective	 single-centre	
study	examining	safety	and	eficacy	of	TVT-O	in	el-
derly versus younger stress-incontinent women, af-
ter	mean	follow-up	of	30±17	months	early	and	late	
postoperative morbidity was similar in both groups, 
except	for	signiicantly	more	cases	of	postoperative	
recurrent	 UTIs	 among	 the	 elderly	 women	 (13.7%	
vs.	 6.2%).	 Incidence	 of	 persistent	 urodynamically	
conirmed	overt	SUI	was	similar	in	both	age	groups	
(5%).	However,	asymptomatic	urodynamic	SUI	was	
signiicantly	more	common	among	elderly	patients	
(19%	 vs.	 3.7%,	P<0.05).	The	 incidence	 of	 persis-
tent	OAB	was	similar	in	both	groups	(68%	and	62%,	
respectively), while de novo	OAB	was	signiicantly	
more	common	in	elderly	patients	(11.9%	vs.	4.7%,	
P<0.05)	[590].

c) Incontinence surgery in frail elderly men

No	 speciic	 conclusions	 can	 be	 drawn	 regarding	
surgical	 treatment	of	UI	 in	 frail	men.	Typical	 stud-
ies of anti-UI surgery in elderly men are very small 
or	 fail	 to	stratify	 results	by	age	and/or	comorbidity	
[591,	592].	One	small	 study	 (n=46)	 found	 that	ad-
vanced age was not a risk factor for poor outcome 
after collagen injection for post-prostatectomy UI 
[593],	while	another	(n=12,	mean	age	80	years)	of	
trans-urethral	 resection	 prostatectomy	 (TURP)	 for	
obstruction-associated urgency UI concluded that 
cognitively impaired men demonstrated the great-
est	 UI	 improvement	 [594].	 In	 a	 single-institution	
case	series	of	men	aged	>	80	years	old	undergoing	
TURP	 (68%	of	whom	had	 urinary	 retention),	 80%	
were	satisied	with	their	outcome.	Of	the	men	with	
retention,	80%	were	able	to	void	with	a	small	PVR	
by	six	weeks.	Complication	rates	were	41%	(early)	
and	 22%	 (late)	 [595].	 Urodynamic	 evaluation	 of	
post-prostatectomy UI was recommended prior to 
surgical	treatment,	such	as	implantation	of	an	artii-
cial	sphincter	[592].

d) General issues in surgical care of the frail elderly

Important factors in the surgical care of frail pa-
tients	include:	preoperative	risk	stratiication (e.g.,	

American	Society	of	Anaesthesiology	class,	Charl-
son	 index,	Modiied	Cardiac	Risk	 Index	 ,	 Burden	
of	Illness	Score	[596];	ensuring	adequate	nutrition,	
especially when patients cannot take oral feeding 
or become delirious; proactive management of 
comorbid heart disease, diabetes, and pulmonary 
disease;	 prevention	 [597,	 598],recognition	 [599],	
and	treatment	of	postoperative	delirium	[600];	ad-
equate pain assessment and treatment, especially 
in	 cognitively	 impaired	persons	 [601];	 recognition	
of	the	hazards	of	prolonged	bed	rest	[602]	and	the	
prevention	[603]	and	treatment	of	functional	impair-
ment; use of specialised care units for the elderly 
[604];	and	discharge	planning	regarding	rehabilita-
tion,	need	for	assistance,	and	site	of	discharge.	All	
need to be actively considered and dealt with in 
any	plan	of	surgical	care	of	frail	elderly	patients.

e) Summary of evidence 

1.	No	studies	were	identified	regarding	gynaeco-
logical surgery in institutionalised elderly wom-
en.	(Level 4) 

2.	Exogenous	administration	of	oestrogen	is	ineffec-
tive in promoting wound healing after gynaecologi-
cal	surgery	in	older	women.	(Level 3)  

3.	 Injection	 of	 bulking	 agents	 for	 SUI	 appears	 to	
give	minor	beneit	in	women,	however	the	technique	
is minimally invasive and age does not appear to 
correlate	with	outcomes.(Level 3)

4.	No	studies	were	identiied	that	evaluate	function-
al or quality of life outcomes after UI surgery in frail 
older persons (Level 4)

5.	 Risks	 of	 morbidity	 and	 mortality	 for	 frail	 patients	
undergoing anti-UI procedures are similar to those of 
other	major	non-cardiac	surgical	procedures.	(Level 2)

6.	Surgical	mortality	risks	are	still	low	in	elderly	per-
sons, and when deaths do occur, they are often due 
to	cardiac	or	cancer	complications.	(Level 2-3)  

7.	 Operative	 mortality	 is	 inconsistently	 associated	
with increased age, and many studies do not uni-
formly	control	for	comorbid	conditions.	(Level 2-3)  

8.	Patient-controlled	analgesia	provides	adequate	
pain control and sedation and increased patient 
satisfaction	 compared	 with	 standard	 ixed-dose	
and time-administered medications in cognitively 
intact	geriatric	patients.	(Level 2)  

9.	Choice	of	agent	 for	patient-controlled	analge-
sia	may	affect	postoperative	cognition.	(Level 3)  

10.	 Some	 case	 series	 and	 waitlist-controlled	
trials suggest that minimally invasive surgical 
approaches may be useful in older adults, yet 
these trials may have little to do with whether 
surgical treatments are appropriate in the frail 
elderly (Level 3)
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f) Recommendations for management

a.		Age	 alone	 is	 not	 a	 contraindication	 to	 surgical	
treatment of UI (Grade C) .

b.		Urodynamic	 evaluation	 should	 be	 done	 before	
considering surgical treatment of UI in frail older 
persons (Grade B) .

c.		Preoperative	risk	should	be	stratiied	using	estab-
lished indices (Grade A) .

d.		Ensure	adequate	post-operative	nutrition,	espe-
cially in patients who cannot take oral feeding or 
who become delirious (Grade C) .

e.		Programmes	 to	 prevent	 post-operative	 delirium	
should be utilised (Grade A)  along with proac-
tive use of established measures to diagnose de-
lirium (Grade A) .

f.		Pain	assessment	in	cognitively	impaired	persons	
should use measures specially-designed for this 
population (Grade B) .

g.		Proactive	 preventative	 approaches	 to	 hospitali-
sation-related functional impairment should be 
used (Grade A) .

h.		Specialised	care	units	may	improve	selective	out-
comes for frail older patients (Grade A) .

i.		Discharge	 planning	 should	 begin	 before	 surgery	
takes place (Grade C) .

j.		Patient	controlled	analgesia	can	be	used	in	cogni-
tively-intact frail older persons (Grade B) .

k.		Analgesic	agents	associated	with	delirium	 (e.g.,	
meperidine) should be avoided (Grade B) .

l.		Long-term	outcomes	before	the	operation	should	
be discussed with the patient (Grade C) .

g) Recommendations for research

•			Inclusion	of	older-old	and	frailer	patients	in	surgi-
cal	studies,	with	stratiication	of	outcomes	by	age,	
comorbidity, oestrogen status (women), and uro-
dynamic	indings

•			Prospective	 studies	 to	 determine	 the	magnitude	
and severity of common geriatric complications 
following anti-incontinence surgery

•			Develop	 and	 validate	 guidelines	 for	 identifying	
frail	elders	who	would	beneit	 from	gynaecologi-
cal/	urological	anti-incontinence	surgery

6. CATHETERS

a)  Background

The	 use	 of	 indwelling	 urethral	 catheters	 (IDC)	 is	
clinically indicated in a limited set of circumstanc-
es	(see	Box	1)	and	should	not	be	considered	as	a	
substitute for nursing care of the frail older person 

with incontinence	[605].	Despite	this	recommenda-
tion, a number of studies report potentially inap-
propriate	 IDC	 use	 in	 frail	 older	 adults.	 The	 infor-
mation in this section reviews research on rates 
of	IDC	use	in	the	frail	elderly;	the	appropriateness	
of	IDC	use	in	this	population;	complications	(mor-
bidity and mortality); management recommenda-
tions	and	recommendations	for	research.	Detailed	
discussion of key issues related to catheters more 
broadly, including intermittent catheterisation, is 
provided	in	Chapter	20.

Box 1. Appropriate Indications for Indwelling 
Urethral Catheter Use

•		Patient	has	acute	urinary	retention	or	bladder	out-
let obstruction

•		Need	for	accurate	measurements	of	urinary	output	
in critically ill patients

•		Perioperative	use	for	selected	surgical	procedures:

•		Patients	 undergoing	 urological	 surgery	 or	 other	
surgery on contiguous structures of the genitouri-
nary tract

•		Anticipated	 prolonged	 duration	 of	 surgery	 (cath-
eters inserted for this reason should be removed 
in	PACU)

•		Patients	anticipated	to	receive	 large-volume	infu-
sions or diuretics during surgery

•		Need	for	intraoperative	monitoring	of	urinary	output

•		To	 assist	 in	 healing	 of	 open	 sacral	 or	 perineal	
wounds in incontinent patients

•		Patient	 requires	 prolonged	 immobilisation	 (e.g.,	
potentially unstable thoracic or lumbar spine, mul-
tiple traumatic injuries such as pelvic fractures)

•		To	improve	comfort	for	end	of	life	care	if	needed	

Healthcare	 Infection	 Control	 Practices	 Advisory	
Committee	[2009]

b)  Quality of the data

Some	of	 the	dificulties	 in	 conducting	 research	on	
use	of	 IDCs	are	discussed	 in	Chapter20…	We	 lo-
cated a number of articles on the use of catheters 
in	 frail	 older	persons.	These	 largely	described	 the	
prevalence	of	catheters	in	this	population.	Few	stud-
ies	addressed	the	speciic	complications	associated	
with	IDC	in	frail	older	adults.	It	 is	therefore	dificult	
to determine the relative effect of frailty and ageing 
on	the	 incidence	and	prevalence	of	 IDC	complica-
tions.	There	is	a	lack	of	research	on	the	use	of	cath-
eters	 for	 individuals	 with	 terminal	 illness	 (i.e.	 end	
of life care), and for different cultural groups of frail 
older	 persons.	 Although	 intermittent	 catheterisa-
tion	is	associated	with	fewer	risks	compared	to	IDC	
use, there is limited research on its use in this older 
group.	Guidelines	and	recommendations	that	apply	
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to	the	IDC	use	in	other	populations	equally	apply	to	
IDC	 use	 in	 frail	 older	 adults.	 Catheter	 use	 should	
be avoided wherever possible and only adopted for 
those in whom alternative strategies are unsuitable 
or unsatisfactory, after careful assessment of the 
patient	and	their	particular	problem	[606].

c)  Rates of IDC use in frail older adults

Despite	the	presence	of	guidelines	cautioning	their	
use,	IDCs	are	used	to	manage	urinary	incontinence	
and other conditions in a substantial number of frail 
older persons in long-term care facilities, in the com-
munity,	and	in	acute	care.	The	lowest	rate	reported	
in	 the	 reviewed	 literature	 was	 3%	 of	 women	 in	
Swedish	nursing	homes	[607]	and	the	highest	was	
38.1%	 in	 frail	 older	 community-dwelling	women	 in	
Italy	who	were	listed	on	a	Home	Health	Agency	da-
tabase	[608].	In	a	one-day	point	prevalence	survey	
conducted	in	2009	involving	2625	residents	from	78	
nursing	homes	in	Sweden,	50	(3%)	of	women	and	
135	(16%)	of	men	had	an	IDC.	Just	over	half	(58%)	
had	had	 their	 IDC	at	 the	 time	of	 admission	 to	 the	
facility.	For	many	of	those	who	had	their	IDC	insert-
ed since their admission, the catheter was inserted 
during	a	temporary	stay	at	hospital	[607].	

Data	 from	the	US	Department	of	Health	&	Human	
Services,	Centres	 for	Medicare	and	Medicaid	Ser-
vices	(third	quarter	of	2010)	[609]	indicates	that,	in	
the	USA,	7%	of	residents	in	long-term	care	facilities	
have	 an	 IDC,	 however	 rates	 vary	 between	 states	
(4.5%	to	12.3%).	This	inding	compares	with	7-10%	
of	residents	in	1987	[610]	and	research	reported	in	
2003,	from	the	USA	National	Nursing	Home	Survey	
for	1995	 to	1999,	on	 the	prevalence	of	urinary	 in-
continence among female nursing home residents, 
when	9.5%	to	11.7%%	had	an	IDC	or	ostomy	[611].	
A	 web-based	 point	 prevalence	 survey	 of	 nursing	
home-associated	 infections	 (NHAI)	 conducted	 in	
2005	in	133	USA	Veteran	Affairs	homes,	[612]	found	
1233	 (10.7%)	of	 11475	 residents	had	an	 IDC	and	
was reproduced in a follow-up survey conducted by 
the	 same	 researchers	 in	 2007	 [613].	 Rogers	 and	
colleagues	 [256]	 analysed	 data	 from	 57,302	 resi-
dents	 admitted	 to	 skilled	 nursing	 facilities	 in	 USA	
in	2003,	and	reported	that	0.5	million	nursing	home	
residents have some form of catheter, and rates 
vary	from	12.6%	at	admission	to	4.5%	(P<0.001)	at	
annual	 assessment.	 IDC	use	was	associated	with	
male	sex,	and	with	conditions	such	as	paraplegia,	
quadriplegia, multiple sclerosis, diabetes mellitus, 
renal failure, skin conditions, deep vein thrombosis, 
aphasia, or end-stage disease, obesity, taking more 
medications,	as	well	as	those	who	are	comatose.	

Rates	of	 IDC	use	 in	nursing	homes	 in	 the	UK	ap-
pear	relatively	stable	over	time.	Based	on	2001	sur-
vey	data	from	1125	residents	in	different	healthcare	
settings	 for	 the	 elderly,	 5%	 (0-20%)	 of	 individuals	
living	 in	 residential	 homes	 in	 the	UK	had	 an	 IDC,	
10%	 (0-44%)	 in	 nursing	 homes,	 and	 6%	 (0-20%)	
in	 long-stay	 wards	 [614].	 Similar	 rates	 were	 re-

ported	 by	McNulty	 and	 colleagues	 in	 2003	 based	
on	a	sample	of	4900	residents	from	registered	nurs-
ing	 homes	 [615].	 and	 from	 a	 more	 recent	 survey	
involving	 3190	 residents	 from	 92	 homes,	 where	
8%	of	 resident	 had	 an	 IDC,	 although	 rates	 varied	
considerably	with	one	 facility	having	up	 to	47%	of	
residents	with	an	IDC	[616].	In	57%	of	care	homes,	
residents	received	their	IDC	as	a	hospital	inpatient	
[616].	A	more	recent	audit	of	continence	care	in	UK	
conducted	 across	 England,	 Wales,	 and	 Northern	
Ireland	estimated	 that	13%	 (62/488)	of	 individuals	
living	in	care	homes	had	an	IDC	[245].	These	rates	
are	 consistent	 with	 IDC	 rates	 in	 individuals	 living	
in long-term care facilities in Canada, which range 
from	5%	to	10%	[617].	

Estimating	 the	prevalence	of	 IDC	use	 in	 frail	older	
adults	 living	 in	 the	 community	 is	 more	 dificult	 as	
community	samples	differ,	as	do	methods	to	deine	
and	measure	 IDC	 use.	With	 the	 exception	 of	 one	
study, prevalence data do not differentiate between 
IDC	use	among	frail	and	non-frail	older	community-
dwelling	 individuals.	One	of	 the	earliest	reports	on	
rates	 of	 IDC	use	 in	 the	 community	was	 based	on	
a sample of individuals receiving district nursing 
home	care	in	the	UK.	During	the	four	weeks	of	data	
collection	(Feb	1987)	a	total	of	1709	patients	were	
being attended by the district nursing services, with 
61	(4%)	known	to	have	an	IDC.	In	a	larger	context,	
the	population	for	the	health	authority	was	178,300	
of	whom	61	(0.03%)	were	patients	aged	from	22-95	
years living in the community and had an indwelling 
urethral	catheter	(mean	age	67.6	years,	SD	19.56).”	
(p44)	[618].	A	more	recent	prospective,	population-
based	 survey	 of	 4	 010	 older	 people	 >65	 years	 of	
age	(mean	age	82.3	)	receiving	home	care	in	11	Eu-
ropean	 countries,	 found	 that	 5.4%	 (range	 0–23%)	
of	 their	 sample	 had	 an	 IDC	 [619].	 IDC	 use	 was	
more	common	 in	men	 than	 in	women	 (11.5%	ver-
sus	3.3%).	Rates	also	differed	between	countries,	
ranging	from	0%	in	the	Netherlands	to	23%	in	Italy.	
High	rates	of	IDC	use	in	Italy	were	also	reported	in	
data	from	12	Home	Health	Agencies	that	provided	
care	for	1004	frail	older	community-dwelling	women	
(mean	(SD)	age	83.3	(9.5)	years).	The	researchers	
reported that in this sample the prevalence of in-
continent	patients	with	a	catheter	was	38.1%	[608].	

Although	 some	 frail	 older	 adults	 are	 catheterised	
during an admission to acute care, others are ad-
mitted	with	an	 IDC	 in	situ.	Lakhan	and	colleagues	
conducted a prospective cohort study to identify the 
prevalence of geriatric syndromes at preadmission, 
admission and discharge, and to determine the in-
cidence	of	new	and	signiicant	worsening	of	exist-
ing	syndromes	at	admission	and	discharge.	In	their	
sample	of	577	patients	aged	70	and	older	who	were	
admitted to a general medical unit of large acute 
care	hospitals,	22/577	(3.8%)	had	a	pre-morbid	IDC	
(within three days prior to the acute illness precipi-
tating	 admission).	 IDC	 rates	 increased	 to	 98/577	
(17%)	 in	 the	 admission	 period,	 and	 decreased	 to	
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47/577	(8.1%)	at	discharge.	Although	rates	of	 IDC	
use decreased before patients were discharged 
from acute care hospitals, more elderly patients 
were	discharged	with	an	IDC	than	those	who	were	
admitted	with	an	IDC	[620].

d) IDC for end of life care

Incontinence	 is	 experienced	 by	many	 patients	 to-
ward	the	latter	stages	of	a	terminal	illness.	Although	
IDCs	 are	 indicated	 ‘to	 improve	 comfort	 for	 end	 of	
life	 care	 if	 needed’	 [605],	we	 found	 little	 evidence	
about managing incontinence for end of life care, 
or	about	 IDC	use	 in	 this	context.	According	 to	 the	
indings	of	one	study,	involving	61	patients	with	ter-
minal illness due to cancer admitted to a palliative 
care	unit	(PCU),	IDCs	may	be	used	in	up	to	75%	of	
such	patients	[621].	In	this	study,	38%	(n=23)	admit-
ted	to	the	PCU	had	an	IDC	in	situ	prior	to	their	ad-
mission	and	another	36%	(n=22)	were	catheterised	
during	 their	 admission.	 Complications	 associated	
with	 the	 use	 of	 IDCs	 in	 this	 cohort	 included:	 bac-
teriuria	(n=28),	encrustation	(n=8),	bladder	spasms	
(n=4),	 fever	 (n=2),	 and	 urethritis	 (n=2).	 Despite	
these	complications,	staff	cited	‘patient	comfort’	as	
the	main	 rationale	 for	 the	 use	 of	 an	 IDC.	Clearly,	
further research is warranted to guide clinical care 
in	this	area.	

•  The appropriateness of IDC use in frail older adults

Despite	guidelines	for	appropriate	IDC	use,	a	num-
ber	 of	 studies	 report	 potentially	 inappropriate	 IDC	
use	 in	 older	 adults.	 For	 example,	 Landi	 and	 col-
leagues report that of their sample of frail older 
community-dwelling women with urinary inconti-
nence	 and	 IDCs,	 50%	 were	 catheterised	 without	
any	reasonable	justiication	[608].	Overuse	of	IDCs	
is however not limited to community-dwelling frail 
older	 adults.	Two	 studies	 draw	attention	 to	 poten-
tially	inappropriate	IDC	use	for	older	people	admit-
ted	to	acute	care	hospital	settings.	Gokula	and	col-
leagues	 for	example	 found	appropriate	 indications	
for	 IDC	use	 for	 only	 46%	of	 2845	elderly	 patients	
admitted	to	a	large	teaching	hospital	in	the	US	[622].	
They	reported	that	only	13%	of	charts	contained	in-
formation	on	 the	 reason	 for	 the	catheter	and	33%	
of charts contained no written order for catheterisa-
tion.	Similar	indings	were	reported	 for	133	elderly	
patients	who	had	an	IDC	inserted	whilst	 inpatients	
of	 a	 450-bed,	 tertiary-care	 university	 hospital	 in	
central	 Thailand.	 Twenty-eight	 percent	 of	 medical	
records lacked information about the reason for 
the	IDC.	The	presence	of	urinary	incontinence	was	
cited	as	a	reason	in	18%	of	cases	[623].	

Anomalies	 in	 the	 use	 of	 IDCs	were	 also	 reported	
by	McNulty	and	colleagues	who	found	that	“almost	
all	homes	(114/124,	92%)	stated	they	had	an	infec-
tion	 control	 policy,	 however	 31%	 (38/124)	 had	 no	
written	policy	on	urinary	 catheter	 care”	 [615].	 In	a	
later	qualitative	examination	of	reasons	for	variation	
in	IDC	use	in	care	homes,	McNulty	and	colleagues	

found	 that	 ‘care	 homes	with	 a	 lower	 urinary	 cath-
eterisation prevalence, had a more proactive ap-
proach to management of continence, using struc-
tured toileting regimes and encouraging residents’ 
mobility’	[624]	(p.	709).

•  Complications - morbidity and mortality 

The	 complications	 associated	 with	 IDCs	 are	 well	
documented and are comprehensively addressed 
in	Chapter20…..	However,	with	respect	to	frail	older	
adults	with	an	IDC,	Kunin	and	colleagues	report	the	
morbidity	associated	with	use	of	an	IDC	in	residents	
of a skilled nursing facility is threefold even after 
adjusting	 for	 other	 factors	 [625].	 This	 inding	 also	
holds true for community-dwelling frail older adults 
with	an	IDC	[608].	Among	residents	of	Department	
of	Veteran	Affairs	(VA)	long	term	care	facilities	in	the	
USA,	1205	of	10939	 residents	had	an	 IDC	and	of	
these,	135	(11.2%)	had	a	nursing	home-associated	
infection.	 Residents	 with	 some	 form	 of	 indwelling	
device had a three-fold increased risk of a nursing 
home-associated	 infection	(P	<	 .0001).	These	 fac-
tors	make	it	imperative	that	IDCs	are	used	to	man-
age incontinence only when other methods of man-
aging	have	been	excluded.	

e) Management recommendations

As	noted	 in	Chapter	20,	 IDCs	should	be	avoided	
wherever possible and only adopted for those in 
whom alternative strategies are unsuitable or un-
satisfactory, after careful assessment of the patient 
and	 their	 particular	 problem	 [606].	 Interventions	
designed	 to	minimise	 IDC	 in	 frail	older	adults	are	
the	same	as	those	for	other	populations	of	IDC	us-
ers.	 Interventions	 include,	 but	 are	 not	 limited	 to:	
the development and dissemination of guidelines, 
quality indicators, and regulatory initiatives; edu-
cational approaches; and promoting intermittent 
catheterisation as an alternative method of man-
agement.	 Interventions	 to	 minimize	 and	 address	
complications	 associated	 with	 IDCs	 are	 compre-
hensively	addressed	in	Chapter	20.

Another	 approach	 designed	 to	 decrease	 the	 inap-
propriate	 use	 of	 IDCs,	 and	 to	 ensure	 optimal	 IDC	
management	 is	 the	 use	 of	 assessment	 protocols.	
Regulatory	 processes	 in	 the	USA	mandate	 that	 all	
newly	admitted	Medicare/Medicaid	funded	residents	
receive an assessment using a standardised form 
called	the	Minimum	Data	Set	(MDS).	A	further	level	
of	assessment	is	triggered	when/if	a	resident	is	newly	
incontinent	and	the	Resident	Assessment	Instrument	
Minimum	Data	Set	is	completed	(RAI-MDS).	This	as-
sessment information in turn, acts as a prompt for 
staff to design an individualised care plan based on 
direct contact with residents, appropriate staff, and 
through use of observation, interviews and record 
reviews.	The	MDS	and	RAI	are	now	used	in	a	num-
ber of other countries, including Canada and Iceland, 
and other countries have developed their own as-
sessment	 instruments.	 Ideally,	 these	 assessment	
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instruments should prompt staff to enquire about 
whether	 the	 residents’	 IDC	 is	medically	 warranted,	
and	to	identify	IDC	related	problems,	and	care	plans	
should contain information about an individualised 
IDC	care	plan	(including	the	frequency	of	IDC	chang-
es	and	ongoing	maintenance).	

The	 assessment	 process	 used	 in	 the	 USA	 is	
strengthened by the fact that it is linked to quality 
indicators.	Since,	2005	facilities	have	been	required	
to use information from the residents’ comprehen-
sive assessment to provide assurances that:

	 o		IDCs	are	used	for	only	medically	valid	reasons;	

	 o		IDCs	are	removed	as	soon	as	clinically	warranted;

 o  efforts are applied to restore or improve blad-
der function as much as possible; and 

 o  efforts are made to prevent infection while the 
IDC	is	inserted	[626].	

It remains to be seen if these measures will reduce 
IDC	rates	 in	 long-term	care,	and	how	they	will	 im-
pact	 day-to-day	 IDC	 use	 and	 care	 at	 the	 clinical	
interface.	 However,	 similar	 regulatory	 approaches	
should be considered by government and health 
agencies	in	other	countries.	

f)  Intermittent catheterisation as an alternative 
to IDC in frail older adults

Intermittent catheterisation (IC) involves the act of 
passing a catheter into the bladder to drain urine 
via the urethra, or a catheterisable channel such 
as	 a	 Mitrofanoff	 diversion.	 It	 avoids	 many	 of	 the	
problems	associated	with	 IDC.	Many	patients	with	
neurological	urinary	incontinence	perform	IC.	While	
IC is performed using a sterile technique in health-
care environments, some patients intermittently 
catheterise themselves using a clean technique in 
their	own	home	environment.	Advanced	age	should	
not	constitute	a	barrier	to	IC.	Pilloni	and	colleagues	
(2005)	 for	 example,	 found	 that	 of	 21	 elderly	 pa-
tients in whom IC was initiated because of voiding 
dysfunction,	 12	 learnt	 to	 catheterised	 themselves,	
seven were catheterised by their partners and two 
by	nurses.	The	majority	 (18/21)	 reported	 improve-
ments	in	their	quality	of	life	[627].	

g) Research recommendations

•	Further	research	is	required	on:

	 o	Rates	of	IDC	use	in	various	populations	(es-
pecially in community-dwelling frail older adults 
and those admitted to acute care)

 o Managing incontinence for end-of-life care

	 o	 The	 effectiveness	 of	 interventions	 to	 mi-
nimise	 inappropriate	use	of	 IDCs	such	as	 the	
development and dissemination of guidelines, 
educational approaches; the development and 
dissemination of quality indicators; and regula-

tory initiatives; and intermittent catheterisation 
Eficacy	 and	 effectiveness	 of	 speciic	 devices	
and procedures to prevent complications from 
long term indwelling catheters in frail elderly

1. BACKGROUND

Nocturia	 is	 deined	 as	waking	 at	 night	 from	 sleep	
one or more times to void, with each void being 
preceded	 and	 followed	 by	 sleep.[628]	 Having	 a	
standardised	 deinition	 is	 meaningful	 for	 the	 ield,	
but	this	speciic	deinition	is	problematic	for	several	
reasons.	 While	 a	 single	 episode	 of	 awakening	 to	
urinate would be considered nocturia, patients are 
more	likely	to	be	experience	signiicant	bother	and	
have	 decreased	 quality	 of	 life	 [629],	 or	 consult	 a	
provider about nocturia if they have three or more 
episodes.[630]	Many	clinical	trials	include	only	par-
ticipants	with	two	or	more	episodes	[631].	Addition-
ally, if only a void interrupting sleep and preceding 
sleep counts, the annoying situation of waking to 
void and not being able to return to sleep again 
would not be nocturia, but would still be disruptive 
[632].	This	deinition	does	not	take	into	account	the	
wide	range	of	sleep	patterns	of	older	adults.	Since	
some	 older	 adults	 will	 spend	 six	 hours	 sleeping	
while others might spend twelve hours in bed, hav-
ing three episodes of nocturia would be very differ-
ent	for	these	individuals	[633].	

Several	detailed	reviews	on	nocturia	[634,	635]	and	
two	convened	consensus	conferences	reports	[631,	
636]	 have	 helped	 summarise	 and	update	 the	 cur-
rent	knowledge	regarding	nocturia.	Even	with	these	
sources, the prevalence, impact, pathophysiology, 
diagnostic assessment, and treatment of nocturia 
differ meaningfully with respect to the older adult 
and	the	frail	elderly	[633]	and	merit	a	targeted	dis-
cussion.	As	 is	 the	 case	with	 urinary	 incontinence,	
nocturia often results from the reduced physiologi-
cal	 reserve	 of	 multiple	 systems.	 Because	 of	 this	
fact, diagnostic assessment must be detailed and 
comprehensive, and multi-component interventions 
may	be	necessary	for	successful	treatment.

2. QUALITY OF THE DATA

There	 are	 multiple,	 quality	 sources	 of	 epidemio-
logical data across a broad range of countries 
and cultures regarding the prevalence of nocturia 
and	associated	risk	factors.	There	is	a	smaller,	but	
growing, body of evidence regarding the incidence 
and	impact	of	nocturia.	In	particular,	studies	of	the	
pathophysiology of nocturia in the elderly have gen-
erally	been	small	and	disease-focused,	examining	
a	single,	potential	underlying	cause	of	nocturia.	As	
with UI, there are limited data on optimal diagnostic 
assessment, and therefore recommendations are 
generally	 based	 on	 expert	 opinion.[628,	 637]	 The	
evidence base regarding treatment, particularly with 

V. NOCTURIA IN THE OLDER ADULT
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respect	 to	 the	 frail,	 is	 somewhat	 thin.	While	 there	
are	some	 treatment	RCTs,	 they	are	small,	 include	
few	 very	 elderly	 subjects.	The	 treatment	 literature	
regarding vasopressin and its analogues is robust, 
yet use of the therapy in the older patient continues 
to be limited because of the side effect of hypona-
traemia.	We	located	no	randomised	controlled	trial	
data on the effectiveness of multi-component inter-
ventions	for	nocturia	in	the	elderly.

3. PREVALENCE, INCIDENCE, AND IMPACT

The	prevalence	of	nocturia	increases	with	age,	and	
has	 been	 reported	 to	 be	 as	 high	 as	 90%	 for	 one	
episode	per	night	in	persons	over	age	80.[638-643]	
The	 prevalence	 of	 two	 or	 more	 episodes	 among	
men	between	70	and	79	is	nearly	50	percent.[643,	
644]	 This	 increasing	 prevalence	 is	 largely	 due	 to	
age-related conditions that underlie the pathophysi-
ology	of	nocturia	(see	below).	With	respect	to	gen-
der, nocturia for young adults is more common in 
women than in men, but this gender ratio reverses 
after	 age	 60	 when	more	men	 have	 nocturia.[644]	
For	 those	over	75	years	of	age,	 the	prevalence	of	
nocturia of at least two or more times is much more 
common	in	men	(70%)	than	in	women	(50%)	[645].	

While	higher	age	is	associated	with	more	nocturia,	
what happens to nocturia, as an individual ages, 
is	 a	 slightly	 different	 question.	 Nocturia	 is	 more	
prevalent in older populations, yet the concept of 
incidence of nocturia is difficult as the condition 
both	“begins”	and	“resolves”	over	time	and	varies	
due to imprecision of self-reporting and estimates 
as	 to	 the	 frequency	 over	 a	 past	 period	 of	 time.	
In one recent study, participants recorded their 
urination	 frequency	and	voided	volumes.	Over	a	
2-year	period,	the	incidence	rate	of	nocturia	of	an	
average	of	two	or	more	times	per	night	was	23.9%	
and	the	resolution	rate	was	36.7%.	For	the	oldest	
adults	 participating	 (70-78	 years),	 they	 had	 the	
highest	nocturia	incidence	(47.1%)	and	the	lowest	
resolution	rate	(26.2%)	compared	to	their	younger	
counterparts	[646].	

Recent	data	have	also	highlighted	that	the	preva-
lence of nocturia in older adults differs by racial 
group.	 Multiple	 population-based	 epidemiological	
studies have shown a higher prevalence of noc-
turia	 in	 older	 men	 and	 women	 who	 are	 African-
American	 when	 compared	 to	 whites	 [643,	 647,	
648].	While	 controlling	 for	 socioeconomic	 factors	
eliminated the differences in prevalence between 
non-Hispanic	 whites	 and	 Hispanics,	 differences	
persisted, although somewhat attenuated, be-
tween	blacks	and	whites	[649].	

Nocturia is also associated with chronic medical 
conditions	such	as	hypertension	and	diabetes,[650,	
651]	 advancing	 renal	 insuficiency	 [652,	 653]	 and	
cardiovascular	 disease.[654,	 655]	 Clinically,	 noc-
turia	may	be	the	herald	symptom	of	signiicant	un-
derlying medical conditions and problems, which, if 

overlooked,	might	result	in	signiicant	morbidity	and	
even	 mortality	 [631].	 Therefore,	 an	 older	 patient	
bringing up nocturia should be evaluated not only 
for the causes of nocturia, but also for unrecognised 
comorbidity, including cardiovascular disease, sleep 
apnoea, restless leg syndrome, moderate alcohol 
usage, poor nocturnal glycaemic control, and condi-
tions	causing	nighttime	pain	[631].	

Nocturia is associated with other important condi-
tions.	 Nocturia	 has	 been	 shown	 to	 be	 associated	
with	accidental	falls.[185,	656]	Frail	elderly	persons	
with nocturia, who also have gait and balance dis-
orders and other risk factors for falls, are clearly at 
increased	risk	for	falls	[657],	injury	and	hip	fracture	
[658],	 and	 consequent	 morbidity	 [659].	 Despite	
these facts, no nocturia treatment trials to date 
have	evaluated	any	impact	on	fall	reduction.	Noctu-
ria	also	has	adverse	effects	on	quality	of	life	[660],	
including an increased risk of depression and poor 
self-rated health, probably as the result of the im-
pact	on	sleep	[661].	Adults	with	nocturia	also	com-
plain	 that	nocturia	 “makes	 them	feel	old”	and	 they	
worry	about	 falling	at	night	 [662]	Older	 individuals	
described nocturia as simultaneously debilitating, 
frustrating,	distressing	and	puzzling	[663].	

To	better	 appreciate	 the	deleterious	effects	of	 noc-
turia, it is important to understand the effects of dis-
rupted	sleep	 [636,	664]	When	a	group	of	1,424	el-
derly	individuals,	ages	55–84	were	presented	with	a	
checklist of symptoms that potentially disrupt sleep, 
nocturia	 was	 chosen	 by	 53%	 of	 the	 sample	 as	 a	
self-perceived	cause	of	“every	night	or	almost	every	
night”.	 Nocturia	 was	 cited	 four	 times	 as	 frequently	
as	 pain,	 which	was	 the	 next	most	 identiied	 cause	
of	sleep	disruption	[665].	There	is	growing	evidence	
to suggest that bother from nocturia is related to the 
number of trips to the bathroom, but also with the 
dificulty	experienced	in	trying	to	return	to	sleep.[632,	
664,	666]	 In	particular,	 those	with	nocturia	who	 re-
port	dificulty	going	back	to	sleep,	the	prevalence	of	
falls	 is	higher	 [666].	While	the	relationship	between	
nocturia and sleep disruption might appear to be self-
evident, other lower urinary tract symptoms are also 
highly	correlated	with	sleep	disturbances.	[667]	

There	has	been	recent	and	meaningful	development	
in understanding the impact of nocturia on quality of 
life.	 A	 condition-speciic	 instrument	 commonly	 used	
for	assessing	the	impact	of	nocturia	is	the	ICIQ-NQOL	
[668],	which	was	developed	using	a	pool	of	only	men	
(average	age	68.2,	age	 range	32-88)	 recruited	 from	
urology	practices.	Given	the	absence	of	women	and	
the likely predominance of men with benign prostatic 
enlargement as informants, there remains a chance 
that	the	instrument	does	not	broadly	represent	the	ex-
periences	of	all	individuals	who	have	nocturia.	Other	
focus groups and one-on-one interviews performed 
independently with a broader representation of both 
men and women did demonstrate similar themes, 
suggesting	content	validity.[662]	Two	missing	themes,	
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however,	were	that	nocturia	was	an	“indication	of	get-
ting	older”	and	made	them	fearful	of	falling.	Use	of	the	
Nocturia	 Nocturnal	 Enuresis	 and	 Sleep-interruption	
Questionnaire,	 which	 was	 speciically	 developed	
in	 older	 men	 and	 older	 women	 (60-80),	 showed	 a	
greater impact of nocturia in the younger elderly and a 
greater	bother	among	women	compared	to	men.[663]	
Use	of	 the	generic	quality	of	 life	 instrument,	 the	15-
D,	demonstrated	statistically	signiicant	and	clinically	
meaningful	decreases	in	15D	score	and	in	all	15D	di-
mensions	except	eating	with	increasing	nocturia.[629]	
In this study, older women were less bothered by noc-
turia than were younger women; older and younger 
men	were	equally	bothered	[629].	

Notable recent work has shown nocturia to be as-
sociated	with	mortality	[659,	669,	670].	It	is	unlikely	
that nocturia directly contributes to mortality; noc-
turia certainly marks other conditions (poorly con-
trolled diabetes mellitus, congestive heart failure, 
worsening	 renal	 insuficiency)	associated	with	bad	
outcomes.	 Whether	 or	 not	 these	 associated	 con-
ditions should be statistically controlled for is not 
clear, as they might represent a part of the causal 
pathway.	 The	 association	 with	 mortality	 when	 ex-
amined across the age spectrum shows a stronger 
relationship with younger than with older individuals 
[669].	With	careful	controlling	for	comorbidities,	this	
association between mortality and nocturia some-
times	 remains	 independently	 signiicant	 [671]	 and	
other	times	does	not	[672].	Though	much	of	the	im-
pact of nocturia is believed to result from its impact 
on sleep, nocturia remains independently associ-
ated with mortality even with controlling for sleep 
disordered	breathing	[673].

4. PATHOPHYSIOLOGY

The	pathophysiology	of	nocturia	is	considered	to	be	
multifactorial; this is the case for nocturia in elderly 
persons	 as	well.	 In	 age-adjusted	 analyses	 from	 a	
large survey in Finland, no single factor related to 
nocturia	was	present	 in	greater	than	50%	of	those	
with	nocturia	[674].	The	factors	with	the	greatest	im-
pact at the population level were (urinary) urgency, 
“benign	prostatic	hyperplasia”,	and	snoring	for	men,	
and overweight and obesity, urgency, and snoring 
for	women	[674].	

A	 commonly	 used	 framework	 for	 clinical	 diagno-
sis and treatment is that nocturia can be related to 
one or a combination of three primary underlying 
causes, all of which increase with age: low bladder 
capacity	usually	as	a	component	of	OAB,	DO,	ur-
gency	UI,	or	BOO	 in	men;	nocturnal	polyuria;	and	
primary	 sleep	 disorders.[634,	 635,	 675]	 Nocturia	
was	shown	 in	 retrospective	analysis	of	 213	cases	
(mean	 age	 72)	who	 had	 detrusor	 overactivity,	 out	
of	 a	 total	 of	 777	men	 studied	 using	 pre-operative	
urodynamics to be highly associated with volume at 
which	the	irst	detrusor	contraction	occurred	[676].	
Somewhat	in	contrast,	in	one	prospective	case	se-
ries	 of	 987	 ambulatory	women	 aged	 55-75	 years,	

a	higher	post	void	residual	(>200	mL,	100-199	mL,	
50-99	mL	versus	<50	mL)	was	not	associated	with	
reporting	more	nocturia	[677].

The	proportion	of	24-hour	urine	volume	produced	at	
night increases with age, even among healthy older 
adults	free	of	overt	comorbid	conditions.[678,	679]	
Studies	of	frail	elderly	have	shown	that	the	propor-
tion	of	urine	produced	at	night	is	close	to	50%,	rath-
er	 than	 less	 than	30%	as	 in	young	healthy	adults.
[680-682]	Nocturnal	polyuria	(NP)	is	more	common	
in	 older	 compared	 to	 younger	 nocturics	 [683-685]	
In some elderly persons, this is due to mobilisation 
of	 excess	 volume	 caused	 by	 peripheral	 oedema,	
which	may	be	due	to	venous	insuficiency,	medica-
tions,	 and/or	 heart	 failure.	 In	 the	 case	 of	 calcium	
channel	 blockers,	 women	 younger	 than	 55	 years	
of age, but not older women or men, were shown 
to have higher rates of nocturia in cross-sectional 
analyses	[686].	In	that	same	study,	both	hydrochol-
orothiazide and loop-diuretic usage in men were as-
sociated	with	higher	rates	of	nocturia.	

Some	 studies	 have	 suggested	 that	 there	 is	 an	
abnormality	 in	 the	 secretion	 and/or	 action	 of	 ar-
ginine	vasopressin	(AVP)	or	a	loss	of	the	normal	
diurnal rhythm (with inappropriately low values 
at	 night)	 in	 many	 elderly	 patients	 with	 nocturia.
[687,	688],	which	may	approach	as	many	as	4%	
[687].	 Another,	 however,	 failed	 to	 find	 an	 asso-
ciation	between	AVP	deficiency	(detected	by	wa-
ter deprivation testing) and nocturnal polyuria in 
a	 series	 of	 elderly	 persons	 with	 nocturia.	 [689]	
Other research suggests that some frail elderly 
persons with nocturia have high atrial natriuretic 
peptide	(ANP)	levels	at	night;	[690,	691]	however,	
these investigators did not use echocardiography 
or brain natriuretic peptide levels to detect occult 
heart	failure.	

Sleep	disordered	breathing	and	sleep	apnoea,	have	
also been associated with nocturia and nocturnal UI 
in	 the	elderly.[690,	692-694]	Community-based	el-
derly populations who have higher levels of sleep 
disordered	 breathing	 (>25	 breathing	 events	 per	
hour), have nearly double the number of nocturia 
episodes compared with those with low rates of 
sleep	 apnoea	 [695].	 Nocturia	 is	 so	 tightly	 associ-
ated with sleep apnoea that in a population of adult 
patients presenting to a sleep clinic, it performed 
similarly	 as	 a	 screening	 question	 for	 OSA	 when	
compared	to	asking	about	“snoring’	 [696];	whether	
or not this held true for the subset of older patients 
was	not	reported.	Whether	this	relates	to	increased	
ANP	 production,[690]	 mechanical	 forces	 on	 the	
bladder	 generated	 during	 apnoea	 events,[693]	 or	
other	mechanism(s)	is	unknown.

5. DIAGNOSTIC ASSESSMENT

The	approach	to	the	assessment	of	nocturia	should	
be	 similar	 to	 that	 for	UI	 described	 above.	 Special	
considerations include:
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·		A	frequency-volume	chart	of	at	least	24	hours	du-
ration that includes timing and volume of each void 
at night as well as during the day, as well as a 
speciic	 indication	of	when	 the	 individual	went	 to	
bed with the intention of going to sleep at night 
and	awoke	in	the	morning.	Some	patients	may	ind	
this	 dificult	 to	 perform,[697]	 but	 face-to-face	 ex-
planation of the procedure, a hand-held urinal or 
a receptacle to place in the toilet to measure vol-
umes, and involvement of caregivers may improve 
compliance	and	accuracy.

·		Additional	 questions	 in	 the	 history	 that	 focus	 on	
the possibility of a primary sleep disorder, such as 
asking about sleep quality, daytime sleepiness, 
snoring, and leg movements at night (this history 
is	enhanced	by	questioning	the	bed	partner).

·		Additional	history	and	focused	physical	examina-
tion	 related	 to	 volume	 overload	 (e.g.,	 lower	 ex-
tremity	venous	insuficiency,	congestive	heart	fail-
ure); in some cases additional testing such as an 
echocardiogram or a brain natriuretic peptide level 
may	be	helpful	in	ruling	out	the	latter	diagnosis.

6. TREATMENT

While	many	clinical	investigations	are	trials	of	single	
agents,	experts	[633]	would	argue	that	treatment	of	
nocturia in elderly patients should be based on a ho-
listic	approach	informed	by	identiication	of	multiple	
potential	underlying	causes.	There	is,	unfortunately,	
little high quality evidence for most treatments, and 
certainly with respect to combined treatments, for 
nocturia	in	this	age	group.	As	well,	cure,	or	the	com-
plete resolution of nocturia, is infrequently achieved 
in	either	clinical	practice	or	research.	

The	most	common	primary	outcome	in	clinical	trials	
is reduction in nocturia episodes, as measured by 
voiding diary or self-reported, average nocturia over 
a	 given	 period	 of	 time.	Some	 trials	 have	 reported	
the	 percent	 of	 participants	 who	 achieving	 a	 33%	
[698]	 or	 50%	 [689,	 699-702]	 reduction	 in	 nocturia	
from the baseline level or the percent of individuals 
having	a	reduction	equal	to	1.0	fewer	mean	nightly	
episodes	of	nocturia	[699,	701,	702].	There	are	few	
treatments that offer robust reductions of nocturia, 
with	most	 ranging	 from	0	 to	0.8	 fewer	episodes	of	
nocturia.	The	net	reduction	of	an	intervention,	sub-
tracting	 the	 beneit	 seen	 in	 the	 control	 or	 placebo	
arm	 is	 often	 even	 smaller.	Whether	 this	 is	 due	 to	
regression to the mean due to random variation in 
the symptom of nocturia or a result of monitoring 
and	 recording	night-time	 voids	 is	 unclear.	Patient-
level outcomes related to general satisfaction ques-
tions,	nocturia-related	bother,	and	nocturia-speciic	
quality of life are therefore even more meaning-
ful.	Most	 trials	 examining	 nocturia	 as	 an	 outcome	
were performed prior to the validation testing of the 
ICIQ-NQOL	 instrument.[668]	 An	 additional	 impor-
tant target for therapy is reduction in bother due to 
nocturia.	Unfortunately,	there	have	been	few	mean-

ingful successes in relating the number of nocturia 
episodes to the hours spent in bed, which may vary 
considerably	in	older	persons.	[633]

There	are	 several	 approaches	 to	 drug	 therapy	 for	
elderly patients with nocturia; most of the published 
guidelines	 suggest	 targeting	 “primary”	 or	 “princi-
pal”	 causes	 of	 nocturia	 (e.g.,	 nocturnal	 polyuria).	
Because	 older	 adults	 with	 nocturia	 have	 multiple	
potential causes, treatment often will require com-
bination	 treatment.	 While	 some	 trials	 may	 report	
statistical	signiicance	for	reduction	in	nocturia,	the	
clinical meaningfulness of these changes is sus-
pect.[703]	Although	 no	 speciic	 data	 are	 available	
on	RCTs	of	multi-component	 interventions,	 elderly	
patients	with	nocturia	may	beneit	from	an	approach	
to	treatment	[704]	that	combines	behavioural	strate-
gies, therapy for medical and sleep disorders, and 
nocturia-speciic	 drug	 therapy.	 In	 another	 uncon-
trolled	 study,	 lifestyle	 modiications	 of	 1)	 restric-
tion	of	luid	intake,	2)	refraining	from	excess	hours	
in	bed,	3)	moderate	daily	exercise	and	4)	keeping	
warm in bed resulted in a positive reduction of noc-
turia	from	3.6	episodes	per	night	to	2.7	for	56	partic-
ipants	aged	59-85	(mean	age	74.5,	84%	male)	[705]	

a)  Behavioural approaches and treatment of 
comorbidity. 

The	use	of	speciic	behavioural	strategies	(e.g.	al-
tering	 luid	 intake,	 reducing	 sodium	 intake,	 leg	 el-
evation for oedema) on nocturia in older patients 
have	largely	been	made	on	the	basis	of	consensus.	
Using bedside commodes or urinals, and minimis-
ing the distance necessary to reach a toilet and pro-
viding a safe, adequately lit path may be helpful in 
reducing the risk of night-time falls related to noctu-
ria, especially in those with underlying gait instabil-
ity	and	other	risk	factors	for	falls.	

The	irst	 secondary	data	analysis	of	 a	RCT	which	
demonstrated that behavioural therapy, with an em-
phasis	on	pelvic	loor	muscle	exercises	and	urgency	
suppression strategies, showed that nocturia was 
reduced	 in	 women	 (mean	 age	 68)	 with	 urgency-
predominant	UI.[699]	The	median	 reduction	of	0.5	
episodes	 per	 night	 was	 signiicantly	 more	 effec-
tive	than	drug	treatment	with	oxybutynin	IR	titrated	
from	 2.5mg	 per	 day	 to	 5.0	mg	 three	 times	 a	 day,	
(0.3	episodes)	or	placebo	(no	reduction).	A	second	
secondary	 data	 analysis	 of	 an	 RCT,	 that	 did	 not	
show	beneit	with	 respect	 to	 the	 primary	 endpoint	
of	urgency	incontinence	in	women	(mean	age	55),	
did	 not	 show	beneit	 of	 behavioural	 therapy	when	
added	to	tolterodine	4	mg	LA	for	nocturia.	[706]	An	
additional	RCT	in	men	(mean	age	64)	examined	the	
impact of the addition of either titrated bladder re-
laxant	 therapy	 (oxybutynin	XL	5-30mg)	versus	be-
havioural	therapy	for	pelvic	loor	muscle	exercise	in	
whose	24	hour	urinary	frequency	was	not	resolved	
with	alpha-blocker	therapy.	In	this	trial,	nocturia	was	
a	secondary	outcome.	In	this	study,	the	behavioral	
group showed greater reductions in nocturia (mean 
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=	 -0.70	 vs.	 -0.32	 episodes/night;	 P	 =	 .05)	 [707].	
There	are	currently	no	 trials	of	pelvic	loor	muscle	
exercises	or	urgency	suppression	strategies	where	
individuals were enrolled on the basis of having 
nocturia with reduction in nocturia as the primary 
outcome.

b) Pharmacotherapy

1. antiMUScarinic thErapy

Members of a recent nocturia consensus confer-
ence agreed on the following statements with re-
gards to overactive bladder and antimuscarinics: 
1)	most	patients	with	nocturia	do	not	have	overac-
tive	 bladder;	 2)	 most	 patients	 with	 OAB	 do	 have	
nocturia;	3)	antimuscarinics	are	not	usually	efica-
cious for nocturia; and 4) antimuscarinics may be 
effective	for	nocturnal	voids	due	to	urgency.[631]	In	
general, if the history, bladder diary, and physical 
examination	suggest	that	nocturia	is	related	primar-
ily	or	in	part	to	OAB/DO/urgency	UI,	then	treatment	
with an antimuscarinic agent should be considered 
(see	 Pharmacological	 Treatment	 above).	 There	
are	several	 trials	examining	 the	effect	of	antimus-
carinics for nocturia reduction, including trials of 
oxybutynin-IR,	 [699]	solifenacin,	 [708]	and	toltero-
dine	 [709,	710].	Four	recent	 trials	have	compared	
placebo to active drug for nocturia without statis-
tical	 improvement.	 [711-714]	There	 is	evidence	 to	
suggest that these agents may be best used in 
combination	with	other	therapies	[715]	rather	than	
as	single	modality	therapy.	Even	when	agents	from	
this	category	have	shown	statistically	signiicant	re-
ductions	in	nocturia,	the	net	beneit	of	reduction	in	
nocturia (above that effect shown with placebo) is 
only	by	0.0	to	0.3	episodes.	A	recent	“positive”	trial	
showed	a	statistical	advantage	of	solifenacin	10	mg	
over	placebo	of	a	net	difference	of	-0.12	episodes	
per	 night.[716]	 Tolterodine	 demonstrated	 statisti-
cal reduction in nocturia accompanied by urinary 
urgency	(but	not	overall	nocturia).	[710]	The	clinical	
importance of nocturnal urgency is evident to the 
patient	with	the	symptom	(“I	would	like	to	not	wake	
up	and	have	to	rush	to	the	bathroom”),	but	this	out-
come is not fully nor well established within the lit-
erature.	Use	of	anticholinergic	medications	should	
be used with caution in at-risk individuals as they 
may	cause	worsening	of	confusion.	

2. aGEntS DirEctED towarDS BEniGn proStatic oBStrUction 

Alpha-adrenergic	agents	used	in	patients	with	symp-
toms	suggestive	of	BPO	have	a	modest	impact	on	
nocturia, with a mean reduction of slightly less than 
one	episode	per	night.[689,	717].	5-alpha	reductase	
inhibitors	[689]	and	saw	palmetto	(Serenoa	repens,	
saw	palmetto	berry	extract)	 [718]	have	not	 shown	
statistical	 beneit	 for	 nocturia	 except	 in	 one	 study	
within	one	subset	of	participants	age	>70.[719]	This	
statistical advantage did not persist beyond one 
year,	and	the	net	beneit	compared	to	placebo	was	
a	difference	of	<	0.2	fewer	nocturia	episodes.	

3. othEr MEDication approachES

Among	postmenopausal	women,	 one	uncontrolled	
trial of oestradiol in combination with a progesto-
gen showed a dramatic reduction in nocturia over 6 
months,	[720]	but	this	was	not	replicated	in	another	
RCT.	[721]	There	are	few	studies	that	have	focused	
on treatment of nocturia with the use of medications 
for	 sleep.	One	RCT	evaluated	melatonin	 for	 treat-
ment	of	nocturia	associated	with	BOO	in	older	men.
[722]	Melatonin	showed	only	a	trend	towards	reduc-
tion	in	nocturia	compared	to	placebo	(-.03	and	-0.05	
episodes	from	baseline	3.1	episodes,	respectively)	
but	 did	 signiicantly	 reduce	 reported	 bother	 from	
nocturia.	A	second	study	compared	the	addition	of	
either melatonin or a sedative hypnotic (rilmazaf-
one)	to	older	men	and	women	(mean	age	72)	who	
were already taking a medication for nocturia, and 
found the addition of either treatment further re-
duced	nocturia	one	episode	(from	3.5	to	2.5	in	both	
groups)	 [723].	 Reducing	 volume	 overload	 associ-
ated	 with	 lower	 extremity	 venous	 insuficiency	 or	
congestive heart failure with a late afternoon dose 
of a rapid acting diuretic may be helpful in reducing 
nocturnal	polyuria	and	nocturia	in	selected	patients.
[724,	 725]	 Diuretics	 (speciically	 bumetanide	 and	
furosemide)	have	been	conferred	Level	2	evidence,	
Grade	C	recommendation	by	the	Committee	for	Es-
tablishment of the Clinical Guidelines for Nocturia 
of	 the	Neurogenic	 Bladder	 Society.	 [726]	 Treating	
sleep apnoea with continuous positive airway pres-
sure can reduce nocturia severity, but these trials 
have	 not	 usually	 included	 the	 frail	 elderly.	 [727]	
Treatment	 with	 very	 short-acting	 benzodiazepines	
for patients with primary insomnia, and with dopa-
minergic agonists for patients with restless leg syn-
drome, may improve sleep quality, but there are no 
data	to	support	these	approaches.	

4. anti-DiUrESiS trEatMEnt DESMoprESSin

Most older patients with nocturia have increased 
nocturnal urine output, which is less common in 
younger	patients	[685].	This	having	been	said,	 the	
value	of	classiication	of	patients	(according	to	the	
presence or absence of NP) has not been demon-
strated	 to	be	a	meaningful	predictor	of	eficacy,	or	
lack	of	beneit,	 for	any	treatment,	 including	predic-
tion	of	response	to	desmopressin	[636].	A	large	num-
ber	of	studies	over	the	last	20	years	have	examined	
the	potential	role	of	exogenous	AVP	(desmopressin	
or	 DDAVP)	 for	 the	 treatment	 of	 nocturia	 in	 older	
patients	 [681,	698,	701,	702,	728-743]	 (table 10 ).	
While	many	have	been	uncontrolled	case	series	in-
volving relatively small numbers of subjects, more 
are	 robust	RCTs.	 In	some	cases,	however,	 the	 in-
clusion criteria, outcome measures, and route, dos-
ing,	and	duration	of	DDAVP	treatment	have	varied	
considerably.	The	irst	 two,	 large	RCTS	using	oral	
DDAVP	employed	essentially	identical	designs,	with	
one	conducted	in	men	[702]	and	the	other	in	women.
[701]	While	these	trials	included	some	patients	older	
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Reference No. 
(Yr.) 

Study Design N Sex Age 

Mean, (SD) 

Nocturia De inition DDAVP 
Dose1 

Outcomes Leve l of 
Evidence 

van 
Kerrebroeck 
2007 [952] 

RCT, placebo 
controlled Dose 

titration 

127 70%M 63.4 (12.8) > or =2 voids/night 0.1, 0.2, 0.4 
mg 

39% reduction in the mean number of 
nocturnal voids with desmopressin vs. 

15% with placebo,  p<0.0001 duration of 
the	irst sleep period prolonged by 108 
min with desmopressin vs. 41 min with 

placebo; p<0.0001) 

2 

Johnson 2007 
[953] 

double-blinded, 
placebo-controlled, 

crossover trial of 
individually titrated 

oral ddAVP. 

14 NS 74 (5) any nighttime void 
between going to 
bed and morning 

awakening 

0.1, 0.2, 0.4 
mg 

NUV in subjects receiving 
ddAVP treatment was signiicantly lower 

than at baseline 
(197mL reduction,) and than in subjects 

taking 
placebo (126mL less,). NUVof subjects at 

baseline 
and of those taking placebo were not 

signiicantly different 

3 

Wang 2011 
[738] 

long-term eficacy 
and safety of low 

dose oral 
desmopressin in 

elderly patients with 
benign prostatic 

hyperplasia 

126 M 74.5 (5.99) 2 or more voids nightly 
nocturnal 

polyuria =nocturnal uri ne 
volume greater 

than 30% of total daily 
urine volume 

0.1 decrease of 2 or more voids 
per night) achieved by 35 (61.40%) 

patients 
receiving desmopressin and by 8 

(13.80%) on placebo 
(p _0.001). 

2 

Fu 2011 [740] randomized double-
blind 

treatment period. with 
DDAVP and 

staggered furosemide 
 

80 58 men 
and 22 
women, 

67 (8) at least two voids per 
night 

0.1, 0.2, 
0.4mg 

46% patients in the study group compared 
with 

4 (10%) patients in the control group 
reported that the treatment had a 50% or 

greater reduction in the number of 
nocturnal voids 

2 

Table 10.  Selected studies of desmopressin (DDAVP) for nocturia involving older patients (last 5 years)
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than	75,	the	mean	age	of	the	participants	was	closer	
to	“middle”	rather	than	“old”	age	(65	and	57,	respec-
tively).	Both	found	signiicant	reductions	in	nocturia	
and nocturnal urine volume, and increases in mean 
duration	 of	 self-reported	 irst	 night-time	 sleep	 epi-
sode.	However,	there	were	some	unusual	elements	
of	 the	 trial	design.	The	randomised	controlled	por-
tion was preceded by an open-label dose-titration 
run-in,	 with	 the	 subsequent	 exclusion	 of	 subjects	
who	did	not	experience	>20%	reduction	in	nocturnal	
urine volume or who were intolerant to the medica-
tion.	Although	this	approach	may	be	useful	for	tar-
geting therapy in clinical practice, it raises questions 
about selection bias and the generalisability of the 
results.	Most	individuals	in	DDAVP	oral	tablet	trials	
were	titrated	up	to	an	oral	dosage	of	0.4	mg,	[701,	
702]	yet	older	patients	can	have	a	signiicant	reduc-
tion in night-time urine with much lower doses of 
0.1	or	 0.2	mg	orally.[738,	 739,	 744].	A	major	 con-
cern	related	to	DDAVP	treatment	in	elderly	patients	
is	luid	retention	(which	can	exacerbate	underlying	
cardiovascular	disease)	and	hyponatraemia.	In	one	
study,	one	of	 the	57	 individuals	randomized	 to	0.1	
mg	 DDAVP	 for	 year	 was	 described	 as	 having	 a	
“consciousness	disturbance	due	 to	hyponatraemia	
(116	mmol/l)”	which	left	him	unable	to	“complete	the	
protocol”	 (Wang	 2011).	 Many	 older	 persons	 may	
have	 pre-existent	 hyponatraemia	 due	 to	 a	 variety	
of medical conditions and drugs and will develop 
renal	 insuficiency	or	congestive	heart	 failure.	One	
review	[745]	found	the	incidence	of	hyponatraemia	
with	DDAVP	in	older	persons	to	be	0-9%	(depend-
ing	on	deinition),	with	the	exception	of	the	RCT	in	
men discussed above, in which the incidence of any 
hyponatraemia	 was	 22%	 (4%	 with	 sodium	 <	 130	
mmol/L).	Because	so	few	frail	elderly	were	included	
in these trials, the actual incidence of clinically signif-
icant	hyponatraemia	from	DDAVP	that	might	occur	
with	monitoring	outside	of	a	clinical	trial	is	unknown.	
A	further	review	of	pooled	trial	results	found	that	the	
incidence of hyponatraemia in subjects with normal 
baseline	sodium	was	<1%	(3/336	subjects)	 in	per-
sons	<	65	and	8%	(22/260)	in	those	>65,	and	75%	
(6/8)	 in	 older	 patients	 with	 a	 low	 baseline	 serum	
sodium.[746]	Pharmacodynamic	studies	in	younger	
older	men	 (aged	 55-70)	 found	 that	DDAVP	had	 a	
prolonged half-life which was in part responsible for 
hyponatraemia.	 [747]	 DDAVP	 is	 not	 useful	 in	 frail	
older	persons	 in	nursing	homes	with	nocturia	and/
or	night-time	UI	because	of	the	lack	of	eficacy	for	
reducing night-time voids and the very high rate of 
hyponatraemia	[744].

Several	attempts	at	delivering	the	eficacy	of	antidi-
uretic therapy without the side effects have focused 
on the dosing, mechanism of achieving anti-diuresis, 
half-life	of	the	agent,	and	delivery	system.	Since	the	
last	ICI	review,	data	about	the	eficacy	and	safety	of	
an	orally-disintegrating	tablet	formulation	of	DDAVP	
have	 been	 published	 [698].	 The	 theoretical	 advan-
tages of such a formulation would be the ability to 
deliver	smaller	and	consistent	level	of	the	drug.	The	

study design evaluated co-primary outcomes of 
decrease in night-time voids from baseline versus 
placebo	 and	 the	 ability	 to	 achieve	 a	 33%	 decline	
in	 baseline	 nocturia.	 Participants	were	 stratiied	 by	
age	<65	 and	 ≥	 65,	with	 500	 individuals	 over	 65	 in	
the	 study	 having	 safety	 endpoints.	 At	 enrolment,	
all participants needed to have a serum sodium of 
>135	mmol/L,	an	estimated	creatinine	clearance	of	
greater	than	60	ml/min	(the	largest	single	reason	for	
exclusion	 during	 screening,	 15%),	 and	 a	 post	 void	
residual	 of	 less	 than	150	mL,	and,	 for	men	only,	 a	
peak	urolow	of	>5	mL/second.	The	results	showed	
that	for	men,	the	minimal	effective	dosage	was	100	
microgrammes	(-1.38	versus	-0.84	for	placebo)	and	
for	 women	 it	 was	 25	microgrammes	 (-1.22	 versus	
-0.88	for	placebo).	Side	effects	appeared	in	a	dose-
dependent fashion, that depended upon both age 
(older had higher side effects) and gender (women 
had	higher	side	effects).	For	those	participants	over	
65	 years	 of	 age,	 the	 following	 percentages	 of	 par-
ticipants	had	a	reduction	of	sodium	of	either	125-130	
or	 <125:	 on	 100	microgrammes,	 14.1%	and	 4.7%;	
on	50	microgrammes,	6.6%	and	2.6%;	for	25	micro-
grammes,	 2.6%	 and	 0%.	 While	 the	 2011	 nocturia	
treatment	 consensus	 guidelines	 [631]	 stated	 that	
”the	mechanisms	behind	desmopressin-induced	hy-
ponatraemia	are	well	understood”,	newer	information	
suggests that the hyponatraemia in women is not 
fully	explained	by	pharmacokinetic	proiles	[748].	For	
elderly	 individuals,	 antidiuretic	 therapy	 via	 DDAVP	
orally absorbable tablets still has a narrow therapeu-
tic	window	where	the	dosage	that	allows	for	eficacy	
in the absence of meaningful and potentially serious 
side	effects	may	be	dificult	to	ind.	

There	have	also	been	trials	with	staggered	DDAVP	
and diuretics, which have greatly reduced nocturia 
[740].	Of	 the	 participants	who	 completed	 the	 trial,	
5%	 had	 hyponatraemia,	 not	 counting	 individuals	
who	had	hyponatraemia	during	run	in.	

c) Surgical and procedural treatments 

Posterior tibial nerve stimulation has been used in 
OAB	trials.	A	recent	trial	[749]	demonstrated	in	214	in-
dividuals a favorable outcome for nocturia reduction in 
the	active	treatment	group	(2.9	at	baseline	to	2.1	with	
treatment) that was statistically superior to the effect 
of	sham	(2.9	to	2.6,	net	beneit	of	active	over	placebo	
-0.4	reduction).	Of	note,	there	were	more	individuals	
over	 65	 years	 of	 age	 (50%)	 compared	 to	 the	 sham	
group	 (41%)	 biasing	 against	 demonstrating	 beneit	
if it were true that older adults responded less well; 
whether or not these gains are maintained without on-
going	treatment	is	not	known	[750].

Surgical	 approaches	 to	 treatment	 of	 nocturia	 have	
long been recognized to be effective, yet overall 
symptoms	improve	more	than	does	nocturia	specii-
cally.	The	evidence	from	trials	shows	that	older	pa-
tients with the highest symptom scores prior to sur-
gery	beneit	the	most	from	transurethral	resection	of	
the	prostate	[751],	yet	nocturia	often	persists	and may 
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be the least responsive symptom for improvement 
following	the	procedure	[751-753].	Yet,	surgery	does	
reduce lower urinary tract symptoms and may result 
in reductions in nocturia and improvement in symp-
tom	speciic	QOL	[754]	In	one	consecutive	group	of	
56	patients	treated	with	either	TURP	or	radical	pros-
tatectomy	 (mean	 age	 69)	 for	 persistent	 symptoms	
despite	 six	 months	 of	 medical	 therapy.	 The	 group	
monitored postoperative nocturia counts, hours of 
undisturbed	sleep,	and	 the	 ICIQ-NQOL	which	were	
compared	 to	 baseline.	 In	 this	 uncontrolled	 series,	
patients	 had	 signiicant	 improvements	 in	 all	 mea-
sured	 domains,	 including	 a	 0.8	 episode	 reduction	
per	 night	 [755].	 The	NQOL	 outcome	measure	was	
most favorable in individuals with the greatest reduc-
tions	in	nocturia	or	the	most	uninterrupted	sleep.	One	
study	used	a	retrospective	evaluation	of	298	patients	
(mean	age	70)	over	a	10-year	period,	and	found	that	
younger	men	with	 lower	preoperative	urinary	maxi-
mum	low	rates	had	 the	best	post-operative	 results	
[753].	 Not	 surprisingly,	 symptoms	 post-operatively	
were not strongly correlated with objective urody-
namic	indings	 [756].	On	average,	 less	 than	half	of	
the men operated on had a reduction of nocturia by 
50%	or	more	 [753].	 In	 a	 rare	RCT	where	 66	men,	
aged	52–81	years	(mean	68.6),	who	were	believed	
to	have	nocturia	solely	due	 to	“benign	prostatic	hy-
perplasia”	and	who	had	received	no	previous	treat-
ments	of	any	type,	were	randomized	in	a	1:1	fashion	
to	either	alpha-blocker	 therapy	(tamsulosin	0.4	mg)	
or	TURP.	The	prostate	volumes	and	baseline	noctu-
ria	nearly	differed	in	a	statistically	signiicant	manner	
at	baseline	(51	cm3	and	2.0	mean	nocturia	episodes	
versus	 59	 cm3	 and	 2.4	 for	 those	 allocated	 to	 sur-
gery).	Both	groups	had	a	reduction	of	nocturia	to	1.5	
(3	months)	and	1.4	(6	months),	as	well	as	statistical	
improvements	in	the	ICIQ-NQOL.	No	treatment	was	
superior to the other and both were statistically sig-
niicantly	improved	from	baseline	[754].	

7. SUMMARY OF EVIDENCE 

·  Late afternoon administration of a diuretic may 
reduce	 nocturia	 in	 persons	 with	 lower	 extremity	
venous	 insuficiency	 or	 congestive	 heart	 failure	
unresponsive	to	other	interventions.	(Level 2)

·		If	OAB,	DO,	and/or	urgency	UI	is	felt	to	be	a	ma-
jor contributor to nocturia, antimuscarinic agents 
should	be	considered.	(Level 3)

·   If nocturia is due to insomnia alone, then a 
very-short acting sedative hypnotic may be 
considered.	(Level 3)

·		DDAVP	should	not	be	used	in	frail	elderly	because	
of	the	risk	of	hyponatraemia.	(Level 1)

8.  RECOMMENDATIONS FOR MANAGEMENT

•			Nocturia	 investigations	 should	 be	 carried	 out	
utilising both frequency-volume charts and vali-
dated	 questionnaires	 capturing	 QoL	 and	 bother	
related	speciically	to	nocturia	(e.g.	NQoL).		

9.  RECOMMENDATIONS FOR RESEARCH 
FOR NOCTURIA IN THE ELDERLY [636]

•		Validation	and	clariication	of	the	deinitions	of	both	noc-
turia (in regards to any night awakening owing to the 
desire	 to	pass	urine,	 the	 ICS	deinition,	vs.	 the	more	
clinically	bothersome	nocturia,	of	2	or	more	episodes)	

•	Studies	to	elucidate	the	reason	for	awakening

•		Ways	 in	which	 to	 understand,	 and	potentially	 di-
minish,	the	robust	effect	of	placebo/control	arms

•		Epidemiological	 research	 regarding	 studies	 of	
nocturia	involving	the	following	aspects:	incidence/
natural history, bother, effect on quality of life 

•		Research	regarding	what	would	be	a	clinically	sig-
niicant	improvement

•		Further	clinical	trials	examining	the	impact	of	sleep	
focused treatments 

•		Trials	examining	the	effects	of	multiple	incremental	
and multicomponent therapies for nocturia 

•		Algorithms	 for	 both	 initial	 and	 subsequent	 (e.g.,	
cause-speciic)	 management	 of	 frail	 elderly,	 and	
men	versus	women	would	seem	to	be	desirable.

1.  BACKGROUND

Globally, frail elderly persons receive personal, nurs-
ing and medical care in a variety of healthcare and 
residential settings that employ many different models 
of	 continence	care.	While	 there	 continue	 to	be	 very	
few studies, and fewer randomised clinical trials that 
directly	 examine	 these	models	 in	 relation	 to	UI	 pre-
vention and management, a discussion of selected 
models is useful in identifying the challenges and op-
portunities to improve continence care for this popula-
tion.	This	descriptive	section	briely	outlines	four	mod-
els of UI care particularly relevant to the frail elderly: 
home care, continence nurse advisors, collaborative 
practices between advance practice nurses and phy-
sicians,	and	 long	term	institutional	care.	The	care	of	
incontinent frail elders in the acute care and assistive 
living	settings	is	also	discussed.	A	comprehensive	re-
view of global models of care is outside the purview of 
this	section.	Of	note,	we	located	little	new	information	
since	 the	4th	 ICI.	Our	indings	were	conirmed	by	a	
systematic	 literature	 review	of	7	studies	 that	 investi-
gated conservative interventions for frail non-institu-
tionalised older adults, some of whom however lived 
in assisted living, senior apartments, and homes for 
the	elderly,	or	attended	adult	day	care	[757].	

2. HOME CARE

Most care for the frail elderly who live at home is 
provided by informal caregivers such as spouses, 

VI. MODELS OF CARE FOR THE 
FRAIL ELDERLY WITH UI
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children, other relatives, and in some cases neigh-
bours	 or	 friends.	Overall,	 there	 has	 been	 little	 re-
search on UI interventions for this population but 
one trial found that behavioural interventions can be 
effective in selected frail homebound persons with 
UI	and	motivated	caregivers	[758].	Another	trial,	in-
cluded in the systematic literature review mentioned 
above, found comprehensive geriatric assessment 
(CGA)	was	effective	in	resolving	UI	in	23%	and	im-
proving	incontinence	in	44.6%	[759].	Overall,	how-
ever, the informal nature of care at home may lead 
to	 important	 barriers	 to	 effective	 continence	 care.	
Firstly,	caregivers	may	not	be	available	24	hours	per	
day, and thus regular toileting assistance may only 
be	 intermittently	 available.	 Toileting	 programmes	
(e.g.,	 prompted	 voiding),	 intermittent	 catheterisa-
tion, and pessary use therefore may be impossible 
to	implement	consistently.	Secondly,	many	caregiv-
ers	 for	 frail	 persons	 are,	 in	 fact	 frail,	 themselves.	
Spouses	 and	 adult	 children	may	 have	medical	 ill-
nesses	and/or	functional	problems	making	toileting	
assistance	 physically	 dificult	 and	 continence	 care	
stressful	 for	 them.	 An	 internet-based	 survey	 with	
Japanese	 family	 caregivers	 revealed	 that	 caring	
for a family member with incontinence resulted in 
signiicantly	higher	Zarit	Caregiver	Burden	Interview	
(ZBI)	 scores	 than	 for	 those	 caring	 for	 a	 continent	
family	member	 [760].)	 In	11	European	 regions,	 in-
formal caregivers caring for incontinent older adults 
were 2.2	 times	 more	 likely	 to	 report	 feelings	 of	
stress	or	 burden	 [378].	Thirdly,	 even	among	care-
givers who are physically capable and available to 
assist with continence care, negative attitudes, lack 
of knowledge and educational resources may pose 
substantial	barriers	to	providing	the	required	care.	

Trained,	paid	caregivers	for	the	frail	elderly	living	at	
home	 are	 variably	 available	 throughout	 the	world.	
Such	services	may	include	nurses	to	teach	patients	
and caregivers UI care and management of inter-
mittent or indwelling catheterisation, health care 
aides or personal care assistants who can assist 
with continence care, and provision of continence 
care	 supplies	 (e.g.,	 pads	 and	 catheter	 supplies).	
In	 the	 US,	 for	 example,	 Medicare	 (health	 insur-
ance	 for	persons	aged	>	65)	does	not	pay	 for	on-
going UI care, only some catheter care and sup-
plies and need-based home skilled nursing and 
physical therapy, and usually only on a limited basis 
and	 following	hospitalisation.	 In	a	survey	of	Dutch	
older	adults,	>	65	years	(mean	age	80	years,	stan-
dard	deviation	7.2)	who	were	receiving	home	care	
agency	services,	46%	(n=2866)	had	urinary	incon-
tinence.	UI	type	was	diagnosed	in	49.8%.	Types	of	
UI	were	as	follows:	13.1%	stress	UI,	33.4%	urgency	
UI,	18.1%	mixed	UI,	and	35.4%	functional	UI.	Use	
of pads was the most commonly used intervention 
with scheduled toileting the second most frequently 
used	intervention.	 In	addition,	 for	older	adults	who	
had	a	diagnosis	for	UI	type,	only	11%	received	spe-
cial	skin	care	[492].	In	a	study	with	4010	older	adults	
who	were	receiving	home	care,	1478	(36.8%)	were 

incontinent of urine and the use of pads ranged from 
29%	to	52%	among	11	home	care	sites	 in	Europe	
[378].	 Thus,	 even	 for	 older	 adults	 receiving	 home	
care, UI management often remains focused on 
containment by using pads and other protective 
products.	These	 can	be	expensive	 if	 not	 provided	
or reimbursed through available health services or 
insurance.	 Research	 is	 needed	 to	 determine	 the	
magnitude of the problem of frail elders who do 
not engage in practices to protect skin integrity and 
devise homemade alternatives to pads, which are 
neither effective, comfortable, nor safe (especially 
to	prevent	incontinence-associated	dermatitis	[761].	
A	study	conducted	in	the	Netherlands	with	19	home	
health	agencies	found	that	38%	of	agencies	docu-
mented the input of a continence nurse to care, but 
no association between quality systems and UI out-
comes	was	found.	The	authors	deined	quality	sys-
tems as management activities designed to moni-
tor,	 assess	 and	 improve	 the	 quality	 of	 care	 [762].	
With	the	demand	for	home	care	services	expected	
to increase, these agencies will provide services for 
an increasing number of frail elderly patients with 
continence	concerns.

3.  CONTINENCE NURSE ADVISORS AND 
NURSE-LED MODELS

In	many	countries	(e.g.,	UK,	Australia,	Sweden	and	
Canada, among others), continence nurse advi-
sors	who	can	provide	extremely	valuable	services	
for	 frail	 elderly	 with	 UI	 are	 available.	 Continence	
nurse advisors are highly trained in the assess-
ment and management of both urinary and faecal 
incontinence.	They	are	generally	funded	by	the	gov-
ernment and function as public health nurses for a 
region	associated	with	one	or	more	hospitals.	They	
serve as advisors and provide education to physi-
cians, nurses, and other health care professionals, 
as	well	as	patients	and	their	caregivers.	They	may	
also assist hospital staff in the assessment and 
management of UI in the hospitalised frail elderly, 
and coordinate follow up care in the home or in an 
outpatient	 clinic.	 One	 Canadian	 study	 found	 that	
continence nurse advisors had a positive impact in 
improving	management	of	UI	in	older	persons	[763].	
Data	suggest	that	continence	nurse	led	services	are	
effective for the general population, but there are no 
speciic	data	for	frail	older	people	[764].

4.  COLLABORATIVE PRACTICES BETWEEN AD -
VANCE PRACTICE NURSES AND PHYSICIANS

In many countries, publicly supported continence 
nurse	 advisors	 are	 not	 available.	 However,	 other	
models have developed that generally involve col-
laborative practices between nurses with special 
interest,	 advanced	 training,	 and	 expertise	 in	 con-
tinence care and physicians (usually a urologist, 
gynaecologist,	or	geriatrician).	These	collaborations	
can be vital for providing optimal continence care 
for the frail elderly because of the multi-component 
therapy	 required.	 Such	 nurses	may	 provide	 reim-
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bursable	services	in	private	ofices	and	clinics;	pro-
vide	education,	consultation,	and/or	direct	services	
to nursing homes or other long term care facilities, 
and assisted living facilities; and assist with the as-
sessment and management of UI to frail elders in 
their	 homes.	 The	 complexity	 of	 healthcare	 deliv-
ery	 systems	 and	 needs	 of	medically	 complex	 frail	
older adults are acknowledged in calls for optimal 
continence care delivered through multidisciplinary 
teams	[404].	An	analysis	conducted	with	data	from	
the	 2006	 National	 Audit	 of	 Continence	 Care	 for	
Older	People	in	England	and	Wales	found	that	inte-
grated services, those that included organisational 
structure and clinical care processes for continence 
care which met national quality standards, provided 
higher	 quality	 of	 care	 [268]	 .	 Reimbursement	 for	
advance practice nurses and their ability to pro-
vide direct care independently of a physician varies 
across countries, and in some case within countries 
(e.g.,	in	the	US	their	scope	of	practice	can	vary	by	
state).	Evidence	from	a	randomised	controlled	trial	
of a nurse-led continence service (for women aged 
40 years and over) revealed clinical and statisti-
cally	signiicance	decrease	in	the	urinary	symptoms	
of	urgency,	 frequency	and	UI	 [765].	The	nurses	 in	
this study were specially trained, used evidence-
based interventions and behavioural techniques 
with	 motivation	 and	 reinforcement.	 The	 nurses	
also	 consulted	with	 a	medical	 team.	Although	 this	
model was used in independently living women, it 
shows promise for use in community-dwelling frail 
older	people.	In	some	countries	there	are	specialty	
organisations	for	continence	nursing	(e.g.,	the	US,	
Wound	Ostomy	Continence	Nurses	Society	and	So-
ciety	of	Urological	Nurses	and	Associates;	Canada,	
Canadian	Continence	Nurse	Advisors;	UK,	Associa-
tion	for	Continence	Advice).	Although	little	data	on	
the effectiveness of these organisations in terms 
of	 improving	patient	care	exist,	 they	are	becoming	
more	widespread	(e.g.,	Israel	and	Italy).

5. INSTITUTIONAL LONG TERM CARE

Long term care for the frail elderly is provided in 
a variety of types of institutional settings through-
out	 the	world.	Continence	care	here	 is	dependent	
upon many factors, including: type of resident 
(those requiring long-term skilled and personal 
care, short-term rehabilitation, post-hospitalisation 
care); physical environment; the organisational cul-
ture and leadership commitment to providing high 
quality care; the number, education, and motiva-
tion of direct care staff; access to physicians with 
interest in and understanding of continence care; 
and	 inancial	 and	 regulatory	 incentives	 to	 provide	
appropriate	 continence	 care.	 Nursing	 home	 staff-
ing continues to be a major barrier to translating 
research on prompted voiding and other interven-
tions	 (see	 sections	 on	 Behavioural	 interventions	
and	 Environmental	 factors)	 into	 practice,	 and	 be-
cause resource constraints are stringent and will 
become more challenging with the rapid growth in 

the	 frail	 elderly	 population	 [766].	One	study	 found	
that	one	staff	member	to	ive	residents	was	neces-
sary to implement combined toileting assistance 
with	an	exercise	programme	 for	physically	depen-
dent	residents	[470].	However,	the	residents’	ability	
to maintain continence or improve may depend not 
only on the number of staff available, but also on 
their knowledge, skill, and interest and how these 
staff	members	are	deployed.	A	systematic	review	on	
the	impact	of	nursing	workload	and	stafing	on	es-
tablishing	healthy	work	environments	 for	example,	
found a positive association between the knowl-
edge	and	level	of	staff,	and	patient	outcomes.	Spe-
ciically,	 a	 greater	 proportion	 of	 regulated	 stafing	
(i.e.	 registered	 nurses,	 enrolled	 nurses,	 practical	
or vocational nurses) is associated with improved 
outcomes related to the Functional Independence 
Measure	score,	the	Short	Form	Health	Survey	(SF-	
36)	 vitality	 score,	 patient	 satisfaction	 with	 nursing	
care, patient adverse events (including atelecta-
sis, pressure ulcers, falls, pneumonia, postsurgical 
and treatment infection and urinary tract infections) 
[767].	Moreover,	 improved	patient	outcomes	 in	 re-
lation to falls, pneumonia, pressure ulcers, urinary 
tract infection, length of stay and postoperative in-
fection rates are associated with increased hours of 
registered	nurse	employment.	The	section	on	Inter-
ventions	with	Long-term	Care	Staff	above,	reviews	
studies of interventions with nursing home staff to 
improve	continence	care.	These	interventions	have	
generally met with limited success because they 
have	not	 incorporated	either	contextual	or	patient-
level factors into their interventions, but have mere-
ly	concentrated	upon	facilitation	[768].	

Three	broad	strategies	have	been	employed	to	im-
prove the quality of continence care for frail elderly 
nursing	homes	residents.	The	irst	are	standardised	
approaches	 to	 identiication,	 assessment,	 and	
management	 of	 UI.	 One	 is	 the	 Resident	 Assess-
ment Instrument for nursing facilities, whose use 
is	mandated	 in	 the	US	and	other	countries	 [418].)	
The	 Resident	 Assessment	 Instrument	 combines	
information	 from	 the	Minimum	Data	Set	 (including	
data on individual resident demographics, medical 
conditions, function, cognition, and care needs) with 
Resident	Assessment	Protocols	 for	 speciic	condi-
tions	 and	 impairments.	 The	 continence	 section	 of	
the	Minimum	Data	Set	is	generally	accurate	in	iden-
tifying incontinent patients, but not for determining 
the type or severity of UI or determining especial-
ly	 smaller	 changes	 in	 continence	 over	 time	 [769].	
The	 original	 version	 of	 the	 Resident	 Assessment	
Protocol for UI was partially validated in a sample 
of	 approximately	 100	 frail,	 incontinent	 patients	 in	
one	large	academically-afiliated	US	nursing	home	
[770].	In	other	countries,	such	as	Australia	and	the	
UK, the use of clinical assessment tools in nursing 
homes	 is	 not	 mandated.	 They	 are	 in	 certain	 cas-
es however, linked to accreditation processes and 
funding,	 providing	a	 inancial	 incentive	 for	 nursing	
homes to document an assessment and care plan 
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that	 addresses	 residents’	 continence	 care	 needs.	
The	 National	 Audit	 of	 continence	 Care	 for	 Older	
People	 reported	 on	 the	 extent	 to	 which	 nursing	
homes adhered to a suite of continence assess-
ment and management standards based on ICI and 
national	criteria	[265].	

Another	approach	is	national	guidance	directives,	
such as that for surveyors who conduct yearly qual-
ity	evaluations	of	all	US	nursing	homes.	A	revision	
of	 the	US	guidance	 to	surveyors	 for	UI	and	cath-
eter	use	in	2005	attempted	to	replace	the	existing	
emphasis on nursing documentation of continence 
care plans with an emphasis on UI assessment and 
provision	of	patient-focused	care	[418].	However,	a	
subsequent study found that both surveyors and 
nursing home staff did not understand this shift in 
emphasis, and that the dissonance between these 
two groups in basic UI knowledge and elements 
of the guidance was a barrier to any change in 
quality	of	UI	care	[427].	Despite	the	existence	and	
dissemination of guidelines, several studies docu-
ment an ongoing discrepancy between their rec-
ommendations and regulations and the continence 
care	actually	 delivered	 in	 the	US	 [277,	 425,	 458,	
771]	and	UK	[265,	772].

The	second	strategy	has	been	the	use	of	principles	
of continuous quality improvement and total qual-
ity management developed for business manage-
ment	[773].	The	key	elements	of	these	approaches	
are education and involvement of direct care staff, 
identiication	of	a	“continence	champion”	and	team	
to implement the programme, and the continuous 
collection and analysis of quantitative outcome data 
using	principles	of	statistical	quality	control.	Quality	
assurance programmes using UI quality indicators 
have	also	been	proposed	[263].	One	study	success-
fully used a computerised assessment and quality 
improvement	software	program	and	external	over-
sight	to	maintain	a	50%	reduction	in	UI	in	eight	di-
verse,	geographically	dispersed	US	nursing	homes	
[440].	A	second	implemented	a	quality	improvement	
programme	 in	ive	diverse	US	nursing	homes,	but	
UI	reduction	was	more	modest	(20-30%)	in	this	ef-
fort	 to	 translate	 research	 into	 practice	 [484].	 In	 a	
recent	major	quality	 improvement	in	NHs	initiative,	
the	 Centres	 for	 Medicare	 and	 Medicaid	 Services	
(CMS)	 in	 the	United	States	use	publicly	disclosed	
quality	 measures	 (QMs)	 for	 nursing	 homes.	 Low	
risk	incontinence	(i.e.,	percent	of	low	risk	long	stay	
residents with loss of bladder or bowel control) was 
associated with the percent of residents readmitted 
and the percent of residents incontinent of urine on 
admission	to	the	facility	[774].	

The	third	approach	is	a	specialty	practice	exemplar	
model for continence care, with an academic nurs-
ing	faculty	member	with	expertise	in	the	assessment	
and treatment of UI engaged in clinical UI practice 
in a long-term care facility (see Interventions with 
Long-term	Care	Staff,	above):	graduate	nursing	stu-

dents	working	with	this	individual	focus	on	the	Resi-
dent	 Assessment	 Protocol	 for	 UI.	 UI	 assessment	
and management skills are transferred to the facil-
ity nursing staff members through several mecha-
nisms, including staff education and improved 
continence	 care	 systems	 [398].	 This	 approach	 to	
improving continence care in nursing homes can 
be facilitated through collaborative partnerships 
between	 academia	 and	 the	 nursing	 home	 sector.	
Proponents of this type of collaboration claim it has 
the potential to facilitate culture change in nursing 
homes; to transform the perceptions and images of 
nursing homes in academia and the community, as 
exemplary	 places	 for	 quality	 and	 care	 and	 quality	
of life; and to promote evidence-based care, inter-
disciplinary collaboration, and resident-centred care 
[775-777].	 For	 example,	 they	 can	 also	 potentially	
support the development of clinical leaders to intro-
duce	change	at	the	clinical	interface	[778].	

The	concept	of	using	clinical	leaders,	and/or	nurses	
with advanced knowledge and skill, to improve the 
evaluation and treatment of UI in nursing homes is 
not	new	[277,	453,	767,	779,	780].	Watson	and	col-
leagues	for	example	report	a	quasi-experimental	pre-
post design to test the effectiveness of using nurse 
practitioners	to	translate	the	Agency	for	Health	Care	
Research	 and	Quality	 Urinary	 Incontinence	Guide-
line into practice for residents from nursing homes in 
upstate	New	York.	Although	the	intervention	was	in-
consistently	implemented,	8.4%	of	residents’	(n=25)	
became continent: largely due to treatment of revers-
ible	causes	such	as	constipation	[781].	

6. OTHER INSTITUTIONAL SETTINGS

Other institutional settings that warrant attention in 
the	context	of	models	of	care	for	improving	the	man-
agement	of	UI	in	frail	older	adults	are:	1)	acute	care	
settings	and	2)	assisted	living	communities.	

Acute	care	is	a	form	of	secondary	health	care	which	
involves an active approach to managing a short-
term,	but	urgent	health	problem.	It	 is	generally	de-
livered by a range of health care professionals in a 
hospital	 setting.	Older	 adults	 comprise	 the	 largest	
proportion of people admitted to acute care and as 
the population ages, the number of frail older adults 
requiring	hospitalisation	will	increase.	A	recent	pro-
spective	cohort	study	of	577	patients	(mean	age	82	
+/-	6.9	years)	admitted	to	general	medical	wards	of	
three	 acute	 care	 hospitals	 in	 Brisbane,	 Australia,	
found	UI	rates	of	43.8%	(243/555)	premorbid,	36.7%	
(176/479)	during	admission,	and	35.3%(187/530)	at	
discharge	 [782].	 Moreover,	 of	 438	 patients	 at	 the	
time	 of	 discharge,	 38	 (12.8%)	 had	 new	 onset	 UI.	
One group of patients with a high risk for develop-
ing	UI	in	hospital	are	female	hip	fracture	patients.	A	
secondary	analysis	of	data	from	6516	hospitalised	
women	with	a	fractured	hip	revealed	21%	became	
incontinent	 during	 hospitalisation	 [783].	 Risk	 fac-
tors in this group included admission from a nurs-
ing home or other long-term care facility (odds ratio 
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[OR]	1.68,	95%	conidence	interval	[CI]	1.29–2.19),	
confusion	 (OR	3.44,	 95%	CI	 2.79–4.24),	 use	 of	 a	
wheelchair	or	device	for	walking	(OR	1.53,	95%	CI	
1.29–1.83),	and	prefracture	dependence	on	others	
for	ambulation	(OR	2.51,	95%	CI	1.64–3.85).	

Other research on UI in acute care draws atten-
tion to an overreliance on continence aids, and 
inadequate attention to identifying and address-
ing	 potentially	 contributing	 factors.	 For	 exam-
ple, Ostaszkiewicz and colleagues conducted a 
point-prevalence	survey	of	447	hospitalised	older	
adults	in	acute	and	subacute	care	settings	in	Aus-
tralia	 and	 found	 60%	with	 a	 continence	 product	
or	 device,	 however,	 50	 (41%)	 patients	 with	 an	
absorbent	 pad	 denied	 having	 experienced	UI	 or	
FI	 in	 the	 preceding	 24	 hours	 [430].	 By	 contrast,	
113	 patients	 (16%)	who	 reported	UI	 or	 FI	 in	 the	
same	period	had	no	continence	product	or	device.	
Hospital	inpatient	notes	and	admission	notes	also	
lacked information about patients’ continence 
status.	 Similar	 findings	 were	 reported	 for	 elder-
ly	 patients	 admitted	 to	 hospitals	 in	 Israel	 [409]	
Switzerland,	 [408]	 ,	 and	 Italy	 [784].	 Zisberg	 and	
colleagues	[409]	conducted	a	prospective	cohort	
study	of	352	patients	aged	70	and	older	who	were	
continent prior to admission to an acute care hos-
pital.	They	found,	17.1%	developed	UI	during	their	
hospitalization, and in a multivariate analysis, the 
use of a urinary catheter or diaper were associat-
ed	with	the	development	of	UI	(4.26	95%CI	1.53-
11.83	 and	 2.62	 95%CI	 1.17-5.87	 respectively).	
Zurcher	and	colleagues	[408]	surveyed	78	elderly	
inpatients	in	a	Swiss	hospital	and	found	41	(51%)	
screened	 positive	 for	 UI,	 yet	 only	 10	 (24%)	 of	
nursing	records	documented	the	presence	of	UI.	
Moreover, the use of absorbent pads was the only 
intervention	documented.	The	number	of	patients	
who declined to be asked about their continence 
status	was	minimal	(n=5).	Palese	and	colleagues	
also drew attention to a mismatch between UI and 
absorbent	 pad	 use,	 which	 occurred	 for	 34%	 of	
patients admitted to medical wards in two Italian 
hospitals	[784].	Factors	that	contribute	to	the	lack	
of screening and assessment of incontinence, and 
overreliance on containment strategies for UI in 
acute care include: healthcare practitioners’ lack 
of	knowledge	and	skills,	 [428,	785-787]	negative	
attitudes toward older adults with incontinence, or 
the	belief	that	UI	is	not	a	priority	[788,	789].	

Whilst	 existing	 research	 indicates	 the	 need	 for	UI	
to be treated as a potentially preventable compli-
cation	 of	 hospitalisation,	 it	 does	 not	 offer	 speciic	
information about the continence status and conti-
nence care needs of hospitalised frail older adults 
as	a	speciic	subgroup.	As	 incident	UI	 is	a	marker	
for frailty, and functional decline, it is important to 
focus clinical and research attention on this vulnera-
ble	population	[790,	791].	Dowling-Castronovo	and	
colleagues provide a standard of practice protocol 
for	managing	UI	 in	older	hospitalised	adults	 [792].	

However	to	the	best	of	our	knowledge,	there	is	no	
evaluative research on the use of these or other 
protocols for managing either daytime or night-time 
UI	in	acute	care,	especially	in	the	frail	elderly.	There	
is a similar lack of published literature on models of 
care.	Staff	management	protocols	 that	 involve	us-
ing clinical champions, goal setting, self monitoring, 
and industrial quality control techniques, that have 
been	 trialled	 and	 evaluated	 in	 other	 settings	 (i.e.	
nursing	homes),	may	apply	to	acute	care.	

Assisted	 living	 communities	 are	 social	 care	
residential models, in which older persons are 
provided	primarily	IADL	assistance	(meals,	laun-
dry, cleaning), and are becoming more com-
mon	 (primarily	 in	 the	 developed	 world).	 There	
is substantial variation in the functional status 
and medical care needs of their residents, the 
availability of nursing and physician care, re-
imbursement, regulation, and whether and how 
residents	 are	 allowed	 to	 age	 “in	 place”	 versus	
being transferred to nursing facilities should their 
care	needs	substantially	increase.	In	some	coun-
tries and localities, assisted living residents may 
substantially resemble the nursing home popula-
tion.	There	are	no	data	on	the	quality	of	manage-
ment of UI for frail elderly residing in assisted 
living facilities, or intervention trials specifically 
in	 this	 population.	The	US	National	Association	
for	 Continence	 (www.nafc.org)	 has	 published	 a	
“blueprint”	for	continence	care	in	assisting	living	
facilities,	based	primarily	on	expert	opinion.

7.   RESEARCH RECOMMENDATIONS

1.		Compare	 the	 eficacy	 of	 speciic	 models	 of	 UI	
care	for	the	frail	elderly	around	the	world.	

2.		Determine	the	factors	associated	with	the	effec-
tiveness of care models in countries with different 
health	care	systems.

3.		Develop	and	evaluate	protocols	for	managing	UI	
in	frail	elderly	persons	in	acute	care.

4.		Differentiate	frail	from	non-frail	older	adults	in	re-
search	on	UI.

5.		Replicate	clinical	 trials	and	quality	 improvement	
initiatives to reduce urinary incontinence in a va-
riety	of	healthcare	settings	with	larger	samples.	

6.		Identify	speciic	models	of	care	 for	UI	 in	 frail	el-
derly	persons	in	speciic	healthcare	delivery	set-
tings: acute care, nursing home and assistive liv-
ing,	and	primary	care	settings.

7.		Determine	system-level,	group-level	and	individu-
al-level quality indicators and outcomes for differ-
ent	models	of	care	for	UI	in	frail	elderly	persons.

8.		Determine	the	factors	associated	with	the	effec-
tiveness of care models in countries with different 
health care systems
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FI in older people is a distressing and social isolating 
symptom and is associated with a possible increased 
risk	 of	morbidity,[320,	 793]	mortality,[794,	 795]	 and	
dependency	[793,	795-797].	Frailty,	deined	by	hav-
ing	multiple	comorbid	chronic	illnesses	and/or	limita-
tions to physical activity, is an independent risk factor 
for	FI	[798,	799].	Many	older	 individuals	with	FI	will	
not volunteer the problem to their general practitioner 
or nurse, and regrettably, health care providers do 
not	 routinely	enquire	about	 the	symptom.[800]	This	
‘hidden	problem’	can	 therefore	 lead	 to	a	downward	
spiral of psychological distress, dependency, and 
poor	health.	The	condition	can	especially	take	its	toll	
on informal care providers of home-dwelling patients, 
[801]	with	FI	being	a	 reason	 for	 requesting	nursing	
home	placement	[802].

Even	when	older	people	are	noted	by	health	care	
professionals to have FI, the condition is often man-
aged with the use of absorptive or containment 
products, especially in the long-term care setting 
where	 it	 is	most	 prevalent.	 Current	 surveys	 show	
that the level of awareness regarding appropriate 
assessment and treatment options is limited among 
primary	 care	 physicians	 [803].	 The	 importance	 of	
identifying treatable causes of FI in frail older peo-
ple,	rather	than	just	managing	passively	(e.g.	pads	
provision without assessment) is strongly empha-
sized	 in	 national	 and	 international	 guidance,[320,	
804]	but	audits	show	that	adherence	to	such	guid-
ance is generally poor, with non-integrated ser-
vices, and sub-optimal delivery by professionals of 
even	basic	assessment	and	care	[268].

This	 section	 covers	 speciic	 issues	 for	 frail	 older	
people	 with	 FI.	 Since	 frail	 older	 adults	 frequently	
have	 co-existing	 urinary	 incontinence,	 evaluation	
and management of urinary incontinence and FI 
should	 be	 considered	 simultaneously	 [805-809].	
Healthy	 older	 people	 should	 be	 managed	 using	
the	interventions	covered	in	the	Chapter	16	on	the	
“Management	of	Faecal	Incontinence.”

For the previous ICI report, the literature review 
covered	the	period	1966	to	2008.	We	identiied	new	
population-based studies on the prevalence and 
incidence	 rates	 of	 faecal	 incontinence	 speciically	
including frail, older adults (Table 11 ).	Table	10	 in-
cludes	all	studies	published	through	December	2011,	
which	met	the	following	criteria:	(1)	sample	represen-
tative of the general population (not a convenience 
sample	or	sample	recruited	from	a	specialty/primary	
care medical clinic or other setting in which there is a 
probable	selection	bias),	(2)	sample	involving	specif-
ic models of care for the older adult,	and	(3)	sample	
of	speciic	disease	or	co-morbid	condition	(i.e.,	home	
care,	long	term	care).	

The	 PUBMED.gov	 database	 was	 searched	 up	 to	
December	2011	using	the	following	keywords:	

(i)	‘anal,	bowel,	faecal,	faecal’	and	‘incontinence’	

(ii) constipation

(iii)	‘urinary’	and	‘incontinence’

(iv)	laxatives,	enemas,	suppositories

(iv)		other	relevant	phrases	such	as	‘comprehensive	
geriatric	assessment’	‘	stroke’	

(v)			level	of	care,	‘nursing	home,’	institutionalisation’,	
long-term	care,’	‘acute	care,’	‘hospitalisation’

Additional	 articles	 were	 identiied	 by	 examining	
reference lists, and the Cochrane other recent sys-
tematic	reviews.

In	 2007,	 the	 Centre	 for	 Disease	 Control	 commis-
sioned the University of Minnesota to prepare a 
systematic review of the prevalence and risk factors 
associated	with	FI	for	the	State	of	the	Science	Con-
ference on the Prevention of Faecal and Urinary 
Incontinence	 [810].	Their	 inclusion	 criteria	differed	
from	ours	and	did	not	focus	on	the	frail	older	adult.	
The	studies	identiied	in	both	of	these	publications	
were	reviewed	for	this	report.	

1.  PREVALENCE ESTIMATES FOR FAECAL 
INCONTINENCE 

 (FI) prevalence estimates for faecal incontinence  
vary	widely:	2.2%	to	25%	in	the	general	communi-
ty-dwelling	population,	9-30%	in	older,	frail	adults,	
18%	 to	33%	 in	acute	 care	 settings,	 and	may	ap-
proach	up	to	50%	in	long	term	care	and	institution-
alised	settings.	Incident	FI	varies	from	6%	to	17%	
in community dwelling populations, with less infor-
mation	known	about	incident	rates	in	speciic	care	
settings.	The	variability	in	the	prevalence	rates	may	
be	related	to	the	case	deinition	and	the	frequency	
of	FI	reported.	Case	deinition	may	include	latal	in-
continence,	as	well	as	loss	of	solid	and	liquid	stool.	
Often, passive FI, or seepage, is not differentiated 
from	solid	or	liquid	stool	FI	in	prevalence	studies.	A	
few	studies	have	also	deined	a	category	of	soiling	
of	underwear	only.	 In	 this	 review,	FI	 refers	 to	 the	
loss	of	solid	or	 liquid	stool	or	mucus.	Studies	are	
speciied	 that	use	other	deinitions,	such	as	latal	
incontinence	or	anal	incontinence	and	soiling.

 2.  PREVALENCE AND INCIDENCE ESTI -
MATES OF FI IN COMMUNITY-DWELLING 
OLDER ADULTS. 

 FI is strongly associated with aging in many stud-
ies, and studies only involving older adults have 
higher	prevalence	estimates.	The	National	Health	
and	Nutrition	 Examination	 Survey	 (NHANES)	 in	

I. BACKGROUND

II. PREVALENCE AND RISK FAC-
TORS FOR FAECAL INCONTINENCE

C. FAECAL INCONTINENCE
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Source Design Prevalence/Incidence  Risk Factors  Notes 

Whitehead et al 
(2008) 

US representative sample of 2229 
women and 2079 men, aged 20+ 
years. FI assessed with the FISI. FI 
deined as any involuntary loss of 
mucus, liquid, or solids in the last 
month.  

Prevalen ce among older 
adults aged 70+: 
15.3% overall 
No gender differences 

Age 
Loose stool consistency 
>21 bowel movements/week – women 
Inability to do activity – women 
Chronic illnesses – women 
Poor self-rated health – men 
Urinary incontinence - men 

Cross-sectional, population-based 
national survey. 
No subgroup analysis for risk 
factors in older adults. 
 

Rey et al (2009) Random sample of 5,400 adults 
aged 50 yrs and older from 
Olmstead Co, MN. Respondents 
(n=1540, 64%) answered questions 
on FI at baseline in 1993 and 674 
responded a mean of 9 years later. 

10-year inciden ce rate 
was 7% for any FI 

Urgency with bowel movements 
Self-reported diarrhoea 
Incomplete evacuation 
Pelvic radiation 
 

Community sample, not population-
based 
No separate analyses by gender 
Mean age of sample at follow up 
was 67±9 years 

Markland et al 
(2010) 

1000 Medicare beneiciaries age 
65+ in 3 counties of Alabama. In-
person interviews at baseline and 4-
years. Gender/race stratiied. FI 
excluded	latus. 

4-year Inciden ce rates 
reported. 
17% overall for any FI 
6% for monthly FI 
No gender differences 

White race/ethnicity - women 
Chronic diarrhoea – women 
Urinary incontinence – men and women 
Depression – women 

Population-based longitudinal 
study with in-person interviews 
Mean age of 78 ± 5 years  

Joh et al (2010) Convenience-based survey in adult 
senior centers and health centers in 
Korea, n=981, mean age 73.6±6.8 
years 

Prevalen ce of FI in the 
previ ous 3 months, 
15.5%. 
No differences in men 
and women, p=0.08 

Urinary incontinence – men and women 
Hemorrhoids – men and women 
Poor self-rated health – men 
Diabetes – women 
Infrequent dietary	iber - women 

Community sample, not population-
based 

Sharma et al 
(2011) 

Postal survey of 2000 adults, 18 
years and older in New Zealand, 
mean age 51.6 years 

Prevalen ce of monthly 
liqu id or so lid st oo l 
was 12.6% 

Study did not assess risk factors, only 
variations in prevalence by 3 scales 

No gender or age group sub-
analyses 

AlAmeel (2010) Population-based Canadian Health 
and Aging Study, n=8917, among 
adults 65 years of age and older 

4% overa ll preval ence 
rate  for  any FI in the 
past year 

Older age 
More common among women 
Poorer self-rated health 
More dependency in ADLs 
Cognitive impairment 

Population-based study 
No increased mortality or 
institutionalization after 10 years 
when adjusting for all signiicant 
confounding factors 
No separate analyses by gender 

Table 11. Population-based Surveys of FI in Older Adults
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the	United	States	 (US)	provides	one	of	 the	best	
estimates of FI prevalence to date because it sur-
veyed	 both	 sexes,	 all	 major	 races	 represented	
in	 the	 US,	 and	 a	 range	 of	 older	 adults	 by	 age	
decade	 (55-69	 and	 70	 years	 of	 age	 and	 older)	
[811].	NHANES	also	provided	separate	estimates	
for	different	types	of	FI	(e.g.,	solid,	liquid,	mucus,	
and	 flatus)	 and	 frequencies	 of	 stool	 loss.	 The	
age-adjusted prevalence of FI (defined as acci-
dental loss of solid, liquid, or mucus incontinence 
in the month preceding the interview) in the non-
institutionalised	 population	 of	 the	 United	 States	
is	8.9%	of	women	and	7.7%	of	men,	with	higher	
rates	in	older	adults	(15.3%	in	women	and	15.5%	
in	men	aged	70	 years	of	 age	and	older).	 Liquid	
stool incontinence was the most common type of 
FI	 reported	 in	 the	NHANES	data.	Rates	of	FI	 in	
older, frail adults are not gender-specific, with re-
cent studies suggesting equal rates of FI among 
older	men	and	women	 [797,	798,	811-815],	 and	
differences in survey methods make it difficult to 
interpret	 observed	 differences	 [793,	 811,	 812,	
816-818].

New additions to the literature include prevalence 
estimates of urinary incontinence and FI in popu-
lations receiving specialty services in the home, 
such	 as	 home	health	 care/home	 visits	 by	 physi-
cians	 and	 other	 care	 providers.	 Using	 the	 Out-
come	and	Assessment	 Information	Set	 (OASIS),	
a standardised and administrative assessment 
tool used to document patient needs in home care 
settings	in	the	United	States,	urinary	incontinence	
was	 identified	 in	 27%-33%	 of	 home	 health	 care	
patients	and	7%-9%	had	FI	 on	admission	 to	 the	
home	health	agency/provider	[819].	

Rates	 of	 incident	 (i.e.,	 rate	 of	 new	 onset)	 FI	 in	
non-institutionalised populations have been re-
ported	in	two	recent	studies	[817,	818].	Both	stud-
ies surveyed older adults in the community and 
reported	 FI	 incidence	 rates	 after	 4	 and	 9	 years,	
respectively,	 from	 the	 initial	 survey	 period	 [817,	
818].	 Incident	 rates	 for	 FI	 occurring	 in	 the	 last	
year	 were	 17%	 (95%	 confidence	 interval	 13.7%	
to	20.1%)	after	4-years	in	one	study	(n=557)[817]	
and	6.3%	(95%	confidence	interval	4.5%	to	8.6%)	
after	9-years	in	the	other	(n=683).[818]	For	FI	oc-
curring at least monthly, the incidence rate was 
6%	(95%	confidence	 interval	4.0%	to	8.3%)	after	
4-years	[817].	Differing	FI	incidence	rates	may	be	
due to the age range of those surveyed at base-
line.	In	the	Markland	et al study, the average age 
of	 those	 surveyed	 was	 77.7	 years	 at	 4-years,	
whereas	 the	Rey	 et	 al	 study	 surveyed	 adults	 50	
years	 and	 older	 at	 baseline.	 FI	 incidence	 rates	
have also been reported in specific populations 
followed	over	varying	time	periods.	Rates	of	 inci-
dent	FI	 in	 institutionalised	older	adults	was	7.5%	
at	1-year	(n=1186),	[794]	with	another	study	find-
ing	an	 incidence	 rate	of	5.4%	1-year	after	hospi-

talisation	for	an	acute	brain	 injury	(n=1013),[820]	
and	 a	 smaller	 study	 finding	 a	 rate	 of	 10.2%	 5.5	
years after a lateral sphincterotomy for an anal fis-
sure	(n=62)	[821].

3.   PREVALENCE ESTIMATES OF FI IN HOS -
PITALIZED OLDER ADULTS. 

Like the variability of prevalence rates of FI in 
community-dwelling population, hospitalized 
older adult populations also vary depending on 
the type of acute care setting or hospital setting, 
type	of	populations	being	studied	(i.e.	those	un-
der surveillance for certain types of infections), 
and	duration	of	 the	hospital	stay.	Rates	of	FI	 in	
hospital	 or	 acute	 care	 settings	 range	 from	 18-
33%.	 In	 one	 study,	 the	 rates	 of	 FI	 in	 the	 acute	
care	 setting	 for	 adults	 (mean	 age	 of	 67	 years)	
was	 33%	 (50/152	with	 diarrhoea	 under	 surveil-
lance	 for	 infections)	 [822].	 In	 another	 study,	 FI	
(17.6%)	 was	 almost	 as	 common	 as	 urinary	 in-
continence	 (19.7%)	 in	 608	 hospitalised	 adults	
(age	range	4	years	to	over	80	years)	[823].	Older	
age was associated with a 4-fold increase in FI 
in	hospitalised	adults	[823].	

4.  PREVALENCE AND INCIDENCE ESTI -
MATES OF FI IN LONG-TERM CARE RES -
IDENTS.

 Few studies were identified that reported preva-
lence rates of FI in nursing home or long-term 
care	resident	facilities.	Data	are	often	limited	by	
the type of facility described or administrative 
data	that	report	FI	rates	[805,	824-828].	Prior	es-
timates of FI in long-term care or institutionalised 
older adults varied due to the type of facility and 
administrative	 data	 reporting.	 Recent	 FI	 preva-
lence studies confirm the prior high range of FI 
(>50%	of	nursing	home	 residents	having	FI)	 re-
ported	 in	 the	 literature	 [824,	 825,	 829].	 Little	 is	
known about the FI incidence rate in this specific 
population of frail adults, with one study report-
ing	a	rate	of	20%	during	a	10-month	period	after	
admission	[794].	

5.  FAECAL INCONTINENCE IN OLDER 
ADULTS – THE “HIDDEN” PROBLEM. 

	Recent	evidence	re-affirms	that	adults	with	FI	do	
not	 seek	 care	 [830]	 and	 that	 health	 care	 prac-
titioners are not likely to inquire or document 
discussions	 regarding	 FI	 [802,803].	 Over	 600	
geriatricians	responded	to	a	US	questionnaire	on	
their beliefs, referral patterns, and perceptions 
on quality of care, and management practices 
for	FI	 among	older	 adults.	Only	54.1%	 reported	
screening	 for	 FI	 and	 over	 40%	did	 not	 feel	 that	
FI	could	be	managed	conservatively.	Only	32.9%	
believed nursing homes provide good care for FI 
and	27.1%	believed	that	nursing	home	care	con-
ditions	exacerbate	FI	[831].
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Increasing awareness is important aspect of the 
identification, prevention, and treatment of FI 
in	older	adults	 [320].	Recent	public	 campaigns	
with public and industry funding have sought to 
increase awareness of bowel control in the Unit-
ed	States	and	United	Kingdom	(http://www.bow-
elcontrol.nih.gov/	and	http://www.bowel-control.
co.uk).	Using	appropriate	terminology	for	FI	for	
individuals that is consistent with health literacy 
levels	may	be	an	 important	 factor.	Terminology	
such	as	“bowel”	or	“bowel	control”	may	be	more	
appropriate	 than	 the	 term	 “faecal”	 or	 “faecal	
incontinence.”	 Barriers	 that	 prevent	 adequate	
identification and treatment include: social and 
cultural issues about discussing symptoms, per-
ception	that	treatments	may	not	exist,	access	to	
trained health care providers in the community, 
access to providers in long-term care settings, 
and	access	to	training	and	treatment	protocols.	
Given the high prevalence rates of FI in the hos-
pital, home care, and long term care settings, 
health care practitioners should directly inquire 
or directly observe bowel control issues and 
document	 any	 findings.	Other	 high	 risk	 groups	
of older adults that should be questioned about 
bowel control include older adults that have: 
mobility	 problems,	 cognitive	 impairment/de-
mentia,	 prior	 pelvic/lower	 abdominal	 radiation	
exposure,	 prior	 anal	 or	 rectal	 surgery,	 urinary	
incontinence, chronic constipation, chronic di-
arrhoea, and co-morbid disorders such as dia-
betes	and	stroke.	

6.  RISK FACTORS ASSOCIATED WITH FI IN 
OLDER ADULTS. 

Age	 has	 been	 established	 as	 a	 risk	 factor	 for	
FI	in	many	population-based	studies	[797,	808,	
811,	832].	Other	factors	that	have	been	associ-
ated with increased rates of FI include: female 
gender,	co-existence	of	UI,	poor	general	health,	
physical limitations, cognitive impairment, stool 
consistency, prior colo-rectal surgery, and high 
body	 mass	 index	 [798,	 833-836].	 However,	
among population-based studies among older 
adults,	risk	factors	specific	to	women	(e.g.	vagi-
nal deliveries, parturition characteristics) are 
no longer significantly associated with FI when 
controlling	for	all	other	factors	[811,	837].	Many	
diseases and co-morbid disorders are associ-
ated with FI and include: diabetes, dementia-
related incontinence, irritable bowel syndrome, 
inflammatory bowel disease, systemic sclero-
sis, and neurological diseases, such as cere-
brovascular	 disease	 [797,	 818,	 833,	 838-842].	
The	 association	 between	 faecal	 incontinence	
and loose stool consistency (diarrhoea) is ro-
bust in community-dwelling populations and 
nursing	home	studies	[811,	817,	818,	826,	836,	
837].	As	supported	by	the	epidemiological	data,	
the aetiology of faecal incontinence remains 
multifactorial and treatment depends on the un-

derlying mechanisms or specific co-morbid dis-
orders	known	to	impact	bowel	function.

Chapter	4	covers	the	pathophysiology	of	FI.	This	sec-
tion	considers	factors	speciic	to	frail	older	people.

1. QUALITY OF DATA

There	have	been	few	relevant	new	studies	since	the	
last	 consultation.	 The	 indings	 from	 physiological	
studies of the lower bowel in older adults tend to be 
variable due to a) a variety of different techniques 
used in measuring anorectal function, b) unclear def-
inition of the normative range of manometric mea-
sures for older people, c) poor matching between 
cases and controls of clinical factors which may 
affect	 gut	 function	 (e.g.	 level	 of	mobility),	 or	 inad-
equate clinical information, d) usually small subject 
numbers,	e)	few	studies	deal	with	subjects	over	80	
years, and f) improvements in imaging quality with 
endoanal	 ultrasound	 and	 MRI.	 Studies	 reviewed	
are	cohort	case-control	to	evaluate	age-effect	[843]	
[844]	 [845,	 846],	 young-old	 healthy	 subject	 com-
parisons	 [847,	 848],	 and	 age-	 and	 sex-matched	
case-control studies of continent versus incontinent 
patients	[849-852].

 2.  ANORECTAL FUNCTION IN HEALTHY OLD -
ER ADULTS

Studies	 of	 age	 effect	 in	 healthy	 volunteers	 have	
shown a linear reduction with ageing in squeeze 
pressures	(external	anal	sphincter	 tone)	 in	women	
after	 the	 age	 of	 70,	 and	 in	men	 from	 the	 9th	 de-
cade	 onwards	 [844]	 Studies	 of	 normal	 men	 and	
women	demonstrated	a	signiicant	but	similar	linear	
decrease	 in	 anal	 resting	 pressure	 and	 maximum	
squeeze pressures in both men and women with 
increasing	age.[853]	[854]	[855].	Studies	of	asymp-
tomatic	 females	 showed	 a	 signiicant	 decrease	 in	
both	anal	resting	and	squeeze	pressures	with	age.
[856]	[857]	[858].	A	study	comparing	young	and	old	
continent women found a decrease in anal resting 
pressure but no decrease in squeeze pressures be-
tween	 the	 two	groups.	 [852]	Age	beyond	70	years	
was associated with reduction in anal resting pres-
sures	 (internal	anal	 sphincter	 tone)	 in	both	sexes,	
but to a greater degree in women in some studies 
[843]	[844]	[848],	but	not	conirmed	in	other	studies	
as	reaching	statistical	signiicance	[850,	859]	[860].

The	 internal	 sphincter	 thickness	 and	 diameter	 is	
signiicantly	 increased	 in	 older	 versus	 younger	
men	 and	 women	 [861]	 and	 in	 nulliparous	 older	
women	 [862].	 In	addition	 this	was	associated	with	
a	signiicant	decrease	 in	 the	external	anal	sphinc-
ter	thickness	in	women	[863]	[864].	A	study	of	men	
and	women	using	endoanal	MR	imaging	showed	a 

III. THE AGEING LOWER BOWEL 
AND PATHOPHYSIOLOGY IN OLDER 

ADULTS WITH FAECAL INCONTINENCE
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signiicant	 decrease	 in	 the	external	 anal	 sphincter	
thickness	in	men	but	not	women	with	age	[865].

With	ageing	the	enteric	nervous	system	undergoes	
age-related	degeneration.	In	patients	older	than	65	
years	there	is	>30%	loss	of	enteric	neurones	when	
compared	to	people	aged	20	to	35	years.	This	loss	
is	 associated	 with	 an	 increase	 in	 ibrous	 tissue	
deposition	 [866].	 Increase	 in	 thickness	 of	 internal	
sphincter is related to an increase in collagen depo-
sition	[867]	[868].

There	was	a	signiicant	 increase	 in	pudendal	nerve	
latencies	with	age	in	women	[857]	and	not	men	[869].

Rectal	 motility	 appears	 to	 be	 unaffected	 by	
healthy	ageing	 [847],	but	 there	 is	an	age-related	
increase	 in	anorectal	 sensitivity	 thresholds	 [854]	
[870]	 [855].	 Rectal	 compliance	was	 not	 affected	
in	 one	 study	 [870]	 but	 reduced	 rectal	 sensation	
was associated with reduced rectal compliance in 
another	 [858].	Anorectal	 function	 in	 older	 adults	
with	faecal	incontinence.	

One study demonstrated prolonged pudendal nerve 
terminal	motor	 latency	(>2.2ms)	 in	34%	of	women	
aged	 over	 50	with	 FI,	 though	 no	 relationship	was	
observed between pudendal neuropathy and anal 
resting	or	squeeze	pressures.	Advancing	age	was	
however	related	to	declining	anal	resting	pressures.	
[871]	Another	study	similarly	 found	an	age-related	
increase in pudendal neuropathy in incontinent 
women, again unrelated to squeeze pressures 
[872].	Single	ibre	EMG	in	incontinent	patients	aged	
over	 78	 years	 showed	 an	 increase	 in	 polyphasic	
potentials	 in	 the	 external	 anal	 sphincter	 muscles	
compared with continent subjects after adjusting 
for age, indicating some local reinnervation of these 
muscles	 following	 neurogenic	 damage.	 [851]	 A	
study comparing anorectal function in young (mean 
age	42)	and	old	(mean	age	72)	women	with	FI	(pa-
tients	with	constipation	and/or	pelvic	loor	dysfunc-
tion	excluded)	showed	that	older	women	were	more	
likely to have bilateral pudendal neuropathy, but 
less	likely	to	have	a	sphincter	deicit	of	>90	degrees,	
likely to have had a previous sphincteroplasty and 
thin perineal body, although the validity of this test is 
questionable	 (Committee	 7).	Anorectal	 physiology	
was similar aside from a trend toward lower resting 
tone	in	older	women	[846].

An	examination	of	anorectal	function	in	elderly	med-
ically frail incontinent patients and continent age-
and	 sex-matched	 controls	 showed	 that	 individuals	
with	FI	had	reduced	anal	resting	pressures.	Signii-
cantly lower anal resting pressures were found with 
decreasing	mobility	 in	FI	elderly	 [850].	Lower	anal	
resting pressure was correlated with a lower thresh-
old	 for	expulsion	of	 a	 rectal	 balloon.	Patients	with	
FI	and	dementia	were	more	likely	to	exhibit	multiple	
rectal contractions in response to rectal distension, 
though	the	role	of	these	‘uninhibited’	contractions	in	
causing	incontinence	was	unclear	[873].

A	 similar	 matched	 case-control	 study	 showed	 that	
elderly patients with rectal impaction and soiling had 
impaired rectal sensation (needing a larger volume 
before feeling the presence of a rectal balloon and 
the desire to void), lower rectal pressures during 
rectal distension, and impaired anal and perianal 
sensation	 (‘rectal	 dyschezia’)	 [849].	 Resting	 anal	
and squeeze pressures were however unimpaired in 
these patients, and the rectoanal inhibitory response 
were	 well-preserved.	 The	 authors	 concluded	 that	
overlow	FI	is	primarily	due	to	locally	secreted	mucus	
from around an irritative rectal faecal mass leaking 
out,	despite	well-preserved	anal	sphincter	integrity.	

A	study	comparing	8	older	incontinent	women	(mean	age	
71.6	SD	7.5)	with	9	older	continent	women	(mean	age	
71.6	SD	7.5)	and	9	younger	continent	women	(mean	age	
28.7	SD	(7.3)	found	women	with	FI	were	more	likely	to	
have	decreased	maximum	squeeze	pressures	and	leva-
tor	ani	(LA)	defects.	(OR	14).	LA	defects	were	associated	
with	26%	less	force	on	maximal	contraction.	Levator	and	
urogenital	hiatus	measurements	on	MRI	were	increased	
in	older	women	irrespective	of	continence	status.	[874].	
Older FI females tolerated lower balloon anorectal ma-
nometry volumes before urge to defaecate indicative of 
rectal	hypersensitivity	[852].

SUMMARY OF EVIDENCE ON FAECAL IN -
CONTINENCE AND THE AGEING GUT

•			Anorectal	 function	 in	 healthy	 older	 persons	 is	
characterised by a tendency towards an age-
related reduction in internal anal sphincter tone 
(Level 2) ,	and	a	more	deinite	decline	in	external	
anal sphincter tone, especially in older women 
(Level 3) ,	 An	 age-related	 decline	 in	 anorectal	
sensitivity in women has been observed (Level 
3), but rectal motility is well-preserved (Level 3) ,

•		Ageing	alone	however,	appears	to	have	little	im-
pact on anorectal function until later old age – 
from	the	7th	decade	upwards	in	women	and	even	
later in men (Level 3) ,

•		Age-related	 internal	 anal	 sphincter	 dysfunction	
(reduced anal resting tone) is an important factor 
in	FI	in	later	old	age	(Level	3),

•		Pudendal	 neuropathy	 is	 an	age-related	phenom-
enon in women with FI (Level 2) , and a likely pre-
disposing factor for FI (Level 3) , although the va-
lidity	of	this	test	is	questioned.

•		Stool	impaction	predisposing	to	overlow	is	related	
to rectal dyschezia in frail older adults, a condition 
characterised by reduced tone, increased compli-
ance and impaired sensation (Level 3) ,

•		Overlow	 FI	 is	 due	 primarily	 to	 mucus	 secretion	
from around a rectal faecal bolus, rather than to 
impaired sphincter function (Level 3) ,

•		Decrease	in	mobility	is	associated	with	anorectal	dys-
function and is a predisposing factor for FI (Level 3) ,
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 RECOMMENDATIONS - PATHOPHYSIOLOGY 
OF FI IN OLDER PEOPLE

1.		Overall,	 the	 physiological	 data	 suggests	 that	 FI	
should not be considered an inevitable conse-
quence of ageing

2.		Older	adults	with	FI	should	be	evaluated	for	age-
related	reduction	in	internal	and	external	sphinc-
ter function

3.		Older	 patients	 with	 FI	 require	 a	 digital	 exami-
nation to identify rectal stool impaction causing 
overlow

4.		Patients	who	are	unaware	of	 the	presence	of	a	
large faecal bolus in the rectum may have rectal 
dyschezia, and should be considered at risk of 
recurrent	impaction	with	overlow

3.  CAUSES OF FAECAL INCONTINENCE IN 
OLDER ADULTS 

Stool	consistency	 is	 important	aspect	of	determin-
ing the cause and the associated factors for the 
evaluation	 of	 FI	 in	 an	 older	 adult	 [817,	 818,	 837].	
Loose, as well as hard, stool consistency can be 
related	 to	 FI	 in	 frail,	 older	 adults	 [794,	 825,	 875].	
Evidence	 shows	 that	 loose	 stool	 consistency	 and	
chronic diarrhoea are important contributing fac-
tors	 for	 FI	 [811,	 817,	 818,	 826,	 837].	 Loose	 stool	
consistency and chronic diarrhoea can result from 
multiple causes, such as malabsorption syndromes 
(e.g.,	 lactose	 intolerance,	 gluten	 sensitivity,	 and	
fat-malabsorption), acute diarrhoeal illnesses, mi-
crocytic colitis, irritable bowel syndrome – with diar-
rhoea predominant symptoms, and other causes of 
chronic	diarrhoea.	Any	change	in	stool	consistency	
along with other warning symptoms (weight loss, 
bloody stools, change in stool calibre, and painful 
defaecation) should prompt further evaluation for 
colorectal	 cancer.	 Potential	 reversible	 causes	 of	
loose	 stools	 may	 include:	 excessive	 laxative	 use,	
lactose intolerance, drug-related side-effects, bac-
terial overgrowth, and possible bowel obstruction 
with	“overlow”	FI.	“Overlow”	FI	secondary	to	con-
stipation and stool impaction is also important to 
consider in older adults, potentially more common 
in	men	 than	women,[876,	877]	 those	with	mobility	
problems,	[825,	875,	878]	and	those	that	reside	 in	
nursing	home	settings	[825,	878].	

Overlow	 incontinence	 or	 FI	 that	 results	 from	 stool	
impaction	can	be	dificult	to	diagnose,	may	be	more	
common in certain frail, older populations, and 
should	 be	 evaluated	 and	 treated	 when	 suspected.	
Evidence	suggests	that	constipation	and	symptoms	
of constipation are common among nursing home 
residents	with	FI	[825,	878,	879].	However,	the	true	
prevalence of impaction and FI in nursing home resi-
dents	 is	not	clearly	 identiied.	Constipation	(accord-
ing to bowel movement frequency) and associated 
symptoms (straining and incomplete evacuation) 
were common among nursing home residents in a 

4-site randomized controlled trial to improve FI and 
urinary incontinence among nursing home resident 
by giving a multi-component intervention involving 
toileting	 assistance,	 exercise,	 and	 dietary	 snacks	
[825].	 At	 baseline,	 81%	 of	 the	 111	 nursing	 home	
study	participants	had	less	than	3	bowel	movements	
in	5	days.	During	the	2-day	run-in	period	where	toi-
leting assistance was provided, the number of bowel 
movements	per	day	increased	from	0.3	±	0.3	to	0.8	±	
1.0	with	11%	found	to	have	straining	and	21%	report-
ing	problems	with	incomplete	evacuation.	The	aver-
age	 stool	 consistency	 rating	 on	 the	 7-point	 Bristol	
Stool	Form	Scale	was	4.2	±	1.5.	Another	study	that	
identiied	factors	associated	with	FI	in	different	health	
care	settings	 found	 that	70%	of	nursing	home	resi-
dents	experienced	“faecal	loading”	compared	to	63%	
in	rehabilitation	wards,	57%	in	acute	care	wards,	and	
20%	in	the	home	care	setting	[878].

Urgency associated with bowel movements is also 
an important bowel-related factor that should be as-
sessed	 in	older	adults.	Many	studies	do	not	evalu-
ate	urgency	as	an	independent	risk	factor.	However,	
among the studies that evaluated a sense of urgency 
associated with bowel movements, urgency is con-
sistently and strongly related to FI , having a nega-
tive impact on quality of life even after controlling for 
other	known	confounding	factors	[818,	880,	881].	

Other bowel-related disorders or complications of 
prior anorectal surgery can contribute to FI in older 
adults who otherwise would be continent, especially 
when functional status, mobility and cognition be-
come	impaired.	Other	bowel	related	disorders	that	
have been associated with FI in adults (but not 
limited to the frail older adults) include: haemor-
rhoids,[876,	882]	posterior	vaginal	prolapse	(recto-
coele),[837]	inlammatory	bowel	disease,[883]	irrita-
ble	bowel	disease,[837,	884]	and	a	strong	sense	of	
urgency	[880].	Types	of	prior	anorectal	surgery	that	
contribute	to	FI	include:	haemorrhoid	surgery,[876]	
istula	repair,[885,	886]	sphincterotomy	for	anal	is-
sures,[821]	partial	or	total	colectomy,[887]	low	ano-
rectal resection and re-anastomosis for colo-rectal 
cancer,[888,	889]	prostatectomy,[814]	and	prior	pel-
vic/perineal	radiation	[814,	890].	All	of	these	bowel-
related disorders and prior surgeries should be part 
of	the	focused	history	in	older	adults	with	FI.	More	
studies are needed to identify causal pathways for 
causing	FI	in	the	older	adult.	

Functional	 FI,	 as	 deined	 by	mobility	 problems	 or	
restraints that restrict accessibility to the toilet de-
spite normal bowel sensation and capacity, is also 
cited as a common reason for FI in epidemiologi-
cal studies among community-dwelling older adults 
and	those	residing	in	nursing	homes	[326,	794,	798,	
799,	807,	826-828,	891,	892].	

Other causes of FI in older adults can be related to 
other diseases or co-morbid disorders, especially neu-
rological	disease,	which	increases	the	risk	having	FI. 
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Even	after	adjusting	 for	age	and	gender,	diabetes	
mellitus is associated with gastrointestinal symp-
toms	including	FI	in	population-based	studies,[813,	
840]	 nursing	 home	 residents,[892]	 and	 has	 been	
associated with impaired rectal sensitivity and 
sphincter	weakness	[838].

Neurological diseases that contribute to FI in old-
er adults include cognitive impairment, stroke, 
traumatic brain injury, and sacral cord dysfunc-
tion.	Older	 adults	 are	 living	 longer	with	 signiicant	
neurological	 conditions.	 Cognitive	 impairment	 and	
dementia have been found to be independent risk 
factors with FI in older adult populations from epi-
demiological studies and among those in nursing 
homes	[794,	807,	814,	826].	Having	a	stroke	is	an	
important risk factor for FI, with three and half times 
the rate of FI, compared to adults who did not have 
a	stroke,	in	one	population-based	study	[893].	FI	af-
fects	 30-56%	 of	 stroke	 survivors	 in	 the	 acute	 pe-
riod	after	having	a	stroke	(1-30	days),	with	a	lower	
prevalence	(11%)	of	FI	after	3-months,	and	11-22%	
at	12-months	following	the	initial	stroke	event	[839,	
894].	 It	 is	 unclear	whether	 the	 functional	 disability	
from having a stroke or the disruption in neurologi-
cal pathways (sensory mechanisms) that promote 
continence, contributes more to FI among stroke 
survivors.	 Traumatic	 brain	 injury	 has	 also	 been	
linked with urinary incontinence and FI, but limited 
data	exist	on	older	adults	from	registry	studies	and	
single	site	studies	[820,	895].	Spinal	cord	injury	(de-
pending on the level of injury) may result in impaired 
muscular	strength	of	the	external	anal	sphincter,	de-
layed	 transit	 time,	 abnormal	 defaecation	 relexes,	
and	impaired	sensation	[896].	

SUMMARY OF EVIDENCE ON PREVALENCE 
AND RISK FACTORS FOR FI IN FRAIL OLDER 
PEOPLE

Summarised	below	are	key	points	that	are	speciic	
to	the	frail	elderly	population.	

•		FI	affects	1	in	5	older	people	(aged	65+)	living	in	
the community, and half of those reside in care 
homes [Level 1]

•		The	prevalence	of	FI	increases	with	age	alone,	par-
ticularly	in	the	8th	decade	and	beyond	[Level 1]

•		The	prevalence	of	FI	is	higher	in	the	acute	hospi-
tal and nursing home setting than in the commu-
nity [Level 1] , thus the group most affected is frail 
older	people.

•		The	prevalence	of	FI	in	frail	older	men	is	equal	to	
or greater than in women [Level 2] .	

•		This	 predominance	 of	 older	 men	 over	 women	
with FI is most striking among nursing home 
residents [Level 2] .

•		The	prevalence	of	FI	varies	dramatically	between	
institutions in nursing home studies [Level 2] .	

•		FI	usually	coexists	with	urinary	incontinence	in	frail	
older people [Level 1]  

•		Aside	from	age,	the	following	are	primary	risk	fac-
tors for FI in older people [Level 2] : 

	 Stool	consistency	--	Loose	stool

	 	Bowel-related	disorders,	 such	has	prior	 rectal	
surgery

 Impaired mobility

	 Dementia

 Neurological disease

 Chronic medical conditions

	 Depression

•		Loose	stool	 is	a	primary	 cause	of	 transient	FI	 in	
older people (Level 2)

•		Faecal	 loading	 and	 constipation	 are	 clinically	
linked to FI, but there is little epidemiological work 
assessing	this	association	(Level	3)

•		Physicians	and	nurses	in	primary	care,	acute	hospi-
tal, and long-term health care settings do not have 
a high awareness of FI in older people (Level 2)

•		Within	nursing	homes,	there	is	a	low	rate	of	refer-
ral by nursing staff of residents to primary care 
physicians or continence nurse specialists for 
further assessment of FI (Level 2) ,and there is a 
tendency	toward	passive	management	(e.g.	use	
of pads only without further evaluation) (Level 
2).Faecal	 loading	 is	 often	 present	 in	 older	 care	
home residents with FI (Level 2)

•		Older	 people	 may	 be	 reluctant	 to	 volunteer	 the	
symptoms of FI to their health care provider for 
social or cultural reasons, or due to a popular 
misperception that the condition is part of the ag-
ing	 process	 and	 therefore	 ‘nothing	 can	 be	 done	
about it’ (Level 2)

•		FI	 is	 associated	with	 reduced	quality	 of	 life,	 and	
poor health perception (Level 2)

RECOMMENDATIONS - IDENTIFYING FAECAL 
INCONTINENCE IN FRAIL OLDER PEOPLE

•		Bowel	continence	status	should	be	established	by	
direct	questioning	and/or	direct	observation	in:	

 o  all nursing and residential home residents

	 o	hospital	inpatients	aged	65	and	over

	 o		people	aged	80	and	beyond	living	at	home

 o  older adults with impaired mobility

 o older adults with impaired cognition

 o older adults with neurological disease
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 o older adults with chronic disease

 o older adults with constipation

•		Primary	 care	 staff,	 hospital	ward	 staff,	 and	 long-
term care staff should routinely enquire about FI in 
frail older patients

•		Enquiry	about	FI	should	be	systematic	and	include	
stool consistency, severity of FI and impact on ac-
tivities of daily living and quality of life 

•		Health	care	providers	should	be	sensitive	to	cultur-
al and social barriers discouraging patients from 
talking about the condition

•		Frail	older	patients	with	restricted	ability	to	access	
primary care such as nursing home residents, and 
those with mobility, chronic illness, or cognitive 
impairments, should be screened for FI through 
systematic	case-inding	methods

•		Systematic	 outreach	 programmes	 which	make	 it	
easier for frail older people and those who care for 
them to volunteer the problem to their primary care 
provider should be implemented 

•		There	 are	 signiicant	 geographical	 variations	 in	
provision	 of	 specialist	 expertise	 in	 bowel	 care	
(both medical and nursing) nationally and globally, 
which	may	affect	case-inding	in	older	people

•		Further	 examination	 of	 underlying	 reasons	 for	
the variations in prevalence of FI between nurs-
ing	 homes	 (standards	 of	 care,	 patient	 case-mix,	
reporting) is needed

•		UI	and	FI	often	coexist;	continence	care	workers	
(e.g.	nurse	specialists)	should	be	trained	in	identi-
ication	and	management	of	faecal	as	well	as	uri-
nary incontinence in older people

•		Key	 requirements	 to	 improving	 detection	 in	 the	
practice setting should be implemented: 

 o education of health care workers to embed 
both a sense of value in identifying FI, plus con-
idence	that	the	condition	can	be	treated

 o protocols should be in place clarifying all de-
tails of screening enquiry (who will ask, how to 
ask, when to ask, and who to ask)

 o patients and carers should have access to 
educational materials at the point of enquiry

4.   EVALUATION OF FAECAL INCONTINENCE 
IN OLDER ADULTS

The	algorithm	contained	 in	 this	chapter	delineates	
a systematic approach to the clinical evaluation of 
frail	older	people	with	FI.	

An	initial	assessment	can	be	undertaken	by	any	suit-
ably trained health care practitioner, often this will be 
by	either	a	physician	or	 clinical	 nurse	specialist.	 In	

the majority of cases, a clinical evaluation will pro-
vide	suficient	diagnostic	 information	upon	which	 to	
base	further	management.	There	are	available	tools	
which	can	assist	in	this	process	[447].	The	use	of	for-
mal testing is hampered by both lack of relevant data 
in frail older people and the poor correlation between 
symptoms	 and	 abnormalities	 [897,	 898].	 Evidence	
that the assessment of faecal incontinence in older 
people	is	poorly	done	despite	the	existence	of	guide-
lines	 has	 been	 a	 persistent	 inding	 throughout	 the	
history	of	this	chapter	[339,	772].	What	actions	need	
to be taken to ensure that older people receive as-
sessments which are consistent with current guide-
lines	 remain	 to	be	deined.	There	 is	evidence	 from	
a	 survey	 of	US	 physicians	 that	 the	 presence	 of	 FI	
makes a referral for nursing home placement more 
likely	than	if	it	is	not	present	[37].	Self	reports	of	bow-
el symptoms are reliable and reproducible in older 
people	 including	 those	 in	 long	 term	care	 [899-901].	
Documentation	 of	 the	 type	 of	 incontinence	 experi-
enced is very important, particularly because of the 
association between faecal incontinence and loose 
stool	[385].	Faecal	urgency	is	closely	associated	with	
diarrhoeal illness whereas constant passive leakage 
of homogenous liquid stool or stained mucus is more 
characteristic	of	overlow	incontinence	around	faecal	
impaction.	 People	 with	 anal	 sphincter	 dysfunction	
tend	to	lose	small	amounts	of	stool.	Urgency	faecal	
incontinence tends to predominate when there is un-
derlying	external	sphincter	weakness	and	those	with	
internal	 sphincter	 weakness	 experience	more	 pas-
sive	 leakage	[902].	People	with	faecal	 incontinence	
due to dementia may pass normal stool, particularly 
after	 meals,	 in	 response	 to	 the	 gastrocolic	 relex.	
Any	assessment	of	 faecal	 incontinence	should	also	
include	an	assessment	 for	constipation.	 It	 is	 impor-
tant to recognise the constipation subtype of rectal 
delay	 in	 older	 people,	 which	 is	 said	 to	 affect	 21%	
of the community dwelling elderly and may lead to 
faecal	 impaction	and	overlow	incontinence	[903].	A	
prolonged evacuation and feeling of anal blockage 
with the need to evacuate manually are the hallmark 
symptoms.	A	majority	of	the	constipated	elderly	have	
evacuation problems rather than low stool frequency 
[904].	Regardless,	the	clinical	deinition	of	constipa-
tion	relies	upon	the	inding	of	an	excessive	amount	
of	stool	in	the	rectum	or	colon.	An	objective	assess-
ment is especially important in the frail elderly as they 
may not be able to communicate their symptoms and 
may, despite constipation, still have regular bowel 
movements	 [905].	 The	 frail	 older	 person	may	 also	
have impaired rectal sensation and be unaware of 
the	 existence	 of	 a	 full	 rectum	 [906,	 907]	 or	 be	 un-
well,	with	confusion	(or	worsening	confusion).	Older	
people are also less likely than the young to report 
a reduction in bowel frequency, abdominal bloating 
or	positional	changes	to	achieve	defaecation	[908].	

Digital	 rectal	examination	can	assess	to	a	reason-
able degree anal sphincter tone and squeeze pres-
sure and appears to be as good as sphincter ma-
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nometry in discriminating continent from incontinent 
people,	although	not	 the	frail	elderly	 [909].	Consti-
pated	patients	with	an	empty	rectum	on	digital	ex-
amination	may	have	high	impaction.	

Radiographs	of	 the	abdomen	should	be	requested	
to	 establish	 the	 diagnosis	 to	 assess	 the	 extent	 of	
faecal loading and to rule out an obstruction or sig-
moid	volvulus.	As	with	any	other	person,	a	change	
in bowel habit with weight loss, anaemia, rectal pain 
and faecal incontinence should raise the suspicion 
of	an	underlying	malignancy	[910].	Colorectal	can-
cer is associated with both constipation and use of 
laxatives,	 although	 this	 risk	 is	 likely	 to	 be	 compli-
cated	by	underlying	bowel	habit.	In	a	retrospective	
study	of	4798	incident	cases	of	colorectal	cancer	in	
people	 aged	 30	 –	 84	 from	UK	 datasets,	 indepen-
dent predictors in men and women included family 
history of gastrointestinal cancer, anaemia, rectal 
bleeding,	abdominal	pain,	appetite	and	weight	loss.	
Alcohol	 consumption	 and	 recent	 change	 in	 bowel	
habit	were	also	predictors	in	men	alone	[911].	

The	 single	 symptom	 of	 chronic	 constipation	 does	
not usually warrant colonoscopic investigation, 
however, in the frailer elderly this may be consid-
ered	as	the	index	of	suspicion	may	be	higher.	Given	
the	increased	dificulty	of	adequately	preparing	frail	
older people for either endoscopy or barium stud-
ies	 [912];	CT	colonography	may	be	considered	as	
an	 alternative	 investigation	 where	 available	 [913].	
Evaluation	 of	 the	 capacity	 to	 successfully	 toilet	
should include an assessment of mobility, visual 
acuity,	manual	dexterity	and	cognition.	If	acceptable	
to the older person, observing the process of trans-
ferring to the toilet, manage their clothing, redress 
and leave the lavatory is a good measure of abil-
ity.	Caregivers	should	additionally	be	aware	of	 the	
surroundings in which the frail older person lives in 
terms	of	access,	lighting,	distance	and	clutter.	The	
design of commodes should also be considered in 
the	light	of	the	individual’s	capabilities.

Faecal incontinence is also associated with the de-
velopment of pressure ulcers in older people with 
impaired mobility although whether this is a causal 
association	 is	 still	 a	matter	 for	 debate,	 [914,	 915]	
however, an assessment of skin integrity and provi-
sion	 of	 appropriate	 pressure	 relief	 is	 important.	A	
pelvic	 examination	 to	 rule	 out	 posterior	 compart-
ment prolapse is also important given the associa-
tion	between	FI	and	prolapse	in	older	women	[916,	
917].	There	are	no	bowel	speciic	quality	of	life	as-
sessments	validated	for	use	in	the	frail	elderly.	

5. TREATMENT OF FI IN OLDER ADULTS.

a) Quality of data

New trials are included on the treatment of FI in frail, 
older	adults.	No	trials	were	identiied	on	the	preven-
tion	 of	 FI	 in	 high	 risk,	 older	 adults.	 Many	 studies	
that include older adults have small sample sizes, 

inadequate power to detect clinically meaningful 
differences	 in	outcomes,	and	biased	methodology.	
Given these limitations, FI treatments applicable 
to older adults were considered and include: multi-
component treatments for FI, treatments aimed at 
speciic	 populations	 of	 older	 adults	 (e.g.	 nursing	
home populations and stroke survivors), and per-
cutaneous tibial nerve and sacral neuromodulation 
for	FI.	Issues	related	to	surgery,	bulking	agents,	bio-
feedback, containment, and skin care are discussed 
in	other	chapters.

b)  Multi-component treatments for FI. 

Given the multifactorial causes for FI in older adults, 
few	studies	existed	in	the	literature	involving	multi-
component	 interventions.	 In	 2006,	 the	 Cochrane	
group reported that available trials for FI do not al-
low	for	a	deinitive	assessment	of	the	role	of	pelvic	
loor	 muscle	 training	 and/or	 biofeedback	 therapy	
in	 the	 treatment	 of	 FI.	 The	 Cochrane	 report	 also	
noted	 that	 insuficient	 data	 exists	 that	 pelvic	 loor	
muscle training or biofeedback is any better than 
other conservative measures such as medication 
or	 education	 [918].	 Since	 the	 Cochrane	 report,	 a	
recent	study	by	Heymen	et	al	involved	a	run-in	pe-
riod to improve stool consistency among adults with 
weekly	FI	prior	to	randomization	to	pelvic	loor	mus-
cle	 training	 or	 biofeedback	 [919].	Among	 the	 168	
community-dwelling participants (mean age was not 
reported),	FI	 frequency	decreased	 from	3.4	 to	2.0	
days/week	(41%	reduction)	and	35	patients	 (21%)	
reported	adequate	relief	at	the	end	of	run-in.	FI	se-
verity scores, as measured with the Faecal Inconti-
nence	Severity	Index	(FISI),	decreased	from	36.9	at	
baseline	to	31.0	at	the	end	of	run-in	(p<0.001).	The	
run-in phase controlled for the effects of improved 
medical management to normalize stool consis-
tency and this produced adequate relief of FI for 
21%	of	patients.	The	remaining	participants	(n=108,	
mean	age	60	years)	were	randomized	to	pelvic	loor	
muscle	exercises	alone	or	manometric	assisted	bio-
feedback.	After	3	months,	 the	participants	who	re-
ceived biofeedback treatment had a great improve-
ment in improvements in their FI severity scores 
(p=0.01)	 and	 fewer	 days	 with	 FI	 (p=0.083)	 [919].	
An	additional	study	comparing	different	methods	of	
biofeedback concluded that active sensory training 
is more effective than sham training for participants 
with	 “idiopathic”	 FI	 [920].	 Others	 have	 found	 that	
the additional of rectal balloon distension sensitivity 
training	did	not	 improve	outcomes	 [921,	922].	Evi-
dence for biofeedback treatment for improving FI in 
older adults with cognitive impairment or physical 
limitations/poor	functional	status	was	not	found.	

A	 systematic	 review	 in	 2003	 identiied	 three	 trials	
that compared loperamide versus placebo without 
any trials among older adults; one in patients with 
ileoanal pouches, and two in patients with chronic 
diarrhoea	 [923].	No	controlled	studies	were	 identi-
ied	during	this	review	using	anti-diarrhoea	medica-
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tions for patients initially presenting with the primary 
complaint of faecal incontinence and there were 
no controlled studies investigating the treatment of 
faecal	 incontinence	 in	 older	 adult	 populations.	 In	
a double blind randomised crossover trial by Lauti 
et al [2008],	ibre	supplementation	was	used	along	
with	loperamide	and	speciic	diet	recommendations	
in participants with the primary complaint of liquid 
and	 solid	 faecal	 incontinence	 [924].	 Participants	
(n=63,	mean	age	59	±15	years,	91%	women)	were	
randomised in a cross-over trial to loperamide along 
with	ibre	supplements	and	advice	sheet	on	diet	ver-
sus loperamide with an advice sheet on low residue 
diet	and	placebo	ibre	supplements.	There	was	sig-
niicant	 improvement	 in	both	groups	 from	baseline	
to	12	weeks	in	FI	severity	without	group	differences	
between	 the	 two	 treatments.	 There	 were	 also	 no	
adverse events reported and very few participants 
reported	dry	mouth	(speciic	amounts	not	reported).	
Expert	 opinion	 suggests	 that	 loperamide	 should	
be used with caution and close monitoring for fae-
cal impaction in older adults, especially those with 
chronic	co-morbid	disorders.

c) Treatment of FI in nursing home settings. 

Treatments	 for	 FI	 in	 nursing	 home	 settings	 also	
involved the treatment of constipation and fae-
cal	loading	or	faecal	impaction.	In	a	French	study	
among	206	nursing	home	 residents	 in	 4	different	
homes, lactulose alone was compared to lactu-
lose plus daily suppositories along with weekly 
tap-water	 enemas	 for	 reducing	 FI	 episodes.	 Al-
though there were no differences between the two 
groups, residents that achieved complete rectal 
emptying also reduced the number of FI episodes 
by	35%	while	also	reducing	staff	workload	by	42%	
(soiled	 laundry	 counts).	 [879]	 Recently,	 Schnelle	
et	 al	 (2010)	 completed	a	multi-centre,	multi-com-
ponent intervention for improving FI and consti-
pation	 in	 cognitively	 impaired	 112	 nursing	 home	
residents	(mean	age	86	±	10	years)	 [829].	 In	 this	
controlled trial in 6 nursing homes in the United 
States	(n=112),	 the	 intervention	was	compared	to	
a	usual	care	control	group.	The	intervention	group	
received	toileting	assistance,	exercise,	and	choice	
of	 food/luid	 snacks	 every	 2	 hours	 for	 8	 hours/
day	 for	 3	months.	Participants	 in	 the	 intervention	
group compared to the usual care control group 
had improvements in bowel movement frequency 
and the percentage of bowel movements in the toi-
let	(p<0.01),	but	not	 the	frequency	of	FI	episodes	
determined	 by	 direct	 checks	 from	 research	 staff.	
Urinary incontinence episodes also improved with 
this	 intervention	 (p<0.05).	Among	 the	 29	 nursing	
home residents who had anorectal manometry, a 
dyssynergic	 defecation	 pattern	 was	 identiied	 in	
89%.	The	 authors	 concluded	 that	 this	multi-com-
ponent intervention improved some factors associ-
ated with FI in nursing home residents, but further 
work to improve stool consistency and treatments 
for	dyssynergia	may	be	warranted.

d) Treatment of FI in stroke survivors. 

In	outpatient	and	inpatient	stroke	survivors	(n=146),	
Harari	 et	 al	 (2004)	 completed	a	 randomised,	 con-
trolled trial to improve FI and constipation symp-
toms with an intervention based on education book-
let	 for	 the	 patient/caregiver	 along	 with	 treatment	
recommendations to the health care provider and 
compared this intervention to a usual care control 
group	[925].	After	6-months	and	1-year	of	follow-up,	
the intervention group compared to the usual care 
control	 group	 were	 more	 likely	 (p<0.05)	 to	 have	
‘normal’	rated	bowel	movements	on	a	7-day	bowel	
diary and more likely to have an increased bowel 
frequency	 (p<0.05).	 The	 intervention	 group	 was	
also	more	likely	to	alter	their	diet	and	luid	intake	to	
control	their	bowels.

e)  Sacral Neuromodulation/Percutaneous tibial 
nerve stimulation for FI in older adults. 

Recent	 prospective	 multi-centre	 trial	 data	 on	
sacral neuromodulation with a surgically-im-
planted device shows significant improvements 
in FI episodes, symptoms, and quality of life 
[926].	In	the	larger,	multi-centre	studies	with	data	
at	 2-	 and	 3-years,	 the	mean	 ages	 were	 54.3	 ±	
11.3	 and	 60.5	 years	 (range	 30-88	 years)	 with-
out subgroup data on the older age participants 
[927-929].	Evaluating	and	selecting	older	adults	
and adults with specific neurological conditions 
who may benefit from permanent implantation is 
an	 important	 consideration	 [930,	 931].	 Data	 on	
sacral neuromodulation for FI and surgical out-
comes including adverse events for frail, older 
adults	is	limited	[932].

Percutaneous	 tibial	 nerve	 stimulation	 (PTNS)	
studies	 for	 FI	 have	 also	 reported	 benefits.	
Among	the	8	small,	prospective	studies	(largest	
study,	n=32),	 involving	a	total	combined	sample	
size	 of	 129	 participants,	 have	 significant	 varia-
tion in the study population, with large mean 
age	 ranges	 (38	 to	 60	 years),	methodology,	 and	
outcome	 measures	 [933-940].	 One	 prospective	
study	 involving	 100	 participants	 with	 a	 median	
age	of	57	years	found	that	“urge-related”	FI	and	
“mixed”	 FI	 were	more	 likely	 to	 having	 improve-
ments	in	a	symptom	score	than	those	with	“pas-
sive”	 FI	 [941].	 Data	 from	 adequately	 powered	
randomized	controlled	trials	for	PTNS	treatment	
for FI are currently ongoing and will add signifi-
cantly	to	the	existing	evidence	[942].	

6.  SUMMARY OF EVIDENCE ON THE TREAT-
MENT OF FI IN FRAIL OLDER PEOPLE

1.		Structured	multi-component	approaches	to	bow-
el care did not reduce the frequency of FI in the 
nursing home setting, but did improve bowel fre-
quency and number of bowel movements in the 
toilet (Level 2)

2.		Older	 people	with	 FI	may	 beneit	 from	 biofeed-
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back	 and	 sphincter	 strengthening	 exercises	 if	
they are able to comply (Level 3)

3.		Loperamide	 can	 reduce	 frequency	 of	 FI,	 par-
ticularly when associated with loose stool (once 
infection	and	other	causes	have	been	excluded)	
but should be used with caution (Level 2)

4.		Additional	 ibre	 supplementation	 to	 loperamide	
may not improve FI outcomes (Level 2)

5.		Multi-component	 structured	 nurse-led	 assess-
ment and intervention can improve bowel symp-
toms and alter bowel-related habits in older 
stroke patients (Level 2)

6.		More	data	are	needed	on	the	use	of	sacral	neuro-
modulation	in	speciic	higher	risk	older	age	popu-
lations (Level 4)

7.  RECOMMENDATIONS - TREATMENT OF FI 
IN FRAIL OLDER PEOPLE (ALL GRADE C)

1.		Loperamide	is	a	useful	treatment	in	FI,	in	the	ab-
sence of constipation, but should be used with 
caution in older adults

2.		Causes	of	loose	stool	must	be	identiied	and	treated.	

3.		All	 frail	older	people	with	FI	should	have	struc-
tured multidisciplinary assessment and treat-
ment	of	their	bowel	problem.	

4.		Patient	 and	 caregiver	 education	 (using	 verbal	
and written materials) should be undertaken to 
promote self-management and other coping 
mechanisms, and where appropriate self-man-
agement	 (e.g.	 reducing	 risk	 of	 constipation	and	
impaction through dietary and lifestyle measures, 
advice	 on	 how	 to	 take	 loperamide).	 Advice	 on	
skin care, odour control, and continence aids is 
also	important.

5.		Greater	emphasis	needs	 to	be	placed	on	sys-
tematic and effective management of FI in old-
er people backed up by sound communications 
between all health care providers, especially in 
the	nursing	home	and	acute	hospital	setting.

6.		Education	of	health	care	providers	with	 regards	
to heightening awareness of the problem plus 
methods	of	 identiication,	assessment	and	man-
agement of FI in older people should be broad-
ranging and include geriatricians, general practi-
tioners, hospital physicians, hospital, community, 
general practice and long-term care nurses, and 
related disciplines (physiotherapists, occupation-
al	therapists,	dieticians,	pharmacists).

7.		Cyclical	national	audit	with	provider	accountability,	
of current practice in managing FI in older people 
is needed to lay the ground-work for standardised 
care, and provide a culture of continuous quality im-
provement.	Such	audit	 tools	should	be	developed	
using standardised consensus methodologies 

8.  AREAS FOR FURTHER RESEARCH ON FI 
IN FRAIL OLDER PEOPLE

1.		Trials	of	 laxative	and	nonpharmacological	 treat-
ment and prevention of faecal impaction and 
overlow	 are	 needed	 to	 optimise	 standards	 of	
prescribing	and	care.	

2.		Multicomponent	 interventions	 to	 treat	 FI	 in	 frail	
older people should be evaluated to assess effec-
tive ways of FI management in acute care settings

3.		Multidisciplinary	study	assessing	 the	 feasibility	and	
eficacy	of	a	step-wise	approach	to	the	management	
of dementia-related FI in nursing home residents 

4.		Evaluation	of	case-inding	methods	 for	FI	 in	dif-
ferent settings including the fundamentals of staff 
education, screening protocols, and patient’s ed-
ucational	information	would	be	very	informative.	

5.		Testing	the	feasibility	of	providing	an	integrative	ap-
proach to assessment of FI in the frail older person, 
including a range of health and social care provid-
ers and different health care settings (acute, inter-
mediate or sub-acute, long-term care and commu-
nity) would be relevant to national implementation 
of	bowel	care	improvement	programmes.

6.		Examination	of	the	variability	of	FI	rates	between	
nursing homes within single nation states, (taking 
into	 consideration	 case-mix)	 will	 highlight	 prob-
lems	 areas	 both	 organisationally	 and	 clinically.	
Nursing home administrative factors such as resi-
dent: nurse staff ratios should be evaluated as a 
contributing	factor	to	FI.

7.		Further	epidemiological	studies	are	required	to	doc-
ument causes of FI in frail older people in different 
health	care	settings.	Such	studies	should	include	
evaluation	of	unmet	need	for	patients	and	caregivers.

8.		Evaluation	 of	 the	 pathophysiological	 basis	 for	
high	prevalence	of	FI	in	older	men.	Evaluation	of	
potentially preventable causes of loose stools in 
institutionalised older people, and impact of their 
treatment	on	FI.

9.		Nurse-led	initiatives	are	needed	to	develop	care	
pathways for assessing of bowel problems in frail 
older people with a view to establishing integrat-
ed	service	delivery.	

10.		Examine	the	research	question,	‘Do	educational	
interventions by health care providers to infor-
mal carers of home-dwelling older people with 
FI reduce carer burden and improve quality of 
life	for	patient	and	carer?’
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continence, those with neurological conditions and 
those suffering from faecal incontinence.

Where summary statistics are presented, the 
raw data from which these are derived can be 
found in the tables at the end of the chapter, 
in trial reports and systematic reviews cited in 
the chapter. The Chapter is intended as a stand 
alone document and adds to the comprehensive 
reports from previous ICI editions. 

A number of lifestyle factors may play a role in 
either the development or resolution of UI. Few 
RCTs have been carried out to assess the effect 
of a specific lifestyle change on UI. This section 
will examine the evidence for the association 
and use of lifestyle interventions in the man-
agement of female UI. A summary of the search 
strategy and inclusion/exclusion criteria is given 
in Appendix 2.

1. PREVENTION

No RCTs assessing the effect of lifestyle interven-
tions	on	UI	prevention	were	identiied.

2. TREATMENT

Where RCTs are available, these are reviewed. 
Where there are no RCTs for a particular lifestyle 
intervention, other types of evidence are considered 
giving priority to good quality cohort studies.

a) Weight loss

Three	 RCTs	 were	 identiied	 on	 weight	 loss.	 Two	
speciically	 recruited	 incontinent	women	 [2-4].	The	
third focused on the effect of intensive lifestyle in-
tervention	 in	 overweight	women	with	 diabetes	 [5];	
this intervention mainly comprised weight loss. 
Four	 prospective	 cohort	 studies	 [6-9]	 evaluated	
the effect of weight loss. Other study designs were 
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Conservative treatment is any therapy not involving 
surgical treatment of incontinence. In this chapter 
update, we cover studies that provide some com-
parison data between therapy and lifestyle interven-
tions (also called lifestyle interventions), physical 
therapies, scheduled voiding regimens, comple-
mentary and alternative medicines, anti-inconti-
nence devices, supportive rings/pessaries for pelvic 
organ prolapse (POP) and medications with a direct 
comparison with conservative management. 

Conservative therapies are considered relatively 
low cost, non-invasive approaches, with minimal 
adverse effects that are typically guided by a health-
care professional and depend on user participation. 
It is generally accepted that conservative measures 
are part of the initial counselling at the primary care 
level of individuals suffering from either UI or POP. 
Conservative therapy is also indicated for those for 
whom other treatments are inappropriate, for exam-
ple,	 those	unwilling	 to	undergo	or	unit	 for	surgery	
and women who plan future pregnancies (as these 
may adversely affect surgery). Other indications in-
clude individuals awaiting surgery or who wish to 
delay surgery and those whose symptoms are not 
serious enough for surgical intervention.

The research base on which to judge the effective-
ness of conservative management is growing al-
though some aspects such as lifestyle interventions 
and alternative and complementary medicines in 
particular, require considerably more well designed 
trials. In this chapter we add to what was known in 
the	2009	4th	Edition	 ICI	 [1]	 and	 integrate	 the	evi-
dence since the last search on treatment of urinary 
incontinence and pelvic organ prolapse (POP). The 
updated	 literature	 search	 was	 conducted	 from	 1	
January	 2008	 to	August	 2011	 of	 randomised	 con-
trolled trials (RCTs). (Appendix 2 lists the details of 
the literature search). 

Each	section	concludes	with	 the	 level	of	evidence	
and factors affecting outcome. Separate chapters in 
this	5th	Edition	address	incontinence	in	the	elderly,	
children, pharmacological treatment, products for 
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cross-sectional	[10-16],	retrospective	cohort	[17],	or	
case-control	 studies	 [18].	 The	 non-RCT	 evidence	
will not be reviewed here in light of the available 
RCT evidence.

1. QUality of trialS

Sample	sizes	 for	 the	 three	RCTs	were	48	 [2],	338	
[3,4],	and	1,957	[5].	Participant	blinding	was	not	pos-
sible	in	any	of	the	three	RCTs.	Of	48	randomised	in	
one	trial,	40	remained	in	the	study	at	the	time	of	as-
sessment	[2].	The	Subak	[2009]	study	randomised	
338	women,	six	month	 incontinence	outcome	data	
was	available	 for	304	women	 (290	had	diary	data	
– the primary outcome measure). Participants were 
followed	up	at	12	and	18	months,	at	which	time	96%	
provided urinary incontinence outcome data. In the 
large	RCT	with	diabetes	as	the	primary	focus,	2191	
women	were	enrolled	and	234	were	excluded	be-
cause	data	about	UI	were	not	available;	the	number	
that dropped out before the endpoint is not detailed 
for this subpopulation of women.

All three trials used subjective and objective mea-
sures	 including	urodynamics,	urinary	diary	and	24	
hour pad test. Follow-up periods were three months 
after completion of a very low calorie liquid diet and 
exercise	 [2],	six	months	after	completing	an	 inten-
sive group weight intervention programme that in-
cluded	 lifestyle	 and	 behaviour	 changes	 [3],	 and	 a	
mean	of	2.9	years	after	beginning	 the	 intervention	
[5].	 In	 addition,	 the	 Subak	 study	 population	 [3,4]	
was	 followed	 up	 at	 12	 and	 18	months,	 and	 is	 re-
ported	in	a	separate	paper	[19].	

Results

In	the	2005	RCT	[2]	involving	48	participants,	me-
dian	 baseline	 weight	 (95	 kg)	 and	 number	 of	 in-
continent	episodes	(21	per	week)	were	similar	be-
tween the groups. Compared to controls (wait list) 
that did not participate in a weight loss programme, 
women in the weight loss (liquid diet) group lost 
15kg	(SD	7)	(compared	to	0kg	(SD	4))	and	experi-
enced	a	60%	reduction	 in	weekly	 incontinent	epi-
sodes	(compared	to	15%).	

The	 Programme	 to	 Reduce	 incontinence	 by	 Diet	
and	 Exercise	 (PRIDE)	 [4,19]	 randomised	 338	
overweight	 incontinent	women	 in	a	2:1	 ratio	 to	an	
intensive	 6-month	 group	 weight	 intervention	 pro-
gramme or usual care, consisting of four informa-
tion sessions. Women in the intervention group lost 
a	mean	 of	 8%	 of	 their	 body	weight	 from	 baseline	
compared	with	1.6%	 in	 the	usual	care	group	after	
6	months.	 Forty	 one	 percent	 of	 women	 in	 the	 in-
tervention group decreased the weekly number of 
incontinence	 episodes	 by	 at	 least	 70%	 compared	
to	a	22%	reduction	 in	 the	usual	care	group.	At	12	
months weight loss in the intervention group was 
7.5%	of	their	body	weight	from	baseline	compared	
to	1.7%	with	46%	reporting	70%	less	incontinence	
in	the	weight	loss	group	compared	with	31%	in	usu-

al	care.	By	18	months	weight	loss	was	5.5%	in	the	
intervention	group	compared	to	1.6%	with	46%	re-
porting	70%	less	 incontinence	episodes	compared	
to	40%	in	the	usual	care	group.

The	RCT	from	the	Diabetes	Prevention	Programme	
[5]	 reporting	on	1957	participants	 found	 that	over-
weight diabetic women assigned to intensive life-
style therapy (consisting of low-fat diet, moderately 
intense	exercise	for	at	least	150	minutes	per	week	
and a behavioural and educational curriculum) were 
less likely to be incontinent compared to those as-
signed to placebo drug with standard lifestyle ad-
vice	or	metformin	alone	(38.3%	versus	45.7%	and	
48.1%,	respectively;	p=0.001).

Wing	 et	 al	 (2010a)	 [19]	 combined	 data	 from	 the	
Subak	2009	RCT	and	Wing	(2010b)	 [20]	 follow-up	
of the same sample to determine the magnitude of 
weight	loss	associated	with	signiicant	improvement	
in urinary incontinence. They combined the inter-
vention and control groups into weight loss catego-
ries irrespective of randomisation group. Women 
who	lost	5-10%	of	their	body	weight	were	2-4	times	
more	 likely	 to	achieve	a	70%	 reduction	 in	 inconti-
nence episodes compared with those who gained 
weight	at	6,	12	or	18	months.	Weight	losses	larger	
than	10%	did	not	result	in	greater	improvements	in	
incontinence outcomes. It is important to note that 
individuals were not randomly assigned to weight 
loss categories therefore groups may have differed 
in other ways.

2. SUMMary

Obesity is an important independent risk factor for 
the	prevalence	of	UI.	Massive	weight	loss	(15	to	20	
BMI	 points)	 signiicantly	 decreases	UI	 in	morbidly	
obese	 women.	 (Level	 of	 Evidence:	 2).	 Moderate	
weight loss maybe effective in decreasing UI es-
pecially	 if	 combined	 with	 exercise	 (seeB.1.2b(i)).	
(Level of Evidence: 1).

3. rEcoMMEnDationS

For morbidly and moderately obese women weight 
loss	should	be	considered	a	irst	 line	 treatment	 to	
reduce UI prevalence (Grade of Recommenda -
tion: A). Given the high prevalence of both UI and 
obesity in women, the dual issues of weight loss 
and prevention of weight gain (and exercise) should 
receive high research priority.

b) Physical activity 

No RCTs exist in which moderate physical activity 
and its effect on UI is compared to no activity. 

1.QUality of Data

Two prospective studies assessed the risk of incident 
UI according to physical activity level, reported as 
metabolic	equivalent	 task	hours	per	week,	 in	2,355	
women	aged	54	to79	years	[21]	and	30,135	women	
37	 to	 54	 years	 at	 risk	 of	 incident	 UI	 [22].	Both 
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suggested that low levels of physical activity 
are predictive for the onset of UI in middle aged 
women or older. In the prospective study of women 
aged	37-54	repeated	physical	activity	reports	over	12	
years were averaged to estimate long term activity 
levels.	Over	 the	 subsequent	 2	 years	 4081	 incident	
cases	were	identiied	with	monthly	incontinence.

2. rESUltS

In older women enrolled in the Nurses’ Health Study, 
total physical activity (i.e. top versus bottom quintile 
of metabolic equivalent task hours per week) was 
signiicantly	associated	with	a	reduced	risk	of	new	
UI	(OR	0.81)	in	analyses	adjusted	for	confounders.	
Walking constituted about half of the total physical 
activity among the participants and was related to 
a	 26%	 lower	 risk	 of	 developing	 UI.	 Total	 physical	
activity	was	not	related	to	the	incidence	of	UUI	[21].	
These	 indings	 were	 mirrored	 in	 younger	 women	
enrolled	in	the	same	study	[22]:	the	risk	of	at	least	
monthly UI decreased with increasing quintiles of 
moderate physical activity. 

3. SUMMary

There is good prospective cohort information sug-
gesting that moderate exercise decreases the inci-
dence	of	UI	 in	middle-aged	and	older	women;	 this	
effect may be mediated by weight control (Level of 
Evidence: 3).

4. rEcoMMEnDationS

Epidemiological	 evidence	 is	 building	 for	 an	 asso-
ciation between moderate physical activity and a 
reduction in urinary incontinence. There is a need 
for	randomised	controlled	trials	to	conirm	causality.	

c) Physical Forces (exercise and work)

No RCTs exist in which UI prevalence is compared 
between subjects assigned to heavy work or high 
impact activity versus sedentary activities 

1. QUality of Data

Two trials have evaluated the difference in UI 
prevalence	between	305	and	144	women,	respec-
tively, engaged in high versus low impact activities 
[23,24].	In	another	trial,	Bø	(2001a)	compared	572	
athletes	ages	15-39	years	with	574	controls	[25].	
Caylet	 [2006]	 compared	 UI	 prevalence	 between	
157	elite	female	athletes	and	426	women	from	the	
general	population	between	ages	18	and	35	[26].	
Kruger	 [2007]	 conducted	 a	 case-control	 study	
exploring mechanisms by which athletes might 
be more likely to experience SUI and compared 
pelvic organ descent and pubovisceral muscle 
volume	between	24	elite	nulliparous	athletes	and	
22	age	and	BMI	matched	 controls	 [27].	Eliasson	
[2005]	 compared	 UI	 at	 36	 weeks	 gestation	 and	
one	 year	 postpartum	 between	 665	 primiparous	
women participating in high-impact, low-impact or 
no	activity	[28].

Several cross-sectional studies compared the prev-
alence of UI with the self-reported level of physi-
cal	activity.	The	Norwegian	EPINCONT	study	com-
pared	 both	 any	 and	 severe	 UI	 in	 27,936	 women	
according to three levels of high impact physical 
activity	 [13].	Another	compared	UI	prevalence	and	
severity	in	3,364	women	according	to	physical	activ-
ity level as assessed by the International Physical 
Activity	Questionnaire	[29].	

2. rESUltS 

Minimal SUI is common in young exercising women 
[23].	 College	 athletes	 participating	 in	 high	 impact	
activities are more likely to report the symptom of 
SUI during exercise than those participating in low 
impact	exercise	[24].	In	one	trial	no	difference	in	UI	
prevalence was found between elite athletes and 
controls	 [25].	Another	 found	 that	 28%	of	elite	ath-
letes	reported	UI	compared	to	10%	of	controls	[26].	
There was no difference in UI prevalence between 
physically active and sedentary controls. In the pro-
spective study of pregnant and postpartum women, 
high-impact physical activity before pregnancy was 
associated with more urinary leakage one year 
postpartum	compared	to	low-impact	activity	[28].

There is little available information on whether 
strenuous exercise or activity causes the condition 
of	UI	later	in	life.	In	a	study	of	104	women	who	were	
Olympians	approximately	25	years	prior	to	data	col-
lection, those who competed in gymnastics or track 
and	 ield	 were	 not	 more	 likely	 to	 currently	 report	
daily or weekly UI than Olympians who competed 
in	swimming	[30].	

The	 EPICONT	 study	 reporting	 on	 27,936	 women	
found no difference in either ‘any’ UI or severe UI 
in women that reported high impact physical ac-
tivity one to two hours per week or three or more 
hours per week compared to those that reported 
exercised less than one hour per week (after ad-
justing for age, BMI, parity, coughing and wheez-
ing)	[13].	In	contrast,	Nygaard	[2005]	reported	that	
UI with physical activity was more common among 
highly	 active	 than	 less	 active	women	 (15.9%	 ver-
sus	11.8%;	p=0.01)	 [29].	Additionally,	 after	 adjust-
ing for age, parity, comorbidities and other factors, 
women with very severe UI were more likely to be 
less	active	 than	continent	women.	Danish	nursing	
assistants, who are exposed to frequent heavy lift-
ing, were more likely to undergo surgery for genital 
prolapse and/or UI than women in the general popu-
lation;	parity	was	not	controlled	for	[31].	

3. SUMMary

Strenuous exercise may unmask the symptom of SUI 
during provocation. There is currently no evidence 
that strenuous exercise causes the condition of UI. 
There are scant uncontrolled data that suggests that 
women engaged in occupations with heavy lifting 
may be predisposed to genital prolapse and/or UI 
(Level of Evidence: 3). 
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4. rEcoMMEnDationS

There is a paucity of data about the association of 
strenuous exercise and lifting and UI, this associa-
tion should be investigated further. 

d) Smoking

There are no RCTs investigating the effect of 
smoking on UI. There are no trials of the effect of 
smoking cessation.

1. QUality of Data

One case-control study compared incontinent 
smokers	 with	 non-smokers	 [32),	 another	 com-
pared smoking behaviour between continent and 
incontinent	 women	 [33].	 Cross	 sectional	 studies	
have evaluated multiple risk factors for UI, includ-
ing	 smoking	 [10,13,16,34-37].	 One	 case-control	
study evaluated smoking as a risk factor for failure 
of	 SUI	 surgery	 [38].	 One	 trial	 of	 women	 planning	
surgery for SUI assessed the association between 
smoking	and	severity	of	UI,	deined	by	mean	num-
ber of incontinence episodes per day on a bladder 
diary	[39].	An	in	vitro	study	assessed	the	effects	of	
nicotine	on	bladder	muscle	contraction	[40].	Sample	
sizes	were	189	[32],	1761	[34],	160	[33],	199	[38],	
7949	[10],	7338	[35],	3302	[36],	5,488	[37],	27,936	
[13],	and	83,355	[16].	

2. rESUltS

Smokers were more likely to report UI than non-
smokers	 in	 some	 studies	 [13,16,33,35,36],	 but	
not	 others	 [10,34,37].	Amongst	 women	with	 SUI,	
current smoking was positively associated with UI 
severity	after	adjusting	for	confounders	[39].	After	
adjusting for age, parity, type of delivery, and pre-
pregnancy	BMI,	smokers	had	a	1.3	fold	higher	RR	
(95%	CI	1.0	to1.8)	of	reporting	UI	at	16	weeks	ges-
tation	than	non-smokers	[35].	The	adjusted	OR	for	
moderate or severe UI among women reporting UI 
was	1.38	(95%	CI	1.04	to	1.82)	in	current	smokers,	
after adjusting for perimenopausal status, BMI, 
diabetes	and	ethnicity	[36].	In	the	large	population	
based	study	by	Hannestad	et	al	 [13],	smoking	 in-
creased	 the	 odds	 of	 severe	 UI	 (OR	 1.4,	 95%	CI	
1.2	 to1.6)	 but	 not	 of	mild	 UI.	 In	 the	 case-control	
study, after adjusting for confounders, smoking 
was a protective factor against recurrent UI after 
anti-incontinence	 surgery	 [38].	 Incontinent	 smok-
ers were found to have stronger urethral sphinc-
ters	and	lower	overall	risk	proiles	than	incontinent	
non-smokers	[32];	therefore,	the	authors	proposed	
that more violent coughing promotes anatomic de-
fects, which allow UI. 

Two studies have reproted that nicotine produces 
phasic contraction of isolated bladder muscle probes 
in	vitro	[40,41].	However,	Milsom	(1993]	reported	an	
apparent paradoxical local estrogenic effect of nico-
tine on the vagina, resulting in a decrease in vaginal 
pH	and	an	increase	in	lactobacilli	[42].

3. SUMMary

Data	 suggest	 that	 smoking	 increases	 the	 risk	 of	
more severe UI (Level of Evidence: 3). Smokers 
may have a different mechanism causing their UI 
than non-smokers.

4. rEcoMMEnDationS

Further prospective studies are needed to deter-
mine whether smoking cessation prevents the on-
set, or promotes the resolution, of UI. 

e) Dietary factors

1. DiEt

No	 RCT	 was	 identiied	 that	 addressed	 dietary	
changes for urinary incontinence alone. 

However, a randomised cross over trial examined 
the effect of a soy-rich diet on urogenital changes 
including	urge	incontinence	[43].	The	study	recruit-
ed	36	women	to	undergo	two	12	week	diet	periods,	
a soy rich diet and a control diet (soy free).

The recent BACHs study group (Boston Area Com-
munity	Health	Survey)	[44]	undertook	an	epidemio-
logical, cross sectional, population based study of 
2060	women	aged	30-79	and	used	a	validated	food	
frequency questionnaire to collect data on dietary 
intake as well as collecting data on lower urinary 
tract symptoms (LUTS). In a prospective question-
naire	study,	Dallosso	(2004a)	studied	the	impact	of	
dietary risk factors on the one-year incidence of SUI 
in	women	[45]	and	OAB	symptoms	[46,47].	Partici-
pants	completed	a	130-item	validated	food	frequen-
cy questionnaire. 

2. caffEinE

No new studies on caffeine and incontinence were 
found.	One	RCT	[48]	assessed	the	effects	of	a	caf-
feine reduction intervention upon frequency, ur-
gency and UUI for those who consumed more than 
100mg	 caffeine	 daily.	 The	 experimental	 group	 re-
ceived bladder training and a caffeine-fading meth-
od	to	decrease	caffeine	intake	to	 less	than	100mg	
per day, while the control group also received blad-
der training but no caffeine reduction information. 
Another	RCT	[49]	used	a	crossover	design	to	evalu-
ate the effect of caffeine restriction and of increas-
ing	and	decreasing	luid	intake	on	urinary	symptoms	
over a four-week period in women with urodynamic 
SUI	or	DO.	

3. flUiD intakE

In one RCT, women with UI were randomly assigned 
to	one	of	three	groups:	increase	luid	intake	by	500	
cc,	 maintain	 luid	 intake	 at	 baseline	 level,	 or	 de-
crease	by	300	cc.	Participants	kept	luid	intake	and	
output	diaries	for	ive	weeks	[50].	Another	study	[51]	
recruited	24	people	to	a	crossover	trial	in	which	they	
were	 asked	 to	 increase	 or	 decrease	 their	 luid	 in-
take. Individuals were randomised into two groups, 
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the	 groups	 amended	 their	 luid	 intake	 over	 4	 day	
blocks,	group	1:	drinking	25%	more	(group	2:	25%	
less)	than	baseline	for	4	days	followed	by	2	days	of	
normal	drinking,	4	days	drinking	50%	more	(group	
2:	50%	less)	than	baseline	(2	days	normal	drinking)	
followed	by	4	days	drinking	25%	less	(group	2:25%	
more) than baseline (2 days normal drinking) and 
inally	4	days	drinking	50%	less	(group	2:	50%	less)	
than baseline. Any changes in frequency, urgency, 
nocturia and incontinence episodes were then re-
corded according to randomised group and stage. 
Participants	 completed	 a	 4	 day	 frequency	 volume	
chart and a validated ICIQ-OAB

In	a	large	postal	survey,	6037	men	and	women	re-
sponded to questions about tea, soft drink and al-
cohol consumption, as well as whether or not they 
had	UI	[52].

4. QUality of Data

It was not feasible to blind participants in any of the 
RCTs.	Dropout	rates	were:	8%	[43],	22%	[48],	37%	
[49],	and	45%	[50].	

5. rESUltS

(a) Diet: One RCT found no statistical difference in 
urinary	 incontinence	 following	 a	 soy-rich	 diet	 [43].	
Non-RCT data showed that after adjusting for age, 
physical functioning, SUI at baseline, obesity, smok-
ing and certain dietary factors, the incidence of SUI at 
one year was increased in women consuming more 
total fat, saturated fatty acids and monounsaturated 
fatty acids, as well as those that consumed more car-
bonated	beverages,	zinc	or	vitamin	B12	at	baseline	
[45,46].	The	incidence	of	SUI	was	reduced	in	those	
that ate more vegetables, bread and chicken at 
baseline	[46].	Higher	intake	of	vitamin	D,	protein	and	
potassium were also associated with decreased risk 
of	onset	of	OAB	 in	women	 [47].	The	2011	BACHS	
study	[44]	found	that	greater	total	energy	intake	was	
associated with LUTS. The same data source was 
used to test the hypothesis that carotenoid, vitamin C 
and calcium intakes were associated with UI in wom-
en, they found that high dose vitamin C and calcium 
were positively associated with incontinence whilst 
vitamin C from food and drinks were negatively as-
sociated with incontinence.

(b) Caffeine: One RCT found a clinical effect of 
decreasing caffeine, while the other did not. Bry-
ant (2002) reported that women in the interven-
tion group decreased daily caffeine consumption 
to	a	mean	of	96.5mg,	compared	to	238.7mg	in	the	
control group. The experimental group had statisti-
cally	signiicant	reduction	in	urgency	episodes	(61%	
versus	12%);	the	number	of	Incontinence	episodes	
decreased	 as	 well	 (55%	 compared	 to	 26%	 in	 the	
controls)	but	this	was	not	statistically	signiicant.	In	
contrast,	while	Swithinbank	(2005)	 found	no	effect	
of	decreasing	luid	intakes	(see	below)or	changing	
from caffeine containing to decaffeinated drinks.

(c) Fluid intake:	In	an	RCT,	32	women	were	assigned	
to	 one	 of	 three	 groups:	 increase	 luid	 intake	 by	
500cc	over	baseline,	decrease	by	same	amount,	or	
maintain	baseline	 level	 [50].	While	non-adherence	
to	the	protocol	made	results	dificult	to	interpret,	the	
authors reported that 20 women who had fewer in-
continent episodes at the end of the trial attributed 
this	to	drinking	more	luids.	Another	RCT	that	used	a	
cross-over	design	found	that	when	luid	intake	was	
decreased,	39	women	with	SUI	decreased	the	num-
ber	of	 incontinence	episodes;	 similarly,	30	women	
with	DO	signiicantly	decreased	voiding	frequency,	
urgency	and	incontinence	episodes	[49].	Fluid	ma-
nipulation	 [51]	 with	 a	 decrease	 in	 normal	 intake	
by	25%	 led	 to	a	signiicant	 reduction	 in	 frequency	
(23%),	urgency	(34%)	and	nocturia	(7%)	but	not	uri-
nary	 incontinence.	 Increases	 in	 luid	 consumption	
led to symptom worsening.

After adjusting for age and gender, no association 
was found between UI and consumption of alcohol 
[52].	After	 adjusting	 for	 age	 and	 luid	 intake,	 con-
sumption of wine, beer or spirits did not increase the 
incidence of either SUI or OAB (there was a trend 
towards	less	SUI	in	beer	drinkers;	OR	0.75	(95%	CI	
0.56	 to1.01)	 for	weekly	drinkers	versus	 those	 that	
drank	 beer	 less	 than	monthly)	 [46].	 Similarly,	 in	 a	
large cross-sectional study, there was no associa-
tion in either unadjusted or adjusted analyses be-
tween	alcohol	consumption	and	UI	[11].

6. SUMMary

Indications from epidemiological data suggest diet 
may play a role in urinary incontinence (Level of 
Evidence: 3) .	 Evidence	 is	 building	 on	 the	 role	 of	
macronutrient intake and reduction of UI. Fluid in-
take may play a minor role in the pathogenesis of 
UI. Caffeine consumption may play a role in ex-
acerbating UI. Small clinical trials do suggest that 
decreasing caffeine intake improves continence. 
(Level of Evidence: 2).

7. rEcoMMEnDationS

Minor	decrease	of	luid	intake	by	25%	may	be	rec-
ommended provided baseline consumption is not 
less than one litre a day (Grade of Recommenda -
tion: B).  Further RCT’s to assess the role of diet in 
urinary incontinence are warranted. 

A reduction in caffeine intake is recommended for 
those with incontinence symptoms (Grade of Rec -
ommendation: B) . Larger RCTs to assess the ef-
fect of caffeine and other dietary factors are feasible 
and important. 

f) Constipation

No published RCTs were found which assessed the 
effect in adults of regulating bowel function on UI. 
An observational study compared the self-report of 
straining as a child with urogynaecological symp-
toms	as	an	adult	[53].	Population-based	studies	as-
sessed	multiple	risk	factors	for	UI	[54,55].
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1. QUality of Data

Sample	 sizes	 range	 from	73	 for	 the	observational	
study	 [53]	 to	 213	 in	 a	 study	 correlating	 the	 surro-
gate measures of perineal descent and pudendal 
neuropathy	[56]	to	1154	and	1051	in	the	population-
based	studies	[54]	respectively.

2. rESUltS

In	a	small	observational	study,	30%	of	women	with	
SUI	and	61%	of	women	with	uterovaginal	prolapse	
reported straining at stool as a young adult, com-
pared	 to	 4%	 of	 women	without	 urogynaecological	
symptoms	 [53].	 In	 a	 large	 population-based	 study	
of	 1154	women	 over	 age	 60	 years,	 those	with	UI	
were slightly more likely to report constipation than 
those	who	were	continent	of	urine	(31.6%	vs	24.7%)	
[54].	 After	 adjusting	 for	 demographic	 and	 obstet-
ric confounders, women who reported straining at 
stool were more likely to report SUI and urgency 
[55].	There	appears	 to	be	an	association	between	
straining and pudendal nerve function. The mean 
pudendal nerve terminal motor latency increased 
after straining, correlated with the amount of de-
scent, and returned to resting by four minutes after 
a	 strain	 [57].	 Others	 found	 evidence	 of	 pudendal	
neuropathy	 in	 only	 25%	 of	 women	 with	 abnormal	
perineal	descent;	in	this	large	group	of	patients	with	
defecating dysfunction no relationship was seen be-
tween neuropathy and pelvic descent, leading to the 
conclusion that pelvic descent and neuropathy may 
be	two	independent	indings	[56].	

3. SUMMary

There is some evidence to suggest that chronic 
straining may be a risk factor for the development of 
UI. (Level of Evidence: 3).  There are no interven-
tion trials that address the effect of resolving consti-
pation on UI. 

4. rEcoMMEnDationS

Further	 research	 is	 needed	 to	 deine	 the	 role	 of	
straining in the pathogenesis of UI. If the associa-
tion holds, public education, particularly of parents 
and paediatricians, is needed to make an impact on 
the common problem of straining due to constipa-
tion in children. 

g) Other

There are many other lifestyle interventions sug-
gested either by healthcare professionals or the 
lay press for the treatment of UI, including reducing 
emotional stress, wearing non-restrictive clothing, 
utilising a bedside commode, decreasing lower ex-
tremity oedema and treating allergies and coughs. 
There is no evidence to support these interventions 
for	UI;	 support	 for	 these	 interventions	 is	 all	 anec-
dotal in nature. 

3. OTHER LUTS

No data was found.

4. FACTORS AFFECTING OUTCOME

No data was found.

Pelvic	loor	muscle	 training	(PFMT)	remains	a	key	
factor in the prevention and treatment of UI. Be-
cause	 pelvic	 loor	muscle	 (PFM)	 integrity	 appears	
to play an important role in the continence mecha-
nism	(see	 report	 from	Committee	4:	Pathophysiol-
ogy), there is a biological rationale to support the 
use of PFMT in preventing and treating UI in women 
[58].	The	role	of	PFMT	in	the	treatment	of	UUI	came	
later, when it was recognized that PFM contraction 
can also be used to occlude the urethra to prevent 
leakage during detrusor contraction, as well as in-
hibit and suppress detrusor contraction.

1. RATIONALE AND PRINCIPLES

a) Biological rationale for PFMT for SUI 

The biological rationale for using PFMT to treat SUI 
is at least three-fold. 

First, in healthy continent women, activation of the 
PFM before or during physical exertion seems to 
be	 an	 automatic	 anatomic	 response	 [59-61].	 This	
PFM	‘relex’	contraction	is	a	feed-forward	loop	and	
might	 precede	 bladder	 pressure	 rise	 by	 200-240	
milliseconds	 [62,63].	 An	 intentional	 and	 effective	
PFM contraction, prior to and during effort or ex-
ertion, compresses the urethra and increases the 
urethral	 pressure,	 preventing	 urine	 leakage	 [64].	
Supporting this rationale, both ultrasonography and 
MRI studies have demonstrated the cranial and for-
ward movements of the PFM during an active con-
traction and the resulting impact on the postion of 
the	urethra	[65,66].	This	active	contraction	of	PFM	
during activities that cause SUI leakage has been 
referred toin various ways including counterbracing, 
perineal pre-contraction, PFM functional training, 
stress	strategy,	and	 the	 “knack”	 [67,68].	Miller	as-
sessed effectiveness in an RCT and demonstrated 
that a voluntary PFM contraction before or during 
coughing can reduce leakage after only one week of 
training in middle-aged and older women with SUI 
and in pregnant women with de novo SUI. Perform-
ing a rapid, strong, and well-timed PFM contraction 
seems to actively prevent urethral descent during 
an	 intra-abdominal	 rise	 in	pressure	 [69].	Thus,	 the	
timing of a PFM contraction could be an important 
factor in the maintenance of urinary continence. 
Active, volitional contraction of PFM to occlude 
the urethra during physical activity is now routinely 
combined with PFM exercise to improve strength 
and tone. However, the optimal strength required 
to compress the urethra and prevent urine leakage 
has yet to been determined. 

Second, the bladder neck is supported by a strong, 
toned PFM (resistant to stretching), limiting its 

II. PELVIC FLOOR MUSCLE TRAINING 
(PFMT)
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downward movement during effort and exertion, 
thereby	preventing	urine	leakage	[64,70].	Intensive	
strength training may reinforce structural support by 
permanently elevating the levator plate to a higher 
position inside the pelvis and enhancing the hyper-
trophy	and	stiffness	of	the	connective	tissues	[70].	
Anatomical and dynometic differences of the PFM 
have been demonstrated between continent and in-
continent	women	[71-73].Women	with	SUI	and	MUI	
demonstrate less PFM passive force (tone), maxi-
mal strength, rapidity of contraction and endurance 
as	compared	to	continent	women	[74,75].	 In	a	pre	
and post PFM training study using an MRI recon-
struction	method,	a	signiicant	reduction	in	the	inter-
nal surface area of the levator ani was observed af-
ter	PFMT;	this	suggests	an	increase	in	passive	tone	
of the levator ani, which in turn is indicative of the 
state	of	PFM	tone	[76]	Increased	urethral	stability	at	
rest	and	during	effort	following	14	weeks	of	super-
vised	PFMT	and	behavioural	modiication	has	been	
noted	[77].	Thus,	a	growing	body	of	evidence	sup-
ports the rationale that PFMT improves PFM tone, 
facilitates	more	effective	automatic	motor-unit-iring	
of the PFM, and thus prevents PFM descent and 
urine leakage during increased intra-abdominal 
pressure	[78].	Finally,	morphological	and	functional	
changes after PFMT indicated a relationship be-
tween improved PFM coordination and increased 
PFM mobility and also to striated urethral sphinc-
ter	 hypertrophy	 [79].	 Therefore,	 PFMT	 could	 also	
contribute to continence through a direct action on 
the urethral sphincter. However, more research is 
needed	to	conirm	these	results

Finally, there is some evidence that contraction of 
the transversus abdominus (TrA) muscle is associ-
ated with co-activation of the PFM. This has been 
demonstrated	 by	 US,	 EMG	 and	 MRI	 studies	 [80-
84].	 However,	 a	 TrA	 muscle	 contraction	 does	 not	
appear	 to	 elevate	 the	PFM	 in	 all	women	 [85]	 and	
when it does, it does not appear to be as effective 
as	a	direct	PFM	contraction	[83,84].	More	research	
is needed to better understand the relationship be-
tween the TrA and the PFM muscles as well as the 
effect on incontinence of rehabilitating the interac-
tion between TrA muscle and the PFM. 

Given the above biological rationale, in treating SUI 
the objective behind PFMT is to improve the timing 
(of contraction), strength and stiffness of the PFMs 
and perhaps urethral sphincter function.

b) Biological rationale for PFMT for UUI 

PFMT can also be used in the management of ur-
gency	and	urge	urinary	incontinence	(UUI).	In	1975	
Godec observed that a detrusor muscle contrac-
tion can be inhibited by a PFM contraction that has 
been	induced	by	electrical	stimulation	(EStim)	[86]	
and Burgio demonstrated that a detrusor contrac-
tion can be inhibited by a voluntary PFM contrac-
tion	 [87].	During	 urine	 storage,	 bladder	 distension	
produces	 low-level	 vesical	 afferent	 iring,	which	 in	

turn	 stimulates	 the	 pudendal	 nerve	 outlow	 to	 the	
external urethral sphincter thereby increasing intra-
urethral pressure, an effect he termed a ‘guarding 
relex’	for	continence	[88].	It	is	also	posited	that	Bar-
rington’s Micturition Centre’s excitatory loop switch-
es	on	when	bladder	pressures	are	between	ive	to	
25mmHg,	while	the	inhibitory	loop	is	predominantly	
active	 above	 25mmHg	 [89].	 Inhibition	 involves	 an	
automatic (unconscious) increase in tone for both 
the PFMs and the urethral striated muscle. 

Thus, voluntary PFM contractions may be used, of-
ten as part of a broader urge suppression strategy, 
to treat UUI. Generally, patients are instructed not 
to rush to the toilet in response to any urge sensa-
tion, because it can trigger detrusor contraction and 
increase intra-abdominal pressure. The strategy in-
volves remaining still, repeatedly contracting PFMs, 
and waiting for the urge to pass. After inhibiting the 
urgency to void and the detrusor contraction, the 
patient can learn to reach the toilet in time to avoid 
urine leakage. However, the number, the duration, 
the intensity and the timing of the PFM contraction 
required to inhibit a detrusor muscle contraction is 
not known. 

This focus on urge suppression strategies, often 
combined with PFM exercise, is commonly called 
behavioural training. Behavioural training also in-
volves teaching the concept of using volitional PFM 
contraction to occlude the urethra and prevent urine 
loss during uninhibited detrusor contraction. Further, 
patients can also be taught to be more vigilant about 
PFM tone when they begin to sense bladder fullness 
and consciously maintain resting tone rather than 
allowing	 the	pelvic	loor	 relaxation	 that	 immediately	
precedes and coordinates with detrusor contraction.

c) Principles of skeletal muscle strengthening

The aim of any strengthening programme is to alter 
muscle morphology by increasing the cross-sec-
tional area, increasing the number and frequency of 
motor neuron excitations, and improving tone and 
stiffness. When muscles engage in intense, repeti-
tive tasks that exceed the normal demands of daily 
activities this stimulates an increase in the muscle 
ibre	 size	 (hypertrophy),	 which	 in	 turn	 increases	
muscle bulk. However, hypertrophy is not immedi-
ately evident as a training response. An increase in 
strength is evident long before visible hypertrophy. 
Early	 improvements	 in	 strength	 result	 from	 neural	
adaptation, including a greater number of activated 
motor units, an increased rate of motor unit excita-
tion,	more	synchronised	motor	unit	irings	and	more	
persistent	activation	of	 type	 II	motor	units	 [90-92].	
Hypertrophy begins only after a minimum of eight 
weeks	of	regular	and	intense	strength	training	[93].	
With increased overload, hypertrophy may continue 
for some years. 

There are four principles of strength training: speci-
icity,	overload,	progression	and	maintenance	[78].	
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Strength	training	 is	speciic	to	 the	muscle(s)	being	
trained and requires overload (that is, exposing 
the muscle(s) being trained to a gradual increase 
in resistance, repetitions or repetition speed). Pro-
gression is the extension, through increased resis-
tance, intensity and volume of training, of the initial 
exercise programme. Finally, maintenance refers to 
the extent to which the muscle is able to maintain a 
continued level of strength. In order to achieve an 
effective strength training programme, the Ameri-
can College of Sports Medicine recommends that 
all	these	elements	be	addressed	[94].	

d) Principles of behaviour change

PFMT is a treatment that involves changing an indi-
vidual’s behaviour and teaching new skills. Because 
its effectiveness depends on the active patient par-
ticipation, including adherence to instructions, cli-
nicians are faced with the challenges of changing 
the individual’s behaviour. Some are self-motivated, 
but most require assistance. In general, models of 
healthcare behaviour change rely on providing in-
formation and education. But these are usually in-
adequate in the case of interventions like PFMT that 
typically take effect gradually and require several 
weeks	at	least	to	reach	optimal	eficacy.	

Much of human learning follows the principles of 
operant learning, in which behaviour is a function 
of antecedents and consequences. Antecedents in-
clude education, motivating techniques, as well as 
daily reminders including cues to exercise PFM or 
to use them volitionally to prevent urine loss with 
physical activities or in response to urge. Most 
learning occurs through the consequences of be-
haviour, i.e., by trial and error and feedback. Thus, 
people learn how to contract and relax PFMs not 
only through instructions, but also through various 
modes of feedback. This can include visual or audi-
tory feedback loops provided by a therapist verbally 
or through biofeedback, in which physiological pa-
rameters are measured and fed back using various 
instruments. Operant learning principles include the 
concept of positive reinforcement: positive results 
reinforce behaviour and it is more likely to be re-
peated. Behaviours that do not produce the desired 
results tend to be abandoned. Herein lies the chal-
lenge for clinicians using PFMT, to help the patient 
sustain their efforts for long enough to achieve a 
result, whether it is a change in muscle strength or 
improvement	 in	symptoms.	Even	when	 they	 result	
in short-term improvements, patients in PFMT tend 
to	 have	 dificulty	 sustaining	 regular	 exercise	 long-
term, partly because discontinuing the exercise 
regimen does not result in immediate regression.

Learning is mediated by individual characteristics, 
including disposition, attitudes, beliefs, and experi-
ences. Several models of behaviour change have 
evolved that are relevant for addressing health be-
haviours. According to one widely-adopted model, 
Social Cognitive Theory, people will engage in a 

new behaviour when they believe it will lead to posi-
tive outcomes and they believe they are capable of 
performing the behaviour (concept known as self-
eficacy).	Factors	that	may	affect	the	ability	to	learn	
new skills and change daily habits fall into several 
domains, including social, cognitive, physical, emo-
tional, behavioural, and environmental. Clinicians 
have	 the	opportunity	potentially	 to	 inluence	any	of	
these by making an effort to understand the patient’s 
daily life, assessing barriers to change during treat-
ment, and assisting patients with overcoming the im-
pediments they encounter. It is generally accepted 
that clinicians should promote realistic expectations 
of treatment and outcome, individualize treatment 
protocols, and follow-up with patients to assess ad-
herence, monitor progress, encourage persistence, 
and facilitate long-term behaviour change.

This section presents the evidence for the use of 
PFMT in the prevention and treatment of UI in wom-
en. Questions addressed are:

 a) Is PFMT effective in the prevention of UI?

 b) Is PFMT better than no treatment, placebo or 
control treatments in the treatment of UI?

 c) Is one type of PFMT programme better than 
another in the treatment of UI?

 d) Is PFMT better than other treatments in the 
treatment of UI?

	 e)	 Does	 the	 addition	 of	 PFMT	 to	 other	 treat-
ments	add	any	beneit	in	the	treatment	of	UI?

 f) What factors might affect the outcome of 
PFMT in the treatment of UI?

 g) What is the effect of PFMT on other lower 
urinary tract symptoms?

In	this	section,	the	pre-speciied	primary	outcomes	
of	 interest	were	1)	self-reported	UI	 (for	prevention	
studies),	 2)	 self-reported	 cure	 or	 3)	 cure	 and	 im-
provement in UI symptoms (for treatment studies). 
Secondary	outcomes	of	 interest	were	1)	quality	of	
life (prevention and treatment studies) and 2) leak-
age	episodes	and	amount	(treatment	studies)	[95].

2.  PREVENTION AND TREATMENT (PREG-
NANT AND POSTNATAL WOMEN ONLY)

This	 subsection	 speciically	 considers	 PFMT	 for	
the prevention and treatment of UI in pregnant and 
postnatal women (called childbearing women in this 
section). As the physiological changes of childbear-
ing can affect PFM function, it is possible that the 
effect of PFMT might differ in this group compared 
to non-childbearing women. 

A 2008 Cochrane review in this area analyzed 
data	 from	 15	 trials	 in	 6,181	 participants	 [96].	An	
additional	 6	 randomised	 trials	 published	between	
2008	and	2011	were	 identiied	and	also	reviewed	



1111

for this subsection	 (total	 21).	 Similar	 to	methods	
used in the Cochrane review, trials in this section 
have	been	grouped	in	3	areas:	1)	trials	of	PFMT	for	
prevention of UI (performed in women without UI 
symptoms	when	randomised);	2)	trials	of	PFMT	for	
treatment	of	UI;	and	3)	trials	of	PFMT	for	the	pre-
vention and treatment of UI (participants with and 
without UI symptoms enrolled). Trials were further 
separated into those beginning during pregnancy 
(antenatal) or postnatal. 

As in the recently updated Cochrane review, the 
primary outcome of interest was self-reported UI 
[97].	Secondary	outcomes	 included	condition	spe-
ciic	quality	of	life	(e.g.	King’s	Health	Questionnaire	
(KHQ), Incontinence Impact Questionnaire (IIQ), or 
any other quality of life or health status measure (for 
example	Short	 Form-36);	 symptom	 severity;	 num-
ber	 of	 leakage	 episodes;	measures	 of	 pelvic	 loor	
muscle	 function;	 and	 economic	 analyses.	 Other	
outcomes of interest included adherence measures.

a) Is PFMT effective in the prevention of UI in 
childbearing women?

There are three grades of prevention: primary, sec-
ondary and tertiary. Primary prevention aims to 
remove the causes of a disease. Secondary pre-
vention focuses on the detection of asymptomatic 
dysfunction and provides treatment aimed at stop-
ping its progression. Tertiary prevention focuses on 
existing symptoms to prevent the progression of 
the disease through treatment. This subsection ad-
dresses the question of PFMT effectiveness for pri-
mary and secondary prevention of UI in childbear-
ing	women.	Clinically	it	can	be	dificult	to	effectively	
screen trial participants to ensure that a disease 
process is altogether absent (for primary preven-
tion studies) or present, although asymptomatic (for 
secondary prevention). Trials investigating preven-
tion of UI usually enroll people purely on the basis 
of the absence of symptoms. Thus, the trials in this 
section likely represent a combination of primary 
and secondary prevention effects. 

The	 2008	 Cochrane	 review	 [96]	 included	 5	 trials	
addressing prevention of UI in childbearing women 
[98-102].	Two	of	 the	 studies	were	 combined	 pre-
vention/treatment studies, but published or unpub-
lished data were available for women who were 
continent	at	 recruitment	 [98,101].	 In	 the	 study	by	
Sampselle	 (1998),	 54	 of	 72	 women	 were	 conti-
nent based on a standing stress test at 20 weeks 
gestation. After drop outs, unpublished data were 
available	from	37	previously	continent	women	(16	
PFMT	and	21	controls).	Mørkved	(2003)	[101]	pub-
lished	data	for	207	of	301	women	who	were	conti-
nent before pregnancy and at 20 weeks gestation. 
After	dropouts,	data	were	available	from	193	previ-
ously	continent	women	(94	PFMT	and	99	controls).	
Neither study was powered to detect differences 
in the previously continent subgroup and the sub-
group sizes were small. 

One	 new	 prevention	 trial	 published	 in	 2010	 was	
found	[103]	and	two	combined	prevention/treatment	
trials of antenatal PFMT with UI outcomes were 
published	since	2008,	but	outcome	data	speciic	to	
the women who were continent at baseline were not 
presented	[104,105].	Thus,	these	two	trials	and	their	
results are included in the section below on com-
bined prevention/treatment trials. 

Five	 studies	 [98,99,101-103]	 recruited	 nulliparous	
or primiparous women during pregnancy, and one 
recruited	“pregnant	women”	[100].	Reilly	(2002)	re-
cruited primigravid women without a pre-pregnancy 
or current history of UI, but with bladder neck hy-
permobility	at	18	to	20	weeks	gestation.	Primigravi-
dae	were	recruited	at	18	[98],	20	[101,103]	and	28	
weeks	[102]	gestation.	

In all six trials, PFMT began during pregnancy while 
controls received the usual antenatal care, which 
may have included advice on PFMT from their ma-
ternity	caregivers	[98,99,101,103]	or	were	asked	not	
to	do	PFMT	[100,102].	There	were	some	variations	
in the PFMT parameters (intensity and supervision):

•Eight	 to	12	near-maximal	voluntary	PFM	contrac-
tions, held for six to eight seconds, followed by three 
to four fast contractions at the end of each contrac-
tion,	twice	daily	from	20	weeks	gestation	[101,103].	
Also	a	weekly	[101]	or	monthly	[103]	exercise	class	
from	weeks	20	to	36.	

•		Eight	to	12	PFM	contractions,	held	for	six	seconds	
with a two second rest, three sets twice daily, from 
18	 weeks	 gestation.	 Also	 individual	 PFMT	 with	
physiotherapist	during	monthly	visit	[99].	

•		Up	to	30	near-maximal	PFM	contractions	per	day	
from	20	weeks	of	gestation	[98].	

•		10	PFM	contractions;	held	for	eight	seconds	each	
followed	by	three	fast	one	second	contractions;	a	
six-second	rest	between	contractions;	for	up	to	20	
weeks. PFMT taught one-on-one with physiother-
apist. Weekly clinic appointments (one hour each) 
for	eight	weeks,	then	weekly	phone	calls	[102].	

•		PFMT	not	described.	Participants	were	seen	twice	
monthly throughout pregnancy, and every three 
months	postpartum	for	one	year	[100].

Correct voluntary PFM contraction was checked 
prior	to	training	in	four	[98,101-103].

1. QUality of Data

Allocation concealment appeared adequate in four 
trials	 [98,99,101,102]	 and	 the	 outcome	 assessors	
were	blind	in	ive	of	the	six	trials	[98-101,103].	Drop-
out	rates	varied,	including	4%	[101,102],	14%	[99],	
36%	[98]	and	as	high	as	53%	[103].	Stothers	(2002)	
did not report any losses to follow up. 

Outcomes were measured at various times: 28 
and	35	weeks	gestation	and	six	weeks	postpartum	
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[102];	six	and	12	months	postpartum	[100];	34	to	36	
weeks gestation then at three months postpartum 
[99,101,103];	35	weeks	post	partum	 then	postpar-
tum	at	six	weeks	and	six	and	12	months	 [98]	with	
the	primary	endpoint	being	12	months.	Reilly	[2002]	
was the only trial with long-term follow up, at four 
years	and	more	recently	at	8	year	follow	up	[106].

2. rESUltS

Pooled data described in this section are reported 
from	the	2008	Cochrane	review	[96].

(a) Late pregnancy (34 weeks or later): Pooled data 
from	three	trials	[98,101,102]	showed	that	women	in	
the	antenatal	PFMT	group	were	56%	less	 likely	 to	
report	UI	 than	 the	 controls.	Statistically	 signiicant	
heterogeneity was observed in this comparison. 
The point estimates in all three studies favoured 
PFMT but these differed considerably. A possible 
reason for the more pronounced difference between 
PFMT women and controls in the study by Gorbea 
Chavez	 (2004)	 is	 that	 the	 comparison	 group	 was	
asked not to do PFMT, whereas in the other two 
controls had usual care that might have included 
PFMT.	 In	 another	 trial	 [103]	 a	 lower	 proportion	 of	
women	 in	 the	PFMT	group	at	 36	weeks	gestation	
reported SUI compared to controls, but the differ-
ence	was	not	statistically	signiicant.

(b) Early postpartum (up to 12 weeks): Pooled data 
from two trials showed that PFMT women were 
around	 50%	 less	 likely	 to	 report	 UI,	 compared	 to	
the	controls	(RR	0.50	95%	CI	0.31	to	0.80)	[98,102].	

(c) Mid postpartum (three to six month postpar-
tum): In the pooled analysis, PFMT women were 
still	statistically	signiicantly	less	likely	than	controls	
to report UI, although the difference in risk had re-
duced	to	about	30%	(RR	0.71	95%	CI	0.52	to	0.97)	
[98-101].	 Similar	 to	 their	 results	 at	 36	 weeks	 of	
pregnancy,	Mason	et	 al	 [103]	 found	 fewer	women	
in the PFMT group compared to controls reported 
SUI symptoms at three months postpartum, but this 
difference	 was	 not	 statistically	 signiicant.	 Loss	 to	
follow-up was high, and this outcome was assessed 
in	only	47%	of	those	with	baseline	data.

(d) Late postpartum (up to one year postpartum): 
Too	few	participants	(n=44)	were	available	in	1	trial	
[98]	to	determine	if	there	was	a	difference	in	preva-
lence of UI between PFMT women and controls at 
12	months	postpartum.	

(e) Long term (more than one year): At four year follow 
up,	Reilly	(2002)	reported	seven	of	42	PFMT	women	
and	26	of	58	controls	had	symptoms	of	SUI.	However,	
this	apparent	beneit	for	the	PFMT	group	was	not	seen	
in	a	later	8	year	follow	up	study	[106].	In	that	report,	
164	(71%)	of	the	initial	230	participants	with	postnatal	
data	were	analyzed,	and	SUI	was	reported	by	35.4%	
in	the	PFMT	group	versus	38.8%	in	the	control	group;	
70%	of	 those	assessed	had	had	one	or	more	addi-
tional deliveries during the follow-up period.

Regarding	 secondary	 outcome	 measures,	 ive	 of	
the six trials reported symptom severity data such 
as frequency or amount of urine leakage. None of 
the measures, or the ways in which they were re-
ported, were common to the four trials. In general, 
the data suggested that PFMT women with symp-
toms of UI might have demonstrated less severe 
symptoms	 than	 the	 controls.	Only	Stothers	 [2002]	
noted	adverse	events;	two	of	the	43	PFMT	women	
withdrew	due	to	pelvic	loor	pain.

Only three trials reported treatment adherence data. 
Gorbea	Chavez	(2004)	reported	that	84%	of	PFMT	
women attended seven or eight of the eight phys-
iotherapy appointments. In another, nearly half the 
women in the PFMT group exercised for 28 days 
or	more;	postpartum	similar	proportions	of	women	
in the intervention and control groups were doing 
occasional	or	no	PFMT	(28%	and	34%	respectively	
[99]	Mason	[2010]	reported	that	just	64%	of	women	
assigned to the PFMT group attended at least one 
class, but women in the intervention group reported 
performing	more	exercises	in	a	3-day	diary	at	both	
36	weeks	of	pregnancy	and	three	months	postpar-
tum than did controls.

3. SUMMary 

Pregnancy and birth appear to be important factors 
associated with the development of UI in women. 
Therefore, all women who have had a child or chil-
dren might be considered ‘at risk’ of developing UI 
at a later date.

Continent	 pregnant	 women	 having	 their	 irst	 baby	
who participated in a more ‘intensive and super-
vised’ PFMT programme than the PFMT provided 
as part of usual care were less likely to experience 
UI from late pregnancy up to six months postpartum 
(Level of Evidence: 1) .	 There	 was	 not	 suficient	
evidence available to demonstrate whether this 
beneit	 persists	 at	 12	 months	 postpartum;	 results	
from	a	 single	 trial	 suggest	 the	 beneit	 of	 PFMT	 is	
not maintained eight years after treatment or with 
subsequent deliveries (Level of Evidence: 2) . 
There was no evidence investigating the preventive 
effects of PFMT in pregnant, previously continent, 
multiparous women.

4. rEcoMMEnDationS

Continent,	pregnant	women	having	 their	irst	baby	
should be offered a supervised (including regular 
health professional contact) and intensive strength-
ening antepartum PFMT programme to prevent 
postpartum UI (Grade of Recommendation: A) . 
The usual or standard approach to PFMT in preg-
nancy (which is commonly verbal or written instruc-
tion	 without	 conirmation	 of	 correct	 contraction	 or	
supervision of training) needs to be reviewed. 

Additional trials with longer-term follow-up (greater 
than	 12	 months	 postnatal)	 are	 needed	 to	 deter-
mine	long-term	beneits	of	antenatal	PFMT.	Further,	
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large, good-quality RCTs are needed to investigate 
the effect of antepartum PFMT on preventing post-
partum UI in multiparous women.

b) Is PFMT effective in the treatment of UI in 
childbearing women?

Four studies which addressed the treatment of exist-
ing	UI	after	delivery	[107-110]	were	identiied	and	all	
were	included	in	the	2008	Cochrane	review	[96].	One	
study recruited incontinent women during pregnancy 
[110],	 while	 the	 other	 three	 recruited	 women	 three	
months or more after delivery. All four studies re-
cruited a mix of primiparous and multiparous women.

The	control	groups	in	three	[107,108,110]	received	
standard care, which included ante and postpartum 
advice	on	PFMT,	whereas	the	control	group	in	Du-
moulin’s	 (2004)	 study	 received,	 in	 lieu	 of	 training,	
relaxation massages at the same frequency as the 
PFMT treatments. 

The PFMT interventions varied as follows:

•		intervention	group	received	either	PFMT,	or	PFMT	
with vaginal cones, or vaginal cones (VC). PFMT 
comprised	80	to100	PFM	contractions	per	day	(a	
mix of fast and slow), with three home visits by 
a nurse, healthcare visitor or continence advisor. 
The	 VC	 group	 received	 15	 minutes	 per	 day	 of	
cone therapy while the combined PFMT/VC group 
received	both	interventions	[107].

•		as	 above	 supplemented	 by	 instruction	 from	 a	
physiotherapist	on	four	occasions	[108].	

•		PFMT	 with	 biofeedback	 +	 electrical	 stimulation	
(EStim)	with	 or	without	 deep	 abdominal	 training.	
PFMT comprised weekly sessions supervised by 
physiotherapists	 for	eight	weeks	with	15	minutes	
of	Estim	and	25	minute	of	PFM	exercice	with	bio-
feedback including strenghtening and motor re-
learning	exercices	[109]

•		four	 one	 to	 one	 and	 half	 hour	 sessions	 with	 a	
physiotherapist (three antepartum and one at six 
weeks postpartum) but details of the PFMT pro-
gramme	were	not	given	[110]

1. QUality of Data

Random allocation concealment was adequate in 
three	of	 the	 four	 trials	 [107-109]	 and	outcome	as-
sessors	were	blind	in	two	[108,109].	

In one trial losses to follow-up were high in all inter-
vention	 groups	 (51%	PFMT;	 63%	PFMT/VC;	 41%	
VC).	 In	 two	 others	 losses	 to	 follow-up	 were	 30%	
[111]	and	38%	[110].	In	contrast,	Dumoulin’s	(2004)	
trial (which included weekly contacts with a phys-
iotherapist	 for	 eight	weeks)	 reported	a	6%	 loss	 to	
follow-up.	 Outcomes	 were	 measured	 outcome	 12	
months	after	delivery	[107,108],	and	then	24	to	44	
months post-delivery, and six years after the index 
delivery	 [111].	 Dumoulin	 (2004)	 reported	 outcome	

nine weeks after intervention began. However as 
women were recruited at varying lengths of time fol-
lowing delivery (all more than three months postpar-
tum) the data are presented alongside those from 
Glazener	 (2001),	and	Wilson	 (1998),	as	 long-term	
post-natal data.

2. rESUltS

In the one study of antepartum PFMT for treatment 
of	UI,	no	statistically	 signiicant	difference	was	 re-
ported in the prevalence of UI between PFMT and 
control	 groups	 at	 35	weeks,	 eight	weeks	 postpar-
tum,	six	months	and	12	months	postpartum	[110].

Pooled data from the three trials of postpartum 
PFMT	found	women	were	about	20%	less	likely	to	
have UI after treatment compared to the controls 
(RR	0.79,	95%	CI	0.70	to	0.90)	[96].	Statistically	sig-
niicant	heterogeneity	was	observed.	The	treatment	
effect	 in	 the	 study	 by	Dumoulin	 (2004)	was	much	
greater than that in the other two studies. Possible 
reasons	 are	 that	 the	 controls	 in	 the	 study	 by	 Du-
moulin	(2004)	were	asked	not	to	do	PFMT,	whereas	
controls in the other two studies received usual care 
and both interventions and control groups were also 
doing	PFMT	 (a	mean	of	 20	 versus	 ive	PFM	con-
tractions	per	day	in	Glazener	2001),	and	86	versus 
35	in	Wilson	1998).	Another	difference	was	the	in-
tensity	 and	 supervision	 of	 the	 PFMT	 intervention;	
Dumoulin	(2004)	used	a	more	intensive	PFMT	pro-
gramme	with	adjunctive	EStim	and	BF	and	physio-
therapy appointments once a week for eight weeks, 
whereas	in	the	other	two	studies	[107,108]	women	
had three or four appointments with a health pro-
fessional over approximately six months and were 
asked to do PFMT on their own. 

All four treatment trials reported some data on symp-
tom severity such as frequency or amount of urine 
leakage. None of the measures, or the ways they 
were reported, was common to the four trials. The 
data suggested that PFMT women with symptoms of 
UI might have less severe symptoms than the con-
trols,	but	this	was	not	a	consistent	or	clear-cut	ind-
ing.	Dumoulin	(2004)	stated	that	none	of	the	women	
in the PFMT group reported any adverse events. 

Three trials reported some data related to treatment 
adherence,	 one	 for	 antepartum	 PFMT	 [110]	 and	
two	for	postpartum	PFMT	[107,108].	In	the	antepar-
tum	study,	at	36	weeks	gestation	37%	of	the	PFMT	
women were exercising intensively compared to 
14%	of	the	controls.	Mean	number	of	PFM	voluntary	
contractions	per	day	at	12	months	postpartum	were	
20	[108]	and	86	[107]per	day	in	PFMT	women,	and	
5	and	35	respectively	per	day	in	the	controls.	

Glazener and colleagues followed up women six 
years after the index delivery. The effect of PFMT 
on	UI	was	not	sustained.	At	six	years,	100	out	of	the	
263	in	the	intervention	group	and	99	out	of	the	253	
in the control group experienced UI at least once 
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per	week	 [111].	However,	 the	women	 had	 had	 an	
average	of	1.5	deliveries	since	the	index	delivery.	

3. SUMMary

To date, only one trial has investigated the effect of 
PFMT for the treatment of UI in pregnant women 
[110].	This	was	a	moderate-size	study	that	did	not	
report allocation concealment or blinding of the as-
sessors, and did not describe the type of PFMT pro-
gramme employed. In the absence of any detail on 
the PFMT programme it is impossible to judge if the 
intervention had the potential to be effective.

Postpartum women with UI who were randomised 
to PFMT taught and supervised by a health profes-
sional were less likely to be incontinent than con-
trols	(standard	care	or	relaxation	massage)	six	to	12	
months following delivery (Level of Evidence: 1) . 
Of the three trials, the one that used an intensively 
supervised strength training programme demon-
strated the greatest treatment effect. It is unclear if 
the	beneit	of	PFMT	is	maintained	over	time	or	with	
subsequent deliveries (Level of Evidence: 2).

For women who have persistent symptoms of UI at 
three months postpartum PFMT is a more effective 
treatment than standard postnatal care or relaxation 
massage;	effects	might	be	greater	with	supervised	
and intensive strengthening PFMT (with the ad-
dition	of	EStim).	 It	 is	not	clear	 if	 the	effect	can	be	
sustained	over	the	long-term;	there	is	also	no	data	
on the effect of short periodic refresher sessions on 
long-term effect.

4. rEcoMMEnDationS

PFMT	 should	 be	 offered	 as	 irst	 line	 conservative	
therapy to women with persistent UI symptoms three 
months after delivery (Grade of Recommendation: 
A);	an	‘intensive’	PFMT	programme	(in	terms	of	su-
pervision and exercise content) is likely to increase 
the treatment effect (Grade of Recommendation: B).

There is a need for at least one large, pragmatic, 
well-conducted and explicitly reported trial with long 
term	follow-up	(ive	plus	years)	of	postpartum	PFMT	
that investigates the effect of ‘intensive’ treatment 
followed by periodic refresher sessions.

c) Is PFMT effective in the mixed prevention and 
treatment of UI in childbearing women?

Ten trials are included in this section. Of these tri-
als, some women did and some did not have UI 
at the time of recruitment, i.e. the effect of PFMT 
included	 a	mix	 of	 prevention	 and	 treatment.	Eight	
[98,101,112-117]	 were	 included	 in	 the	 2008	 Co-
chrane	systematic	 review	 [96]	and	 two	were	more	
recently	published	[104,105].	

In six, nulliparous or primiparous women were ran-
domised to either supervised antepartum PFMT or 
usual	 antepartum	 care	 [98,101,104,105,113,116].	
The other four randomised nulliparous women dur-

ing	 pregnancy	 [114]	 or	 postpartum	 [112,115,117]	
to	 either	 postpartum	PFMT	 [112,115,117]	 or	 usual	
postpartum	care	or	no	PFMT	[114].	

(a) Antepartum PFMT versus usual care: The inter-
ventions	of	 two	 trials	 (98,101]	 in	 pregnant	women	
have	been	described	in	section	B.2.1a.	

Two	new	studies	were	added	[104,105].	Ko	(2011)	
recruited	 nulliparous	women	 at	 16-24	weeks	 ges-
tation. Women in the PFMT group met individually 
with a physical therapist for instruction, and cor-
rect contraction was assessed by observing inward 
movement of the perineum during contraction. The 
individual therapy was similar to that used by Reilly 
(2002) described above, including three sets of eight 
contractions repeated twice daily. Additional group 
therapy	occurred	weekly	in	45	minute	sessions	over	
a	 12	week	 period.	Controls	were	 excluded	 if	 they	
reported previous use of PFMT, but were not spe-
ciically	discouraged	to	do	PFMT	during	pregnancy;	
otherwise	 they	 received	 usual	 prenatal	 care.	 Bø’s	
study	(2011)	differed	in	that	the	primary	aim	was	to	
assess the effect of regular exercise on weight gain 
in pregnancy. Primiparous, sedentary women with-
in	 the	 irst	 24	weeks	 of	 pregnancy	were	 recruited	
and	 randomised	 to	 aerobic	 itness	 classes	 includ-
ing group instruction and practice of PFMT or usual 
care (not described). Women in the exercise group 
were	 asked	 to	 attend	 two	 to	 three	 1-hour	 aerobic	
itness	 classes	weekly	 for	 at	 least	 12	weeks.	The	
PFMT included verbal instruction and group perfor-
mance of three sets of eight to twelve contractions, 
holding six to eight seconds each in sitting, kneeling 
and standing positions. No individual assessment 
of the ability to perform a correct contraction was 
included. In addition, the exercise group was given 
a PFMT pamphlet that recommended a regimen of 
three sets of eight to twelve PFM contractions daily. 

Hughes	 (2001)	 recruited	 nulliparous	women	at	 20	
weeks gestation and women randomised to PFMT 
attended one individual appointment then, between 
22	and	25	weeks	gestation,	a	group	PFMT	session	
(maximum six women) with a physiotherapist. No 
details of the training parameters were reported. 
Women with no palpable voluntary PFM contraction 
or	a	licker	of	contraction	were	randomised.	Controls	
received the usual community antepartum care. In 
another	trial	[116],	women	in	the	PFMT	group	were	
trained	to	use	an	Epi-No	device	(an	inlatable	vagi-
nal balloon connected to a pressure gauge for visual 
feedback),	15	minutes	daily;	for	three	to	six	weeks.	
Controls received no device. The authors’ primary 
interest was in improving the elasticity of the PFM 
for delivery rather than continence outcomes.

(b) Postpartum PFMT versus usual care or no PFMT: 
Chiarelli (2002) only included women who had had 
forceps or ventouse deliveries, or had delivered a 
baby	weighing	4000g	or	more.	Ewings	(2005)	only	
included women who had already experienced UI 
and who were at high risk of UI following childbirth 
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in accordance with the SIFCRAFT risk scale. The 
control groups received the usual postpartum care, 
which included: an invitation to postpartum classes 
taught	by	physiotherapists	[115],	standard	ante	and	
postpartum	 care	 [112],	 no	 PFM	 re-education	 from	
two	to	10	months	postpartum	[114]	and	verbal	pro-
motion	of	PFM	exercises	supplemented	by	a	lealet	
[117].	 In	 PFMT	 groups,	 women	 were	 visited	 by	 a	
midwife or physiotherapist on the postnatal ward 
and were advised to train as follows:

•		PFMT	 exercises	 as	 often	 as	 remembered	 and	
contractions integrated with daily living activities, 
plus midstream urine stop. Correct PFM contrac-
tion was checked on a second visit at eight weeks 
postpartum	[112].

•		PFMT	 exercises	 with	 three	 to	 six-second	 holds,	
three times a day. A variety of adherence strate-
gies were employed (e.g. red stick-up dots, home 
or hospital visit after eight weeks).

•		PFMT	programme	including	12	visits	with	a	phys-
iotherapist	 between	 two	and	10	months	postpar-
tum, including a 20 minute BF training session and 
a	15	minute	EStim	session	[114].

•		PFMT	 taught	 one	 to	 one	 with	 physiotherapist	 in	
hospital in addition to an invitation to attend PFMT 
class	 at	 two	 and	 four	months	 postpartum;	 21	 of	
284	 women	 participated	 in	 the	 irst	 class	 (18%)	
and	only	5	(4%)	attended	both	[117].	

1. QUality of Data

(a) Antepartum PFMT versus usual care: Three 
of the six trials had adequate random allocation 
concealment	 [98,101,105].	 In	 the	 others	 women	
were allocated at random but it was not clear if al-
location	 was	 adequately	 concealed	 [104,113,116].	
Assessors were blinded in four of the six trials 
[98,101,104,105].	Sample	sizes	varied:	72	[98],	105	
[104],	 144	 [116],	 300	 [105],	 301	 [101],	 and	 1169	
[113].	Dropout	rates	were	14%	at	6	weeks	postpar-
tum	[104],	4%	[101]	at	three	months	postpartum	and	
ranged	from	0%	[105]	to	34%	[113]	at	six	to	seven	
months	 post-partum.	 At	 12	 months,	 the	 drop-out	
rate	was	36%	[98].	

(b) Postpartum PFMT versus usual care or no PFMT: 
Random allocation concealment was adequate in 
three	 trials	 [112,115,117]	 but	 inadequate	 in	 Meyer	
(2001)	where	alternate	assignment	was	used.	Blind-
ing of outcome assessment was adequate in one 
[115].	 Sample	 sizes	 were	 large	 and	 varied:	 1,800	
women	 [112];	 720	 [115];	 234	 [117],	 and	 107	 [114].	
Outcomes	were	measured	at	Both	the	Sleep	(1987)	
and	 Chiarelli	 (2005)	 trials	 measured	 outcomes	 at	
three	months	[112,115];	6	months	[117],	or	10	months	
[114].	Lost	to	follow	up	ranged	from	6%	to	19%.	

2. rESUltS

(a) Antepartum PFMT versus usual care: As re-
ported	 by	 Hay-Smith	 and	 colleagues	 in	 2008	 [96]	

pooled	data	 from	 three	 trials	 [98,101,113]	 showed	
that women who were randomised to antepartum 
PFMT	had	about	10%	 less	 risk	of	UI	 in	 late	preg-
nancy.	 Statistically	 signiicant	 heterogeneity	 was	
observed in this comparison. While the point es-
timates in all three studies favoured PFMT these 
differed	considerably	between	the	trials	;	the	study	
by	 Hughes	 (2001)	 carried	 considerable	 weight	 in	
the pooled analysis, most likely because it was the 
largest study. One of the differences between the 
studies	by	Mørkved	(2003)	and	the	other	two	in	this	
analysis was the PFMT intensity and supervision as 
reported previously, being more ‘intense’ in the for-
mer.	Ko	(2011),	used	a	similarly	more	intense	PFMT	
programme,	and	also	 found	signiicantly	 less	UI	 in	
the	PMFT	women	at	36	weeks	gestation	compared	
to	controls	(34%	vs.	51%,	p<	0.01).	Bø	(2011)	found	
no difference in the prevalence of UI in the exercise 
and control groups in late pregnancy. 

In the pooled analyses from Hay-Smith (2008), the 
prevalence	 of	 UI	 was	 not	 statistically	 signiicant	
between PFMT and control groups in the early, 
[98]	 mid,	 [98,101,113]	 or	 late	 postpartum	 period	
[98,116].	 At	 6	 weeks	 and	 6	 months	 postpartum,	
Ko	(2011)	found	less	UI	 in	the	PFMT	compared	to	
control	group	(25%	vs.	35%	and	16%	vs.	27%,	re-
spectively);	this	difference	was	of	borderline	signii-
cance	(p=0.06	at	6	weeks	and	p=0.04	at	6	months	
postpartum).	Bø	 (2011)	 found	no	difference	 in	 the	
prevalence of UI in the exercise and control groups 
in the early postpartum period. 

Symptom severity such as frequency or amount of 
urine leakage was reported in three trials, but PFMT 
was not found to be superior to control or vice versa 
at	the	primary	endpoint	for	each	study	[98,112,113].	
In	another,	 statistically	 signiicant	 lower	Urogenital	
Distress	Inventory	Short	Form	(UDI-6)	and	IIQ	Short	
Form	(IIQ-7)	scores	in	the	PFMT	group	were	noted	
compared to controls at all end-points (late preg-
nancy and three days, six weeks and six months 
after delivery, suggesting less bother related to uri-
nary symptoms and less functional impact from UI 
in	the	treatment	group	[105].

Some adherence outcomes were included for four 
of	the	six	trials:	81%	of	the	PFMT	women	attended	
more	than	half	of	the	weekly	classes	[101];	85%	and	
62-90%	 of	 the	 PFMT	 women	 reported	 performing	
PFMT	at	least	75%	of	the	time	at	35	weeks	gestation	
and	at	 1	 year	postpartum	 [98];	 >80%	of	 the	PFMT	
women	attended	every	group	session,	and	at	36	ges-
tational	weeks,	87%	reported	PFMT	practice	at	least	
75%	of	the	time	[105];	or	40%	of	the	exercise	group	
attended	>80%	of	the	weekly	exercise	classes	[104].

(b) Postpartum PFMT versus usual care or no PFMT: 
There	 was	 no	 statistically	 signiicant	 difference	 in	
the prevalence of UI in women randomised to post-
partum	PFMT	or	control	in	the	mid	[112,115,117]	or	
late	postpartum	period	[114,115].	Statistically	signif-
icant heterogeneity was observed in the combined 
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data for the mid postpartum period, with one study 
favouring	PFMT	[115],	one	neither	PFMT	nor	con-
trol	 and	 one	 favouring	 the	 control	 condition	 [117].	
Some potentially important clinical differences were 
noted between the studies. Firstly, Chiarelli (2002) 
recommended	a	PFM	strength	training	programme;	
neither of the other two studies described their 
PFMT programme, so it is not possible to determine 
whether the latter studies could have had an effect 
or how different the PFMT and control conditions 
were.	Further,	Sleep	(1987)	noted	only	a	moderate	
difference in the proportion of PFMT women and 
controls doing some PFMT at three months post-
partum while at three months postpartum Chiarelli 
reported that about half the controls were doing 
PFMT and an even greater proportion of the PFMT 
group were exercising. A second difference was that 
Chiarellirecruited women at potentially increased 
risk of postnatal UI, such as those who had a large 
baby or a forceps delivery. 

3. SUMMary

The effect of antepartum PFMT or postpartum 
PFMT, in groups of women where some did and 
some did not have prior UI symptoms, varied by 
study	with	some	showing	a	beneit	on	UI	prevalence	
whereas others did not (Level of Evidence: 2) . The 
characteristics of the three trials, all methodologi-
cally robust, that demonstrated some effect were:

(a) For antepartum PFMT:  pregnant women hav-
ing	their	irst	baby	and	used	intensively	supervised	
strengthening	 PFMT	 programmes;	 PFMT	 reduced	
UI prevalence in late pregnancy and three to six 
months	postpartum	[101,105],	but	this	was	not	evi-
dent	six	years	after	the	index	delivery	[101].	

(b) For postpartum PFMT:  primiparous and mul-
tiparous women at potentially greater risk of post-
partum UI after a large baby or forceps delivery, 
and	used	a	strengthening	PFMT	programme;	PFMT	
reduced UI prevalence at three months postpartum 
but	not	at	one	year	[115].

4. rEcoMMEnDationS

Health providers should carefully consider the cost/
beneit	 of	 population	 based	 approaches	 to	 health	
professional taught antepartum or postpartum 
PFMT, that is, health professional instruction to all 
pregnant or postpartum women regardless of their 
current or prior continence status (Grade of Rec -
ommendation: B). 

Where a population approach is used, the ‘best’ 
evidence to date suggests the following: (a) an in-
tervention comprising of a daily home PFMT and 
weekly	physiotherapist-led	exercise	classes	 for	12	
weeks,	starting	at	20-24	weeks	gestation	for	preg-
nant	women	having	 their	 irst	baby,	and	 (b)	an	 in-
dividually taught strengthening PFMT programme 
that incorporates adherence strategies for postpar-
tum women who have had a forceps delivery or a 

vaginal	 delivery	 of	 a	 large	 baby	 (4000g	 or	 more)	
(Grade of Recommendation: C)

3. PREVENTION (OTHER WOMEN)

Hay-Smith	 and	 colleagues	 [96]	 have	 previously	
reviewed trials of PFMT for the prevention of UI in 
pregnant, postnatal or childbearing women. No tri-
als investigating the primary/secondary prevention 
effects of PFMT for UI in non-childbearing women 
were found. These results were considered in sec-
tion	B.2.1.	 Prevention	 of	 post	 prostatectomy	UI	 is	
considered	in	Section	D.2.1.	

a) Is PFMT effective in the prevention of UI? 

No trials investigating the prevention effects of 
PFMT for UI in non-childbearing women were found.

4. TREATMENT (WOMEN)

a) Is PFMT better than no treatment, a placebo 
or a control group treatment? 

The recommendations in this section are based on 
the	 updated	 2011	Cochrane	Review	 [97].	 Primary	
outcomes	were	1)	patient-reported	cure	or	improve-
ment in symptoms and 2) symptom bother (level 
of	 distress)	 and	 an	 incontinence-speciic	 quality-
of-life assessment. Secondary outcomes of inter-
est included the number of leakage episodes and 
pad and paper towel testing. For a comprehensive 
background to the rationale for treatment of urinary 
incontinence	with	PFMT	see	Dumoulin	2010	[118].	

There	were	25	RCTs	comparing	PFMT	with	no	treat-
ment	for	women	with	UI	identiied,	of	which	7	were	
excluded: one included women with symptoms of 
geriatric	 syndrome	 that	 could	 have	 inluenced	 the	
results	[119],	three	compared	supervised	with	unsu-
pervised	PFMT	[120-122],	one	abstract	that	did	not	
clearly	state	“RCT”	[123]	and	two	due	to	the	sham	
PFMT consisting of strong isometric hip abductor 
contractions	 [124,125].	 According	 to	 EMG,	 dyna-
mometric and MRI studies, both hip abductions and 
external rotations result in a synergic contraction of 
the	 PFMs	 [61,74,126,127].	 Thus,	 in	 all	 likelihood,	
these two trials probably compared a direct versus 
an indirect approach to PFMT.

1. StUDiES inclUDED in thE analySiS

Among	the	18	RCTs,	three	were	not	considered	in	
the	 inal	 analysis	 because	 they	 lacked	 adequate	
data	[68,128,129].

Of	the	remaining	16,	12	recruited	women	with	SUI	
exclusively	 [67,130-140]	and	one	 included	women	
with SUI, with or without UUI. However, only one 
trial was found for women with mixed urinary incon-
tinence (MUI) and it was thus analysed with the SUI 
studies	[141].	One	included	older	women	with	UUI	
with or without SUI (with urge as the predominant 
type)	[142].The	remaining	two	recruited	women	with	
a	range	of	diagnoses	[119,143].	
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2. pfMt DEtailS

Twelve	of	 the	16	studies	provided	adequate	detail	
about	 the	 type	 of	 PFMT	 program	 used.	 In	 all	 12,	
PFMT was taught by a health professional and in 
eight, a correct voluntary PFM contraction was con-
irmed	 prior	 to	 training	 [67,119,130,134,136,139,1
40,142,143].	 Based	 on	 the	 description	 of	 the	 pro-
grammes, two trials had PFMT programmes that 
clearly	 targeted	coordination	[67]	or	strength	 train-
ing	[134].	It	was	more	dificult	to	categorise	the	oth-
er PFMT programmes, because they were either a 
mixed (i.e. strength and endurance or strength and 
coordination) programme or did not provide enough 
information on the exercise parameters. All PFM ex-
ercise programs are presented in Table 1 . 

3. control GroUp DEtailS

Among	the	15	studies,	the	‘control’	groups	received	
no	 treatment	 in	 eight	 [67,130,131,135,136,139,1
41,143],	a	placebo	drug	 [142],	sham	EStim,	 [132],	
sham	PFMT	with	placebo	drug	in	one	[137],	a	non-
active control intervention such as the use of an an-
ti-incontinence	device	[134],	advice	on	incontinence	
pads	[132]	and	general	education	on	healthy	aging	
[119,138,140].	

Our ability to consider the combined results from 
individual	studies	was	limited	by:	1)	lack	of	consis-
tency in the choice of outcome measures chosen by 
the	researchers;	and	in	the	older	studies	2)	poor	re-
porting of outcome data (i.e. mean reported without 
a measure of dispersion) hence some data could 
not be used in the pooled analysis.

4. QUality of Data

In three trials published as conference abstracts, 
the	 brevity	 of	 the	 reporting	made	 it	 dificult	 to	 as-
sess	 data	 quality	 [131,135,137].	 Only	 three	 trials	
reported adequate random allocation concealment 
[119,134,140];	 9	 reported	 using	 blinded	 outcome	
assessors	[67,119,128,133-135,140-142].	

5. rESUltS

There	were	16	RCTs	comparing	PFMT	with	no	treat-
ment, placebo, sham or other non-active control 
treatments. Two reported data on subjective cure 
and both found that women in a PFMT group were 
statistically	and	signiicantly	more	likely	to	report	cure	
[134,142].	However,	the	effect	size	was	quite	differ-
ent in the two trials. In the trial exclusive to women 
with	SUI,	the	PFMT	group	were	about	17	times	more	
likely	to	report	a	cure	compared	to	the	controls	[134],	
whereas in the study of PFMT women with urge-pre-
dominant UI, the women were only about two-and-
half	times	as	likely	to	report	a	cure	[142].	

With regard to an individual-perceived cure or im-
provement, two trials in women with urodynamic 
SUI	[132,134]	suggested	a	greater	likelihood	of	cure	
or improvement than the single study in women with 
UUI	with	or	without	urodynamic	SUI	[142].	

In	ive,	psychometrically	robust	questionnaires	were	
used	to	assess	symptom	impact.	Bø	(1999)	used	the	
Bristol Female Lower Urinary Tract Symptoms (B-
FLUTS) questionnaire, but only reported the lifestyle 
and sex-life results. Women in the PFMT group were 
less likely to report that UI symptoms interfered with 
activities or were problematic post-PFMT. Schagen 
van	Leeuwen	(2004)	reported	a	mean	change	in	the	
Incontinence Quality of Life (I-QoL) score, but it was 
not clear if the difference, which favoured the PFMT 
group, was important as the reported means lacked 
a measure of dispersion. Two used QOL in Persons 
with Urinary Incontinence I-QoL score and reported 
a mean change in the QOL favouring PFMT over 
control	 [140,143].	Another	 found	a	signiicant	differ-
ence favouring the PFMT group when the scores for 
incontinence-related limitations and impact on daily 
life	were	compared	[139].	

Six studies used urinary diaries to count leakage ep-
isodes:	three	days	[134,143],	seven	days	[140,144];	
and	14	days	[141,142].	Effect	size	was	greatest	 in	
the	Lagro-Janssen’s	(1991)	trial;	however,	the	treat-
ment effect may have been overestimated due to 
inadequate concealment of random allocation. The 
point estimates in the other trials were similar and 
all	were	statistically	 signiicant	 [134,141-143].	Ulti-
mately,	PFMT	women	experienced	approximately	1	
to	1.5	 less	 leakage	episode	per	24	hours	as	com-
pared to the controls. 

Three other studies measured incontinence fre-
quency	[119,136,138]	with	either	a	four-point	ordinal	
scale	(	1	=urine	loss	once	a	day	to	4	urine	loss	once	
a	month)	[136]	or	a	six-point	leakage	scale	to	docu-
ment	cure	(0	=	no	urine	leakage	to	5	=	every	day)	
[119,138].	 Kim’s	 2007	 study,	 the	 post-treatment	
scores	were	signiicantly	better	for	the	PFMT	group	
post-treatment compared to the control, while in the 
2011	trial	44.1%	reported	a	cure	in	the	PFMT	group	
versus	1.6%	in	the	control	group	immediately	after	
intervention,	a	statistically	signiicant	difference.	

One	new	trial	was	added	 to	 the	section	 [143]	mak-
ing	 a	 total	 of	 9	 trials	 reported	 on	 pad	 and	 paper	
towel	tests.	Eight	used	“short	ofice-based	pad	tests”	
and	 one	 used	 a	 paper	 towel	 test	 [67]	 Five	 involv-
ing	women	with	 SUI	 [130,131,134,136,140]	 dichot-
omised the short pad test data as either “cured”/ 
“not	cured”	[134,136,140];	or	“cured	and	improved”/	
“not	improved”	[130,131,136].	Four	of	the	ive	found	
that “cured” or “cured and improved” was statistically 
and	signiicantly	more	likely	in	the	PFMT	group.	One	
older	 trial	was	 small	 and	 did	 not	 ind	 a	 statistically	
signiicant	difference	(fewer	than	10	participants	per	
group)	 [130,131].	Four	 reported	data	as	mean	and	
SD	 [128,134,140,143],	 and	 two	 others	 as	 a	 mean	
change	 in	pad	weight	 from	baseline	 [135,143].	The	
two trials in women with urodynamic SUI, found 
that	PFMT	women	had,	on	average,	about	30g	[134]	
and	12g	[140]	 less	urine	 loss	than	the	controls.	 In	a	
study	of	women	with	unspeciied	urinary incontinence, 
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Table 1: Characteristics of studies comparing PFM training to a control.

Study ID
 

PFM Training Type
 

Training Program
 

Training 
Duration

 Notes
 

Aksac, 2003 [136]
 

Strength training (20) 
vs  
control (10) 

VPFMC confirmed by palpation. 
Set: 10 VPFMC, with 5-second hold and 10-second rest. Progressed 
at 2 weeks to 10-second hold and 20 second rest.  

Sets per day: 3 

8 weeks
 

Supervision: 
 

Weekly visit  

Drop out: not stated 

Bø, 1999 [134] Strength training (29) 

vs  
control  (32) 

VPFMC confirmed by palpation.
 

Set: 8 to 12 high-intensity maximal VPFMC with a 6-to-8-second 
hold followed by 3 to 4 fast contractions at the end of each, and a 6-
second rest between maximal contractions.  
Sets per day: 3.  

 Exercises done in different body positions included supine, kneeling, 
sitting and standing - all with the legs apart. 

6 months Supervision: 
 

Weekly 45 minute exercise class 
 
Monthly clinic visit with 
Physiotherapist 
 
Drop out: 4/29 PFMT, 2/32 controls 

Burgio 
1998 [142] 
 

Combined training (65) 
vs 
control (65) 

VPFMC taught by trained nurse practitioner.   
Visit 1: anorectal biofeedback for teaching VPFMC with abdominal 
muscle relaxation.   
Visit 2: teaching urge strategies (adaptive response to sensation of 
urge) such as pause, sit, relaxation but repeated VPFMC to 
decrease detrusor contraction, urgency and urge incontinence.   
Visit 3: bladder-sphincter biofeedback for those with < 50% reduction 
in incontinence episodes to teach VPFMC against increasing fluid 
volume and increasing urgency.   
Visit 4: review progress, adapt home programme,  
 
Home programme 15 VPFMC 3x day in lying, sitting, standing.  Also 
VPFMC with activities that precipitate incontinence episodes.  Slow 
or interrupt urine stream 1x day 

8 weeks Supervision: 
4 clinic visit at 2 weeks intervals 
 
Drop out: 4/65: PFMT, 8/65 Control 

Burns, 1993 [141]
 

Endurance training 
(43) 
vs  
control (40)  

10 VPFMC with 3-second hold, and 10 VPFMC with 10-second hold. 
Progressed by 10 per set to daily maximum of 200.  
Sets per day: 4  

8 weeks Supervision: 
Weekly exercise reminder cards 
mailed between visits 
 Weekly clinic visits with nurse 
Drop out: 10 group not specified 

Carneiro 
2010 [139] 

Combined training (25)
 

vs 
control (25) 

VPFMC taught by a trained physical therapist 
1 serie of 8-12 repetitions of 5 VPFMC in the recumbent, sitting, and 
standing positions, with contractions sustained for 6 to 10 seconds

 

8 weeks Supervision: 
30 minutes twice weekly

 
 
 
Drop out: not reported
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Table 1: Characteristics of studies comparing PFM training to a control (continued).

  
Castro, 2008 [140]

 
Combined training (26)
vs  
control (24) 

VPFMC taught by trained physiotherapist  Sets: 5 VPFMC with 10-second hold, 10 VPFMC with 5-second hold, 
20 PFMC with 2-second hold, 20 VPFMC with 1-sec hold, 5 
contractions with cough 
Sets per day: Once, three times per week  

6
 
months

 
Supervision:  
3 group session per week for 6 Months

 
 
Drop out: 3/26 PFMT, 5/24 controls

 

Henalla 1989 [130]
 

Endurance training (26) 
vs  
control (25) 

Correct VPFMC taught by physiotherapist
 

Sets: 5 VPFMC with 5-second hold. 
Sets per day: 1 set per hour 

12 weeks
 

Supervision:  
Weekly clinic visit  
Drop out: None 

 
Kim 2007 [138] Combined training (35)  

vs  
control (35) 

VPFMC taught by trained physiotherapist 
 

Sets:10 VPFMC with 3-second hold, 10 VPFMC with 10-second hold 
in sitting, lying, and standing positions with the legs apart 
Sets per day: 2 times per week 

12 weeks
 

Supervision:  
Exercise class twice a week  
Drop out: 2/35: PFMT, 3/35 Control  

Kim, 2011 [119] Combined training (63)
 

vs
 

control (64) 

VPFMC taught by trained physiotherapist   
Sets:10 VPFMC with 3-second hold, 10 VPFMC with 10-second hold 
in sitting, lying, and standing positions with the legs apart 
Sets per day: 2 times per week 

3 months Supervision: 
Exercise class twice a week  
Drop out: 2/63: PFMT, 1/63 Control

Lagro Jensen 1991 
[133] 

Endurance training (54) 
vs 
control (56)

VPFMC :  5 to 10 daily sessions of 10 exercises of 6 sec each to be 
done during usual daily activities. 

3 months Drop out: 1/54: PFMT, 3/56 Control
 

Miller,
 

1998 [67] 
Coordination 
training (13) 
vs  
control (14) 

Voluntary PFM contraction (VPFMC) instructed and confirmed 
 by palpation.  
Short programme aimed at improving coordination between a 
VPFMC and a rise in intra-abdominal pressure.   

1 week Dropouts: none
 

Sari, 2009 [143]
 

PFMT training (22) 
vs 
control (19) 

VPMC taught by a nurse 
Sets : 30 contractions in 1 set   
(fast and slow contractions in supine, sit- ting, and standing positions 
progressing up to 10 seconds  
knack 

6 weeks
 

Supervision: 
Telephone weekly to insure adherence 
to PFMT program   
Drop out: 17/22: PFMT, 17/19 Control

 
 

Study ID
 

PFM Training Type
 

Training Program
 

Training 
Duration

 Notes
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PFMT	women	had	about	5g	less	urine	loss	compared	
to	 the	 controls;	 however,	 the	wide	 conidence	 inter-
vals	 included	 the	 possibility	 of	 no	 difference	 [128].	
Sari	 (2009),	 evaluating	 women	 with	 SUI	 and	MUI,	
reported	PFMT	women	had	about	14g	less	urine	loss	
compared to the control. Finally, Bidmead (2002) 
found women with SUI in PFMT group reported a pad 
weight	change	of	13g	more	than	controls,	based	on	a	
baseline comparison.

The	only	trial	indicating	a	24-hour	home-based	pad	
test	 [134]	 reported	 data	 as	 mean	 and	 SD.	 PFMT	
women reported about 28g less leakage than the 
controls	but	with	wide	conidence	 intervals	 that	 in-
cluded the possibility of no difference. The only trial 
reporting	 a	 paper	 towel	 test	 [68,145]	 for	 either	 a	
moderate or a deep cough reported data as mean 
wet	area	with	SD:	the	wet	area	for	PFMT	women	as	
compared to the controls was approximately 20cm2 
less	on	a	medium	cough	and	21cm2	less	on	a	deep	
cough.	However,	in	both	cases,	the	wide	conidence	
intervals included the possibility of no difference.

Five trials have published long-term follow-up re-
sults	ranging	from	three	and	six	[141],	seven	[119],	
nine	[130],	12	months	[138],	and	one	and	ive	years	
[144].	Burns	 (1993)	 found	 that	 those	experiencing	
mild leakages were more likely to have a return of 
symptoms in contrast with those experiencing mod-
erate to severe leakages and were more likely to 
continue execising in order to continue to improve. 
Henalla	(1989)	reported	18%	who	returned	the	nine-
month questionnaire had recurrent symptoms. Five 
years	 post-trial,	 Lagro-Janssen	 (1991)	 contacted	
101	of	the	110	women	included	in	their	original	trial.	
Data	 from	 the	 88	 consenting	women	 showed	 that	
the	proportion	of	continent	women	(about	25%)	was	
similar	after	ive	years,	but	the	number	with	severe	
incontinence and those reporting leakage episodes 
increased	 from	 3%	 to	 18%.	 Two	 thirds	 of	 women	
(67%)	remained	satisied	with	the	outcome	and	did	
not want further treatment. Kim documented cure 
at	 10	months	 (2011)	 and	 12	months	 (2007)	 post-
treatment,	 according	 to	 bladder	 diary.	 In	 the	2007	
trial,	55%	in	the	treatment	group	were	cured	at	12	
months	compared	to	9.3%	in	the	control;	 this	sug-
gests a greater likelihood of continence after one 
year	in	the	PFMT	group;	at	10	months,	39.3%	were	
cured	at	7	month	in	the	treatment	group	compared	
to	1.6%	in	the	control	group	[119].

6. SUMMary

PFMT is better than no treatment, a placebo drug 
or an inactive control treatment for women with SUI, 
UUI,	or	MUI	(Level	of	Evidence:	1).	Women	treated	
with PFMT were more likely to report a cure or im-
provement	and	a	better	quality	of	life;	they	also	in-
dicated fewer daily leakage episodes and had less 
urine leakage on the pad and paper towel test than 
those in the control group in immediately after treat-
ment and in the long term. The effect of PFMT in 
Women with SUI does not seem to decrease with 

increased age: in trials with older Women with SUI 
it appeared both primary and secondary outcome 
measures were comparable to those in trials fo-
cused on younger women. Moreover, the treat-
ment effect appears to be enhanced where PFMT 
is based on sound muscle training principles such 
as	 speciicity,	 overload	 progression,	 correct	 con-
traction	conirmed	prior	 to	 training,	and	use	of	 the	
Knack (Level of Evidence: 4).  

7. rEcoMMEnDationS

Supervised	PFMT	should	be	offered	as	a	irst-line	
conservative therapy for women of all ages with 
SUI, urge or MUI (Grade of Recommendation: A).

b) Is one type of PFMT programme better than 
another?

As discussed in the last section, PFMT is more ef-
fective than no treatment, placebo or inactive con-
trol treatments for women with urinary incontinence, 
which leads to another question: What is the most 
effective PFMT programme? A number of factors can 
inluence	the	outcome	of	a	PFMT	programme	such	
as the way in which it is taught and/or supervised, 
the parameters of the actual exercises, and adher-
ence to the training regime. In this section, different 
approaches to PFMT were considered based on a 
Cochrane	systematic	 review	 [97].	The	 review	com-
pared the effects of different approaches to PFMT on 
the management of female SUI, urge, and MUI. From 
34	 potentially	 eligible	 trials	 thirteen	were	 excluded:	
2	because	they	were	still	on	going	and	11	due	to	in-
adequate	information.	The	interventions	from	the	21	
included trials are described in detail in Table 2 .

Among the included trials the following variables 
were compared:

1.		Supervision of training: amount of contact with 
health	professional	[146-151].

2.  Supervision of training: individual versus group 
supervision	[146,147,149,152-154].

3.		Exercise programme: direct versus indirect exer-
cises	[124,125,150,152,153,155].	

4.		Exercise programme: generic versus individual-
ised	exercises	[154].

5.		Exercise programme: submaximal versus near 
maximal	contractions	[156].

6.		Exercise programme:	 daily	 versus	 3	 times	 per	
week	[157].

7.	  Exercise programme: addition of upright exercise 
position	[158].

8.  Exercise programme: addition of strength training 
to	motor	learning	[159].

9. Exercise programme: addition of abdominal mus-
cle	exercises	[157].
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Study ID Training Type Training 
Duration

NotesTraining Program

Bø, 1990 [146] Intensive PFMT (23) 

vs

Home PFMT  (29) 

6 months Drop out:
Intensive 
PFMT: 3

Home PFMT:2

Intensive PFMT: 
Home PFMT + 45-minute PFMT exercise course in groups, once a week for 6 months. 

Course: sets of 8-12 VPFMC with 6-8 second holds in standing, sitting, lying, and 
kneeling with legs apart; 3-4 fast contractions added after held contraction.

Home PFMT: 8-12 maximal VPFMC per set, 3 times a day

Borello-France, 
2006 [158]

Supine PFMT (22)
vs 
Different position PFMT (22)

12 weeks Drop out: 18%Twice daily VPFMC in a supine position 

Twice daily VPFMC in a combination of positions: supine, sitting and standing

Delgado, 2009 
[161]

 PFMT (20)

PFMT + resistance (20)

16 weeks Drop outs : 
Total 12/52 
Dropouts by 
group: not 

stated.

PFMT : As below without device 

PFMT +resistance ; 5 quick and 5 slow (sustained), high-intensity contractions 
daily. Advised to hold contractions as long as possible, relaxing their PFM for an 

equivalent time before repeating the process. Intravaginal resistance: instructions 
to use the Pelvic-Toner Device concurrently whilst exer- cising.Two clinic visits and 

one phone call

de Oliveira, 
2009 [154]

Individual supervised 
individual PFMT (30) 

Group supervised PFMT 
(30)

12 weeks Drop out: 
Total : 1 

Dropouts by 
group :: not 

stated

Individualised programme based on PERFECT scheme. 10 slow and 10 fast 
contractions with 10-sec rest; 10 alternating fast and slow contractions and 5 slow 

contractions with a cough

VPFMC confirmed by DVP, in ’ortho- static’ position. 10 contractions/5-sec 
hold/5-sec rest; and 20 contractions/1- sec hold/1-sec rest; and 5x strong con- 

tractions with stimulated cough. 1-minute interval between sets

Felicissimo, 
2010 [149] 

Unsupervised home PFMT 
(31) 

Group supervised and home 
PFMT (31)

8 weeks Dropouts: 
1/31 unsuper-
vised PFMT 
2/31 super-
vised PFMT

Individual : Correct VPFMC con- firmed. PFMT: 10 contractions with 6- sec hold 
and 12-sec rest in different positions 9 times per day. Start with 90 contractions in 

first week, then 180 a day for remaining 7 weeks

Group : As above, with addition of twice-weekly 50-min group exercise session

Table 2 Characteristics of studies comparing different PFMT programs
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Table 2 Characteristics of studies comparing different PFMT programs (continued)

Study ID Training Type Training 
Duration

NotesTraining Program

Ferguson 1990 
[160]

PFMT (10): home training  

PFMT+ resistance (10): 

6 weeks Dropouts: 
none

PFMT : same as below without resistance

PFMT + resistance: exercises at home for strength and endurance, using audio-
tape to guide exercises at home. Intrav- aginal resistance: use of intravaginal 

balloon. Weekly phone call

Gallo 1997 [162] PFMT (43)
 

PFMT+ audiotape (43) 

4 to 6 
weeks

Dropouts by 
group: 9/43 
PFMT, 2/43 

PFMT + 
audiotape

Adherence strategy: audiocassette tape for use twice a day (contained verbal 
instruction and counted aloud 25 consecutive PFM contractions, with 10-sec hold 

and 10-sec relaxation)

Encouraged to exercise 10 minutes twice a day, potential times suggested 
depending on lifestyle

Ghoneim, 2005 
[125]

PFMT (47)

vs
Imitation PFMT (50) 

12 weeks Drop out:
PFMT: 9

Imitation PFMT 
: 9

PFMT: 3 sets of 10 long VPFMC with 6-8 seconds hold, and 2 sets of 10 rapid 
VPFMC with 1-2 seconds hold, 4 days weekly + Knack. 

Imitation PFMT: Hip abductor muscle contraction for 6-8 seconds with feet crossed 
at the ankles. 3 sets of long and 2 sets of rapid contractions, 4 times weekly. 

Hay-Smith, 
2002 [159] 

Motor relearning PFMT(62) 

vs 
strength training PFMT (61) 

18 to 20 
weeks

Drop out: Less 
than 5%

Motor relearning:  VPFMC in different body positions, preceding and sustained 
during different provocative activities.

Strength training:  10-12 near maximal VPFMC, 6-to-8-second hold with equivalent 
rest, three times a day, at least three days a week

Hung, 2010 
[150]

Unsupervised home PFMT (35) 

Supervised “Sapsford” PFMT 
(35)

18 to 20 
weeks

Drop out: Less 
than 5%

Correct VPFMC confirmed. Oral in- struction in PFMT. No other detail given

Correct VPFMC confirmed. ’Indirect’ + Participants in this group were ”asked not to 
perform iso- late voluntary pelvic floor muscle contraction exercise during the 

intervention period“

Johnson, 2001 
[156]

Maximal PFMT(16) 
vs 

Sub-maximal PFMT (16)

6 weeks Drop out: 14%Maximal PFMT: 10 minutes, three times a day, at 90% of maximal VPFMC intensity

Sub-maximal PFMT: 15 minutes, three times a day, at 60% of maximum VPFMC 
intensity
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Table 2 Characteristics of studies comparing different PFMT programs (continued)

Study ID Training Type Training 
Duration

NotesTraining Program

Konstantinidou, 
2007 [147]

PFMT individual (10) 

vs

PFMT + group sessions (12)

12 weeks Drop out:
PFMT: 5

PFMT + group 
session: 3

PFMT individual: At home, 3 sets of fast contractions and 3-4 sets of slow 
contractions daily in lying, sitting and standing positions readjusted according to 

subject’s progress. 

PFMT with group sessions: As above + weekly session in a group of 5

Liebergall 2005 
[152]

PFMT (29) 

Paula method PFMT (30) 

12 weeks 2/29 PFMT 
versus 

2/ 30 Paula 
PFMT

Weekly 30-minute lesson for 4 weeks in groups of 5. Encouraged to practise at 
home 15 min/day. Fortnightly phone call from physiotherapist

Taught ’Paula’ method of sphincter contraction. Weekly individual 45-min training 
for 12 weeks. Encouraged to practise daily 15 to 45 min

Liebergall 2009 
[153]

Individually supervised PFMT 
(117) 

Individually supervised Paula 
method PFMT (123):

12 weeks 36/123 PFMT 
versus 

21/117 Paula 
PFMT

Weekly individual sessions
of 45 minutes and daily home exer- cises for 45 minutes for 12 weeks. Paula 
method was taught; first 2 steps were ’rhythmically’ contracting the PFM ’with 
gradual intensity’. Last 3 steps in- volved contraction and relaxation of eyelids, 

movement of the mouth and fingers. 

VPFMC confirmed, based on ob- servation. 6 group classes (1 to 10 women) of 
30 minutes each. Once weekly for first 4 weeks, 2 more classes in last 2 

months. Exercises in different positions. Separate contractions of levator ani and 
anal sphincter. Prolonged, rapid and gradual contractions. 1 to 2 minutes 

between exercises

Ng, 2008 [151] PFMT (34) 

PFMT with phone call 
follow-up (n34) 

6 months 10/44 PFMT 
versus 

10/44 PFMT 
with phone 

calls

Not clear if correct VPFMC con- firmed. Home PFMT progressing to 50 to 75 
contractions three times a day. Taught urgency strategies. One-hour clinic visits 

twice a week for 4 weeks with nurse

As above, then phone calls twice a week from the nurse after cessation of clinic 
visits to encourage exercise

Ramsay, 
1990 [124]

Direct PFMT (22)
vs 

Indirect PFMT (22) 

3 months Drop out: None Direct PFMT: 4 maximum VPFMC with 4 second hold and 10 second rest, 1 set 
every waking hour. 

Indirect PFMT: As direct PFMT but comprising of hip abductor muscle contrac-
tion with feet crossed at the ankles.
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Table 2 Characteristics of studies comparing different PFMT programs (continued)

Footnotes PFM = Pelvic loor muscle, VPFMC = voluntary PFM contraction, PFMT = PFM training, HP= Health professional Set = one episode or sequence of PFM contractions or training, 
including length of time of holding contraction, positions while performing contractions and number of repetitions of contractions.

Study ID Training Type Training 
Duration

NotesTraining Program

Savage, 2005 
[155]

PFMT (4)
vs

Modified Pilates (6)

12 weeks Drop out:
PFMT: 1
Modified 
Pilate: 0

PFMT: 6 individual physiotherapy sessions of 30-45 minutes over a 12-weeks + 
home v PFMC 

Modified Pilates: Lumbopelvic stability training exercises taught using the 
modified Pilates method. 

Sriboonreung, 
2011 [157]

Daily home PFMT (23) 

Thrice-weekly home PFMT (22)

12 weeks 3/23 daily 
PFMT versus 

3/22 thrice 
weekly PFMT

Eight to 12 maximal contractions with 6 to 8-sec hold with 6 to 8 fast contrac-
tions, with 6 to 8-sec rest, daily, 3 times a day

As above except 3 sets a day, 3 days a week.

Sugaya, 2003 
[163]

PFMT (23)  PFMT + chime 
device (23)

8 weeks 3/23 PFMT 
versus 2/ 23 
PFMT with 

device

1 minute of rapid contractions ev-
ery 2 sec, followed by 1 minute of slow 10-sec contractions with 10-sec rests, 

performed 3 times a day. Adherence strategy: pocket size device with chime or 
blinking light to indicate time to exer- cise (3 times a day) and when activated leads 
person through PFMT programme, and kept record of exercise. Fortnightly follow-up

As above with device

Wells, 1999 
[129]

PFMT (71)

PFMT with intravaginal 
resistance device (71)

5 months 30/71 PFMT 
versus 

32/71 PFMT + 
device 

PFMT: minimum of 80 VPFMC with 10- sec hold and 10- sec rest per day distrib-
uted in individual pattern throughout the day. Intravaginal resistance: Fitted with 

vaginal dilator to use as resistive device. Monthly clinic visits

As above without device

Zanetti, 2007 
[148]

PFMT HP unsupervised (21)

vs

PFMT HP supervised (23) 

3 months Drop out: Not 
reported

PFMT unsupervised: 10 VPFMC of 5-second hold and 5-second rest, 20 VPFMC 
of 2-second hold and 2-second rest, 20 VPFMC of 1 second hold and 1 second 
rest, and 5 VPFMC of 10-second hold and 10-second rest, followed by 5 strong 

contractions together with a cough, with one-minute intervals with each set.

PFMT supervised: As above + 
VPFMC performed under guidance from a physiotherapist, twice a week, 

for 45 minutes.
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10.	 Exercise programme: addition of intravaginal re-
sistance	device	[129,160,161].

11.		Exercise programme: addition of adherence 
strategy	[162,163].

12.		Exercise programme: addition of biofeedback: 
clinic	 biofeedback	 [120,141,164-166];	 home	
biofeedback	[136,167-169].

1. QUality of Data 

Of	the	21	trials,	one	was	a	conference	abstract	[124]	
rendering	it	dificult	to	assess.	Ten	of	the	remaining	
20	trials	provided	suficient	detail	of	the	methods	to	
generate a randomisation to ensure they were gen-
uinely	random	[134,	148	-	150,	152	-	154,	156,	157,	
170].	Of	the	remaining	10	trials,	3	were	clearly	not	
random	 [147,162,163].	 The	 inal	 6	 provided	 sufi-
cient detail to ensure that allocation was concealed 
[125,	134,	150,	153,	159,	161].	

Overall, in regard to random allocation and conceal-
ment,	6	trials	were	considered	to	have	a	low	risk	of	
bias	[125,	146,	150,	153,	159,	161]	and	4	had	a	high	
risk;	in	the	remaining	11,	the	risk	of	bias	was	unclear.	

Only three trials clearly stated that the outcome 
assessment was blinded for one or more of the 
outcomes	of	interest	[150,	155,	159]	and	2	stated	
that a lack of blind outcome assessment was a 
limitation	[129,157].	

None of the included trials was large and nearly 
two-thirds	(13/21)	were	mid-sized,	with	only	20	to	50	
participants per group. Four had fewer than 20 par-
ticipants	per	comparison	group	 [147,155,156,160];	
one	 of	which	was	 reported	 as	 a	 pilot	 study	 [155].	
The	largest	trial	randomised	120	women	to	each	of	
two	trial	arms:	240	participants	in	all	[153].	

2. rESUltS: 

Comparison 1. Supervision of training: amount 
of contact with health professional 

Subgroup 1.1: additional group supervision

Four trials shared similarities in terms of the amount 
of time and frequency of the extra health profession-
al	contact:	[146-149].	All	four	recruited	women	with	
urodynamic SUI. Three provided the same home-
based PFMT programme and individual supervi-
sion to both trial arms, then investigated the effect 
of adding an additional supervised group exercise 
session	 (a	45-minute	weekly	exercise	 class	 [146];	
a	 50-minute	 twice-weekly	 exercise	 class	 [149];	 a	
weekly	group	session	[147].	The	fourth	also	added	
a	 45-minute	 twice-weekly	 exercise	 session	 [148];	
however, it was unclear if this was offered individu-
ally or as a supervised group exercise session. 

Subgroup 1.2: additional phone calls 

Ng (2008) recruited women with MUI, offered the 
same home-based PFMT programme in both trial 

arms, and investigated the effect of adding twice-
weekly phone call subsequent to the initial face-to-
face	contact	with	a	health	professional	 [151].	This	
was the only trial included in the second subgroup.

Subgroup 1.3: individual supervision versus no su-
pervision (different PFMT)

In the trial of women with SUI or MUI, both arms 
differed in the amount of health professional contact 
and	the	type	of	PFMT	programme	used	[150].	This	
was the only trial in the third subgroup. 

	 •  Cure/no cure: There was no statistically sig-
niicant	 difference	 in	 the	 number	 of	 women	
reporting “no cure” comparing PMFT with 
and without additional group supervision, 
subgroup	 1	 [23,149].	 As	 well,	 for	 subgroup	
1.3,	no	difference	was	found	between	the	su-
pervised	and	unsupervised	groups	 [150].	Ng	
[151],	 subgroup	 1.2,	 reported	 the	 odds	 ratio	
(95%	 conidence	 interval)	 for	 the	 difference	
between the groups for their responses to 2 
items from the BFLUTS (i.e., whether they did 
or did not have symptoms of SUI or urgency 
incontinence). For both items, the participants 
in	 the	 ‘phone	call	 group’	 (subgroup	1.2)	had	
lower odds of reporting either SUI or urgency 
incontinence, suggesting that more women in 
the phone call group were asymptomatic.

	 •		No improvement/Improvement: Women receiv-
ing	additional	group	supervision	(subgroup	1.1)	
were	less	likely	to	report	incontinence	[23,147-
149].	Hung	(2010)	found	women	in	the	super-
vised	group	(subgroup	1.3)	were	less	likely	to	
report	no	improvement	[150].

	 •		Leakage episodes: Only	 one	 of	 the	 4	 trials	
investigating the effect of ‘additional group 
supervision’	 (subgroup	 1.1)	 measured	 leak-
age	episodes	 [147];	similarly	 those	receiving	
additional supervision reported fewer leak-
age episodes per day. Based on the Leak-
age	 Index	 [23,146],	 leakage	was	 less	 in	 the	
group receiving additional supervision. Hung 
(2010),	subgroup	1.3,	also	measured	leakage	
episodes and found no differences between 
the supervised and non-supervised groups. 

	 •		Pad and paper towel tests: All	4	trials	investi-
gating the addition of group supervision used 
pad	 tests	 (90-second	 [146];	 20	minute	 [150]	
one-hour	 [148];	24-hour	 [149]).	Due	 to	miss-
ing data, it was not possible to estimate differ-
ences	between	 the	 treatment	groups;	where	
it was possible to calculate differences, these 
were	not	statistically	signiicant.

Comparison 2. Supervision of training: individ -
ual versus group 

Six	trials	were	included	in	this	comparison;	howev-
er, each had at least one other difference between 
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trial arms (i.e., between the subjects and the con-
trols within each trial), hence caution is required in 
interpreting the data. 

Subgroup 2.1: individual versus individual+group 
supervision

The	3	trials	in	this	subgroup	(which	were	also	includ-
ed	 in	Comparison	1,	subgroup	1.1)	used	 the	same	
PFMT programme in both trial arms, supplemented 
with group supervision in one (in terms of frequency 
and total time) and individual supervision in the other 
[146,147,149].	Trials	included	women	with	SUI	only.	

Subgroup 2.2: individual versus group supervision 
(different PFMT)

The	3	trials	in	this	subgroup	differed	in	both	supervi-
sion	and	the	PFMT	programmes	[152-154].	Women	
with	SUI	 [153,154]	or	mixed	 incontinence	were	 in-
cluded	[152].

	 •	 No cure/Cure: There	was	no	statistically	signii-
cant difference in the number of women report-
ing ‘no cure’ between the group and individual 
supervision	arms	[146,149]	in	subgroup	2.1.	

	 •		No improvement /Improvement: In subgroup 
2.1,	women	who	 received	group	supervision	
were more likely to report ‘improvement’ in 
their	incontinence	[146,147,149].	In	subgroup	
2.2, difference between group and individual 
supervision	was	found	[154].

	 •		Leakage episodes: In addition to the group 
versus individual supervision comparison, two 
trials	measured	 leakage	episodes;	one	used	
a different PFMT programme between the 
trial	arms	[154]	and	the	other	used	the	same	
programme	for	both	[147].	De	Oliveira	[2009]	
indicated no difference between groups while 
Konstantinidou	[2007]	reported	that	the	wom-
en who had received group supervision indi-
cated fewer leakage episodes per day.

	 •	 Pad and Paper towel test:	All	3	trials	in	subgroup	
2.1	used	pad	tests	(90-second	[146];	and	24-
hour	 [147,	149]).	The	differences,	where	 they	
could be calculated, were not statistically sig-
niicant.	All	3	trials	in	the	subgroup	2.2	used	a	
1-hour	pad	test;	and	one	used	a	standardised	
bladder volume rather than maximum bladder 
capacity	[154].	The	overall	pattern	was	one	of	
no difference between the groups.

Comparison 3. Exercise programme: direct ver -
sus indirect exercises 

This comparison encompassed four subgroups. 

Subgroup 3.1: PFMT versus sham/imitation

The	irst	comprised	2	trials	in	women	with	SUI	that	
compared PFMT versus sham or imitation PFMT 
treatments	[124,125].	

Subgroup 3.2: PFMT versus the ‘Paula method’

The second subgroup included 2 trials comparing 
PFMT versus the ‘Paula method’ in women with SUI 
[153]	or	SUI	and	mixed	incontinence	[152].	

Subgroup 3.3: PFMT versus the ‘Sapsford’ ap-
proach

The third subgroup contained a single trial that com-
pared PFMT with the ‘Sapsford’ approach in women 
with	SUI	or	mixed	incontinence	[150].	

Subgroup 3.4: PFMT versus Pilates

The	 fourth	subgroup	also	comprised	a	single	 trial;	
a pilot study that compared PFMT versus Pilates in 
women	with	SUI	[155].

	 •		No cure/Cure: No difference between ‘direct’ 
PFMT and the ‘Sapsford’ approach was found 
in	the	single	trial	in	subgroup	3.3	[150].	

	 •		No improvement/Improvement: The pooled 
data	 from	 the	 two	 trials	 in	 subgroup	 3.1	
(PFMT versus sham/imitation) did not show a 
statistically	 signiicant	difference	 in	 favour	of	
either	 trial	arm	 [124,	125].	 In	contrast,	Hung	
[2010]	 in	 subgroup	3.3	 found	 that	women	 in	
the ‘Sapsford’ approach group (with more 
health professional contact) were more likely 
to	 report	 improvement.	 Savage	 [2005],	 sub-
group	3.4,	did	not	report	on	improvement	but,	
instead indicated there was no difference be-
tween the groups in terms of satisfaction.

	 •		Leakage episodes:	 Hung	 [2010],	 subgroup	
3.3,	 found	 no	 difference	 between	 the	 trial	
arms (median 0 leaks per day, IQR 0 to 
0.3,	 in	both	groups).	 In	 terms	of	a	 less	 than	
50%	 reduction	 in	 leakage	 frequency,	 neither	
Ghoniem	 [2005],	 subgroup	 3.1,	 nor	 Lieber-
gall	 [2009],	 subgroup	 3.2,	 found	 differences	
between groups in weekly or more frequent 
incontinence episodes.

	 •		Pad and paper towel test: Four trials report-
ed	 pad	 test	 data:	 20	 minute	 [150];	 1	 hour	
[152,153];	or	type	not	known	[124].	The	data	
of	two	[150]	subgroup	3.3,	and	subgroup	3.2	
[124],	 could	 not	 be	used	 to	 calculate	 an	es-
timate of effect. Neither of Liebergall’s stud-
ies	 [152,153]	 found	a	difference	 in	 the	mean	
change from baseline.

Comparison 4. Exercise programme: generic 
versus individualised exercise 

This	 comparison	 included	 one	 study	 [154]	 in	
which women were randomised to either in-
dividualised	 PFMT	 provided	 on	 a	 30-minute	
twice-weekly clinical visit or to a generic PFMT 
programme	 offered	 through	 a	 45-minute	 twice-
weekly group exercise class. 
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	 •	No cure/ Cure: No data was reported.

	 •	 No improvement/ Improvement: No difference 
between the generic and individualised exer-
cise	trial	arms	was	reported	[154].

	 •		Leakage episodes: There were no differences 
in the number of leakages between the ge-
neric and individualised exercise trial arms in 
a	24-hour	trial	period	[154].	

	 •		Pad and paper towel test: There was no differ-
ence	in	a	1-hour	pad	and	cough	test	between	
the	trial	arms	[154].

Comparison 5. Exercise programme: submaxi -
mal versus near maximal contractions 

One study assigned women with SUI to PFMT pro-
grammes that were the same in all aspects with 
one arm adding either near maximal PFM con-
tractions	 or	 submaximal	 contractions	 [156].	 Both	
groups received the same amount of contact from 
health professionals. 

	 •		Not cured/ Cured: No data was reported for 
this outcome.

	 •		No improvement/ Improvement: No data was 
reported for this outcome.

	 •	 Leakage episodes:	 No	 statistically	 signiicant	
differences reported between the exercise 
groups	for	 leakage	episodes	in	a	24-hour	pe-
riod	[156].

	 •		Pad and paper towel test:	Pad	weight	(10-hour	
pad test) did not differ between the groups.

Comparison 6. Exercise programme: daily ver -
sus 3 times per week. 

A	new	trial	[157]	compared	PFMT	programmes	that	
were the same in all aspects except one group was 
asked	to	do	daily	exercise	and	the	other	3	times	a	
week. Both groups had the same amount of contact 
with health professionals. 

	 •  Not cured/ Cure: There was no statistically 
signiicant	 difference	 between	 the	 groups	 in	
terms of the number of women who reported 
‘no cure’. 

	 •		No improvement/ Improvement: None of the 
women	 in	 either	 group	 indicated	 any	 signii-
cant difference in improvement.. 

	 •		Leakage episodes: No data was reported. 

	 •  Pad and paper towel test: There was no differ-
ence	between	the	groups	on	a	1-hour	pad	test. 

Comparison 7. Exercise programme: addition of 
upright exercise position 

Two PFMT programmes were compared that were 
the same in all aspects except one group was asked 

to exercise only in the supine position while the other 
alternated exercise sets between the supine, sitting 
and	 standing	 positions	 [158].	 Both	 groups	 had	 the	
same amount of contact with health professionals. 

	 •		No cure/ Cure: No data was reported for 
this outcome. 

	 •		No improvement/ Improvement: No data was 
reported for this outcome.

	 •		Leakage episodes: There was no statistically 
signiicant	 difference	 between	 the	 exercise	
groups	for	leakage	episodes	in	a	24-hour	period.	

	 •		Pad and paper towel tests: There was no differ-
ence between the groups for the mean change 
in	pad	weight	gain	on	a	1-hour	pad	test.	

Comparison 8. Exercise programme: addition of 
strength training to motor learning. 

Women with SUI or MUI took part in two motor-
learning PFMT programmes that were the same in 
all aspects except one group undetook additional 
strengthening in PFMT. Both groups had the same 
amount of contact with health professionals.. 

	 •		No cure/ Cure: There was no difference be-
tween the groups in terms of the number of 
women who reported ‘no cure’. 

	 •	 No improvement/ Improvement: There was 
no difference between the groups in number 
who reported ‘no improvement’. There were 
no differences in other self-reported improve-
ment outcomes: satisfaction with treatment, 
comfort with continuing the training and de-
sire for further treatment although in this last, 
the women in the motor learning PFMT group 
were less likely to want to continue.

	 •		Leakage episodes: There was no statistically 
signiicant	difference	between	 the	groups	 for	
the number of leakage episodes per day. 

	 •		Pad and paper towel tests: There was no dif-
ference between the groups on either a paper 
towel	test	or	a	24-hour	pad	test.	

Comparison 9. Exercise programme: addition of 
abdominal muscle exercise 	Sriboonreung	(2011)	
compared two PFMT programmes that were the 
same in all aspects except one group was asked 
to undertake additional abdominal muscle exercises 
(these	 were	 not	 described	 in	 further	 detail)	 [157].	
Both groups had the same amount of contact with 
health professionals. 

	 •		No	 cure/	 Cure:	 There	 was	 no	 statistically	
signiicant	 difference	 between	 the	 groups	 in	
terms of the number who indicated ‘no cure’. 

	 •	 No improvement/Improvement: There was 
no	statistically	signiicant	difference	between	
the groups. 
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	 •		Leakage episodes: No data were reported.

	 •		Pad and paper towel tests: There was no differ-
ence	between	the	groups	on	a	1-hour	pad	test.	

Comparison 10. Exercise programme: addition 
of intravaginal resistance device  One new trial 
was	added	to	this	section	[161]	for	a	total	of	 three	
which compared two PFMT programmes that were 
the same in all aspects except one group used an 
intravaginal device design to increase the resis-
tance	 to	 the	 PFM	 contraction	 [129,160,161].	 The	
resistance devices included a spring-loaded device 
with	 two	 limbs	 [161]	 an	 intravaginal	 balloon	 [160],	
and	 a	 vaginal	 dilator	 [129].	 In	 all	 three,	 each	 arm	
had the same amount of contact with health profes-
sionals.	The	women	 in	one	study	had	SUI	 [Fergu-
son	1990]	and	 in	 the	others	SUI	or	MUI	 [Delgado,	
2009;	Wells,	1999].	

	 •		No cure/ Cure: There was no statistically 
signiicant	 difference	 between	 the	 groups	 in	
terms of the number of women who indicated 
‘no	cure’	[129,161].	

	 •		Not improved/ Improvement: There was no 
statistically	signiicant	difference	between	the	
groups in terms of the number of women who 
indicated	‘no	improvement’	(129,161].	

	 •		Leakage episodes:	No	statistically	signiicant	
difference between the two treatment groups 
was	found	[129].

	 •		Pad and paper towel tests: All three report-
ed	 pad	 test	 data	 (30-minute	 and	 24	 hour	
[160,161]	or	unspeciied	duration	[129].	None	
of	 these	 found	 statistically	 signiicant	 differ-
ences between the treatment groups. 

Comparison 11. Exercise programme: addition 
of adherence strategy 

Adherence	 strategies	 such	 as	 audiotape	 [162]	 or	
small	chiming	(alarm)	device	[163]	have	been	tried.	
The	PFMT	programmes	were	[163]	or	appeared	to	
be	[162]	the	same	for	both	trial	arms.	Both	trial	arms	
in each study had the same amount of contact with 
health professionals. 

	 •		No	 cure/Cure:	 No	 data	 was	 reported	 for	
this outcome. 

	 •		No	improvement/Improvement:	The	group	us-
ing the devices was less likely to report ‘no 
improvement’ post treatment. 

	 •		Leakage	 episodes:	 No	 statistically	 signiicant	
difference was found between the groups for the 
number	of	leakage	episodes	in	24	hours	[163].	

	 •		Pad	 and	 paper	 towel	 tests:	 The	 average	
amount	 of	 leakage	 on	 a	 1-hour	 pad	 test	
was less in the groups using the devices 
post treatment. 

Comparison 12 Teaching programme: Addition 
of biofeedback 

No new studies were found that compared biofeed-
back alone to PFMT plus biofeedback in either the 
home or clinic. Three studies were excluded based 
on the BF group differing from the no BF group in 
terms of treatment intensity (e.g., number of clinic 
visits)	[122,171,172]	or	supervision	(i.e.,	group	ver-
sus individual teaching) and absence of between 
group	analyses	[173].	

Five trials used clinic based BF in the treatment of 
predominantly	 SUI	 symptoms	 [141,164,165],	 pre-
dominantly	UUI	[120],	or	OAB	with	UUI	[166].	In	four,	
the home PFMT programme was the same in both 
groups, with the addition in one arm of clinic BF once 
every	two	weeks	[120],	once	a	week	[141,165],	twice	
a	week	[166]	or	three	times	a	week	[164].

Treatment durations in both arms were four 
[164,165],	 eight	 [120,141]	 and	 12	weeks	 [166].	 In	
one, there was more supervisory HP contact with 
the	BF	group	than	with	the	PFMT	alone	group	[165].

Of	the	ive	clinic	based	BF	trials,	three	had	adequate	
random	 allocation	 concealment	 [120,141,164,166]	
and three had blinded outcome assessors 
[120,164].	 Three	 randomised	 between	 25	 and	 74	
women	 to	 each	 group	 [120,141,165,166],	 while	
others	 randomised	 less	 than	25	women	per	group	
[164,165].	Withdrawals	or	losses	to	follow	up	were	
none	[164,165],	less	than	10%	[141],	less	than	15%	
[120,165,166].	 All	 women	 were	 assessed	 post-
treatment;	further	follow	up	was	conducted	at	three	
and	six	months	[141]	or	at	three	months	and	two	to	
three	years	[165].	

There were no new home based trials added to this 
section so there remains a total of four. Random 
allocation concealment was adequate in just one 
[167],	and	outcome	assessors	were	blind	for	some	
or	all	of	 the	outcomes	 in	 two	 [167,168].	The	num-
ber of women allocated to the comparison groups 
was	20	or	less	[136,168],	40	women	in	the	BF	group	
and	20	in	the	PFMT	[169]	or	50	or	more	per	group	
[167].	Two	had	complete	data	sets	on	trial	comple-
tion	 [136,168],	 one	 reported	 9%	withdrawal	 [167],	
and	33%	dropped	out	of	another	[169].

With	 regard	 to	 clinic	 BF,	 two	 of	 the	 ive	 trials	 re-
ported	 signiicantly	 better	 outcomes	 with	 the	 ad-
dition of BF to PFMT. Based on pad weight in 
women with urodynamic SUI at one to two years 
after	treatment,	ive	of	19	women	in	the	BF	group	
and	none	of	the	14	women	in	PFMT	reported	cure	
[165].	However,	the	BF	group	had	4	treatment	ses-
sions	whereas	the	PFMT	group	had	2-3	sessions.	
In women with OAB there were changes in the to-
tal score on the KHQ with the addition of BF, but 
no	statistically	signiicant	differences	between	the	
groups	on	any	of	the	nine	subscales	[166].	Patient-
reported	cure	or	improvement	was	50%	for	the	BF	
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group	and	38%	for	PFMT	alone;	a	statistical	com-
parison	was	not	reported	[166].

Three trials, including the two largest trials, reported 
signiicant	improvements	in	incontinence	with	PFMT	
with	or	without	BF,	but	no	signiicant	differences	be-
tween	groups	[120,141,164].	

For the home BF trials, only one reported a sig-
niicant	 effect	 for	 the	 addition	 of	 BF	 [168].	 In	 the	
others,	including	the	largest	trial	[167]both	groups	
had	 signiicant	 improvements,	 but	 no	 differences	
between groups. 

A	 2011	Cochrane	 review	 on	 feedback	 or	 biofeed-
back	to	augment	PFMT	[174]	 included	24	trials	 in-
volving	 1,583	 women	 and	 concluded	 that	 women	
who	received	PFMT	with	BF	were	signiicantly	more	
likely to report that their UI was cured or improved 
compared to those who received PFMT alone. How-
ever, this review included trials in which the treat-
ment groups differed on parameters other than 
BF, and the authors caution that women in the BF 
groups commonly had more contact with the health 
provider. Thus, more research is needed to deter-
mine whether differences are due to BF or other 
differences such as intensity, approach, or contact 
with the health professionals.

With regard to clinic based BF, studies were incon-
sistent. The larger trials indicated no statistically 
signiicant	 differences	 between	 BF	 assisted	 and	
non-BF groups for self-reported cure, cure/improve-
ment, or leakage episodes per day or quality of life 
(Level of Evidence: 1) . This pattern appeared to be 
consistent across trials that recruited women with 
SUI, UUI, or MUI. There were a similar number of 
trials addressing the effect of home BF, but fewer 
data. In a single robust trial there were no statisti-
cally	signiicant	differences	between	home	BF	and	
non-BF groups for self-reported cure, cure/improve-
ment, or quality of life for women with urodynamic 
SUI (Level of Evidence: 2).  

3. rEcoMMEnDationS

Clinicians should provide the most intensive HP 
led PFMT programme possible within service con-
straints because HP taught and supervised pro-
grammes are better than self-directed programmes, 
and more HP contact is better than less (Grade of 
Recommendation: A).  Although studies are incon-
sistent,	there	does	not	appear	to	be	a	clear	beneit	
of adding clinic (Grade of Recommendation: A)  or 
home based BF (Grade of Recommendation: B)  
to a PFMT programme.

4. conclUSion

Based on the limited available data it appears that 
PFMT with regular (e.g. weekly) supervision is bet-
ter than PFMT with little or no supervision. However, 
the data were unclear if supervision is more effec-
tive in individual or group settings. 

Cautiously, we conclude that voluntary PFM con-
tractions are better than exercises that facilitate 
co-contraction of the PFM muscles (e.g. crossing 
the ankles and pulling the legs apart). Further, ‘indi-
rect’ methods (e.g. the ‘Paula method’ or ‘Sapsford’ 
approach) did not appear to be better than direct 
PFM contractions, noting that some study data were 
confounded by differences in the amount of contact 
time with health professionals. Moreover, and ten-
tatively,	we	found	there	was	no	beneit	from	adding	
intravaginal devices to increase resistance in PFMT. 

This review underlines the fact that existing evi-
dence	is	insuficient	to	make	any	robust	recommen-
dations about the best approaches to PFMT, be-
yond the fact that the amount of health professional 
contact	may	inluence	women’s	perceptions	of	their	
improvement. 

5. iMplicationS for rESEarch 

Comparisons of PFMT approaches are, de facto, 
comparisons of two active treatments. Therefore, it 
is	dificult	to	determine	which	approach	is	best,	un-
less (a) the differences in outcome are large or (b) 
the	trials	are	powered	to	ind	small	to	moderate	dif-
ferences in outcomes that would be indicative of the 
need	for	larger	trials.	Although	inding	the	best	ap-
proach	to	PFMT	has	been	identiied	as	a	high	prior-
ity research area, large, costly trials may not be the 
best use of research funds, particularly where the 
difference in outcomes between two active treat-
ments is expected to be small. Therefore, the high-
est research priority should be to investigate the ef-
fect of supervision on PFMT. In addition to clinical 
effectiveness, this is an important question because 
of	resource	implications,	both	inancial	and	human,	
for health-service delivery. 

6. rEcoMMEnDationS

Clinicians should provide the most intensive super-
vision-led PFMT programme possible within service 
constraints because supervised PFMT programmes 
are better than those with little or no supervision. 
(Grade of Recommendation: A). 

c) Is PFMT better than other treatments?

Trials were considered for inclusion in this section 
if they compared PFMT with another stand-alone 
intervention, e.g. vaginal cones, bladder training, 
drug	therapy.	Of	note	is	that	there	are	37	RCTs	com-
paring PFMT with another stand-alone treatment 
but few recent studies since the last update. For 
this review, four were excluded, two as conference 
abstracts	[175,176],	one	reported	in	two	conference	
abstracts	with	inconsistent	data	[177],	and	one	com-
pared	PFMT	and	vaginal	cones	versus	EStim	[178].

The	33	trials	addressed	the	following	comparisons:

	 •		PFMT	versus	 vaginal	 cones	 (VC)	 [107,	 122,	
134,	140,	169,	175,	179-183]



1130

	 •		PFMT	versus	EStim	 (EStim)	 [130,	132,	134,	
140,	166,	184-188]	

	 •		PFMT	versus	bladder	training	(BT)	[128,189,190]

	 •		PFMT	versus	drug	[125,	130,	131,	142,	188,	
191-193]

	 •		PFMT	versus	surgery	[194]

(a) PFMT versus VC: Eleven	trials	compared	PFMT	
with	 VC	 [107,122,134,140,169,175,179-183,185].	
The details of the VC and PFMT programmes for 
each trial are presented in Table 4 .

(b) PFMT versus EStim:	10	trials	compared	PFMT	
with	EStim	 in	women	with	UI	 [186]	SUI	 [134,	184,	
185],	 urodynamic	 SUI	 [130,	 132,	 140],	 mixed	 UI	
[187]	or	OAB	[166,	188].	There	were	different	PFMT	
and	EStim	protocols	in	each	study.	

Two trials used interferential current, two to three 
times	weekly,	30	minutes,	10-50Hz	to	PFMT	(week-
ly PFM exercise courses and daily home exercises), 
for	four	to	six	weeks	[185]	or	20	minutes	weekly	for	
10	weeks,	0-100Hz,	at	maximal	 tolerated	 intensity	
to	 PFMT	 (ive	 PFM	 contractions	 with	 ive	 second	
holds,	 hourly,	 every	 day	 for	 12	 weeks)	 [130].	An-
other applied external (extra-vaginal and lumbar) 
electrodes to deliver an unknown type of current 
(10	minutes,	three	times	weekly,	intensity	increased	
until noticeable PFM contraction and patient added 
voluntary PFM contraction) versus PFMT (no de-
tails	given),	for	six	weeks	[132].

The remaining trials all delivered the stimulation us-
ing a vaginal electrode. The comparisons were, in 
approximately	ascending	order	of	duration	of	EStim:

	 •		20	minutes,	 twice	weekly,	biphasic	symmetric	
intermittent	current	at	10Hz,	pulse	duration	400	
microseconds,	duty	cycle	10	seconds	on	and	
ive	 off,	 maximum	 tolerated	 intensity,	 versus	
PFMT	(no	details	given),	for	12	weeks	[166]

	 •		20	minutes,	twice	per	week,	biphasic	intermit-
tent	current	at	10Hz,	pulse	duration	1	millisec-
ond,	unidentiied	number	of	seconds	of	con-
traction and, duty cycle, at maximal tolerated 
intensity	up	to	100	mA	[188]

	 •		20	minutes,	 three	 times	weekly,	 biphasic	 in-
termittent	current	at	50Hz,	pulse	duration	0.5	
millisecond,	5	second	contraction,	duty	cycle	
one to two, at maximal tolerated intensity up 
to	100	mA	[140]

	 •		30	minutes,	 three	 times	weekly,	 biphasic	 in-
termittent	current	at	50Hz,	pulse	duration	one	
millisecond, two second contraction, duty 
cycle one to two, at maximal tolerated inten-
sity	up	to	100	mA	(for	predominant	SUI)	or	the	
same stimulation at 20Hz (for predominant 
UUI), versus PFMT (no details given), for 
eight	weeks	[186]

	 •		30	 minutes	 daily,	 biphasic	 intermittent	 cur-
rent	at	50Hz,	pulse	duration	0.2	milliseconds,	
individualised duty cycle depending on ability 
to hold PFM contraction, at maximal tolerated 
intensity	 up	 to120mA,	 versus	 PFMT	 (three	
times	daily,	eight	to	12	near-maximal	PFM	con-
tractions with six second hold and six to eight 
second rest, with three to four fast contractions 
at the end of every contraction in addition to 
weekly	exercise	class),	for	six	months	[134]

	 •		up	 to	 60	 minutes,	 twice	 daily,	 asymmetric	
balance	 biphasic	 intermittent	 current	 at	 12.5	
and	50Hz,	pulse	duration	300	microseconds,	
ive	second	contraction	time	with	two	second	
ramp up and one second ramp down, duty 
cycle one to two, intensity to 80mA, versus 
PFMT	(daily,	60	slow	and	quick	PFM	contrac-
tions),	for	four	months	[187]

	 •		six	to	eight	hours	per	night,	intermittent	current	
at	12,	20	or	50Hz,	versus	PFMT	(six	to	eight	
times	daily,	ive	to	10	maximal	PFM	contrac-
tions	with	ive	second	hold	and	ive	seconds	
rest,	and	one	sub-maximal	contraction	with	30	
to	40	second	hold),	for	six	months	[184].

Amount of HP contact was the same for both groups 
in	 two	 trials	 [130,140],	 greater	 for	 EStim	 in	 two	
[132,185],	and	greater	for	PFMT	in	another	[134,188].	
Any differences were not clear in the other four trials.

(c) PFMT versus BT: Three trials compared PFMT 
with	BT	in	women	with	SUI	[190],	SUI	and/or	DO	[189]	
or	 UI	 [128].	 BT	 comprised	 a	 voiding	 schedule	 with	
weekly	 progression	 [128,189,190].	 Wyman	 (1998)	
also	included	urge	inhibition	techniques	(afirmations,	
distraction and relaxation). Sherburn trial added to 
voiding schedule, education on normal bladder control 
and	voiding	parameters,	skin	care,	pad	usage,	luids	
and	luid	intake,	optimal	toileting	position,	voiding	dy-
namics, and relaxation, distraction and breath control 
as part of the deferral strategies.

In the three trials BT was compared with:

	 •		PFMT	with	clinic	based	BF,	and	a	twice	daily	
home	 PFMT	 programme	 of	 ive	 fast	 (three	
second	holds)	 and	20	 sustained	 (10	 second	
holds	 with	 10	 second	 rests)	 PFM	 contrac-
tions, PFM contraction for urge suppression 
and with increases in intra-abdominal pres-
sure	[Wyman,	1998].

	 •		PFMT	with	 clinic	 based	 BF,	 and	 daily	 home	
PFMT	of	30	PFM	contractions	for	strength	and	
endurance	(12	second	holds)	[Yoon,	2003].

	 •		PFMT	 with	 weekly	 group	 class,	 and	 daily	
home PFMT prgram. The PFMT execise class 
included intensive PFMT, combining motor 
control, strength, endurance, power and func-
tional training in a variety of different body po-
sitions	[Sherburn,	2011].
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Treatment duration, and amount of HP contact, was 
the same in both arms of all three trials, with treat-
ment	duration	ranging	from	eight	(Yoon,	2003),	12	
(Wyman,	1998),	and	20	weeks	(Sherburn,	2011).	

(d) PFMT versus drug therapy: Eight trials compared 
PFMT to drug therapy in women with SUI [125, 130, 
131, 191, 192] or UUI [142, 188, 193, 195, 196]. 

The trials for SUI used several different drugs. In 
two, premarin (conjugated equine oestrogens) 2g 
per	night	for	six	or	12	weeks	was	compared	to	PFMT	
[130,	131].	In	one	of	these	[130],	the	PFMT	was	com-
prised	of	a	daily	home	programme	of	ive	PFM	con-
tractions	with	ive	second	holds	per	hour;	in	the	other	
[131]	 PFMT	was	 not	 described.	Another	 trial	 com-
pared phenylpropanolamine hydrochloride for four 
weeks	versus	six	months	of	PFMT	(90	to	160	PFM	
contractions	with	10	second	hold	and	10	second	rest	
distributed	 throughout	 the	 day)	 [192].	 Ishiko	 [2000]	
compared	clenbuterol	(20mg	bid)	versus	PFMT	(10	
minutes	daily),	for	12	weeks	[191].	One	study	com-
pared	duloxetine	(4mg	bid,	plus	sham	PFMT)	versus	
PFMT	(four	times	weekly,	three	sets	of	10	six	to	eight	
second	contractions	and	 two	sets	of	10	one	 to	 two	
second	contractions)	for	12	weeks	[125].	

Three	 trials	 on	 UUI	 used	 oxybutynin(193)	
[142,188,193].	Doses	and	PFMT	programs	varied:	
oxybutynin	chloride	(2.5mg	tid,	progressed	to	maxi-
mum	5mg	tid)	versus	PFMT	with	urge	suppression	
strategies	 for	eight	weeks	 [142];	extended-release	
oxybutynin	 (5mg/day)	 versus	 PFMT	 (plus	 length-
ening	 voiding	 intervals	 and	 urge	 strategies)	 for	 3	
months	 [193];	 and	 oxybutynin	 chloride	 (5mg	 bid,	
progressed	to	maximum	5mg	tid)	to	PFMT	(and	to	
functional	electrostimulation)	for	12	weeks	[188].	

Four trials had approximately the same amount 
of HP contact in drug and PFMT groups 
[125,130,142,191];	in	one,	this	was	not	clear	[130].	
Wells	 [1991]	 assessed	 treatment	 effect	 after	 four	
weeks in the drug group, and six months in the 
PFMT	group.	Kafri	 [2007]	 provided	5	 sessions	 for	
the PFMT group, but not for the drug group. Arruda 
[2008]	provided	 two	sessions	per	week	with	phys-
iotherapist	 for	 the	PFMT	 group	 and	 visits	 every	 4	
weeks for the drug group.

(e) PFMT versus surgery: Only one trial, published, 
in	1986,	has	compared	PFMT	to	surgery	[197].	The	
surgical technique was based on the type of defect 
identiied:	 Burch	 colposuspension	 for	 anterior	 sus-
pension defects and vaginal repair for posterior blad-
der descent. Women with both defects had a com-
bined Burch and vaginal repair procedure. No details 
on	the	PFMT	parameters	were	provided;	women	had	
ive	or	more	group	sessions	with	a	physiotherapist.	

1. QUality of Data

(a) PFMT versus VC: Adequate allocation conceal-
ment	was	reported	by	ive:	 [107,122,134,140,180].	
Three indicated that outcome assessors were 

blinded	 [134,140,183];	 only	 some	 of	 the	 outcome	
assessments	were	blinded	 in	 two	 [107,122].	Sam-
ple	sizes	 ranged	 from	 fewer	 than	40	women	 [107,
134,140,169,175,179,180,182,183],	50	 [181]	 to	79	
per	 group	 [122].	 There	were	 dropouts	 in	 both	 the	
PFMT and VC groups in all trials except Gameiro’s 
(2010)	 [181]	where	no	details	were	provided	or	 in	
Cammu’s	(1998),	in	which	all	of	the	dropouts	were	
from	the	VC	group.	Dropout	rates	were	higher	in	the	
VC	groups	for	several	[169,175,179,180,183];	con-
versely, they were higher in the PFMT group for oth-
ers	 [107,122,134,140,182].	Only	one	 trial	 reported	
any follow-up beyond the post-treatment evaluation, 
and	this,	at	6	and	12	months	post	treatment	[181].

(b) PFMT versus EStim: Of the eight trials, three re-
ported adequate random allocation concealment and 
blinding	of	outcome	assessors;	samples	sizes	ranged	
from	10	to	20	and	35	women	per	group.	Four	trials	
appeared	 to	 have	 no	 dropouts	 [130,132,184,187].	
Others	reported	5%	[186],	10%	[140],	12%	[134,188],	
13%	[166]	and	19%	[169].	All	women	were	assessed	
post	 treatment;	 follow	 up	 was	 at	 nine	months	 and	
one	year	[130]	and	four	years	[184].

(c) PFMT versus BT: Adequate random allocation 
concealment	 was	 reported	 in	 one	 trial	 [190];	 out-
come	 assessors	 were	 blinded	 in	 two	 [128,190].	
Samples	sizes	ranged	from	15	to	20	women	[128],	
43	 to	PFMT	and	41	 to	BT	 [190]	 to	70	women	per	
group.	Dropouts	were	approximately	4%	for	Wyman	
(1998)	and	12%	for	Yoon	(2003)	and	8%	for	Sher-
burn	 (2011).	All	women	were	assessed	post	 treat-
ment,	and	Wyman	(1998)	followed-up	three	months	
later (i.e. six months after treatment began).

(d) PFMT versus drug therapy: Random allocation 
was	 concealed	 in	 two	 of	 the	 eight	 trials	 [125,196].	
Outcome	assessors	were	blinded	 in	 two	 [125,142].	
Five	 trials	 randomised	25	or	 fewer	 participants	 per	
group	 [130,131,188,191,193];	 one	 randomised	 ap-
proximately	 50	 per	 group	 [125].	 The	 two	 largest	
randomised	about	80	[192]	or	85	women	per	group	
[142].	 Dropout	 rates	 were:	 0%	 [130],	 14%	 [142],	
15.9%	[193],	16%	[191],	16.9%	[196],	25%	[192]	and	
36%	[125].	Drop	out	rates	were	not	reported	in	two	
[131,193].	 Most	 trials	 assessed	 outcomes	 immedi-
ately post-treatment and three had longer follow up 
of	nine	months	[130],	one	year	[188],	and	21-month	
[193]	although	in	this	last	trial	most	participants	had	
discontinued drug therapy after active intervention. 

(e) PFMT versus surgery: It was not clear if alloca-
tion was adequately concealed, or if the outcome 
assessors	were	blinded.	Approximately	25	women	
were in each comparison group with no dropouts 
at four months (post treatment assessment). There 
was further long-term follow-up at one year, then 
four	to	eight	years	[197].	

2. rESUltS

(a) PFMT versus VC: The comparative results in 
seven	of	the	11	studies	were	inconsistent.	For	cure,	
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one	 trial	 favoured	 PFMT	 [134].	 Six	 favoured	 nei-
ther	PFMT	nor	VCs	[107,	122,	140,	179,	182,	183].	
Pooled data from these eight trials showed statisti-
cally	signiicant	heterogeneity.	

For cure/improvement,	pooled	data	in	six	of	the	11	
trials	showed	no	statistically	signiicant	differences.	
In four, PFMT was better than VCs in terms of daily 
leakage	episodes.	And,	two	others	[140,181]	no	sig-
niicant	differences	in	terms	of	incontinence-speciic	
quality of life measures (I-QoL) and the number of 
incontinence episodes were found. 

Three reported adverse effects associated with 
cones such as the inability to use then, pain, vagini-
tis,	bleeding,	a	sense	of	unpleasantness	[134,180]	
or	inconvenience	[183].

[b) PFMT versus EStim: Pooled data from three tri-
als of women with SUI found self-reported cure was 
more	 likely	 with	 PFMT	 [134,	 184,	 187],	 although	
only	 one	 found	a	 statistically	 signiicant	 difference	
when data from the trials was considered individu-
ally	[134].	It	was	not	clear	if	the	cure	data	reported	
by	Hofbauer	 (1990)	were	derived	 from	a	symptom	
scale	or	a	voiding	diary;	these	data	were	therefore	
excluded. Pooled data from three trials in women 
with also found self-reported cure/improvement was 
more	 likely	 in	 PFMT	 women	 [134,184,185];	 again	
only	Bø	 (1999)	 found	 a	 statistically	 signiicant	 dif-
ference when trial data were considered individu-
ally.	 At	 6	 months,	 QOL	 (as	 measured	 with	 I-QoL	
Questionnaire)	 increased	 signiicantly	 both	 in	 the	
PFMT	group	28.4%	and	in	the	EStim	group	32.4%	
but	there	was	no	signiicant	difference	between	the	
groups	 [140].	Leakage	episodes	and	quality	of	 life	
(Social	Activity	 Index)	were	not	 statistically	 signii-
cant	in	one	study	[134].	At	nine	months	post	treat-
ment,	 Henalla	 (1989)	 found	 that	 three	 out	 of	 17	
PFMT	 women	 and	 one	 out	 of	 eight	 in	 the	 EStim	
group reported recurrent symptoms. Side effects 
related	 to	 EStim	 included	 vaginal	 irritation	 and/or	
bleeding	[134,184,187].

Spruijt	[2003]	[186]	recruited	women	with	SUI,	UUI	
or	 MUI	 and	Wang	 (2004)	 [166]	 women	 with	 UUI.	
Neither	 found	 a	 statistically	 signiicant	 difference	
between the groups for self-reported cure/improve-
ment’ although Wang indicated women in the PFMT 
group	 had	 statistically	 signiicantly	 fewer	 leak-
age	 episodes	 per	 day.	 EStim	 produced	 “physical	
and emotional stress” in the elderly women in the 
Spruijit trial. On the KHQ there were no statistically 
signiicant	differences	in	general	health	perception,	
incontinence impact, role limitation, physical limi-
tation, social limitation, and personal relationship, 
but	the	EStim	group	had	statistically	signiicant	bet-
ter scores for emotions, sleep/energy and severity 
measures.	In	the	Arruda	(188)	study	[188],	52%	and	
76%	 of	 the	 women	 randomised	 to	 the	 EStim	 and	
PFMT	groups,	respectively,	claimed	to	be	satisied	
after	12	weeks	of	 the	study	 treatment	period.	Fur-
ther,	 there	was	a	signiicant	decrease	 in	 the	urge- 

incontinence episodes, the daily number of urinary 
pads.	However,	there	was	no	signiicant	difference	
in any of these measures between the groups.

(c) PFMT versus BT:	Wyman	[1998]	[189]	recruited	
women with SUI, UUI or MUI. While more women 
in the PFMT group reported symptomatic improve-
ment or fewer leakage episodes the difference was 
not	 statistically	 signiicant	 post-treatment	 or	 three	
months later. Sherbrun recruited women with SUI. 
Women	 in	 the	 PFMT	 group	 reported	 signiicantly	
lower amounts of leakage on the stress test , im-
proved symptoms and bother and greater percep-
tion	 of	 change	 after	 5	months	 than	 the	 BT	 group	
(Sherburn,	2011).	No	adverse	event	data	were	re-
ported	 in	either	 trial.	Yoon	(2003)	 [128]	did	not	 re-
port any data for the outcomes of interest.

(d) PFMT versus drug: Neither of the two trials com-
paring vaginal oestrogens versus PFMT in women 
with urodynamic SUI reported data for the outcomes 
of	 interest	[130,131].	Of	those	that	responded	to	a	
follow-up questionnaire at nine months, three out of 
17	 PFMT	women	 and	 three	women	 using	 oestro-
gens reported recurrent symptoms. Adverse events 
were not reported in either trial.

Two older trials that compared an adrenergic ag-
onist and PFMT in women with SUI or MUI were 
previously	 reported	 in	 ICI	2009.	No	signiicant	dif-
ferences	between	groups	were	reported	[129,191].	

Duloxetine	had	a	signiicantly	greater	impact	in	de-
creasing	 incontinence	 episodes	 than	 PFMT	 (57%	
versus	 35%	 median	 decrease	 between	 drug	 and	
PFMT	respectively)	 [125].	However	post-treatment	
data collection began immediately after treatment 
initiation, before the effects of PFMT could be ex-
pected	 to	 occur.	 There	 were	 no	 signiicant	 differ-
ences between the treatments with respect to In-
continence Quality of Life (I-QoL). 

In the three trials that compared PFMT to oxybutynin, 
PFMT groups had similar or better outcomes on most 
parameters. In the largest of these, a comparison of 
PFMT	 and	 oxybutynin	 in	 older	 women	 with	 DO	 or	
DO	with	urodynamic	SUI,	women	in	the	PFMT	group	
had	 signiicantly	 greater	 reduction	 in	 incontinence	
episodes compared to those in drug treatment and 
fewer	incontinence	episodes	per	day	[142].	Women	
in PFMT were more likely to report that they were 
“much	better”	but	cure	rates	did	not	differ	signiicant-
ly. Side-effects were common among women in the 
drug group, particularly dry mouth. 

One trial reported that the PFMT group had better 
outcomes for voiding frequency, but not for incon-
tinence	 episodes	 [193].	 Follow-up	 at	 21	 months	
showed that the PFMT group maintained or im-
proved their voiding frequency, whereas the drug 
group regressed to baseline levels. However, most 
participants had discontinued the drug. Similarly, 
another trial reported that subjective symptom im-
provement was almost identical in the PFMT and 
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drug groups (77%, 76%, respectively) [188].	Chang-
es in incontinence episode frequency favored the 
PFMT	group,	but	were	not	signiicantly	different.

(e) PFMT versus surgery: At four months PFMT 
women with urodynamic SUI were less likely to re-
port cure than women who had surgery, although 
there	 was	 no	 statistically	 signiicant	 difference	 in	
the	 proportions	 reporting	 cure/improvement.	At	 12	
months,	10/24	from	the	PFMT	group	were	satisied	
with	initial	therapy,	versus	19/26	randomised	to	sur-
gery. Long-term data (four to eight years) were not 
presented by group allocation. Adverse events were 
associated with surgery: new UUI, retropubic or pel-
vic	pain,	or	dyspareunia	[197].

3. SUMMary

In	 the	 11	 trials	 that	 compared	 PFMT	 with	 VCs	 in	
women with SUI, no consistent pattern emerged in 
the data. Further, data on self-reported cure in eight 
of the trials were inconsistent and there was no dif-
ference in the pooled data from six trials for self-
reported cure/improvement. Notably, there were in 
fact fewer daily leakage episodes with PFMT in the 
pooled data from three trials (Level of Evidence: 1) .

PFMT	with	EStim	in	women	with	SUI	was	compared	
in six trials. Pooled data demonstrated that self-re-
ported cure and cure/improvement were more likely 
in	PFMT	than	in	EStim	groups	(Level of Evidence: 
1). It is worth noting that only one trial individually 
demonstrated	a	statistically	signiicant	difference	in	
these outcomes and there was more health profes-
sional contact in the PFMT arm. There were no sta-
tistically	signiicant	differences	between	PFMT	and	
EStim	groups	for	leakage	episodes	or	quality	of	life,	
based on a single trial on MUI (Level of Evidence: 
2). In the one trial that recruited women with SUI, 
UUI or MUI self-reported cure/improvement rates 
were	not	statistically	signiicantly	different	(Level of 
Evidence: 2).  Self-reported cure and cure/improve-
ment rates and satisfaction were not statistically sig-
niicantly	different	in	the	2	trials	in	women	with	UUI,	
although PFMT women had fewer leakage episodes 
per	day,	and	women	in	the	EStim	group	had	better	
quality of life in three of the nine domains measured 
on	 the	KHQ	(166).	 (Level of Evidence: 2) . Some 
women	reported	adverse	events	attributable	to	ES.

PFMT and BT was reported in three but only two 
included data of interest. In women with SUI, symp-
tomatic improvement, leakage episodes and qual-
ity	of	life	were	statistically	signiicantly	better	in	the	
PFMT group (Level of Evidence: 2) . In contrast the 
study that recruited women with SUI, UUI and MUI 
did	 not	 ind	 statistically	 signiicant	 differences	 be-
tween the groups (Level of Evidence: 2)  . 

There	is	insuficient	evidence	to	determine	if	PFMT	
is better than vaginal oestrogens. Neither trial that 
compared an adrenergic agonist with PFMT in 
women with SUI or MUI found a difference in self-
reported cure/improvement and adrenergic side 

effects were bothersome (Level of Evidence: 2) . 
One trial of PFMT versus oxybutynin in women with 
DO	or	DO	with	urodynamic	SUI	found	women	doing	
PFMT were more likely to report improvement and 
have fewer leakage episodes per day after treat-
ment (Level of Evidence: 2) . Many women taking 
oxybutynin reported drug-related side effects. One 
trial compared a serotonin-norepinephrine reuptake 
inhibitor (duloxetine) with PFMT and while women 
who took the drug had fewer leakage episodes, 
there was no difference in terms of quality of life 
between the two groups and drug side effects were 
suficient	to	discontinue	treatment	in	some	women.	
(Level of Evidence: 2) . 

Based on one trial it seemed self-reported cure was 
more likely after surgery than PFMT for women with 
urodynamic	 SUI,	 but	 no	 statistically	 signiicant	 dif-
ference in the proportion of women reporting cure/
improvement (Level of Evidence: 2) . There was in-
suficient	detail	about	the	PFMT	programme	to	make	
a judgment about how effective it might have been.

4. rEcoMMEnDationS

For women with SUI:

	 •		PFMT	is	better	than	EStim	as	irst	line	conserva-
tive therapy, particularly if PFMT is intensively 
supervised (Grade of Recommendation: B) . 

	 •		PFMT	is	better	than	BT	as	irst	line	conserva-
tive therapy (Grade of Recommendation: B) .

	 •		PFMT	and	duloxetine	are	both	effective	in	irst	
line therapy, although PFMT is better because 
of the side effects experienced with the drug 
(Grade of Recommendation: C).

	 •		PFMT	 and	 surgery	 are	 both	 effective	 thera-
pies,	 although	 PFMT	 is	 better	 as	 irst	 line	
therapy because it is less invasive (Grade of 
Recommendation: C) .

For women with SUI or MUI:

	 •		PFMT	is	better	than	VC	as	irst	line	conserva-
tive therapy (Grade of Recommendation: B) .

For women with UUI or MUI:

	 •		PFMT,and	BT	are	effective	irst	line	conserva-
tive therapy (Grade of Recommendation: B) .

	 •		PFMT	 is	 better	 than	 oxybutynin	 as	 irst	 line	
therapy (Grade of Recommendation: B) .

For women with UUI:

	 •		PFMT,and	BT	are	effective	irst	line	conserva-
tive therapy (Grade of Recommendation: B) .

Larger, good quality trials are needed to address 
each of the above comparisons if these are of inter-
est to women. In planning comparisons researchers 
should consider carefully the potential impact of dif-
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ferent levels of supervisory intensity between groups, 
particularly in comparisons of conservative therapies. 
A comparison of surgery and PFMT might be least 
useful,	because	PFMT	is	usually	irst-line	therapy	with	
surgery reserved for those in whom PFMT was unsuc-
cessful or is not the treatment of choice.

d) Does the addition of PFMT to other treat -
ments add beneit? 

In this section, the effects of PFMT combined with 
therapy A versus therapy A alone, are compared to 
address	 the	 additive	 beneit	 of	 PFMT.	 Nine	 RCTs	
were found, and three were excluded: no useable 
data	[198];	men	and	women	and	the	data	were	not	
reported	 separately	 [199]	 and	 a	 combination	 BT/
PFMT	programme	[200].	

(a) PFMT∕VC versus VC: Two trials, in women with 
urodynamic	 SUI	 [201]or	 SUI	 [107],	 compared	 com-
bined	 PFMT⁄	 VC	 versus	 VC.	 In	 both	 arms	 of	 each	
study the recommended VC regime was twice daily 
for	15	minutes,	with	cone	weight	progressing	from	20g	
to	70g	[201]	or	100g	[107].	Both	PFMT	programmes	
asked	women	 to	 do	 100	PFM	 contractions	 per	 day	
with	10	contractions	10	times	a	day	[201],	or	a	combi-
nation	of	fast	and	slow	contractions	[107].	Treatment	
duration	was	12	weeks	in	both	arms	of	both	studies.

(b) PFMT∕EStim versus EStim: No new trials have 
been published on the topic since the last review.
In	women	with	urodynamic	SUI,	EStim	(10	minutes,	
three	times	weekly,	suficient	intensity	to	provoke	a	
visible contraction to which the patient added their 
own PFM contraction, extravaginal and lumbar 
electrodes)	was	compared	to	PFMT⁄ES	(daily	PFMT	
home	programme	(not	speciied)	and	a	twice	weekly	
exercise	class	plus	the	same	ES	programme)	[132].	
Treatment duration was six weeks in both arms. 

(c) PFMT∕BT versus BT: No new studies were found. 
In women with urodynamic SUI, or urodynamic SUI 
with	DO,	Wyman	(1998)	compared	BT	(progressive	
voiding schedule, advice on urge inhibition tech-
niques	such	as	afirmations,	distraction	and	 relax-
ation)	to	PFMT⁄BT	(twice	daily	PFMT,	maximum	of	
10	fast	contraction	with	three	second	holds	and	40	
sustained	contractions	with	10	second	holds	in	ad-
dition to bladder training as above). The combined 
PFMT⁄BT	 group	 began	 with	 BT	 and	 added	 PFMT	
in	the	3rd	week	of	the	intervention.	Women	in	both	
groups received the same preliminary education 
programme	and	 treatment	duration	was	12	weeks	
in	both	arms	[189].

(d) PFMT∕drug versus drug: Two previously report-
ed	 trials	 compared	PFMT⁄drug	 (beta(2)-adrenergic	
agonist	(clenbuterol);	duloxetine)	[125,191].	

Two	new	trials	compared	PFMT⁄drug	to	drug	alone	
in	women	with	UUI	[202,203].	One	was	a	two-stage,	
multi-site	RCTl	 [203].	 In	Stage	1,	women	received	
tolterodine	(4	mg/day)	versus	tolterodine	plus	PFMT	
with urge suppression strategies (behavioural train-

ing)	 for	 4	 visits	 over	 10	 weeks.	 Stage	 2	 involved	
drug	 discontinuation.	 PFMT	 included	 3	 sessions	
of	 15	 exercises	 daily,	 starting	 at	 2-seconds	 dura-
tion	and	progressed	to	10	seconds.	The	other	trial	
[202]	was	a	single-site	study	of	individually-titrated,	
extended-release	oxybutynin	(initiated	at	5	mg/day	
and	escalated	as	tolerated	to	a	maximum	of	30mg/
day) with proactive management of side effects 
versus oxybutynin plus PFMT with urge suppres-
sion	 strategies	 for	 4	 visits	 across	approximately	 8	
weeks.	PFMT	was	also	3	sessions	of	15	exercises	
daily, starting at an individualized duration and pro-
gressed	to	a	maximum	of	10	seconds.

1. QUality of Data

(a) PFM∕VC versus VC: Adequate allocation con-
cealment and some outcome assessment was blind 
in	one	[107].	Neither	of	these	was	clearly	reported	in	
the	study	by	another	[201].	Sample	sizes	were	ap-
proximately 20 women in each comparison group. 
Dropouts	 ranged	 from	 63%	 of	 the	 women	 in	 the	
PFM/VC	group	compared	 to	41%	 in	 the	VC	group	
[107]	to	30%	of	the	PFM/VC	group	versus	9%	in	the	
VC	only	group	[201].

(b) PFMT∕ES versus ES: It was not clear if random 
allocation concealment was adequate or whether 
assessors	 were	 blind	 [132].	 There	 were	 only	 11	
women in each comparison group. There did not 
appear to be any dropouts. 

(c) PFMT∕BT versus BT: In one, it was not clear if ran-
dom	allocation	concealment	was	adequate;	outcome	
assessors	 were	 not	 blinded	 [189].	 There	 were	 68	
women	in	the	BT	group	and	67	in	combination	therapy	
with	fewer	than	10%	dropouts	after	12	weeks	of	treat-
ment. Further follow-up was reported at six months 
and approximately three years after study entry.

(d)	PFMT⁄drug	versus	drug:	Although	adequate	al-
location concealment and blinded assessors where 
used	in	three	trials	[125,202,203]	it	was	not	clear	in	
another	[191].	Sample	sizes	varied	from	18	women	
in	the	drug	group	and	23	in	the	combination	therapy	
group	[191]	with	27%	and	17%	dropouts	respective-
ly, principally because of drug-related side effects. 
In	another,	approximately	50	women	with	SUI	were	
assigned	to	each	group,	30%	of	whom	dropped	out	
of both treatment groups. Burgio (2008) randomised 
307	 women	 with	 urge-predominant	 UI	 and	 had	 a	
drop	out	rate	of	8.8%	at	the	end	of	active	treatment	
(10	weeks).	 Burgio	 (2010)	 randomised	 64	women	
with urge-predominant UI before being stopped for 
futility	and	had	a	drop	out	rate	of	9.4%.

2. rESUltS

(a)	PFM	⁄	VC	versus	VC:	In	this	comparison,	neither	
of	the	two	trials	identiied	any	statistically	signiicant	
differences between the groups (for patient reported 
cure, improvement as measured by a Visual Ana-
logue	Scale	or	pad	 test)	and	all	of	 the	conidence	
intervals	were	wide	[107,201].
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(b) PFMT∕ES versus ES: Although	Hofbauer	(1990)	
[132]	 reported	 cure/improvement,	 it	 was	 not	 clear	
whether this was based on data from a symptom 
scale or a urinary diary. There were no data report-
ed for the other outcomes of interest. 

(c) PFMT∕BT versus BT:	No	statistically	 signiicant	
difference	was	 found	 in	 one	 early	 study	 [189]	 be-
tween combination versus single therapy in the 
number of women reporting they were much bet-
ter	or	 in	 the	number	of	 leakage	episodes	per	day;	
however more in the combination group reported 
they were much better at six months post treatment. 
With regard to quality of life the combination therapy 
group	had	statistically	signiicantly	better	scores	on	
UDI	and	IIQ	after	treatment,	but	there	was	no	sta-
tistically	signiicant	difference	in	either	measure	six	
months after treatment had begun. Approximately 
three years later, a similar number in each group 
had	sought	further	treatment	for	UI	(19	of	48	BT,	18	
of	48	PFMT⁄BT).	Of	the	women	who	had	not	sought	
further treatment, fewer were free of leakage epi-
sodes in the BT group (four of 22 in BT group ver-
sus	eight	of	16	in	the	combination	group).	Adverse	
events are not mentioned.

(d) PFMT∕drug versus drug:.	Ghoniem	[2005]	[125]	
reported that the combined treatment was not sig-
niicantly	 different	 from	 the	 drug-only-treatment	 in	
terms of frequency of incontinence episodes, qual-
ity of life (IQOL) and Patient Global Impression of 
Improvement	Scale.	Ishiko	(2000)	[191]	did	not	re-
port data for any of the primary outcomes of inter-
est;	10/13	in	the	drug	group,	and	17/19	in	the	com-
bination therapy group had no leakage episodes 
per week post treatment, and some reported drug-
related	 side	 effects	 suficient	 enough	 to	 withdraw	
from treatment

A higher proportion of women in the combined ther-
apy	 group	 had	 a	 successful	 outcome,	 deined	 as	
at	least	70%	reduction	in	frequency	of	UI	episodes	
[203].	The	combined	therapy	group	also	had	greater	
subjective improvement, greater patient satisfac-
tion and greater reductions in symptom distress on 
validated	 questionnaires.	 In	 another	 study	 [202],	
the groups were so similar on an interim analysis 
and power calculation that recruitment was stopped 
early for futility. With the individualized, escalating 
dose titration and proactive management of side-
effects,	the	drug	alone	group	achieved	an	88.5%	re-
duction of incontinence episodes, leaving little room 
for	added	beneit.

3. SUMMary

There were few trials addressing the effect of add-
ing	PFMT	 to	another	 therapy,	 and	only	 ive	of	 the	
eight studies reported useful data. There appears to 
be	no	beneit	of	adding	PFMT	to	VC	or	duloxetine	
respectively	 in	 women	 with	 SUI	 [107,125]	 (Level 
of Evidence: 2) .	 There	may	 be	 beneit	 to	 adding	
PFMT to BT for women with urodynamic SUI or SUI 

with	DO	in	the	short	term	(three	months),	but	it	is	not	
clear	 if	 this	beneit	persists	at	six	months	or	more	
[189]	(Level of Evidence: 2) .	There	is	not	suficient	
evidence	to	be	sure	if	there	is	any	beneit	in	adding	
PFMT	to	ES.	There	is	a	single	trial	indicating	added	
beneit	of	PFMT	when	drug	therapy	is	administered	
with the usual intensity.

4. rEcoMMEnDationS

For women with SUI or MUI a combination of PFMT/
BT may be better than BT alone in the short-term 
(Grade of Recommendation: C) , and a combina-
tion of PFMT/drug may be better than drug alone. 
If a woman is taking duloxetine or using VC, it may 
not help to add PFMT (Grade of Recommenda -
tion: C) . However, these recommendations are 
based on single trials of variable quality and larger, 
good quality trials are needed to address each of 
the above comparisons if these are of interest to 
women. Further, these studies examine the effects 
of combining therapies as an initial approach. Less 
is known about the effects of combining therapies in 
a stepped fashion when women do not achieve the 
desired outcomes with a single therapy. 

5. OTHER LUTS

Seven trials included above reported data for oth-
er LUTS, e.g. frequency, nocturia, bladder pain 
but no new trials were added to this section for 
the update. 

The effect of a PFMT programme on frequency, 
nocturia and urgency in women with MUI improved 
self report of symptom bother both frequency and 
nocturia	signiicantly	more	in	the	PFMT	group,	while	
urgency	persisted	[204].

Three trials investigating different type of PFMT 
programs reported whether women had nocturia 
[147,150,152,153].	There	were	few	data	and	some	
missing,	making	 it	 dificult	 to	 observe	a	difference	
between PFMT programs.

A secondary analysis looked at the effect of PFMT 
versus drug therapy on nocturia in older women with 
UUI	or	MUI	[142].	The	PFMT	group	reduced	noctu-
ria	by	a	median	of	0.5	episodes	per	night;	this	was	
signiicantly	more	effective	than	drug	treatment.

One	trial	addressed	PFMT	versus	EStim	on	urgency	
symptoms	and	nocturia	 in	women	with	DO.	There	
was	 a	 signiicant	 decrease	 in	 urge	 incontinence	
episodes in both groups, but no difference between 
groups. Further, there was a reduction in nocturia 
frequencies	in	the	EStim	group	[188].	

Finally,	one	new	trial	[202]	studied	the	effect	of	drug	
therapy alone and combined with PFMT on urgency 
and	24-voiding	frequency	in	women	with	urgency	–
predominant incontinence. Urgency decreased sig-
niicantly	although	there	was	no	difference	between	
the two groups. 
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6. FACTORS AFFECTING OUTCOME

Apart from differences in effect attributed to PFMT 
or comparison interventions, other factors may affect 
outcomes. Of particular interest is the effect of older 
age;	this	and	other	factors	are	considered	here.

a) Age

Firstly we looked for trials included above that spe-
ciically	recruited	older	woman;	there	were	six.	The	
average age of women in these trials was between 
60	 and	 70	 years	 [120,141,142,192],	 or	 over	 70	
years	 [186,190]	 compared	with	a	mean	age	of	 40	
to	55	in	most	other	included	studies.	It	was	not	pos-
sible to compare the data from older women with 
data from younger women for the following compari-
sons:	PFMT	versus	EStim	[186],	PFMT	versus	drug	
[142,192]	and	PFMT	versus	BT	[190].	

For three comparisons (PFMT versus no treat-
ment	 [141],	 PFMT	 versus	 placebo/sham/control	
[120,142],	 BF	 assisted	PFMT	 versus	PFMT	 alone	
[141],	there	were	no	clear	differences	in	the	size	or	
direction of effect when the data from the trials in 
older women were compared with data from other 
trials. The recommendations arising from these 
comparisons appear to apply to older women. 
Namely,	 that	PFMT	should	be	offered,	as	irst-line	
therapy, to all women with SUI, UUI, or MUI. 

Secondly, the methods of included trials were 
checked for use of regression or other methods to 
investigate association between baseline charac-
teristics	(speciically	age)	and	outcome.	The	litera-
ture search also located some papers that reported 
secondary analysis of data from the included trials. 
Papers that reported an association between age 
and outcome, but did not describe the methods of 
testing association are not discussed here. 

Two reports detailed the testing of independent 
associations between patient characteristics (in-
cluding	 age)	 and	 outcome	 [126,205].	 In	 one	
data was used from PFMT groups in three RCTs 
[120,121,142].	The	 individual	 trials	 restricted	entry	
to	women	55	years	and	older	[120,142]	or	40	years	
and	 over	 [121].	 In	 multivariate	 analysis,	 age	 was	
not	 a	 signiicant	 predictor	 of	 reduction	 in	 leakage	
episodes for PFMT women with SUI, UUI or MUI. 
In	another	 trial,	Hay	Smith	(2006)	 investigated	 the	
associations between leakage on paper towel test 
and patient characteristics using data from a trial 
that compared two approaches to PFMT for Women 
with	SUI	[126].	Older	age	was	associated	with	more	
leakage	in	univariate	models,	but	was	not	signiicant	
in multivariate analysis.

One	 further	 trial	 [189]	 used	 correlation	 methods,	
and	 one	 [206]	 categorised	 women	 as	 successes	
or failures, to investigate the association between 
age	and	outcome.	In	a	secondary	analysis	[207]	of	
the	trial	by	Wyman	[1998]	there	were	no	statistically	
signiicant	correlations	between	age	and	reduction	

in leakage episodes or change in PFM activity af-
ter PFMT or BT in women with SUI, UUI or MUI. 
Bø	 (1992)	 characterised	 participants	 in	 the	 inten-
sive PFMT group as treatment responders or non-
responders. Treatment responders were statistically 
signiicantly	older	than	borderline	responders;	there	
were no non-responders. 

Considering the number of included trials, there 
were few that restricted entry to older women and/
or investigated the association between age and 
treatment outcome. Only two studies have used 
the most appropriate methods to test independent 
associations. More research is needed to investi-
gate the association between age and treatment 
outcome. Neither study using multivariate models 
found an association between age and outcome, 
nor was there a reported correlation in another. The 
two studies that categorised women as treatment 
successes	or	failures	had	conlicting	results.	

SUMMary

There is no good evidence to date to suggest that 
‘healthy’	older	women	with	UI	do	beneit	 less	 from	
PFMT compared to younger women.

b) Other 

Aside from age, other factors have the potential to 
mediate treatment outcome, e.g. baseline UI sever-
ity, duration of symptoms and co-morbid conditions. 
All reports were checked for the methods used to 
address association between baseline characteris-
tics and treatment outcome. Some appeared to be 
based	 on	 researcher	 observation;	 these	 data	 are	
not discussed here. Seven reports of interest were 
found	[118,126,141,171,192,205-208].	A	wide	range	
of patient characteristics were considered in these 
papers;	 it	 is	not	clear	whether	 it	 is	more	 important	
to know which baseline characteristics might be 
predictors of outcome, or which ones might not. To 
eliminate	 long	 lists	of	non-signiicant	associations,	
a pragmatic choice was made to report only sig-
niicant	 associations	 although	 this	 creates	 a	 false	
impression of some consistent associations. None 
of the variables discussed here has demonstrated 
a consistent association with outcome, and all are 
worthy of further investigation.

Two reports addressed independent associations be-
tween	patient	characteristics	and	outcome	[126,205].	
Burgio	(2003)	used	data	from	PFMT	groups	in	three	
RCTs	 [120,121,142].	 In	multivariate	analysis	of	data	
from PFMT women with UUI or urge predominant 
MUI,	a	75%	reduction	in	leakage	episodes	was	more	
likely if women did not use protection (e.g. pads) prior 
to	treatment.	Continence	(100%	reduction	in	leakage	
episodes) was more likely if women had fewer Incon-
tinence episodes at baseline and had a lower educa-
tional level, but less likely if they had prior UI surgery. 
For PFMT women with SUI or stress predominant MUI 
a	75%	reduction	in	leakage	episodes	was	less	likely	if	
women had previously been evaluated for UI or had 
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more	 than	10	 leakage	episodes	per	week	pre-treat-
ment.	Hay-Smith	(2003)	investigated	the	associations	
between patient characteristics and two outcomes 
(leakage on paper towel test, self-reported improve-
ment) using data from a trial that compared two ap-
proaches to PFMT for Women with SUI. In multivari-
ate models increasing parity was associated with less 
improvement in leakage symptoms and more risk of 
leakage on a paper towel test. Shorter symptom dura-
tion and higher body mass index were both associ-
ated with more improvement in symptoms. Leakage 
once or more per day was associated with greater risk 
of	leakage	on	a	paper	towel	test;	the	reverse	was	true	
for women with a history of constipation.

There	 was	 no	 statistically	 signiicant	 correlation	 be-
tween any of the baseline characteristics listed and 
the two outcomes (reduction in leakage episodes or 
change	in	PFM	activity)	in	a	secondary	analysis	[207].	

Treatment	 responders	had	statistically	signiicantly	
longer symptom duration, higher body mass index, 
stronger PFM, and were more motivated (clinician 
judgement)	than	borderline	responders;	there	were	
no	non-responders	[206].	

Two studies examined PFM characteristics as pos-
sible predictors of successful response to PFMT 
[118,	208].	Yoo	[2011]	reported	on	biofeedback	as-
sisted PFMT. In multivariable regression, the only 
factor predictive of successful treatment response 
was change in mean amplitude of tonic contraction 
after	 the	 8th	 treatment	 session.	 Dumoulin	 [2010]	
studied PFM function variables measured by dyna-
mometer in women with postpartum SUI. Treatment 
success	(20-minute	pad	test	volume	<	2g)	was	as-
sociated with lower pre-treatment passive force and 
greater pre-treatment PFM endurance.

Few studies investigated the association between 
patient characteristics and treatment outcome and 
no consistent pattern emerged from the available 
data.	 Even	 fewer	 studies	 used	 appropriate	 meth-
ods. More research is needed to test for indepen-
dent associations between patient characteristics 
and outcome. Given the few data available, and 
the methodological limitations of some papers, any 
patient characteristic described above that was as-
sociated with outcome should be considered as a 
possible rather than established prognostic factor. 

SUMMary

It is not clear if there are any reliable predictors of 
PFMT outcome. Too few trials have appropriately 
investigated the association between patient char-
acteristics and outcome to be sure.

Weighted vaginal cones (VCs) were developed as a 
method for testing PFM function and to provide pro-

gressive muscular overload during PFM strength-
ening	exercises	 [182,209].	 In	 theory,	when	a	cone	
is inserted into the vagina, the sensation of ‘losing 
the cone’ provides strong sensory feedback that 
prompts the PFMs to contract to prevent the cone 
from slipping out. Women start in a standing posi-
tion with a weighted cone held inside the vagina for 
at least one minute, incrementally adding time and 
increased cone weight whilst standing or walking. 
The goal is to walk around for 20 minutes without 
losing	the	cone;	the	gradual	increase	in	cone	weight	
maintains muscle overload over the course of the 
exercise programme. 

There are varous cone weights and sizes (Figure 
1). However, the effectiveness of the VC training 
method is unclear. Of note is that the PFM contrac-
tion is not the only reason the cone is retained and 
because orientation of the vagina is not completely 
vertical, some women can retain the cone with-
out	 actually	 contracting	 the	pelvic	 loor.	Radiology	
has also demonstrated that the cones can rest in 
a	 transverse	position	 [210,211].	Depending	on	 the	
axis of the vagina, women need to produce different 
force intensities to retain the cone. Thus, using VCs 
as a measure of PFM function does not appear to 
be	a	valid	method.	Finally,	 some	women	may	ind	
it impossible to insert the cones due to a narrowed 
vaginal opening or, conversely, to retain it due to 
an enlarged vaginal opening, prolapse, or an insuf-
icient	 PFM	 contraction,	 one	 incapable	 of	 holding	
even the lightest cone.

This section examines the evidence for VCs in the 
prevention and treatment of UI in women. Ques-
tions addressed:

•		Are	VCs	better	than	no	treatment,	placebo	or	con-
trol for the prevention of UI?

•		Are	VCs	better	than	no	treatment,	placebo	or	con-
trol for the treatment of UI?

•		Are	VCs	as	effective	as	other	 treatments	 for	 the	
treatment of UI?

•		Are	VCs	combined	with	PFMT	better	 than	PFMT	
alone for the treatment of UI?

1.PREVENTION

No trials investigating either the primary or sec-
ondary prevention effects of training with VCs for 
women with UI were found. The literature search 
revealed two reviews on the prevention of UI 
[159,212].	 Of	 these,	 only	 Hay-Smith	 (2002)	 con-
sidered	VC	prevention	trials;	however,	none	of	the	
trials measured the effect on UI, only PFM activ-
ity. Because no continence-related outcomes were 
measured, these trials are not reviewed here. Fur-
ther, the most recent Cochrane review of VCs did 
not	address	prevention	 [213],	and	our	search	did	
not revealed any new RCTs on VCs as a preven-
tive treatment.

III. WEIGHTED VAGINAL CONES 
(VCS)
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2.TREATMENT

The literature search revealed one systematic re-
view	that	speciically	addressed	the	effects	of	VCs	
in	the	treatment	of	UI	in	women	[213].	One	new	trial	
[181],	the	review	and	three	RCTs	from	ICI	2009	form	
the	basis	of	this	subsection	[122,140,181,183].

a) Are VCs better than no treatment, placebo or 
control treatments?

Four RCTs compared VCs with control treatments 
for	 women	 with	 UI	 [107,122,134,140].	 Details	 of	
the VC programmes for each trial are presented 
in Table 3 . 

1. QUality of Data

All four reported adequate allocation concealment, 
randomisation and blinding of outcome assessors. 
Dropout	rates	were	3%	[122],	12%	[134],	14%	[140],	
and	40%	[107].	 In	one,	 the	VC	group	experienced	
more	dropouts	(42%)	than	the	control	group	(22%)	
[107].	 In	 another,	 participants	 in	 the	VC	group	 re-
ported	abdominal	pain,	vaginitis	or	bleeding	and	14	
reported	problems	with	self-motivation	and	dificulty	
in	using	the	cones	[134].	Williams	did	not	report	any	
side effects for either treatment group other than the 
fact	that	2.5%	of	the	women	in	each	of	the	trial	arms	
reported	urinary	tract	infections	(UTI).	Wilson	[1998]	
and	Castro	[2008]	did	not	report	any	side	effects	in	
either group. 

2. rESUltS

Women in the VC groups were more likely to report 
they	were	 cured	 than	 the	 controls	 (RR	1.98,	 95%	
CI	1.21	to	3.23).	The	pooled	data	for	self-reported	
improvement/cure	from	two	trials	[122,134]	showed	
statistically	 signiicant	 heterogeneity.	 Individually,	
one	 trial	 favoured	 the	 VC	 group	 [134]	 while	 the	
other	favoured	neither	group	[122].	VC	participants	
scored better than the controls on the Leakage In-

dex but showed no statistical differences on the 
Social	Activity	 Index	 [134].	 Further,	 Castro	 (2008)	
[140]	 reported	 better	 incontinence-related	 QOL	 in	
VC participants as compared to the controls on the 
IQoL questionnaire. 

3. SUMMary

The evidence from these four RCTs suggests that 
VCs are better than control treatments for subjec-
tive reporting of cure or cure/improvement and QoL 
impact in the treatment of SUI (Level of Evidence: 
1). However, VC treatment may be inappropriate in 
some cases due to potential reported side effects.

4. rEcoMMEnDationS

For women with SUI, VCs with supervised training 
sessions by a trained health professional can be of-
fered	 as	 a	 irst-line	 conservative	 therapy	 to	 those	
who can and are prepared to use them (Grade of 
Recommendation: B) ;	VCs	may	be	 inappropriate	
in some cases due to inability to insert or retain the 
the cone or because of side effects and discomfort. 
Trained health professional assessment is recom-
mended (Grade of Recommendation: D) 

b) Are VCs as effective as other treatments?

VCs	 have	 been	 compared	with	PFMT	and	EStim,	
but not with other therapies such as drug treatment, 
BT or surgery.

(a) VCs versus PFMT

This comparison has been addressed in Section 
B2.3c.	The	details	of	the	VC	and	PFMT	programmes	
for each trial are presented in Table 4 . 

(b) VCs versus EStim

Five	 trials	 compared	 VCs	 with	 EStim	 [134,	 140,	
201,	 214,	 215].	 The	 details	 of	 the	 VC	 and	 EStim	
programmes for each trial are presented in Table 5 . 

1. QUality of Data

(a) VCs versus PFMT: See Section B2.3c. 

(b) VCs versus EStim 

Among	 the	 ive	 trials,	 two	 [134,140]	 reported	 ad-
equate randomisation, allocation concealment and 
blinding	 of	 outcome	 assessors;	 blinding	 was	 un-
clear	in	the	other	three	[201,214,215].	Dropout	rates	
were	higher	in	the	VC	groups	for	[201,214,215]	but	
higher	in	the	EStim	groups	for	three	[134,140,201].	

2. rESUltS

(a) VCs versus PFMT See Section BII4c.

(b)VCs versus EStim

There	was	no	statistically	signiicant	difference	be-
tween	VCs	and	EStim	 in	 the	pooled	data	between	
two	trials	[134,140]	in	terms	of	self-reported	cure	nor	
in	the	pooled	data	[134,215]	for	cure/improvement.	

Figure 1: Weighted vaginal cones
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Study ID, 
population

Training Type Training 
Duration

NotesTraining Program Effectiveness

Bø, 1999 [134]

Women with 
urodynamically 
proven SUI

VCs (29)

vs
Control 

treatment (32)

Subjective Cure: 
VCs 5/27 vs Control 1/30

RR 5.56 (0.69-44.61)

Cure & improvement:
VCs 17/27 vs Control 1/30 

RR 18.89 (2.69-132.58)

6 months

6 months

Dropouts: 
VCs: 2/29 
Control: 

3/32 

VCs: One daily 20-minute consultation with physiotherapist, 20 
min/day; three cylindrical weights: 20, 40 and 70 grams.

Control: Used a continence guard (Coloplast AS).

Castro, 2008 
[140]

Women with 
urodynamically 
proven stress or 
mix UI

VCs (27) 
vs

Control 
treatment (30)

Subjective Cure:
VC 13/24  vs Control 5/24

RR: 2.6 (1.10-6.16)

Dropouts: 
VCs: 3/27, 

93% 
compliance

Control: 
6/30 

VCs: One training session with a physiotherapist and
3 days/week under a physiotherapist’s supervision.

Held the heaviest cone 45 minutes.
Cylindrical weights 20-100 grams.

Control: Untreated, but received motivational once-monthly 
phone calls.

3 monthsWilliams, 2006 
[122]

Women with 
urodynamically 
proven stress or 
mix UI

VCs (80)
vs

Standard care 
(79)

Cure : 
VCs 7/80 vs Control 6/79

RR 1.15 (0.41-2.38)

Subjective cure or improvement 
:

VCs 30/80 vs Control 34/79
RR 0.87, 95% CI 0.60 to 1.27

Dropouts: 
VCs: 1/80 
Controls: 

3/79 

VCs: One training session with a nurse. Holding heaviest cone 
they could retain (10-60g) 15 minutes, 2x /day, 7 days/week.

Standard care: leaflet detailing PFM anatomy and exercises.

9 monthsWilson, 1998 
[107]

Women with 
symptoms of UI 
three months 
postpartum

VCs (36)
vs

Control 
treatment (117)

Subjective Cure:
VCs 11/21 vs Control 22/91

RR 2.17 (1.25- 3.74)

Dropouts: 
VCs: 15/36 

Control: 
26/117

VCs: One training session and 3 follow-up visits with a 
physiotherapist. Cone held for two 15-min home exercises 

sessions per day.Nine conical weights: 20-100 grams.

Control: Standard post-natal care

Table 3:  Characteristics of studies comparing vaginal cones (VCs) and no treatment, placebo or control treatments

Footnotes: VCs = vaginal cones 
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Study ID, 
population

Training Type Training 
Duration

NotesTraining Program

Arvonen, 2001 
[179]

Women with 
symptoms of SUI

PFMT (20)

vs

VCs (20)

Effectiveness

Cure:
VCs 4/18 vs PFMT 

0/19
RR 9.47(0.55-164.35)

Cure or improvement:
VCs 11/18 vs PFMT 

11/19
RR 1.06 (0.62-1.80)

4 months Dropouts: 
PFMT: 1/20 
VCs: 2/20 

PFMT: Under supervision of a physiotherapist or nurse.
PFM contraction in sitting and in standing position twice daily: one daily set 
of 10 PFM contractions (5 sec on / 5 sec off) and one daily set of 15 (3 sec) 

submaximal contractions.

VCs: Under supervision of a physiotherapist or nurse.
Starting with the 65-gram VC, 10 contractions (20 sec on/ 20 sec off); plus a 

50-gram VC x15 min while walking, 2x/day; both progressing to 100- and 
80-gram VCs, respectively.

Arvonen, 2002 
[183]

Women with 
symptoms of SUI

PFMT (12)

vs

VCs (12)

Cure:
VCs 2/7 vs PFMT 0/10
RR 6.88 (0.38-124.52)

Cure & improvement:
VCs 6/7 vs PFMT 9/10

RR 0.95 (0.66-1.37)

4 months Dropouts: 
PFMT: 2/12
VCs: 5/12

PFMT: Supervision with physiotherapist, 2 visits.
Progressive PFMT in sitting and standing position.

PFM contractions of short and long duration or with cough.

VCs: Supervision with physiotherapist, 2 visits.
Starting with the 65-gram VC, 10 contractions (20 sec on/ 20 sec off), plus a 

50-gram VC x15 min while walking, 2x/day; both progressing to 100- and 
80-gram VCs, respectively.

Bø, 1999 [134]

Women with 
urodynamically 
proven SUI

PFMT (29)

vs 

VCs (27)

Subjective Cure:
VCs 5/27 vs PFMT 12/25

RR 0.39 (0.16-0.94)

Cure & improvement:
VCs 17/27 vs PFMT 

23/25
RR 0.68 (0.50-0.93)

6 months Dropouts:
VCs 2/29 

PFMT: 4/29

PFMT: One consultation with physiotherapist.8-12 PFM contractions, 3x per 
day, plus 1 group-session/week.

 

VCs: One consultation with physiotherapist.
20 min per day, three cylindrical weights: 20, 40, and 70 grams.

Cammu, 1998 
[180]

Women with 
urodynamically 
proven stress or 
SUI

PFMT (30)

vs 
VCs (30)

Cure & improvement
VCs 17/30 vs PFMT 

16/30
RR 1.06 (0.67-1.68)

12 weeks Dropouts: 
VCs: 14/30
PFMT: 0/30

PFMT: Once weekly, 30-min PFM-training sessions with a physiotherapist, 
plus  individualised home-based PFM exercises.

VCs: Initial training plus twice-weekly visit with physiotherapist, in addition 
to holding the heaviest cone 15 min, 2x daily

Five VCs 20-70 grams.

Table 4: Characteristics of studies comparing vaginal Cones (VCs) and PFMT
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Table 4: Characteristics of studies comparing vaginal Cones (VCs) and PFMT (continued)

Study ID, 
population

Training Type Training 
Duration

NotesTraining Program Effectiveness

Castro, 2008 
[140]
Women with 
urodynamically 
proven stress or 
mix UI

PFMT (31)

vs 

VCs (27)

Subjective Cure:
VCs 13/24 vs PFMT 

15/26
RR 0.94 (0.57-1.54)

6 months Dropouts: 
VCs: 3/27 & 

93% 
compliance
PFMT: 5/31 

PFMT: One training session with physiotherapist plus 3 days/week with 
physiotherapist supervision.

PFM contractions:
 

VCs: One training session with physiotherapist plus 3 days/week with 
physiotherapist supervision.Held the heaviest cone, 45 min.

Cylindrical weights: 20-100 grams

•	10x,	5sec	on/5	sec	off	
•	20	x,	2sec	on/2	sec	off	
•	20	x,	1sec	on/1	sec	off	
•	5	x,	10sec	on/10	sec	off	
•	5	contractions	with	cough

Gameiro, 2010 
[181]

Women with 
predominent 
symptoms of SUI

PFMT (52 )

vs
VCs (51)

Cure:
VCs 36/51 vs PFMT 

26/52
RR 1.41 (1.02-1.95)

Cure & improvement:
VCs 27/51vs PFMT 22/52

RR 1.25 (0.83-1.88)

12 weeks Dropouts: 
No details
provided

PFMT: Once weekly, 45-min session of PFMT2 series of 10 PFM contrac-
tions (short and long)

VCs:Once weekly, 45min session of VCs.
Walked 1 minute, coughed 3 times and ascended and descended a 2-step 

stair 10 times. Cylindrical weights: 20-70 grams

Haken, 1991 
[175]

Women with 
urodynamically 
proven stress UI

PFMT (31)

vs 
VCs (33)

Cure: details not reported10 weeks Dropouts:
VCs: 8/31

PFMT: 3/33

PFMT: 5 contractions, 10 times per day

VCs: Hold for 15 min, 2x/day
5 cylindrical weights: 20-70 grams

Laycock, 2001 
[185]

Women with 
urodynamically 
proven stress UI

PFMT  (20)
vs 

cones (41)

No data reported on 
subjective cure or 

improvement

3 months Dropouts: 
VCs: 11/41
PFMT: 4/20 

PFMT: Supervision with physiotherapist.
PFM exercises lying, sitting and standing, 10 min/day

VCs: 10 minutes per day with VC
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Table 4: Characteristics of studies comparing vaginal Cones (VCs) and PFMT (continued)

Footnotes: PFM = Pelvic loor muscle, PFMT= Pelvic loor muscle training, VCs = vaginal cones

Study ID, 
population

Training Type Training 
Duration

NotesTraining Program Effectiveness

Peattie, 1988 
[182]
Women with 
urodynamically 
proven stress UI

PFMT (22)
vs 

VCs (22)

Cure:
VCs 12/17 vs PFMT 

10/16 
RR 1.13 (0.69-1.84)

4 weeks Dropouts: 
VCs: 5/22

PFMT: 6/22

PFMT: 3 PFM training sessions.

VCs: twice/day held cone for 15 min.
Weekly phone calls Nine conical weights: 20-100 grams

Williams, 2006 
[122]

Women with 
urodynamically 
proven stress or 
mix UI

PFMT (77)

vs 

VCs (80)

Cure: 
VCs 7/80 vs PFMT 

4/79
RR 1.73 (0.53-5.67)

Cure or improvement: 
VCs 51/80 vs PFMT 

47/79
RR 1.07 (0.84-1.37)

3 months Dropouts: 
VCs: 1/80

PFMT: 2/79

PFMT: initial +bi-weekly training session with nurse 4 sets/day, PFM 
exercise program progressed according to Oxford scale

VC: One training session with nurse.
Held heaviest cone (10-60g) 15 minutes, 2x /day.

Wilson, 1998 
[107]

Women with 
symptoms of UI 
three months 
postpartum

PFMT (39)

vs 
VCs (36)

Cure:
VCs 11/21 vs PFMT 

10/19 
RR 1.00 (0.55-1.80)

9 months Dropouts: 
VCs: 15/36

PFMT: 
20/39

PFMT:  One training session with 3 follow-up sessions, fast and slow 
contractions (100 per day)

VCs: One training session and 3 follow-up visits with physiotherapist. Held 
the cone for two 15-min sessions /day. 

Nine cone weights: 20-100 grams
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Study ID, 
population

Training 
Type 

Training 
Duration

NotesTraining Program Effectiveness

Bø, 1999 [134]
Women with 
urodynamically 
proven SUI

VCs (29)
vs

EStim (32)

Subjective Cure:  
VCs 5/27 vs EStim3/25 

RR: 1.54 (0.41-5.80)
Cure & improvement: 

17/27 cone vs 16/25 EStim
RR: 0.98 (0.65-1.49)

Cure & improvement, on pad test:
VCs18/27 vs EStim 19/25 

RR: 0.88 (0.62-1.24)

6 months Dropouts:
VCs: 2/29 

EStim: 7/32 

VCs: One consultation with physiotherapist. 20 min/day, three 
cylindrical weights: 20, 40 & 70 grams

EStim: One consultation with physiotherapist; 30 min of 
transvaginal EStim per day: biphasic intermittent current, 50Hz, 
pulse width of 0.2ms, current intensity 0-120mA, on/off time in 

line with each woman’s ability 

Castro, 2008 [140] 
Women with 
urodynamically 
proven stress or 
mix UI

VCs (27)

vs

EStim(30)

Subjective Cure:  
VCs 13/24 vs Estim 15/27

RR: 0.97 (0.59-1.61)

6 months Dropouts:
VCs: 3/27 
plus 93% 

compliance
EStim: 3/30 

VCs: One training session with physiotherapist plus 3 
days/week with physiotherapist supervision. Held the heaviest 

cone 45 min. Cylindrical weights: 20-100 grams

EStim: 20 min of transvaginal EStim, 3 times/ week: biphasic 
square current 50Hz, pulse width of  0.5ms, current intensity 

0-100mA, and cycle of 5 sec. on/10 sec off. 

Delneri, 2000 [214]
Women with signs 
and symptoms of 
SUI

VCs (10)

vs
EStim (10)

No outcome of interestVCs: 4 
weeks

EStim: 12 
sessions 

in 16 days

Dropouts:
VCs: 2/10 

EStim: 0/10

VCs: Initial training Used VCs 25-35 min/day, increasing cone 
weight progressively. 5 plastic cones: 20-70 grams 

EStim: Two15-min transvaginal EStim sessions daily, 5x per 
week: biphasic square current 20Hz and 50Hz, duty cycle 4/8, 

at maximum tolerated intensity.

Olah, 1990 [215]
Women with 
symptoms of SUI

VCs (24)

vs
EStim (30)

Cure and improvement: 
VCs 6/24 vs EStim21/30

RR: 0.36 (.17-0.74)
Cure & improvement, on pad test:

VCs 12/24 vs EStim 23/30 
RR: 0.65 (0.42-1.02)

4 weeks Dropouts:
VCs: 5/24 

EStim: 2/30 

VCs: Instructed by a physiotherapist
once per week for 4 weeks plus15 min, 2x/day home 

exercises; Nine cones: 20-100 grams 

EStim: Instructed by a physiotherapist
3x per week for 4 weeks. Interferential current with 4 external 
vacuum electrodes. Frequency 0-100Hz, maximal tolerated 

intensity for 15 min. 

Wise, 1993 [201]
Women with urody-
namically proven 
stress and genuine 
stress incontinence

VCs (21)

vs
EStim (20)

Cure & improvement, on pad test:
VCs 14/21 vs EStim 12/20 

RR 1.11 (0.70-1.78)

12 weeks Dropouts:
VCs: 2/21

EStim: 4/20 

VCs: Used VCs, 15 min, 2x/day,increasing cone weight 
progressively.

EStim: 20 min of transvaginal EStim, daily: biphasic square 
current 20Hz, pulse width of  0.75ms, current intensity 0-90mA

Table: 5  Characteristics of studies comparing vaginal cones and electrical stimulation (Estim) 

Footnotes: VCs = vaginal cones, Estim = Electrical stimulation
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No differences were reported on the I-QoL question-
naire or in the number of leakage episodes on a 
7-day	bladder	diary	evaluation	(mean	and	standard	
deviations:	cones	1.5	±1.8	vs.	EStim	2.3	±5.5)	[140].	
Bø	[1999]	also	found	no	differences	in	daily	leakage	
episodes	on	a	7-day	bladder	diary.	

Discomfort	or	 side	effects	between	EStim	and	VC	
are	reported	to	be	similar	[140,214]	.	One	study	de-
scribed women who were unable to use the VCs 
because	of	vaginal	size	[215]	and	another	reported	
tenderness and bleeding, discomfort or motivational 
and	other	dificulties	in	using	the	EStim	[134].	In	the	
VC group, one participant reported abdominal pain, 
two	vaginitis	and	one	bleeding;	14	reported	motiva-
tional	problems	and	dificulty	using	the	cones.	

3. SUMMary

Overall,	 the	pooled	data	 for	VCs	and	EStim	dem-
onstrated	no	statistically	signiicant	differences	be-
tween the groups in terms of a self-reported cure, a 
cure/improvement,	incontinence-speciic	QOL	mea-
sures or the number of leakage episodes (Level of 
Evidence: 1) .	Additionally,	both	the	VC	and	EStim	
groups reported adverse events. 

4. rEcoMMEnDationS

VCs	 and	 EStim	 seem	 equally	 effective	 in	 the	 treat-
ment of SUI and MUI, but the side effects and dis-
comfort	caused	by	the	VCs	and	EStim	limit	their	utility	
in clinical practice (Grade of Recommendation: B) .

c) Are VCs combined with PFMT better than 
PFMT alone?

Two trials compared a combined PFMT/VCs to 
PFMT	 alone	 (107,216]	 Details	 of	 the	 PFMT/VCs	
and PFMT are presented in Table 6 . None of the 
outcomes used in the two trials overlapped. 

1. QUality of Data

Allocation concealment was clear in one and some 
outcomes	 had	 blinded	 assessors	 [107,216],	 but	
neither of these variables was clearly reported the 
other	[216].

2. rESUltS

No	statistically	signiicant	differences	were	detected	
for	either	cure	or	cure/improvement	after	12	weeks	
in	 either	 study.	 Dropout	 rates	 in	 both	 trials	 were	
higher in the combined PFMT/VCs group.

3. SUMMary

The limited available evidence suggested no ben-
eit	from	adding	VCs	to	PFMT	for	women	with	SUI	
(Level of Evidence: 2) .

4. rEcoMMEnDationS

If this combined intervention proves to be of interest 
to	women,	then	more	research	is	needed	to	conirm	
or refute the advantages of adding VCs to PFMT.

3.  OTHER LOWER URINARY TRACT SYMP -
TOMS (LUTS)

Two trials included in the VC section reported data 
on	other	LUTS:	urgency	and	nocturia	[122],	nocturia	
[181].	 In	 the	Williams	 [2006]	 study,	 there	were	 no	
differences between VC, control and PFMT group 
after intervention for urgency or nocturia. Gameiro 
[2010]	however,	noted	a	signiicant	reduction	in	noc-
turia after treatment in both VC and PFMT groups, 
but	no	signiicant	difference	between	groups.

4. FACTORS AFFECTING OUTCOME

None of the trials above addressed the effect of 
age or other factors on the outcome of VC train-
ing. Nonetheless, it is worth noting that in the 22 
trials	 included	 in	 this	 section,	 on	average,	 24%	of	
the	women	being	treated	with	VCs	(range	0	to	63%)	
withdrew or dropped out. Although few trials exam-
ined the causes of attrition, among those that re-
ported causal factors low compliance, motivational 
problems, unpleasantness, aesthetic dislike, dis-
comfort, and bleeding were indicated although no 
one reason predominated.

The	literature	concerning	EStim	in	the	management	
of	UI	remains	dificult	to	interpret,	due	to	the	lack	of	a	
well-substantiated biological rationale underpinning 
the	use	of	EStim[217].	However,	the	theoretical	basis	
of stimulation interventions is emerging with increas-
ing understanding of the neuroanatomy and physiol-
ogy of the central and peripheral nervous systems. 
The mechanisms of action may vary depending on 
the cause(s) of UI and the structure(s) being targeted 
e.g. PFM or detrusor, peripheral or central nervous 
system.	In	general,	the	aim	of	EStim	for	women	with	
SUI appears to be to improve the function of the 
PFM, while for women with UUI the objective seems 
to	be	to	inhibit	detrusor	overactivity	(DO).	

EStim	 is	 provided	 by	 clinic-based	mains	 powered	
machines or portable battery powered stimulators 
(Figure	2)	with	a	seemingly	 ininite	combination	of	
current types, waveforms, frequencies, intensities, 
electrode	 types	 and	 placements	 (Figure	 3).	 With-
out	a	clear	biological	rationale	it	is	dificult	to	make	
rationale choices about different ways of delivering 
EStim.	Additional	confusion	 is	created	by	 the	rela-
tively	rapid	developments	in	the	area	of	EStim,	and	
a wide variety of stimulation devices and protocols 
have been developed even for the same condition. 
For	example,	in	the	last	30	years	or	so	women	with	
SUI	 have	been	 treated	with	 a	wide	 variety	 of	ES-
tim ranging from general anaesthetic for 20 minutes 
[168],	to	six	months	of	low	intensity	stimulation	at	10	
Hz	using	a	vaginal	electrode	[1,218].	

Finally,	 the	 nomenclature	 used	 to	 describe	 EStim	
remains	inconsistent.	EStim	has	not	only	been	de-
scribed based on the type of current being used 

IV.  ELECTRICAL STIMULATION (ESTIM)
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(e.g. faradic, interferential), but also on the struc-
tures targeted (e.g. neuromuscular), the current in-
tensity (e.g. low-intensity, or maximal stimulation), 
and the proposed mechanism of action (e.g. neu-
romodulation). In the absence of agreement of how 
best	 to	 classify	EStim,	 no	 attempts	were	made	 to	
classify	different	types	of	EStim.

This section presents the evidence for the use of 
EStim	in	the	prevention	and	treatment	of	UI	in	wom-
en. Questions addressed are: 

•		Is	EStim	effective	in	the	prevention	of	UI?

•		Is	EStim	better	than	no	active	treatment	(placebo,	
sham, control or no treatment) for treatment of UI?

•		Is	 one	 type	 of	 EStim	 better	 than	 another	 in	 the	
treatment of UI?

•		Is	EStim	better	than	other	treatments	in	the	treat-
ment of UI?

•		Does	the	addition	of	EStim	to	other	treatments	add	
any	beneit	in	the	treatment	of	UI?

•		What	is	the	effect	of	EStim	on	other	LUTS?

•		What	factors	might	affect	the	outcome	of	EStim	in	
the treatment of UI?

Eligible	interventions	were	non-invasive	EStim	with-
out implanted electrodes. (Magnetic stimulation is de-
scribed	in	Section	B.5.0.)	Other	criteria	for	inclusion	
were	 (1)	 randomised	or	quasi-randomised	 (lternate	
allocation) trial design, (2) women with UI or other 
LUTS,	 (3)	 no	 participants	with	 incontinence	 due	 to	
neurological	 or	 cognitive	 impairment	 and	 (4)	 no	
pregnant	 or	 postpartum	 women	 (within	 12	 months	
of childbirth). Trial data reported in conference ab-
stracts as well as full-text papers were included. 
EStim	compared	with	PFMT	and	vaginal	cones	are	
covered	in	previous	sections	(sections	B.2	and	B.3).	
This	section	focuses	on	EStim	compared	with	other	
conservative treatments or no active treatment. 
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Figure 2: EStim machine
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The primary outcomes were cure rates (the number 
of women cured), and improvement rates (the num-
ber of women improved, including cure). There was 
considerable variability in the way these outcomes 
were measured. Women’s self-report was given pri-
ority but for studies in which it was not reported, the 
rate	based	on	diaries	was	used	as	a	proxy;	where	
diary data were also not reported, the rate based on 
pad	tests	or	any	other	deinitions	chosen	by	the	tri-
alists	was	used	[219].	Data	on	health-related	quality	
of	life	and	adverse	effects	were	also	extracted.	Data	
at the end of the prescribed treatment phase, or at 
the	irst	outcome	measurement,	 if	 later,	were	used	
in the analysis. Any treatment effects shown are 
likely	to	relect	maximum	effect	of	each	intervention.	
Data	from	further	follow-ups	were	also	recorded.	

Due	 to	 the	 small	 number	 of	 available	 studies	 per	
intervention, data were sub-grouped by dominant 
type	or	pattern	of	 incontinence:	(1)	studies	with	all	
or	at	least	50%	of	participants	having	SUI	alone	or	
a	predominant	symptom	of	SUI	 (as	deined	by	 tri-
alists),	 (2)	 studies	with	all	 or	>50%	of	participants	
having UUI alone or a predominant symptom of UUI 
(as	 deined	 by	 trialists),	 (3)	 other	 studies	 of	 UI	 in	
which neither stress- or urge-UI represented a pre-
dominant	symptom	in	the	study	population,	and	(4)	
studies	of	OAB	or	DO	in	which	it	was	unclear	wheth-
er all participants had UI. 

Single	estimates	with	95%	conidence	intervals	(CI)	
were derived for each study comparison using odds 
ratios (OR) for dichotomous variables or mean dif-
ference	 (MD)	 for	 continuous	 variables.	 Summary	
estimates were calculated using random effects 
models if there was more than one study reporting 
the same outcome (meta-analysis). 

‘Risk of bias’ in the included studies was assessed 
for allocation concealment (selection bias) and 
completeness of outcome data (attrition bias), using 
relevant items in a standard tool developed by the 
Cochrane	Urinary	Incontinence	Group	[220].	Risk	of	
bias regarding blinding to the allocated intervention 
should be considered to be high in most included 
studies: blinding of participants and care providers 
is not always feasible (other than the use of sham 
EStim),	and	blinding	of	outcome	assessors	is	equal-
ly	dificult	for	self-reported	outcomes	such	as	cure,	
improvement and quality of life. 

Description of intervention in included studies of EStim

A	total	of	33	trials	were	eligible.	The	electrical	stimu-
lation parameters and protocols in this section are 
summarised in Table 7 . Some approaches to treat-
ment are now rare, such as the use of faradic cur-
rent or external electrodes. There was considerable 
variation in the intervention protocol. Although the 
biological	rationale	and	purpose	of	EStim	might	be	
different depending on diagnosis, there was no con-
sistency	in	the	EStim	protocols	used	for	women	with	
SUI,	UUI,	MUI,	or	DO.	

In addition, there were three trials that recruited both 
men	and	women.	These	 include	 comparing:	EStim	
(transcutaneous electrical nerve stimulation) with 
oxybutynin	for	13	men	and	30	women	with	idiopathic	
DO	[221];	EStim	with	sham	EStim	for	29	men	and	39	
women with UI due to either idiopathic or neurogenic 
DO	[222];	and	EStim	and	MStim	for	15	men	and	17	
women with UI due to either idiopathic or neurogenic 
DO	[223].	These	trials	did	not	differentiate	the	effects	
of treatment by gender or by diagnosis and therefore 
did not contribute to the analysis.

Figure 3 : Vaginal, rectal (anal), and skin electrodes for electrical stimulation
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Study

Abel 1997 
[232]

Current Current Intensity

Vaginal: 110mA ; 
anal: 50mA

Pulse Shape & 
Duration

Duration: 1.0 
msec

Frequency 
(Hz)

Single freq: 
5Hz

Duty Cycle

Constant

Electrodes

Anal and 
vaginal 

electrode

Treatment Duration/
Supervision

20min sessions, 1/week: 
12wks

Target 
UI

UUI

Amaro 2006 
[231]

According to 
tolerance (range 

0-100mA)

Duration: 0.1 
µsec

Single freq: 
4Hz

Single ratio: 1:2 
(2s on, 4s off)

Single vaginal 
electrode

20min sessions, 3/week 
on alternate days, by 
nursing staff: 7wks

MUI/UUI

Arruda 2008 
[188]

Intermittent 
biphasic

According to 
tolerance (range 

10-100mA)

Duration: 1.0 
msec

Single freq: 
10Hz

Single vaginal 
electrode

20min sessions, 2/week, 
by physiotherapist: 

12wks

DO

Barroso 2004 
[229]

Biphasic Max tolerable 
intensity (range 

0-100mA)

Shape: asymmet-
ric Duration: 300 

µsec; 

UUI or MUI: 
20Hz ; SUI: 

50Hz

Single ratio: 1:1 
(5s on, 5s off) + 

1s rise time

Single vaginal 
electrode

20min sessions, 2/day, 
home treatment: 12wks

Any UI

Berghmans 
2001* [436]

Biphasic Max tolerable 
intensity (range 

0-100mA)

Shape: rectangu-
lar; Duration: 200 

µsec 

Freq. 
stochastic 
range: 4 - 

10Hz

Single vaginal 
electrode

1/week, office-based and 
home treatment: 9wks

UUI/DO

Bergmans 
2002 [224]

Biphasic Max tolerable 
intensity (range 

0-100mA)

Until patient is aware 
of some electrical 

sensation (not enough 
to cause PFM 

contraction, and 
comfortable enough to 

be ignored)

Duration: 80µsec Two freq: 
10Hz and 

35Hz

Single ratio: 1:1 
(4s on, 4s off) 

Shape: rectangu-
lar; Duration: 200 

µsec 

Freq. 
stochastic 
range: 4 - 

10Hz

Single vaginal 
electrode

30min sessions, 1x a 
week, office-based: 9wks 
; 20min sessions, 2/day, 
home treatment: 9wks

DO

Bidmead 
2002 [135]

Single vaginal 
electrode

2/day, home treatment: 
9wks

SUI

Blowman 
1991 [234]

Transcutane-
ous: cathode 

over 
perineum, 

anode over 
buttock

lower freq (10Hz): 60min 
sessions, 1/day, home 
treatment: 4wks; higher 

freq (35Hz): 15min 
sessions, 1/day, home 

treatment: 2wks

SUI

Table 7:  Electrical stimulation parameters and protocols in the electrical stimulation (Estim) trials
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Table 7:  Electrical stimulation parameters and protocols in the electrical stimulation (Estim) trials (continued)

Study Current Current Intensity Pulse Shape & 
Duration

Frequency 
(Hz)

Duty Cycle Electrodes Treatment Duration/
Supervision

Target 
UI

Max tolerable intensity 
to get a contraction 
(range 0-120mA)

Intermittent  
biphasic

Duration: 
0.2msec

Single freq: 
50Hz

Individually 
adapted cycles 
dependent on 

voluntary contrac-
tion time (On 

between 0.5-10s, 
Off between 0-30s)

Bø 1999 
[134]

Single vaginal 
electrode

30min sessions, 1/day, 
home treatment (monthy 

clinic visits): 6mths 

SUI

Max tolerable intensity Duration: 
200µsec

Suprapubic: 
150Hz or 

sacral: 10Hz

Bower 1998 
(226]

Transcutane-
ous suprapu-

bic or 
transcutane-
ous sacral 

Single session? DO

Max tolerable intensity  
(range 0-100mA)

Shape: bipolar 
square; Duration: 

0.1µsec 

Single freq: 
20Hz

Brubaker 
1997 [227]

Single vaginal 
electrode

Single ratio: 1:2 
(2s on, 4s off)

20min sessions, 2/day, 
home treatment: 8wks

SUI/DO

Max tolerable intensity 
(range 0-100mA)

Shape: bipolar 
square; Duration: 

0.5msec 

Single freq: 
50Hz

Castro 2008 
[140]

Single vaginal 
electrode

Single ratio: 1:2 
(5s on, 10s off)

20min sessions, 3/week, 
by physiotherapist: 

6mths

SUI

Intermittent Eyjolfsdottir 
2009 [235]

15min sessions, 2/day: 
9wks 

SUI

BiphasicGoode 2003 
[121]

15min sessions, every 
alternate day, home 
treatment (fortnightly 

clinic visits): 8wks 

Max tolerable intensity 
(range 0-100mA)

Duration: 
1.0msec

Single freq: 
20Hz

Single ratio: 1:1 Single vaginal 
electrode

SUI/MUI

InterferentialHaig 1995 
[236]

20min sessions, 3x 
weekly, clinic-based 

treatment: 1mth (total 
study period 3mths, 

Estim done in 2nd month 
only)

Single freq: 
Freq range: 

10-40Hz

Single vaginal 
electrode

SUI
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Table 7:  Electrical stimulation parameters and protocols in the electrical stimulation (Estim) trials (continued)

Study Current Current Intensity Pulse Shape & 
Duration

Frequency 
(Hz)

Duty Cycle Electrodes Treatment Duration/
Supervision

Target 
UI

Interferential According to 
tolerance

Henalla 1989 
[130]

20min sessions, 1/week, 
clinic-based treatment: 

10wks

Freq range: 
0-100Hz

SUI

Faradic (low 
freqency 

interrupted 
direct)

Noticable muscle 
contraciton (with 
voluntary PFM 

contraction

Hofbauer 
1990 [132]

10min sessions, 3/week: 
6wks

Vaginal, 
perineal 

electrodes 
(active), 
lumbar 

electrodes 
(inactive)

SUI

Jeyaseelan 
2000 [198]

1hr session, 1/day: 8wksSingle vaginal 
electrode

Two freq: low 
& intermedi-

ate

SUI

Knight 1998 
[218] (study 
arm 1)

Home treatment : 
overnight (1/day), 6 

months 

Single vaginal 
electrode

Single ratio: 1:1 
(5s on, 5s off)

Duration: 
200µsec 

Barely perceptible 
tingling sensation 

Two freq: 
10Hz and 

35Hz

SUI

Knight 1998 
{{78 Knight,S. 
1998}} (study 
arm 2)

Clinic-based treatment: 
30min session, 1/day: 

6mths (total 16 sessions)

Single vaginal 
electrode

Single ratio: 1:1 
(5s on, 5s off)

Duration: 
250µsec

Max tolerable 
intensity + voluntary 

PFMC 

Two freq: 
10Hz and 

35Hz

SUI

Laycock 1993 
[178]

Interferential 
(bipolar)

15mins (first session), 
30mins (subsequent 

sessions): 10 sessions, 
clinic-based treatment

Transcutane-
ous electrodes

Max tolerable 
intensity 

Freq range: 
10-40Hz; 

and 1Hz to 
40Hz

SUI

Lin 2004 [204] 20min sessions, 1/day, 
5x a week: 4-6 weeks

Vaginal or 
anal electrode

Range 8-70mA Duration: 
200-500µsec

Freq range: 
5-50Hz

DO

Lo 2003 [237] First session 15 mins; 
other sessions 30mins, 
3/week, by physiothera-

pist: 4wks

Transcutane-
ous: 2 

anterior, 2 
posterior

Max tolerable 
intensity 

Freq range: 
0-100Hz

SUI/UUI
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Table 7:  Electrical stimulation parameters and protocols in the electrical stimulation (Estim) trials (continued)

Study Current Current Intensity Pulse Shape & 
Duration

Frequency 
(Hz)

Duty Cycle Electrodes Treatment Duration/
Supervision

Target 
UI

Lobel 1998* 
[233]

5 wks. Additional 5 wks if 
any cure or improvement 

was noted.   

Anal and 
vaginal 

electrodes

Freq range: 
0-100Hz

DO

Luber 1997 
[228]

15min sessions, 2/day, 
home treatment: 12wks

Single ratio: 1:2 
(2s on, 4s off)

Single vaginal 
electrode

Single freq: 
50Hz

Duration: 2msecAdjustable 
(10-100mA)

SUI

Sand 1995 
[230]

7 sessions, clinic-based 
treatment: 15wks (12wks 
treatment, 2wks before, 
1wk after) ; 70hrs total 

planned

Alternating ratio: 
1:1 and 1:2

Single vaginal 
electrode

Two freq: 
12.5Hz and 

50Hz

Max tolerable 
intensity

SUI

Schmidt 2009 
[173]

12wksVaginal (ring 
electrodes x 2)

Single freq: 
50Hz

Shape: asym-
metric; Duration: 

300µsec 

Max tolerable 
intensity without 

discomfort

Biphasic SUI/MUI

Shepherd 
1984 [168]

A single 20min session 
under anaesthesia

Anal and 
vaginal 

electrodes

Freq range: 
10-50Hz

Shape: squareNoticable PFMC Monophasic Any UI

Smith 1996 
[187]

2/day, home treatment: 
4mths

Single vaginal 
electrode

Single ratio: 1:2Two freq: 
12.5Hz and 

50Hz

Shape: asymmetric; 
Duration: 0.3msec

Progressive: 5-25mABiphasic 
pulsed

UUI/DO

Tapp 1987* 
[238]

2/week: 1mthSingle vaginal 
electrode

Faradic low 
frequency 
interrupted 

direct)

SUI

Tapp 1989 
[177]

Faradic (low 
frequency 
interrupted 

direct)

SUI
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Table 7:  Electrical stimulation parameters and protocols in the electrical stimulation (Estim) trials (continued)

Footnotes: * abstract only; Estim = electrical stimulation, freq= current frequency, PFM = Pelvic loor muscle, PFMC= Pelvic loor muscle contraction, VPFMC= voluntary Pelvic loor 
muscle contraction

Study Current Current Intensity Pulse Shape & 
Duration

Frequency 
(Hz)

Duty Cycle Electrodes Treatment Duration/
Supervision

Target 
UI

Wang 2006 
[225]

20min sessions, 2/week, 
by physiotherapist: 

12wks

Single vaginal 
electrode

Single ratio: 2:1 
(10s on, 5s off)

Single freq: 
10Hz

Shape: symmetric; 
Duration: 400µsec 

Max tolerable 
intensity

Biphasic DO

Wilson 1987 
[171] (study 
arm 1)

12 sessions, clinic-based 
treatment: 6wks

Transcutane-
ous sacral; 

Transcutane-
ous perineal

12 surges, 2 min 
rest (repeated 3x)

Low 
frequency

Max tolerable 
intensity + PFMC

Faradic (low 
frequency 
interrupted 

direct)

SUI

Wilson 1987 
[171] (study 
arm 2)

12 sessions (first session 
10min; other sessions 
15mins), clinic based 

treatment: 6wks

transcutane-
oussuction 
electrodes 

(x4)

4000cycles/secMedium 
frequency

Pressure peak 
0.25-0.30Pa/cm2 for 
15pulses (range20-

25mA)

Interferential 
(range20-

25mA)

SUI

Wise 1993* 
[201]

20min sessions, daily 
home treatment: 6wks

Single vaginal 
electrode

Single freq: 
20Hz

Just below level of 
discomfort (range= 

0-90mA)

Variable DO
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1. PREVENTION

No published trials were found that investigated either 
the primary or secondary prevention of UI or LUTS. 

2. TREATMENT

a) Is EStim better than no active treatment (placebo, 
sham, control or no treatment) for treatment of UI?

Seventeen	 studies	 compared	 EStim	 with	 no	 ac-
tive treatment. Characteristics of studies compar-
ing	EStim	with	no	active	 treatment	are	presented	
in Table 8 . No active treatment consisted of sham 
EStim	 in	 the	majority	 (11	of	17)	of	 the	studies.	 In	
others, the ‘no active treatment’ groups received 
no	treatment	[130,224],	placebo	drugs	[225],	non-
active control intervention such as instruction in 
the	use	of	an	anti-incontinence	device	[134]	or	mo-
tivational	phone	calls	[140].	

One	 study	 [226]	 was	 a	 three-arm	 trial:	 two	 of	 the	
arms	using	EStim	with	either	sacral	or	suprapubic	
electrodes	were	combined	(N	=	32)	and	compared	
with	the	sham	ES	arm	(N	=	16).	The	trial	by	Brubak-
er	and	colleagues	 [227]	 included	women	with	SUI	
or	DO	with	women	with	SUI	comprising	the	majority	
of	 the	 study	 sample.	Data	 from	 this	 trial	 therefore	
contributed to the analysis for SUI. 

1. QUality of Data (riSk of BiaS)

Three	 studies	 [134,225,228]	 reported	 adequate	
methods of allocation concealment, namely opaque 
(and sealed) envelopes with third party involvement 
in the allocation procedure. Allocation concealment 
was	assessed	as	suboptimal	 in	 two	 [168,224]	 that	
used opaque or sealed envelopes but with no indi-
cation of third party involvement. The remainder did 
not describe methods used for allocation conceal-
ment. Trial results were reported for everyone who 
entered	the	trial	 in	 three	studies	[132,224,229]	but	
this was not done in the others. 

2. rESUltS

(a) SUI or predominant SUI. Pooled data sug-
gest that cure rates were on average higher for 
EStim	 compared	 with	 no	 active	 treatment	 but	
the	 difference	 was	 not	 statistically	 signiicant	
[132,134,140,178,227,228,230].	 Improvement	
rates	 were	 statistically	 signiicantly	 higher	 for	
EStim	 compared	 with	 no	 active	 treatment	 [134]
[130,132,134,178,227,228,230]	although	there	was	
some evidence of statistical heterogeneity for the 
improvement	rate	(I-squared	=	59%).	

Adverse effects appeared uncommon. One study 
reported	tenderness	and	bleeding	in	10	of	32	partic-
ipants	using	the	active	EStim	device,	of	which	sev-
en withdrew from treatment due to adverse effects 
[134].	Another	study	reported	that	14	of	35	partici-
pants	using	 the	active	EStim	device	and	seven	of	
17	participants	using	the	sham	device	experienced	
vaginal	irritation,	pain	or	infection	[230].	

Quality of life was reported using diverse measures 
in three studies. Two of these studies reported 
statistically	 signiicant	 differences	 favouring	 EStim	
compared	with	 no	 active	 treatment:	 the	 irst	 [134]	
used	the	Social	Activity	Index,	and	the	second	[140]	
used the I-QoL questionnaire. However, the third 
study	[198]	found	no	signiicant	differences	between	
the	groups	based	on	either	the	Urogenital	Distress	
Inventory or the IIQ. 

(b) UUI or predominant UUI. One small study in 
which all participants had MUI with UUI as a pre-
dominant	pattern	found	no	signiicant	difference	be-
tween	 the	groups	 in	 cure	 rates	 [231]	although	 the	
conidence	 interval	 was	 wide.	 Improvement	 rates	
were	 signiicantly	 higher	 for	 EStim	 compared	with	
no active treatment based on another small study 
in	which	all	participants	had	UUI	alone	[232].	How-
ever, these differences are not informative, because 
the	conidence	 interval	 is	very	wide	and	the	OR	is	
clinically implausible. No information was available 
on adverse effects and quality of life. 

(c) SUI, UUI or MUI.	One	study	[168]	that	provided	
information on cure and improvement found no dif-
ference between the groups. No information was 
available on adverse effects and quality of life. 

(d) DO (wet or dry). Cure and improvement rates 
were	 reported	only	 in	 one	 study	 [225].	There	was	
a	statistically	 signiicant	difference	 in	 the	 improve-
ment	 rate	 in	 favour	 of	 the	EStim	group	 compared	
with no active treatment but no difference was 
found for the cure rate. Caution is required, as the 
OR is clinically implausible and may be a statisti-
cal artefact. Two studies with data on quality of life 
outcomes	 reported	 inconsistent	 results	 [224,225].	
One	 study	using	 the	KHQ	 (total	 score]	 reported	a	
statistically	 signiicant	 difference	 favouring	 EStim	
compared	with	no	active	 treatment	 [225],	whereas	
the	 other	 study	 using	 the	 IIQ	 found	 no	 signiicant	
difference	between	the	groups	[224].	No	information	
was available on adverse effects. 

3. SUMMary

Included studies were generally assessed as hav-
ing	a	high	risk	of	bias.	EStim	might	be	more	effec-
tive than no treatment in improving (not necessarily 
curing)	symptoms	 in	women	with	SUI,	UUI	or	DO,	
although this may not result in cure (Level of Evi -
dence: 2 ). Information on quality of life was sparse-
ly reported and the limited data that were available 
were not consistent. Adverse effects appear uncom-
mon but some women experienced discomfort with 
the treatment device. Few data were available on 
long-term performance. 

4. rEcoMMEnDationS

EStim	might	be	better	than	no	treatment	in	improv-
ing symptoms (Grade of Recommendation: B) . 
However, the recommendation should be viewed with 
caution	until	 the	indings	are	supported	or	 refuted	 in	
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Author Comparator N Study population Duration 
(months) 

Source of outcome** 
Cure Improvement 

SUI or predominantly SUI      

Bø 1999 [134] No treatment 64 SUI 6 Patient-reported  Patient-reported 

Brubaker 1997 [227] Sham Estim 148 50% of study sample had SUI only 2 Quantified Patient-reported 

Castro 2008 [140] No treatment 60 SUI 6 Patient-reported  NR 

Henalla 1989 [130] No treatment 50 SUI 3 NR Quantified 

Hofbauer 1990 [132] Sham Estim 21 SUI 1.5 Patient-reported  Patient-reported 

Jeyaseelan 2000 [198] Sham Estim 27 SUI 2 NR NR 

Laycock 1993 [178] Sham Estim 30 SUI 2 to 3 Patient-reported  Patient-reported 

Luber 1997 [228) Sham Estim 54 SUI 3 Patient-reported  Patient-reported 

Sand 1995 [230] Sham Estim 52 SUI 3 Quantified Quantified 

UUI or predominantly UUI      

Abel 1997† [232]  Sham Estim 28 UUI only 3 Patient-reported  Patient-reported 

Amaro 2006 [231] Sham Estim 40 Urgency-predominant MUI 1.75 Patient-reported  NR 

Berghmans 2001* [436] No treatment NR‡ OAB with UI 2.25 NR NR 

Any UI       

Barroso 2004 [229] Sham Estim 36 SUI, UUI or MUI 3 NR NR 

Shepherd 1984 [168] Sham Estim 107 SUI, UUI or MUI 3 Patient-reported  Patient-reported 

DO/OAB (wet or dry)       

Berghmans 2002 [224] No treatment 31 OAB 2.25 NR NR 

Bower 1998 [226] Sham Estim 48 DI or sensory urgency NR NR NR 

Wang 2006 [225] Placebo drug 48 OAB 3 Quantified Quantified 

 

Table 8: Characteristics of studies comparing Electrical stimulation with no active treatment

Footnote: * abstract only; **Source of outcome: women’s self-report was given priority but for studies in which it was not reported, quantiication of outcomes based on diaries, pad tests 
or any other deinitions chosen by trialists was used as a proxy. † Publication in Danish with English abstract. English translation of the main text was not available at the time of writing.  
‡ Part of 4-arm trial which randomised 83 women with OAB.  The number in each arm was not reported; Estim = electrical stimulation, OAB= overactive bladder, DI = detrusor instability, 
SUI = stress urinary incontinence, UUI = urge urinary incontinence, MUI mixte urinary incontinence, NR = not reported    
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further	 trials;	 it	would	be	particularly	useful	 if	 further	
trials used a validated and reliable quality life measure 
as a primary outcome.

b) Is one type of EStim better than another in the 
treatment of UI?

Four	studies	compared	one	approach	to	EStim	ver-
sus	another;	two	in	women	with	SUI	[171,218]	and	
two	in	women	with	DO	and	sensory	urge	[226,233].	
The characteristics of studies comparing one type 
of	Electrical	stimulation	with	another	are	presented	
in Table 9 . No study focusing on UUI or predomi-
nant	UUI	was	identiied.	

1. QUality of Data (riSk of BiaS)

Allocation concealment was inadequate in one 
study that used consecutive (alternative) assign-
ment	 (quasi-randomisation)	 [171].	 Allocation	 con-
cealment was also suboptimal in another study in 
which sealed consecutively numbered envelopes 
were used but it was unclear if they were opaque 
and whether a third party was involved in the al-
location	procedure	[218].	The	other	two	studies	did	
not	 mention	 allocation	 concealment	 [226,233].	 In	
Lobel	(1998)	data	were	reported	only	for	those	who	
completed	 the	 trial	 (37	 of	 43	 randomised).	 It	 was	
unclear in the other three studies if trial results were 
reported for everyone who entered the trial. 

2. rESUltS

(a) SUI. Two studies assessed different variants of 
EStim	performed	as	an	adjunct	 to	PFMT	and	bio-
feedback.	 The	 irst	 compared	 faradism	 with	 inter-
ferential therapy: no difference was found between 
the groups in improvement rates, both after the su-
pervised treatment phase and at six months after 
the	end	of	the	supervised	phase	[171].	The	second	
study	 compared	maximal	 EStim	with	 low	 intensity	
EStim	with	higher	improvement	rates	for	maximum	
EStim	either	at	the	end	of	supervised	phase	or	at	6	
months	after	the	supervised	phase	[218].	No	infor-
mation was available on cure rates, adverse effects 
or quality of life. 

(b) DO (wet or dry).	Data	were	available	 from	one	
study	comparing	two	groups	receiving	EStim	either	
once	or	twice	a	week	(for	10	weeks)	[233].	The	most	
common adverse effects reported were discomfort 
and leg tremor during treatment, and UTI, although 
it was unclear in which group these adverse effects 
occurred. No difference was found between the 
groups on a quality of life questionnaire (not speci-
ied).	No	information	was	available	on	cure	and	im-
provement rates. 

3. SUMMary

Included studies were generally assessed as hav-
ing a high risk of bias. There were four small tri-
als	comparing	different	EStim	protocols;	the	clinical	
heterogeneity between studies meant it was not ap-
propriate to pool the data. Based on a single trial 

for women with SUI, maximal clinic-based stimula-
tion may be more effective than low-intensity home-
based stimulation in improving symptoms, although 
no data were available on cure rates, quality of life 
and adverse effects (Level of Evidence: 2) . The 
other	studies	did	not	ind	clinically	important	differ-
ences	between	stimulation	groups;	the	studies	were	
small and may have been underpowered. Further 
comparisons	of	EStim	protocols	are	needed.

4. rEcoMMEnDationS 

For	 women	 with	 SUI	 maximal	 clinic-based	 EStim	
might be better than daily low-intensity home-based 
EStim	 in	 improving	 symptoms	 (Grade of Recom -
mendation: B) . There is a need for studies to eluci-
date	the	purpose	and	biological	rationale	for	EStim	
in different diagnostic groups, so these can then be 
tested and compared in clinical trials.

c) Is EStim better than other treatments for UI?

EStim	has	been	compared	with	PFMT,	VC,	magnet-
ic stimulation (MStim), and drugs. The comparisons 
of	EStim	versus	PFMT,	and	EStim	versus	VC,	have	
been	addressed	in	Sections	B.2.3c	and	B.3.2b,	re-
spectively.	For	the	comparison	of	EStim	and	MStim,	
one	trial	by	Yamanishi	and	colleagues	included	both	
men and women with UI due to either idiopathic or 
urogenital	DO	[223].	Because	data	were	not	report-
ed	separately	for	women	with	idiopathic	DO	it	is	not	
clear from this trial whether there was any differ-
ence	in	the	effect	of	MStim	compared	with	EStim.	

The remainder of this section focuses on studies 
that	 compared	 EStim	 with	 medications:	 vaginal	
oestrogen	 (Premarin)	 for	 women	 with	 SUI	 [130];	
propantheline	bromide	7.5	to	45	mg	(various	dose)	
two to three times per day for women with UI due to 
DO	(assumed	to	be	predominant	UUI)	[187];	oxybu-
tynin	5	mg	twice	[188,201]	or	2.5	mg	three	times	per	
day	[225]	and	tolterodine	2	mg	twice	per	day	[204].	
Four	studies	recruited	women	with	DO	[201]	or	OAB	
[204,225],	or	both	DO	and	OAB	[188]	where	some	
but not all had UI. (See Table 10. )

1. QUality of Data (riSk of BiaS)

Methods used for allocation concealment were ade-
quate	in	one	[225]	but	unclear	in	the	other	ive.	Trial	
results were reported for everyone who entered the 
trial	in	one	study	[187]	but	this	was	not	done	in	four	
[130,188,201]	and	unclear	in	one	[204].	

2. rESUltS

(a) SUI. In	 one	 small	 study	 of	 25	women,	 32%	 in	
the	EStim	group	and	13%	 in	 the	oestrogen	group	
reported improvement and the difference was sta-
tistically	 signiicant	 [130].	 At	 9	 month	 follow-up,	
one	of	the	eight	women	in	the	EStim	group	and	all	
three in the oestrogen group who had reported im-
provement post-treatment had recurrent symptoms. 
There was no report of adverse effects. No informa-
tion was available on cure rates or quality of life. 
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Author Comparator N Study population Duration 
(months) 

Source of outcome 
Cure Improvement 

SUI        

Knight 1998 [218] PFMT+BF +EStim (max) PFMT+BF+ EStim (low) 49 SUI 6 NR Patient-reported 

Wilson 1987 [171] PFMT + BF + EStim(faradism) PFMT + BF + EStim (interferential) 30 SUI 1.5 NR Patient-reported 

DO (wet or dry)        

Bower 1998 [226] EStim (sacral 150Hz) EStim (supra-pubic 10Hz) 32 DO or sensory urgency NR NR NR 

Lobel 1998* [233] EStim (once a week) EStim (twice a week) 37 DO 2.5 NR NR 

 

Table 9:  Characteristics of studies comparing one type of electrical stimulation with another

Table 10:  Characteristics of studies comparing electrical stimulation (EStim) with another treatment

Foot note: * abstract only; **Source of outcome: women’s self-report was given priority but for studies in which it was not reported, quantiication of outcomes based on diaries, pad tests 
or any other deinitions chosen by trialists was used as a proxy.  Estim = electrical stimulation, OAB= overactive bladder, DO = detrusor ioveractivity, SUI = stress urinary incontinence, UUI 
= urge urinary incontinence, MUI mixte urinary incontinence, NR = not reported    

Foot note: *Abstract only; **Source of outcome: women’s self-report was given priority but for studies in which it was not reported, quantiication of outcomes based on diaries, pad tests 
or any other deinitions chosen by trialists was used as a proxy.  
† Publication in Chinese with English abstract.  English translation of the main text was not available at the time of writing. Estim = electrical stimulation, OAB= overactive bladder, DO = 
detrusor overactivity, DI = detrusor instability; SUI = stress urinary incontinence, MUI = mixed urinary incontinence, NR = not reported   

Author Comparator N Study population Duration (months) Source of outcome** 
Cure Improvement 

SUI       

Henalla 1989 [130] Oestrogen cream 49 SUI 3 NR Quantiied 

Predominant UUI       

Smith 1996 [187] Propantheline bromide 38 DI with UI 4 Quantiied Quantiied 

DO/OAB (wet or dry)       

Arruda 2008 [188] Oxybutynin 51 OAB and DO (some had 
urge-predominant MUI) 

3 Patient reported Patient reported 

Lin 2004† [204] Tolterodine 60 OAB EStim 1-1.5; Drug 0.5-1. Quantiied Quantiied 

Wang 2006 [225] Oxybutynin 51 OAB 3 Quantiied Quantiied 

Wise 1993* [201] Oxybutynin 60 DO (some had UI) 1.5 NR NR 
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(b) Predominant UUI. Based on one older small 
study	that	recruited	women	with	UI	due	to	DO	(UUI	
was assumed to be the predominant symptom), 
there	was	no	evidence	of	a	difference	between	ES-
tim and propantheline bromide both in terms of cure 
and	improvement	[187].	No	data	were	available	for	
adverse effects or quality of life. 

(c) DO (wet or dry). In three studies with data on 
cure or improvement, there was no evidence of a 
difference	 in	 cure	 or	 improvement	 between	EStim	
and	oxybutynin	[225],	or	between	EStim	and	toltero-
dine	[188].	In	two	of	these	studies	cure	and	improve-
ment	were	deined	in	terms	of	resolution	or	reduc-
tion	of	urgency	symptoms	rather	than	UUI	[188,225]	
whereas	the	outcomes	were	not	deined	in	the	other	
[204].	Follow-up	data	based	on	one	study	found	that	
treatment effects persisted over time (one year) in 
four	of	the	11	(36%)	participants	in	the	EStim	group	
and	10	of	 the	17	 (59%)	participants	 in	 the	oxybu-
tynin group who had reported improvement in the 
initial treatment phase (three months) but the dif-
ference between the groups was not statistically 
signiicant	[188]	.	

More	women	with	DO	who	received	drugs,	experi-
enced adverse effects than those who did not. The 
most commonly reported adverse effect in both oxy-
butynin or tolterodine treatment group was a high 
percentage	of	dry	mouth	 [188,204]	which	was	 “in-
tolerable”	[225]	or	“unacceptable”	[201]	in	a	smaller	
number. Other drug side effects were constipa-
tion, indigestion, nausea, headache, dizziness and 
blurred vision. There was no report of adverse ef-
fects or adverse effects resulting in treatment with-
drawal	in	the	EStim	group.	Quality	of	life	outcomes	
were reported only in one study using the KHQ (to-
tal	 score)	 [225].	 The	 study	 reported	 a	 statistically	
signiicant	difference	in	favour	of	EStim	over	oxybu-
tynin;	no	further	data	was	provided).	

3. SUMMary

Included studies were generally assessed as having 
a high risk of bias. With small numbers per compari-
son	 group	 available,	 there	 is	 insuficient	 evidence	
to	determine	if	EStim	is	better	than	vaginal	oestro-
gens in women with SUI, propantheline bromide in 
women with UUI, or oxybutynin and tolterodine for 
DO	(Level of Evidence: 2) . 

4. rEcoMMEnDation

Based on current evidence medical treatments ap-
pear	to	be	no	more	effective	than	EStim	(Grade of 
Recommendation: B) . This hypothesis needs to be 
investigated further with high quality trials, if it is a 
clinical question of interest to women. 

d) Does the addition of EStim to other treat -
ments add any beneit in the treatment of UI?

A	 total	of	12	studies	assessed	 the	effect	of	EStim	
as an adjunct to another treatment, compared with 

the other treatment alone (Table 11 ).	Of	 these,	10	
[121,132,135,173,177,234-238]	 combined	 EStim	
with	 PFMT	 (EStim	 +	 PFMT	 vs.	 PFMT),	 while	 the	
other	 two	studies	 [171,	218]	combined	EStim	with	
PFMT	 and	 biofeedback	 (EStim	 +	 PFMT	 +	 BF	 vs.	
PFMT	+	BF).	

Two studies were three-arm trials that included 
both	PFMT	and	PFMT	plus	sham	EStim	as	 two	of	
the	 study	 arms	 [135,236].	 These	 arms	were	 clas-
siied	as	being	equivalent	 to	PFMT	and	combined	
in the analysis. In two other three-arm trials two of 
the	study	arms	involving	EStim	were	also	combined	
[107,218].	In	one,	ESim	arms	included	faradism	and	
interferential	therapy	[218];	in	another,	maximal	and	
low	intensity	EStim	were	included	[171].	

1. QUality of Data (riSk of BiaS)

Allocation concealment was inadequate in two 
studies that used consecutive (alternative) assign-
ment	 (quasi-randomisation)	 [171,236].	 Allocation	
concealment was also suboptimal in another two in 
which sealed consecutively numbered envelopes 
were used but it was unclear whether they were 
opaque and whether a third party was involved in 
the	allocation	procedure	 [218,237].	The	 remainder	
(66%)	did	not	mention	allocation	concealment.	In	six	
(50%)	 studies,	 results	were	 reported	 for	 everyone	
who	 entered	 the	 trial	 [121,132,173,235,237,238],	
but	 this	was	not	done	 in	one	 [234]	and	unclear	 in	
three	others	[135,171,218].	

2. rESUltS

A. EStim + PFMT vs. PFMT

(a) SUI or predominant SUI. Pooled data found 
no evidence of a difference between the groups in 
terms	 of	 cure	 [121,132,177,234,235]	 or	 improve-
ment	[121,132,177].	Adverse	effects	were	reported	
in	one	study	[121];	the	group	randomised	to	EStim	
with	PFMT	recorded	four	occurrences	(6%)	of	vagi-
nal	 irritation	 due	 to	 application	 of	 EStim	 devices,	
compared with none in the PFMT only group. Qual-
ity	of	life	was	also	reported	only	in	one	study	[121];	
the results based on the IIQ found no difference be-
tween the groups (no further data was provided). 

(b) SUI, UUI and MUI.	Data	available	from	one	study	
found	no	signiicant	difference	between	the	groups	
for	 either	 cure	 or	 improvement	 [237].	 One	 small	
study using the KHQ reported that quality of life 
was	on	average	better	after	EStim	compared	with	
no	EStim	during	 the	 treatment	and	at	 three-month	
follow-up	 [173].	The	differences	reached	statistical	
signiicance	 at	 three-month	 follow-up.	 No	 adverse	
effects were reported. 

B. EStim + PFMT with biofeedback vs. PFMT 
with biofeedback

SUI. Pooled data from two studies found no differ-
ence between the groups in terms of the improve-
ment	 rate	 [171,218].	 Improvement	 rates	 at	 six	
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Author Comparator N Study population Duration 
(months) 

Source of outcome**

Cure Improvement

SUI or predominantly SUI

Bidmead 2002 [135]
 

EStim+ PFMT
 

PFMT
 

164?
 

SUI
 

3.5 NR
 

NR
 

Blowman 1991 [234]
 

EStim + PFMT PFMT
 

14 SUI
 

1? Quantified
 

NR
 

Eyjolfsdottir 2009 [235]
 

EStim+ PFMT
 

PFMT
 

24
 

SUI
 

2.25
 

NR
 

Goode 2003 [121] EStim+ PFMT
 

PFMT
 

133
 

50% of study sample had 
SUI-predominant MUI

 

2
 

Quantified Patient-reported
 

Haig 1995 [236] EStim+ PFMT
 

PFMT 58 SUI 3 NR NR
 

Hofbauer 1990 [132] EStim+ PFMT
 

PFMT
 

22
 

SUI 
 

1.5
 

Patient -reported Patient-reported
 

Tapp 1987 [238] EStim+ PFMT
 

PFMT
 

29
 

SUI
 

3
 

NR
 

NR
 

Tapp 1989 [177] EStim+ PFMT PFMT
 

53
 

SUI
 

3 Quantified
 

Quantified
 

Knight 1998 [218] EStim+ PFMT+BF
 

PFMT+BF
 

70 SUI
 

6 NR Patient-reported
 

Wilson 1987 [171] EStim+ PFMT + BF
 

PFMT+BF 45 SUI 1.5 NR Patient-reported
 

Any UI
        

Lo 2003 [237] EStim+ PFMT PFMT
 

24 SUI or UUI
 

1
 

Quantified
 

Quantified
 

Schmidt 2009 [173] EStim+ PFMT
 

PFMT 22
 

SUI or MUI 3
 

NR
 

NR
 

Patient -reported

Table 11.  Characteristics of studies comparing a combination of electrical stimulation (Estim) and other treatment with the other treatment

Foot note: **Source of outcome: women’s self-report was given priority but for studies in which it was not reported, quantiication of outcomes based on diaries, pad tests or any other 
deinitions chosen by trialists was used as a proxy.  Estim = electrical stimulation, SUI = stress urinary incontinence, MUI = mixed urinary incontinence, UUI urge urinary incontinence, NR 
= not reported   
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months after the end of the initial treatment phase 
did not differ between the groups in either study. No 
data were available on cure rates, adverse effects 
and quality of life. 

3. SUMMary

For	comparisons	of	EStim	with	PFMT	versus	PFMT	
alone, there was no evidence of a difference be-
tween the groups in women with SUI or MUI (in 
which SUI was the predominant symptom) (Level 
of Evidence: 2) . There was also no evidence to 
suggest	that	the	addition	of	EStim	to	a	BF-assisted	
PFMT was more effective than BF-assisted PFMT 
in women with SUI (Level of Evidence: 2) . A few 
women	experienced	side	effects	with	EStim.	There	
is no evidence to draw any conclusion about the ef-
fect	of	adding	EStim	to	PFMT	for	women	with	UUI.	

4. rEcoMMEnDationS 

The	addition	of	EStim	to	PFMT	or	BF-assisted	PFMT	
programmes	does	not	appear	to	add	beneit	(Grade 
of Recommendation:B) ;	 this	 hypothesis	 needs	 to	
be investigated further with high quality trials if it is a 
clinical/research question of interest to women.

3. OTHER LUTS

No	trials	were	identiied	that	analysed	the	effect	of	
EStim	 in	 women	 with	 other	 LUTS	 alone,	 i.e.,	 fre-
quency of voiding, urgency and/or nocturia.

4. FACTORS AFFECTING OUTCOME

None of the included trials addressed the effect of 
age,	or	any	other	factor,	on	outcomes	of	EStim.	Re-
garding age, there was no clear indication from the 
included	trials	that	EStim	could	not	be	tolerated	by	
elderly. On this basis there is no reason to exclude 
older	 women	 from	 studies	 of	 EStim,	 or	 not	 to	 of-
fer	 EStim	 as	 part	 of	 a	 conservative	 management	
programme, except where recognised contraindi-
cations such as a cardiac pacemaker are present. 
However, it should be noted that this section con-
sidered	 the	effect	of	EStim	 from	studies	 recruiting	
independent,	 community	dwelling	women;	 the	 frail	
elderly are considered in the chapter on the elderly. 

Of	 note,	 in	 a	 prospective	 cohort	 of	 3,198	 women	
treated	with	home-managed	EStim	in	Norway	during	
1992-1994,	 there	was	no	association	between	self-
reported	 improvement	 and	 age	 [239].	 In	 the	 same	
cohort,	 success	 rates	 deined	 by	 clinicians	 were	
higher in younger individuals but this effect was no 
longer	signiicant	after	controlling	for	other	factors.

Aside from age, other factors may have the poten-
tial to mediate treatment outcome. On the basis 
of trial reports to date, it appeared that there was 
considerable	 variation	 in	EStim	protocols	with	 no	
consistent	 pattern	 emerging.	EStim	protocols	 are	
also often poorly reported, lacking detail of stimu-
lation parameters, devices and methods of deliv-
ery. The wide range of protocols that have been 

tested may have impacted on the effect estimates 
reported in this section. 

It is not clear whether one diagnostic group may ben-
eit	more	than	another	from	EStim.	It	has	been	hypoth-
esised that, in women with SUI who cannot voluntarily 
contract	the	PFM	to	begin	a	PFMT	programme,	EStim	
might help initiate or substitute for a voluntary contrac-
tion.	However,	most	studies	focusing	on	the	eficacy	
of	EStim	do	use	EStim	 to	 initiate	or	 substitute	 for	a	
voluntary	PFM	contraction	 [240].	To	date,	 there	has	
been no trial addressing this hypothesis. 

EStim	 is	 reported	 to	 be	 unsuccessful	 in	 women	
with major descent of the vagina and prolapse of 
the	 uterus	 [228].	 Additionally,	 denervated	 PFM	
muscles	 might	 not	 respond	 to	 EStim	 [241].	 This	
means that in women with reduced or no integrity of 
the	relevant	nerve	pathways	EStim	provides	no	or	
little	chance	of	cure/improvement	[217].	It	has	also	
been	reported	that	treatment	will	 fail	 if	EStim	does	
not	increase	urethral	pressure	proile,	although	age,	
oestrogenisation, and urethral mobility may also 
affect	 urethral	 pressure	 proile	 and	may	 inluence	
therapeutic	 outcome	 [242].	 It	 is	 unfortunate	 that	 it	
is	dificult	to	assess	individuals	easily	in	the	clinical	
setting with regard to integrity of the sacral arc, and 
other	 factors,	 to	determine	 the	 suitability	 of	EStim	
as a treatment modality.

As with all conservative therapy modalities, one of 
the	key	factors	to	the	success	or	failure	of	EStim	is	
treatment adherence. Some authors commented on 
adherence or reported adherence data. However, 
adherence measures were highly variable, mak-
ing	comparison	across	studies	dificult.	Adherence	
to	 EStim	was	 satisfactory	 and	 could	 be	 attributed	
to the physician motivating individuals to continue 
with	EStim	if	they	considered	stopping	prematurely	
[229].	‘Excellent’	or	‘good’	adherence	was	observed	
in	 45%	of	 the	 study	participants	 in	 one	 study	and	
this	did	not	differ	between	EStim	and	sham	 [234].	
However,	another	[243]	reported	that	the	proportion	
of	women	achieving	80%	adherence	was	 lower	 in	
the	 active	 EStim	 group	 (61%)	 compared	 with	 the	
sham	group	(89%).	Bø	[134]	reported	a	75%	adher-
ence rate, although it is not clear how this compares 
with the non-active control group (instruction in the 
use of an anti-incontinence device). Nevertheless, 
adherence	 to	 EStim	was	 less	 than	 that	 for	 PFMT	
(93%)	in	the	same	trial,	and	the	reasons	for	non-ad-
herence	to	EStim	were	a	lack	of	motivation	and	dis-
comfort.	Knight	[218]	reported	adherence	to	home-
based	 low	 intensity	EStim	 (72.5%)	was	somewhat	
higher than that for clinic-based maximal intensity 
EStim	(percentage	not	reported).	

MStim has been developed for noninvasive stimula-
tion of both central and peripheral nervous systems 
[244].	MStim	 for	 the	 treatment	 of	UI	was	 reported	

V. MAGNETIC STIMULATION (MSTIM)
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for	the	irst	time	in	1999	by	Galloway	[245].	In	con-
trast	to	EStim,	extracorporeal	magnetic	innervation	
(more commonly called magnetic stimulation) stim-
ulates the PFM and sacral nerve roots without inser-
tion	of	an	anal	or	vaginal	probe	[246]	For	treatment,	
the individual is positioned in a chair. Within the 
seat	 is	 a	 magnetic	 ield	 generator	 (therapy	 head)	
that is powered and controlled by an external power 
unit (Figure 4 ). A concentrated steep gradient mag-
netic	ield	 is	directed	vertically	 through	 the	seat	of	
the chair. When seated, the individual’s perineum is 
centred in the middle of the seat, which places the 
PFM and sphincters directly on the primary axis of 
the	 pulsing	magnetic	 ield	 (Figure 5 ). Because of 
this, all tissues of the perineum can be penetrated 
by	the	magnetic	ield.	According	to	Galloway	[1999]
no	electricity,	but	only	magnetic	lux	enters	the	body	
from	 the	 device.	 Goldberg	 [2000]	 has	 suggested	
that, in contrast to electrical current, the conduction 
of magnetic energy is unaffected by tissue imped-
ance, creating a theoretical advantage in its clinical 
application	 compared	 to	EStim	as	 structures	 such	
as sacral roots or pudendal nerves can be magneti-
cally stimulated without discomfort or the inconve-
nience of a vaginal or rectal probe. Conventional 
magnetic	stimulators	deliver,	at	frequencies	of	10	to	
50	Hz,	repetitive	pulses	of	current	lasting	less	than	
100	μsec	[246]	and	275	Фs	[245]	 in	duration.	Size	
and	strength	of	the	magnetic	ield	is	determined	by	
adjustments	of	this	amplitude	by	the	therapist	[245].

Possible advantages of MStim are that it is per-
formed through full clothing, needs no probes, skin 
preparation, or physical or electrical contact with 
the skin surface. On the other hand, the need for 
repeated clinic based treatment sessions is a po-
tential	 disadvantage.	 In	 contrast	 to	 EStim,	 MStim	
lacks	portability,	although	in	2003	[247]	reported	the	
development of a portable small electromagnetic 
device	 (Pulsegen)	 for	 home	 use	 that	 it	 into	 the	
underwear and was designed for continuous use 
for up to 8 weeks. Furthermore, because both the 
depth	and	width	of	magnetic	ield	penetration	is	pro-
portional to coil diameter, the present technology is 
still	best	suited	for	stimulation	of	a	ield,	rather	than	
a narrowly focused target as the sacral roots or the 
pudendal	nerve	[246].

MStim	of	 the	sacral	nerve	roots	and	pelvic	loor	 is	
said	 to	 be	 effective	 for	 both	 UUI	 and	 SUI	 [246]	 ,	
although the mechanism of action is not fully un-
derstood	 [248].	 Some	 authors	 have	 suggested	
that in SUI stimulation of the PFM causes external 
sphincter	contraction	[249],	acts	as	a	passive	PFMT	
exercise	[250],	and	increases	maximal	urethral	clo-
sure	pressure	[247].	In	UUI,	MStim	might	suppress	
DO	through	activation	of	pudendal	nerve	afferents	
blocking	 parasympathetic	 detrusor	motor	 ibres	 at	
the	 spinal	 relex	 arc,	 activation	 of	 inhibitory	 hypo-
gastric sympathetic neurons, or a combination of 
both	mechanisms	[251].	Stimulation	of	sympathetic	
ibres	maintaining	smooth	muscle	tone	within	the	in-

trinsic urethral sphincter and modulation of puden-
dal nerve afferent branches stimulating an inhibitory 
spinal	relex	at	the	S3	nerve	root,	are	also	suggest-
ed	to	play	a	role	in	this	mechanism	of	action	[251].

In this section the evidence is considere for the use 
of MStim for the prevention and treatment of UI in 
women. Questions addressed are:

•	Is	MStim	effective	in	the	prevention	of	UI?

•		Is	 MStim	 better	 than	 no	 active	 treatment	 (placebo,	
sham, control or no treatment) for the treatment of UI?

Figure 4 : Magnetic stimulation chair with external 
power unit (Courtesy of Professor Kate Moore and 
Dr Alastair Morris, University of Sydney, Australia)

Figure 5: Magnetic stimulation chair with seat lifted 
to show magnetic ield generator (Courtesy of Pro-
fessor Kate Moore and Dr Alastair Morris, Univer -
sity of Sydney, Australia)
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•		Is	 one	 type	 of	 MStim	 better	 than	 another	 in	 the	
treatment of UI?

•		Is	MStim	better	than	other	treatments	in	the	treat-
ment of UI?

•		Does	 the	 addition	 of	 MStim	 to	 other	 treatments	
add	any	beneit	in	the	treatment	of	UI?

•		What	is	the	effect	of	MStim	on	other	LUTS?

•		What	factors	might	affect	the	outcome	of	MStim	in	
the treatment of UI?

Description	of	intervention	

Ten	 trials	 were	 identiied.	 Characteristics	 of	 the	
MStim intervention in the included studies are sum-
marised in Table 12 . Two further trials that did not 
specify the gender of the participants were found: a 
cross-over trial comparing MStim plus PFMT with 
sham	MStim	plus	PFMT	for	56	individuals	with	UUI	
(due	to	DO)	or	SUI	[252];	and	a	comparison	of	MS-
tim	with	 sham	MStim	 for	 87	 participants	with	UUI	
(due	to	DO)	or	SUI	[253].	These	trials	did	not	con-
tribute to the analysis. Table 12  illustrates the inter-
vention characteristics. 

1. PREVENTION

No trials investigating the primary or secondary 
prevention effects of MStim for women with UI 
were found.

2. TREATMENT

a) Is MStim better than no active treatment (pla -
cebo, control or no treatment)?

Nine RCTs comparing MStim with sham for women 
with UI were found. Characteristics of studies com-
paring magnetic stimulation with no active treatment 
are presented in table 13 . One report by Gilling 
[2002]	[254]	was	an	abstract.	The	trial,	which	has	not	
yet been fully published, appears to be related to Gill-
ing	[2001]	[255]	of	which	a	full	report	was	published	
in	 2009	 [256]	 (comparing	 MStim	 plus	 PFMT	 with	
PFMT	alone),	but	 there	was	 insuficient	 information	
to verify this. No data were available for any of the 
pre-speciied	outcomes.	Of	 the	nine	 included	 trials,	
three	assessed	the	eficacy	of	a	magnetic	stimulator	
developed for home use, whereas in others treatment 
was	provided	in	the	clinic	setting	[247,	257,	258].	

1. QUality of Data (riSk of BiaS)

Allocation concealment was considered to be ade-
quate	in	three	(33%)	trials	that	used	numbered	devices	
of	identical	appearance	[247,	257,	259],	or	involved	a	
randomisation list in a locked drawer only accessible 
to a member who had no other involvement in the trial. 
Allocation concealment was assessed as being sub-
optimal	in	one	study	[258]	that	used	sealed	envelopes	
but did not mention whether envelopes were opaque 
nor any involvement of a third party in the allocation 
process.	Another	ive	(56%)	did	not	describe	methods	

used	 for	allocation	concealment	 [254,	260-263].	Two	
studies reported data for all participants randomised 
[260,	261].	In	three,	data	were	reported	only	for	those	
participants	who	completed	the	study	[247,	259,	263].	
In	particular,	 in	the	study	by	Morris	 [2007]	only	29	of	
44	(66%)	women	randomised	completed	the	study,	in-
cluding	10	women	deemed	ineligible	after	randomisa-
tion. The number of women lost to follow-up was not 
clearly	reported	in	the	other	four	(45%)	trials	[247,	254].	

2. rESUltS

(a) SUI. Data	on	cure	and	improvement	rates	were	
reported	in	one	study	[Fujishiro,	2000]:	on	average	
active treatment (single session) was better than 
sham treatment both in terms of cure and improve-
ment	but	 the	difference	was	statistically	signiicant	
only for improvement. One other study that provided 
stimulation for three days a week for two weeks (six 
sessions in all) that also measured cure and im-
provement did not provide any data but reported no 
statistically	signiicant	differences	[262].	

Information on quality of life was provided in two 
studies	 using	 different	 measures	 [261,262].	 One	
study using the KHQ did not report a total score but 
scores on all questionnaire items were similar be-
tween the groups either at one week or one month 
after	 the	 intervention	 [262].	The	 second	 study	 did	
not describe how quality of life was ascertained but 
reported	that	mean	scores	did	not	differ	signiicantly	
between	the	groups	[261].	No	adverse	effects	were	
observed	in	one	of	these	studies	[261].

(b) UUI.	 Suzuki	 and	 colleagues	 (2007)[263]	 con-
ducted	a	cross-over	 trial	 including	16	men	and	23	
women	with	UUI	refractory	 to	PFMT	[263].	Partici-
pants	 were	 randomised	 to	 either	 10-week	 active	
treatment,	 four-week	 no	 treatment	 and	 10-week	
sham	treatment	(A-S	group)	or	10-week	sham	treat-
ment,	 four-week	no	 treatment	 and	10-week	active	
treatment (S-A group). Only quality of life outcomes 
were reported separately for women, based on the 
International Consultation on Incontinence-Ques-
tionnaire: Short Form (ICIQ-SF), in which lower 
scores indicate better quality of life. In women in the 
A-S	group,	ICIQ-SF	scores	(mean,	SD)	decreased	
from	baseline	by	4.6	(3.9)	at	10	weeks	and	3.5	(3.5)	
at	24	weeks.	The	corresponding	scores	 in	women	
in	 the	 S-A	 group	were	 1.3	 (2.9)	 at	 10	weeks	 and	
4.5	(4.2)	points	at	24	weeks.	These	results	were	in-
terpreted by the study authors to mean that active 
MStim was more effective than sham MStim. There 
was no report of adverse effects. 

(c) MUI. In one small study, active treatment result-
ed	 in	 statistically	 signiicantly	 higher	 improvement	
rates	 compared	with	 sham	 treatment	 [257].	There	
were no adverse effects in either group. Information 
on cure and quality of life was not available. 

(d) SUI, UUI, or MUI. One small study reported 
statistically	 signiicant	 differences	 in	 favour	 of	 ac-
tive	 treatment	 for	 cure	 or	 improvement	 [247].	 In	
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Study Intervention description 
 

But 2003 [247] Pilsegen device for home use, worn in specially designed underwear day and night for 2 months.  
Magnetic	ield intensity B max = 230 µT ±10%.  Pulse frequency 10 Hz.   

But 2005 [257] Pilsegen device for home use, worn in specially designed underwear day and night for 2 months.  
Pulse frequency 18.5 Hz.   

Fujishiro 2000 [261) In prone position, using a rapid rate stimulator with a rapid 90 mm circular coil.  Coil	ixed over the 
sacrum to cover the bilateral third sacral foramina. A 15 Hz repetitive magnetic stimulation on the 
sacral roots with 50% intensity output for 5 seconds per minute for 30 minutes.   

Fujishiro 2002[260] In prone position, using a rapid rate stimulator with a rapid 90 mm cicular coil.  Coil	ixed over the 
sacrum to cover the bilateral third sacral foramina.  A 15 Hz repetitive magnetic stimulation on the 
sacral roots with 50% intensity output for 5 seconds per minute for 30 minutes.   

Gilling 2001 [255) NeoContol chair with an inbuilt magnetic coil for 10 minutes at 10 Hz followed by 3-minute rest, 
and 10 minutes at 50 Hz.  Intensity adjusted to the maximum level tolerated.  Total: 16 treatments 
(3 per week) over 6 weeks.   

Gilling 2002* [254] 16 treatments 

Lee 2004† [264] Fully clothed and seated on a special chair, 20 minutes, 2-3 times a week for 12 weeks. 

Manganotti 2007 [262] Chair using a rapid rate stimulator with a 90 mm circular coil.  Repetitive 15 Hz magnetic 
stimulation over the distal cauda at 60% intensity for 15 minutes, 3 days/week for 2 weeks.   

Morris 2007 [259] Neocontrol device for two 10-minute periods of stimulation at 10 Hz, at individual maximum 
tolerance, separated by 2 minutes rest. 20 treatment sessions over 6 weeks, with at least 36-72 
hours between sessions.   

O'Reilly 2008 [258] Trans-sacral magnetic stimulator for home use, applied using a small belt device over the S3 and 
S4 sacral foramina for 20 min each day for 12 weeks.  Pulse rate between 5 and 20 Hz with pulse 
width of 1 ms producing a magnetic ield of 200 G. 

Suzuki 2007 [263] Armchair type stimulator. 10Hz continuously with 300 µsec for 20 minutes, 1/week for 10 weeks.   
 

Table 12:  Characteristics of magnetic stimulation (MStim) in the included studies

Foot notes: * Abstract only. † Publication in Korean with abstract and tables.  English translation of the main text was not available at the time of writing.  
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Author Comparator N Study population Treatment duration (months of treatment 
or when outcome was measured) 

Source of outcome** 
Cure Improve-ment 

SUI       

Fujishiro 2000 [261] Sham MStim 62 SUI 1 session (outcome measured at 1 week] Quantified Quantified 

Gilling 2002 [254]* (ongoing) Sham MStim 43 SUI NR NR NR 

Manganotti 2007 [262]  (preliminary investigation) Sham MStim 20 SUI 0.5(outcome measured at 1 month) Quantified Quantified 

UUI        

Suzuki 2007 [263] (cross-over trial) Sham MStim 23 DO with UUI 1.25 NR NR 

MUI       

But 2005 [257] Sham MStim 39 MUI 2 NR Patient 
reported 

Any UI       

But 2003 [247] 

 

Sham MStim 55 SUI, UUI or MUI 2 Patient 
reported

 

Patient 
reported

 
DI/OAB (wet or dry)       

Fujishiro 2002 [260] Sham MStim 37 DI (UUI or urinary 
frequency) 

1 session (outcome measured at 1 week) NR NR 

Morris 2007 [259] Sham MStim 44 Idiopathic DO ( some 
had UUI)

 

0.75 NR NR 

O'Reilly 2008 [258] Sham MStim 63 OAB (some had UUI) 3 NR Patient reported 

 

Table 13.  Characteristics of studies comparing magnetic stimulation (MStim) with no active treatment

Foot notes: NR = not reported; * abstract only; **Source of outcome: women’s self-report was given priority but for studies in which it was not reported, quantiication of outcomes based 
on diaries, pad tests or any other deinitions chosen by trialists was used as a proxy.
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this	study,	one	of	31	women	in	the	active	treatment	
group had lumbar-ischial pain in the right leg and 
withdrew	from	treatment,	whereas	none	of	24	wom-
en in the sham group experienced any adverse ef-
fects. Information on quality of life was not provided. 

(e) DO (wet or dry). One small study reported that 
improvement	 rates	 did	 not	 differ	 signiicantly	 be-
tween	active	and	sham	treatments	[258].	No	infor-
mation was available regarding cure rates. Quality 
of life outcomes were reported in three studies us-
ing	different	measures	[258-260].	There	was	no	dif-
ference between the groups in terms of the IIQ or 
the	Urogenital	Distress	Inventory	[259]	or	between	
KHQ or the Australian Quality of Life questionnaire 
[258].	There	was	 one	 report	 of	 statistically	 signii-
cant better qualify of life scores for treatment than 
sham, although it was unclear how this was ascer-
tained	[260].	No	adverse	effects	were	noted.	

3. SUMMary

Since there was little duplication of MStim interven-
tions, or sample populations, in the nine small tri-
als, it was not thought appropriate to combine study 
indings.	For	women	with	SUI	a	single	 trial	showed	
that one session of sacral root MStim might be more 
effective than sham in improving symptoms (Level 
of Evidence: 2) , but another trial suggested that six 
sessions of a chair-based MStim might be no better 
than sham (Level of Evidence: 2) . For women with 
UUI, evidence from a small trial suggests that active 
MStim might result in better quality of life than sham 
(Level of Evidence: 2) , although there is some un-
certainty surrounding this. Active MStim was associ-
ated with higher cure rates than sham in a small trial 
with women with MUI (Level of Evidence: 2) , and 
also higher cure and improvement rates in another 
small trial with women with SUI, UUI or MUI (Level of 
Evidence: 2)  but no such difference was observed 
for	women	with	DO	(wet	or	dry) (Level of Evidence: 
2). In general, adverse effects appear uncommon. 

4. rEcoMMEnDationS

Of the MStim protocols investigated to date, it 
seems that both sacral root MStim and home-based 
MStim, are worthy of further investigation in women 
with UI. No recommendation is possible based on 
current evidence (Level of recommendation: D) .

b) Is one approach to MStim better than another?

One	 study	 from	 Korea	 [264]	 compared	 the	 effect	
of	pelvic	loor	MStim	with	BIOCON	compared	with	
stimulation	via	NEOCONTROL	for	females	with	SUI	
(Table 14 ). This report was published in Korean. 
Data	 were	 extracted	 only	 from	 the	 abstract	 and	
main	data	tables	that	were	reported	in	English.	

1. QUality of Data (riSk of BiaS)

Risk of bias could not be assessed, because the trial 
was	published	in	the	Korean	language	and	English	
translation was not available at the time of writing. 

2. rESUltS

Any UI. No statistical difference was found between 
the groups in terms of cure of UUI or cure of SUI. Qual-
ity of life scores based on the Bristol Female Urinary 
Tract Symptoms were also similar between the groups. 

3. SUMMary

There	 is	 insuficient	 evidence	 to	 determine	 if	 one	
type of MStim is better than another (Level of Evi -
dence: 2) . No recommendation is possible (Level 
of Recommendation: D) . 

c) Is MStim better than other treatments?

There	 was	 a	 single	 trial	 by	 Yamanishi	 and	 col-
leagues	 that	 addressed	 this	 comparison	 [223].	 In	
this	trial,	MStim	was	compared	with	intravaginal	ES-
tim	in	17	women	and	15	men	with	either	idiopathic	
or	neurogenic	DO.	As	data	were	not	reported	sep-
arately by gender and by diagnosis, it is not clear 
whether there is any difference in effect of MStim 
compared	to	EStim	for	women	with	idiopathic	DO.

d) Does the addition of MStim to other treat -
ments add any beneit in the treatment of UI?

One	 trial	 [255]	 was	 identiied	 for	 this	 comparison.	
This report was initially available only as an abstract 
published	 in	 2001.	 Subsequently,	 a	 full-text	 publi-
cation	 became	 available	 in	 2009	 [256],	 although	
participants were followed up for six months post-
intervention and no further follow-up was reported. 
It should be noted that the aim of the trial was to 
compare active and sham MStim treatments, rather 
than to examine the effect of MStim as an adjunct 
to PFMT. Because trial participants had varying de-
grees of pre-existing knowledge about their condi-
tion and available treatments such as PFMT, low-
intensity PFMT supervised by a uro-physiotherapist 
was added to both groups in order to minimise a 
potential bias. Characteristics of studies comparing 
MStim combined with another treatment with the 
other treatment are presented in table 15 .

1. rESUltS

SUI.	The	trial	found	no	statistically	signiicant	differ-
ence for any outcome between the active and sham 
groups	at	 eight	weeks	or	 6	months	 (cure;	 Inconti-
nence	Quality	of	Life	questionnaire,	KHQ)	[255].	

The study authors postulate that PFMT performed 
in each arm of the trial might have concealed any 
small	additional	beneit	from	MStim.	This	was	sup-
ported by a post hoc subgroup analysis which 
suggested that the women with poor PFM tone at 
baseline (and therefore unlikely to have performed 
PFMT properly) did better with active treatment than 
sham treatment. 

2. rEcoMMEnDation

Based on current evidence (Level of Evidence: 
2) the addition of MStim to PFMT does not appear 
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to	be	beneicial	 (Grade of Recommendation: C) . 
This hypothesis needs to be investigated further 
with high quality trials, if it is a clinical question of 
interest to women. 

3. othEr lUtS

No	trials	were	identiied	that	analysed	the	effect	of	
MStim in women with other LUTS alone, i.e., fre-
quency of voiding, urgency and/or nocturia.

4. factorS affEctinG oUtcoME

None of the included trials addressed the effect of 
age, or any other factor, on outcome of MStim. In 
one early prospective multi-centre study, factors 
predicting	 success	 of	 MStim	 were	 included	 [243].	
Treatment success was associated with no prior 
hysterectomy, no prior anti-incontinence operations, 
UI	symptoms	for	less	than	10	years,	and	no	use	of	
medications known to cause UI. Brodak has sug-
gested that detrusor response to stimulation might 
be better in ‘thin’ individuals (presumably due to a 
shorter distance between the stimulating coil and 
the sacral nerve roots) and at low bladder volumes 
[265].	Overall,	 little	 is	 known	about	 the	 factors	 af-
fecting the outcome of MStim.

This section examines the evidence on use of 
scheduled voiding regimes in cognitively intact, non-
institutionalised women with UUI, SUI, and MUI and 
provides recommendations for their use in clinical 
practice. A summary of the search strategy and inclu-
sion/exclusion criteria for selecting studies for review 
is provided (See appendix). The chapters on the Frail 
Elderly	and	Neurogenic	Incontinence	provide	detailed	
review of scheduled voiding regimens that are used 

Author Comparator N Study 
population 

Treatment 
duration 
(months) 

Source of outcome** 
Cure Improve-ment 

Any UI        

Lee 2004† [264] BIOCON MStim NEO-CONTROL MStim 49 Any UI 3 Patient 
reported 

NR 

Table 14:  Characteristics of studies comparing one type of magnetic stimulation (MStim) with another

Table 15: Characteristics of studies comparing magnetic stimulation (MStim)S combined with another 
treatment with the other treatment

Foot notes: NR = not reported; **Source of outcome: women’s self-report was given priority but for studies in which it was 
not reported, quantiication of outcomes based on diaries, pad tests or any other deinitions chosen by trialists was used as 
a proxy.  † Publication in Korean with abstract and tables.  English translation of the main text was not available at the time 
of writing.  

Foot notes: NR = not reported; **Source of outcome: women’s self-report was given priority but for studies in which it was 
not reported, quantiication of outcomes based on diaries, pad tests or any other deinitions chosen by trialists was used as 
a proxy. 

Author Comparator N Study 
population 

Treatment duration (months) Source of outcome 
Cure Improvement 

Gilling 
2001 [255] 

MStim + low-
intensity PFMT 

Sham MStim +  
low-intensity PFMT 

70 SUI 0.75 (outcome measured at 2 
and 6 months after treatment) 

Quantiied NR 

 

VI. SCHEDULED VOIDING REGIMENS

in those with cognitive impairment, or UI secondary to 
central nervous system or spinal cord disease.

Scheduled Voiding Regimens

Bladder training is a broad term often used to de-
scribe any type of a scheduled toileting intervention. 
This has created conceptual confusion in interpret-
ing research reports where few details are provided 
other than the statement that bladder training was 
used. The types of scheduled voiding regimens 
can be categorised as: bladder training, timed void-
ing,	habit	 training,	and	prompted	voiding	 [266].	Al-
though these regimens share a common feature 
of a toileting schedule, they differ on the basis of 
adjustments to the voiding schedule, the active or 
passive involvement of the patient, the nature of pa-
tient education including the teaching of strategies 
to control urgency and prevent stress leakage, the 
use of reinforcement techniques, and the nature of 
the interactions between clinicians and patients. In 
practice, however, scheduled voiding regimens may 
share aspects of one or more of these features.

Bladder training

Bladder training (also referred to as bladder drill, blad-
der discipline, bladder re-education, and bladder re-
training) involves a programme of patient education 
along with a scheduled voiding regimen with gradu-
ally	 progressive	 voiding	 intervals.	 Speciic	 goals	 of	
bladder training are to correct faulty habit patterns of 
frequent urination (if present), improve control over 
bladder urgency, prolong voiding intervals, increase 
bladder capacity, reduce incontinent episodes, and 
restore	patient	conidence	in	controlling	bladder	func-
tion. The underlying mechanism of how bladder train-
ing achieves its effect is poorly understood. Several 
hypotheses have been proposed including improved 
cortical	inhibition	over	detrusor	contractions;	improved	
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cortical facilitation over urethral closure during bladder 
illing;	improved	central	modulation	of	afferent	sensory	
impulses;	 altered	behaviour	 resulting	 from	better	 in-
dividual awareness of the lower urinary tract function 
and circumstances that cause UI, and increasing the 
“reserve capacity” of the lower urinary tract system 
[189,267,268].	A	Cochrane	review	of	bladder	training	
was	last	updated	in	2010	[269].

Timed voiding

Timed	 voiding	 is	 a	 ixed	 voiding	 schedule	 that	 re-
mains unchanged over the course of treatment 
[266].	The	goal	is	to	prevent	UI	by	providing	regular	
opportunities for bladder emptying prior to exceed-
ing bladder capacity. Timed voiding has been rec-
ommended for patients who cannot participate in 
independent	toileting	[270].	It	also	has	applicability	
for use in outpatient settings with incontinent wom-
en who have infrequent or irregular voiding patterns 
[271]	and	men	who	are	independent	in	their	voiding	
function	[272].	A	Cochrane	review	of	timed	voiding	
was	last	updated	in	2009	(published	2010)	[273].

Habit training

Habit training is a toileting schedule matched to the 
individual’s voiding pattern based on an their void-
ing	diary.	The	toileting	schedule	is	assigned	to	it	a	
time interval that is shorter than the person’s nor-
mal voiding pattern and precedes the time period 
when incontinent episodes are expected. Thus, 
the voiding interval may be lengthened or short-
ened throughout the day depending on the patient’s 
voiding pattern with the goal to pre-empt UI. Habit 
training is usually implemented by caregivers, in 
institutional settings with cognitively and/or physi-
cally impaired adults, but it has also been tested in 
homebound	older	adults	[274].	It	is	potentially	use-
ful for adults without cognitive or physical impair-
ment,	who	have	a	consistent	pattern	of	UI	[271].	

A Cochrane review on habit training was updated in 
2009	and	published	in	2010	[275]	following	irst	pub-
lication	in	2004.	Prior	to	this,	the	last	literature	review	
was	published	 in	1986	 [266].	The	Cochrane	review	
identiied	 three	 trials	 that	 described	 the	 effects	 of	
habit training combined with other treatment compo-
nents compared to usual care on the frequency and 
severity	of	UI	[274,	276,	277].	A	fourth	trial	compared	
habit training alone with habit training and an elec-
tronic	monitoring	device	[278].	Participants	from	the	
irst	three	trials	were	primarily	care-dependent	wom-
en with cognitive and/or mobility impairment, and the 
fourth trial comprised men and women with a mean 
age	of	83	years	and	 thus,	did	not	meet	 the	criteria	
for this chapter. No studies were located that inves-
tigated habit retraining in independent-living women.

Prompted voiding

Prompted voiding refers to a caregiver education 
programme in combination with a scheduled void-
ing regimen, typically every two hours. It is used to 

teach people with or without cognitive impairment to 
initiate their own toileting through requests for help 
and positive reinforcement from caregivers when 
they	do	so	[279].	It	has	been	used	primarily	in	insti-
tutionalized settings with cognitively and physically 
impaired	older	adults.	In	a	2009	Cochrane	review	of	
prompted	 voiding	 [279],	 nine	 trials	 were	 identiied	
involving	674	elderly	people,	mainly	women.	These	
trials did not meet the criteria for this chapter as the 
samples were drawn from care home settings and 
comprised elderly individuals with impaired cogni-
tive and/or functional ability.

This section will examine the evidence for the use 
of timed voiding and bladder training for the pre-
vention and treatment of UI in non-institutionalised 
women of all ages without cognitive or mobility im-
pairments. However, the majority of evidence avail-
able pertains to bladder training thus the effects of 
bladder training are the focus of this section.

Questions addressed are: 

•	Can	scheduled	voiding	regimes	prevent	UI?

•		What	 is	 the	 most	 appropriate	 bladder	 training	
protocol?

•		Is	 bladder	 training	better	 than	no	 treatment,	 pla-
cebo or control treatments?

•		Is	bladder	training	better	than	other	treatments?

•		Can	any	other	treatment	be	added	to	bladder	train-
ing	to	add	beneit?

•		Does	the	addition	of	bladder	training	to	other	treat-
ments	add	any	beneit?

•		What	is	the	effect	of	bladder	training	on	other	LUTS?

•		What	factors	might	affect	the	outcome	of	bladder	
training?

This section is based on previously published sys-
tematic reviews, including Cochrane reviews, and 
additional searches of the literature. Studies that 
were excluded from prior systematic reviews, due 
to the inclusion criteria for the review or restriction 
to RCTs or quasi-RCTs, were also considered. Con-
ference abstracts were considered where adequate 
information was available.

1. PREVENTION

No	 trials	 were	 identiied	 that	 examined	 scheduled	
voiding regimens as a sole intervention in the pre-
vention of UI. 

2. TREATMENT

Three systematic reviews on bladder training were 
located that provided descriptive synthesis with evi-
dence	grading	[269,	270,	280].	The	third	 is	a	pub-
lished Cochrane review that has been updated in 
1999,	2004,	2007,	and	2010	[269].	
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a) What is the most appropriate bladder training 
(BT) protocol?

No	trials	were	identiied	that	compared	two	or	more	
methods of bladder training (BT). In the absence of 
trials comparing two or more approaches, a content 
analysis of the protocols used in trials investigating 
the effects of BT was performed. Seventeen trials on 
BT	involving	a	total	of	2462	women	were	identiied.	
Six of the trials provided no or minimal details re-
garding	the	speciic	BT	protocol	used	[128,269,281-
285].	In	trials	that	did	provide	some	description,	BT	
protocols were implemented in several ways. 

All protocols involved some type of patient educa-
tion, namely:

•		Brief	 verbal	 [282,283]	 or	 written	 instructions	
[286,	287]	

•		Verbal,	 written,	 and	 audiovisual	 instruction	 [189,	
268,	288]	

•		Introduction	 to	 an	 individual	 who	 successfully	
completed	BT	[284]

If specified, the education was provided by nurses 
[128,189,268,281,289,290],	 or	 general	 practitio-
ners	[291].

Scheduling of voids varied in the following ways:

•		Assignment	 of	 the	 initial	 voiding	 interval	 varied	
from	30	minutes	 to	 two	hours,	with	one	hour	be-
ing the most common interval based upon the par-
ticipant’s	voiding	pattern	or	30	minutes	beyond	the	
participant’s	average	voiding	interval	[287,292].

•		Adjustments	to	the	voiding	interval	varied	from	15	
to	30	minutes,	with	30	minutes	the	most	common	
interval. Increases were made daily for inpatient 
regimens	 [284],	 after	 48	 hours	 of	 dryness	 [293],	
every	four	to	ive	days	[292],	or	weekly	if	schedule	
was	well-tolerated	[189,268].

•		Goals	for	optimal	voiding	interval	varied	from	three	
to four hours.

•		Voiding	 was	 ‘mandatory’	 with	 restriction	 of	 void-
ing in between assigned toileting times even if UI 
occurred	[284],	a	scheduled	voiding	regimen	that	
allowed interruptions in the schedule if urgency 
became	unbearable	[189,268,289],	or	self-sched-
uling	of	voiding	with	a	target	goal	to	reach	[286].

•		Voids	were	not	scheduled	(allowed)	during	sleeping	
hours	 [284];	none	of	 the	other	protocols	 identiied	
how voids were handled during sleeping hours.

In some protocols the scheduled voiding regimen 
was	supplemented	by	speciic	strategies	to	control	
urgency and/or stress leakage, including distraction 
and	relaxation	[189,	268,	286,	287,	289],	and	pelvic	
loor	 muscle	 contraction	 [189,	 281,	 287].	 In	 other	
studies there was encouragement to suppress urge 

but	it	was	not	clear	what	strategies	were	used	[48,	
283,	291].	Feedback	techniques	included	self-mon-
itoring	 [189,	268,	282,	285,	289],	goal	setting	with	
feedback	of	progress	[290],	and	positive	reinforce-
ment	[189,	268,	292].

Several protocols included use of adjunctive 
treatments:

•	Fluid	and	caffeine	adjustments	[48,288,289]

•	Fluids	allowed	up	to	a	certain	level	(1,500	ml)	[293]

•	No	luid	modiications	[189,268,286,291]	

•	Advice	on	constipation	prevention	[289].

Both in and outpatient BT programmes have been 
used.	Early	inpatient	BT	programmes	involved	ive	
to13	days	of	hospitalisation	to	ensure	strict	protocol	
adherence	[284].	Outpatient	programmes	are	more	
commonly described and the amount of health pro-
fessional contact had ranged from weekly visits for 
six weeks with fortnightly telephone calls for six ad-
ditional	weeks	[189],	to	weekly	visits	[128,268],	fort-
nightly	visits	[292],	and	monthly	visits	[293].

Overall, there is a lack of consistency in BT proto-
cols. Based on the protocols described, a reason-
able outpatient BT protocol is shown in Figure 6.

Box: Typical Bladder Training Regimen

•		an	initial	voiding	interval	typically	beginning	at	one	
hour during waking hours, which is increased by 
15	to	30	minutes	per	week	depending	on	tolerance	
of the schedule (such as fewer incontinent epi-
sodes than the previous week, minimal interrup-
tions to the schedule, and the woman’s feeling of 
control	over	urgency	and	conidence	to	expand	the	
voiding interval), until a two to three hour voiding 
interval is achieved. A shorter initial voiding inter-
val,	e.g.	30	minutes	or	less,	may	be	necessary	for	
women whose baseline micturition patterns reveal 
an average daytime voiding interval of less than 
one hour. 

•		education	about	normal	bladder	control	and	meth-
ods to control urgency such as distraction and re-
laxation techniques and PFM contraction. 

•		self-	 monitoring	 of	 voiding	 behaviour	 using	 dia-
ries or logs in order to determine adherence to 
the schedule, enhance self-awareness, evaluate 
progress, and determine whether the voiding in-
terval should be changed. FIGURE 6	from	2009

•		a	 supervising	 health	 care	 professional	 to	 moni-
tor progress, suggest adjustments to the voiding 
interval, and provide positive reinforcement to 
women undergoing BT at least weekly during the 
training period.

If there is no improvement after three weeks of 
BT, re-evaluation is warranted and other treatment 
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options would be considered. Inpatient BT pro-
grammes may follow a more rigid scheduling regi-
men with progression of the voiding interval on a 
daily basis.

1. SUMMary

There is no trial evidence to suggest the most effec-
tive	method	or	speciic	parameters	of	BT.	For	those	
undertaking BT it is likely that more health profes-
sional contact will be better than less, based on the 

developing evidence for PFMT, which like BT, re-
quires behavioural change. The literature suggests 
several variables that could be investigated in future 
trials including the instructional approach, supervi-
sory intensity, strategies for controlling urgency, 
scheduling parameters, frequency of schedule ad-
justments, length of treatment, and use of adjunc-
tive treatments. 

2. rEcoMMEnDationS 

It is not clear what the most effective BT param-
eters are. Clinicians and researchers are advised 
to refer to the operant conditioning and educational 
literature to provide a rationale for their choice of 
BT parameters or approach (Grade of Recom -
mendation: D).  Clinicians should provide the most 
intensive BT supervision that is possible within ser-
vice constraints (Grade of Recommendation: D) . 
More research is needed to investigate which BT 
parameters, supervisory intensity, and adjunctive 
treatments are most effective. Future trials should 
include outcomes that matter to patients including 
the length and frequency of supervisory contact. 

b) Is BT better than no treatment, placebo or 
control treatments?

BT as the sole therapy has been used in the treat-
ment	 of	 DO,	 urodynamic	 SUI,	 MUI,	 UUI,	 UUI	 with	
a stable bladder, and OAB syndrome (also called 
urgency-frequency syndrome). Individual RCTs that 
met	inclusion	criteria	and	the	Cochrane	review	[269)	
were used to address the question of whether BT is 
better than no treatment, placebo, or control treat-
ments for UI. 

Five	RCTs	reporting	on	515	women	were	 identiied	
that compared the effect of BT to no treatment or 
control	 [128,268,285,289,291].	 In	 one	 trial,	 it	 was	
not possible to identify the effect of BT alone, be-
cause results of participants in the treatment group 
who received BT (those with UUI or MUI) were com-
bined with those who also received PFMT (SUI par-
ticipants)	 [291].	 However,	 in	 the	 Cochrane	 review,	
additional data were provided by the lead author to 
describe	the	women	with	DO	who	were	randomised	
to BT versus control. In another trial with three con-
secutive	treatments	(self-monitoring,	BT,	and	PFMT;	
with the decision for which treatments to implement 
based	on	participants’	goals),	 it	was	dificult	 to	dis-
cern the effect of BT alone as compared to a con-
trol group, because some participants had already 
undergone	 lifestyle	modiications	(caffeine	and	luid	
modiications	 and	 constipation	 advice)	 and	 diary	
keeping	 in	 a	 prior	 self-monitoring	 condition	 [289].	
Thus, this trial is not discussed further in this section. 
A	recent	 trial	by	Diokno	et	al	2010	 [288]	compares	
group	session	teaching	of	a	behavioural	modiication	
program (BMP) includes both bladder training and 
pelvic	loor	muscle	training,	thus	it	was	not	possible	
to determine the effect of BT alone in this study and it 
is not included in subsequent discussion.

Figure 6: Self-monitoring of voiding behaviour 
(Courtesy of Dr Jean Wyman, University of Minne -
sota, USA)
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There were four older trials with analysable data: 
Jarvis	(1980)	investigated	the	effect	of	an	in-patient	
BT	programme	 in	60	women	aged	27	 to	79	years	
with	a	diagnosis	of	DO	or	coexisting	SUI,	whereas	
three	[128,268,291]	examined	the	effect	of	an	out-
patient	programme.	Fantl	(1991)	studied	the	effect	
of	a	six	week	outpatient	programme	in	123	women	
aged	55	 to	90	years	with	urodynamic	SUI,	DO,	or	
both who reported an effect of an eight week out-
patient	 programme	 in	 50	 women	 aged	 35	 to	 55	
years	with	UI	(type	not	identiied)	who	had	pad	test	
weights	at	 least	1g	or	more	and	14	or	more	voids	
during	a	two	day	diary.	Lagro-Jansen	(1992)	studied	
the	effect	of	an	outpatient	programme	in	18	women	
aged	20	to	65	years	who	reported	UUI	twice	or	more	
per	month	and	had	urodynamically	conirmed	DO.

1. QUality of Data

In one trial random allocation concealment was in-
adequate	 [291];	 in	 the	 remainder	 it	 was	 not	 clear	
if	allocation	was	concealed.	One	used	stratiication	
based on urodynamic diagnosis of urodynamic SUI 
and/or	 DO	 [268].	 Blinding	 of	 outcome	 assessors	
was	described	in	only	one	trial	[128].	

Sample	sizes	 in	 the	 four	analysable	 trials	were	18	
[291],	50	[128],	60	[285],	and	123	[268].	Fantl	(1991)	
reported a power calculation although details were 
not described. Losses to follow up were none in one 
trial, although it was not clear if this was due to hav-
ing	 no	 dropouts	 or	 due	 to	 lack	 of	 reporting	 [285].	
In the other two analysable RCTs, loss to follow up 
was	6%	[268]	and	14%	[128].	Dropout	rates	at	the	
immediate follow-up time point seemed similar be-
tween the BT and the control groups, ranging from 
8%	vs.	5%,	respectively	[268],	to	10%	versus	14%,	
respectively	[128].	No	trials	reported	whether	analy-
ses were based on intent-to-treat principles. Follow-
up	periods	ranged	from	six	[268],	eight	[128]	and	12	
weeks	 [285,291],	with	 an	additional	 evaluation	 six	
months	[285]	and	nine	months	[268],	after	initiation	
of treatment. Two trials noted whether there were 
adverse	events	with	BT	[268,285].	No	trial	reported	
on adherence.

All of these RCTs, with the exception of the one by 
Jarvis	 (1980),	 were	 considered	 in	 the	 Cochrane	
review	 [269].	The	Cochrane	 reviewers	based	 their	
conclusions	on	data	available	 from	172	women	 in	
the other three trials. 

2. rESUltS

Three	of	the	four	RCTs	reported	statistically	signii-
cant improvements in the BT group compared to the 
control	 group	 incontinent	 episodes	 [268,285,291];	
the fourth did not report data on incontinent epi-
sodes	[128].

Jarvis	(1980)	reported	that	90%	of	the	participants	in	
the	 treatment	 group	were	 continent	 and	83%	were	
symptom free at six months (method for determi-
nation of continence and symptom status was not 

speciied	but	probably	self-report)	compared	to	23%	
of the control group who were both continent and 
symptom free. All women who were symptom free 
after treatment reverted to a normal cystometrogram. 

Twelve percent of participants in the treatment 
group	were	 continent	 and	 75%	 had	 reduced	 their	
incontinent	 episodes	 by	 at	 least	 50%	 or	 more	 at	
six weeks, measured by a seven day voiding di-
ary,	compared	to	3%	of	controls	with	no	incontinent	
episodes	 and	 24%	with	 at	 least	 50%	 reduction	 in	
their	incontinent	episodes	[268].	These	results	were	
maintained	 at	 six	 months.	 Women	 with	 DO	 and	
those	 with	 urodynamic	 SUI	 with	 and	 without	 DO	
had similar improvement rates. Participants in the 
treatment	 group	 also	 signiicantly	 decreased	 the	
grams	of	luid	lost	on	a	retrograde	pad	illing	test	by	
54%	with	 results	maintained	six	months	 later;	 this	
was	more	pronounced	in	those	who	had	DO	with	or	
without urodynamic stress UI. While some women 
did revert back to normal bladder function following 
BT, no relationship was found between changes in 
urodynamic variables and the number of incontinent 
episodes	[294].	

Lagro-Jansen	[1992]	reported	that	eight	or	nine	pa-
tients in BT perceived improvement of UI compared 
to	 none	 of	 nine	 in	 the	 control	 group.	Yoon	 (2003)	
reported that there was no difference between the 
BT and control groups in the amount of leaked urine 
at	an	immediate	follow-up;	however,	it	was	not	clear	
if this referred to pad test weights solely or a UI se-
verity score. Conclusions from this trial are uninter-
pretable	because	of	insuficient	power.

The	Cochrane	 review	 [269]	 noted	 that	 the	 few	data	
available	 tend	 to	 favour	BT;	however,	 the	scarcity	of	
data implies that they should be interpreted cautiously. 

3. SUMMary

The few trials available were small and of variable 
quality,	 there	 is	minimal	 Level	 1	 evidence	 that	BT	
may be an effective treatment for women with UUI, 
SUI, and MUI (Level of Evidence: 1).

4. rEcoMMEnDationS

BT	is	an	appropriate	irst	line	conservative	therapy	
for UI in women (Grade of Recommendation: A). 
Additional high quality studies are needed that ex-
amine the effect of BT versus no treatment in treat-
ment of women with UUI, SUI, and MUI.

c) Is BT better than other treatments?

To be included in this section, trials needed to com-
pare BT alone versus another active therapy. For 
the	comparison	of	BT	versus	PFMT	see	B.2.3d.	The	
only other comparison for which trials were found 
was BT versus drug therapy. Individual trial reports 
that met inclusion criteria and the Cochrane review 
[269]	were	 used	 as	 the	 basis	 of	 the	 review	of	BT	
versus drug therapy.
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Three RCTs were located that compared BT to drug 
therapy	in	322	women	[281,	284,	292].	The	study	by	
Park	and	colleagues	[281]	compared	a	12-week	BT	
programme to 2mg tolterodine twice daily in women 
(ages unknown) with OAB (unclear if UI was pres-
ent);	because	there	were	no	indings	reported	on	UI,	
this trial is discussed in the section on Other LUTS 
(B.6.3).	The	two	trials	included	in	this	section	used	a	
combination	of	lavoxate	hydrochloride	and	imipra-
mine	 [284],	or	used	 immediate-release	oxybutynin	
chloride	[292].

1. QUality of Data

One trial reported adequate random allocation con-
cealment	[292].	Sample	sizes	were	50	[284]	and	79	
[292].	Neither	trial	reported	a	power	calculation;	

Follow	up	periods	varied	from	four	[284],	six	[292],	
and	 12	 weeks	 [284],	 and	 six	 months	 [292].	 Both	
RCTs evaluated drug tolerability and adverse 
events.	Dropouts	were	none	in	one	trial;	however,	it	
is	not	clear	whether	this	was	a	reporting	issue	[284].	
In	the	other	trial	loss	to	follow	up	was	7%	[292].	Nei-
ther	trial	identiied	whether	intent-to-treat	principles	
were followed. The conclusions of the Cochrane re-
view	[269]	were	based	on	the	same	trials.

2. rESUltS

One	RCT	published	in	1981	suggested	that	BT	may	
be	superior	to	drug	therapy	in	women	with	DO	[284].	
Inpatient BT was compared to outpatient treatment 
of	 200mg	 of	 lavoxate	 hydrochloride	 (three	 times	
a	 day)	 and	 25mg	 of	 imipramine	 (three	 times	 per	
day)	 in	 50	 women	 aged	 17	 to	 78	 years	 with	 DO,	
and concluded that BT was more effective. In the 
BT	group,	signiicantly	more	patients	(84%)	became	
continent	 and	 symptom	 free	 (76%)	 assessed	 by	
self-report, as compared to the drug group where 
56%	 became	 continent	 and	 48%	 were	 symptom	
free at four weeks. Patients who were symptom free 
at four weeks were able to maintain their outcomes 
at	 12	weeks	and	more	 in	 the	BT	group	perceived	
that they were cured at the end of the treatment 
phase and approximately two month after treatment 
ended. Adverse events included dry mouth, dizzi-
ness, headache, nausea, vomiting, and drowsiness 
in	 participants	 who	 received	 drug	 therapy;	 there	
were none with BT.

A similar clinical cure rate (i.e. self-reported total 
disappearance of UUI, no protective pads or further 
treatment) was reported in outpatient BT women 
aged	24	 to	65	years	with	DO	 [292].	 ‘Clinical	 cure’	
was	observed	in	93%	and	62%	of	patients	with	DO,	
67%	and	75%	of	those	with	low	compliance	bladder,	
and	60%	and	81%	of	those	with	urgency-frequency	
syndrome in those randomised to oxybutynin and 
BT respectively. The relapse rate at six months 
was higher for the drug group. In the analysis by 
the	Cochrane	Group	(2010)	participants’	perception	
of	 cure	 was	 not	 statistically	 signiicant	 at	 the	 end	
of the treatment phase but favoured BT six months 

after the treatment ended. Perceptions of improve-
ment were also higher in the BT group at the end 
of the treatment phase but this difference was not 
statistically	signiicant.	Adverse	events	included	dry	
mouth, constipation, nausea and tachycardia in pa-
tients who received drug therapy, with none in those 
who received BT.

3. SUMMary

It is not clear whether BT is more effective than drug 
therapy	 for	women	with	DO	or	UUI	 (Level of Evi -
dence: 1) .	This	is	consistent	with	the	indings	of	the	
Cochrane	review	[269],	which	concluded	that	there	
was	not	enough	evidence	to	determine	whether	irst	
line therapy should be BT or anticholinergic drugs. 

4. rEcoMMEnDationS

In a choice between BT and anticholinergic drug 
for	 women	 with	 DO	 or	 UUI,	 either	 may	 be	 effec-
tive (Grade of Recommendation: B) . BT may be 
preferred by some clinicians and women because 
it does not produce the side effects and adverse 
events associated with drug therapy (Grade of 
Recommendation: D).

d) Can any other treatment be added to BT to 
add beneit?

To be included, trials needed to investigate the ef-
fects of BT versus BT plus therapy A to address the 
additive	 beneit	 of	 therapy	A.	Trials	 addressing	 the	
additional	 beneit	 of	 three	 other	 treatments	 were	
found: caffeine reduction, PFMT, and drug therapy. 
The	 trial	 addressing	 the	 added	 beneit	 of	 caffeine	
reduction	 [48]	 is	 considered	 in	 the	 section	 on	 Life-
style Interventions (A.I.2d), and the trial addressing 
the	added	beneit	of	PFMT	[189]	is	considered	in	the	
section	on	PFMT	(A.II.3e).	The	trials	addressing	the	
added	beneit	of	drug	therapy	are	considered	below.

One RCT was found that compared BT alone ver-
sus BT with tolterodine (2mg, twice daily) in women 
with	 OAB	 [281].	 However,	 incontinence	 status	 of	
the participants was unknown, and details regard-
ing the study methodology were limited (abstract 
only). Therefore this trial was not considered further 
in this section. 

A further three RCTs compared BT with placebo 
drug versus BT with drug therapy in patients with 
DO.	One	of	these	used	terodoline	(a	drug	that	was	
withdrawn	 from	 the	 market)	 [283].	 Therefore,	 this	
trial was not considered further in this section. In 
the other two trials the drugs used were imipramine 
[293]	and	immediate	release	oxybutynin	[282].	

Castleden	 [1986]	 studied	34	patients	with	DO	 (28	
women	aged	30	 to	91	years	and	six	men).	Szonyi	
[1995}	recruited	60	patients	aged	70	years	and	over	
(56	women,	four	men).	While	it	is	possible	that	the	
placebo drug could augment BT, and both these 
trials included a small number of men in addition 
to women (and data for women were not reported 
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separately), a pragmatic decision was made to re-
view these two trials in this section.

1. QUality of Data

Adequate random allocation concealment, or blind-
ing	was	not	reported	in	either	study	[282,293].	Study	
size	was	based	on	a	power	calculation	in	one	[282].	
Post-treatment follow up periods were variable. 
One	trial	evaluated	participants	at	six	weeks	[282];	
16	were	lost	to	follow	up.	The	other	did	not	have	a	
clear	endpoint	but	followed	participants	for	one	to	11	
months;	one	participant	was	lost	to	follow-up	[293].	

2. rESUltS

It was not possible to discern the treatment effects 
in	only	women	 in	 these	 two	 trials,	and	 the	indings	
were inconsistent. More participatents became dry 
on	BT	plus	imipramine	25mg	or	more	per	day	(14	of	
19)	compared	to	those	in	the	BT	plus	placebo	group	
(six	of	14),	but	the	authors	reported	that	there	was	no	
statistically	signiicant	difference	in	outcome	between	
the	two	groups	[293].	One	patient	in	the	imipramine	
group became confused and another complained 
that the drug made him feel ill. Several patients tak-
ing imipramine reported dry mouth and constipation 
(data not reported), but none on placebo.

No difference was found in a comparison of BT plus 
2.5mg	of	immediate	release	oxybutynin	(twice	daily)	
compared to BT and placebo for reducing inconti-
nent	episodes	[282].	The	authors	concluded,	how-
ever, that the combined therapy group was superior 
to the BT and placebo group, because it had greater 
subjective	beneit	(86%	versus	55%),	and	adverse	
events	were	similar	in	the	two	groups	at	50%.

3. SUMMary

In two small trials comparing BT plus placebo drug 
versus	BT	plus	drug	in	DO,	there	was	a	suggestion	
that the effect of BT might be enhanced by active 
drug (Level of Evidence: 2) . However both trials 
were small, placebo controlled, conducted in gen-
der mixed sample populations, and the outcomes 
were not common to both trials. Thus, there is insuf-
icient	evidence	to	derive	a	conclusion	related	to	the	
effectiveness of augmenting BT with drug therapy.

4. rEcoMMEnDationS

Direct	comparisons	of	BT	versus	BT	with	drug	are	
needed to address the question of whether the ef-
fect of BT can be augmented by drug therapy. 

e) Does the addition of BT to any other treat -
ment add beneit?

To be included, trials needed to investigate the ef-
fects of Therapy A versus Therapy A plus BT to as-
sess	the	added	beneit	of	BT	over	Therapy	A	alone.	
Trials were located that investigated the effects of 
PFMT alone versus PFMT plus BT, and drug thera-
py alone versus BT plus drug therapy.

A	 new	 trial	 compared	 Solifenacin	 (5/10mg)	 alone	
with	Solifenacin	and	bladder	training	[287].	One	older	
study	(Wyman	1998)	compared	BT,	PFMT,	and	com-
bination	therapy	 in	204	community	dwelling	women	
aged	45	years	and	older	with	SUI	and/or	DO	[189].	
Two	RCTs	were	identiied	that	compared	BT	plus	tolt-
erodine	(2mg	twice	daily)	[281,286]	to	drug	therapy	
alone.	In	one	three	arm	trial	[281],	women	with	OAB	
were enrolled but it was unclear if UI was present. 
Therefore this trial was not considered further. 

1. QUality of Data

(a) BT plus PFMT versus PFMT alone: In an early, 
three arm RCT women were ransomised to PFMT 
(n=69)	 or	 PFMT	 with	 BT	 (n=67)	 [189].	 Outcomes	
were	assessed	after	 the	12	week	 intervention	and	
three months later. It was not clear if random allo-
cation was adequate or outcome assessors were 
blind. Study size was based on a power calculation. 
Losses	 to	 follow-up	were	six	at	12	weeks,	and	16	
three months later.

(b) BT plus drug therapy versus drug therapy alone: 
Mattiasson	 [2003]	 evaluated	 “simpliied”	 BT	 (con-
sisting of a one page instruction sheet) in a single 
blind	 study	 of	 501	 participants	 (378	 women	 and	
123	men)	 aged	 18	 years	 and	 over	with	OAB	with	
or without UUI. Allocation concealment, blinding of 
assessors, and a prior power calculation were not 
described.	Post-treatment	follow-up	was	12	weeks,	
and	then	24	weeks.	Seven	participants	were	lost	to	
follow-up:	ive	in	drug	therapy	and	two	in	combina-
tion therapy. Analyses were based on intent-to-treat 
principles. However, because of reporting issues, it 
was not possible to discern the effect of treatment 
in	women	alone.	In	2010,	Mattiasson	compared	so-
lifenacin alone with solifenacin and bladder training 
in a prospective, parallel group, open label study of 
643	men	and	women	with	OAB,	it	was	not	possible	
to	identify	the	treatment	effect	in	women	alone	(85%	
of sample were women).

2. rESUltS

(a) BT plus PFMT versus PFMT alone: Post-treat-
ment	the	combination	therapy	group	had	signiicant-
ly fewer incontinence episodes compared to PFMT 
alone. More women in the combination therapy 
group	than	PFMT	group	reported	cure	(31%	versus	
13%	 respectively),	 or	 50%	 improvement	 or	 more	
(70%	versus	50%).	The	combination	therapy	group	
also reported greater perception of improvement 
and more satisfaction with treatment than PFMT 
alone. However, three months later between group 
differences	were	not	statistically	signiicantly	differ-
ent	for	cure	(27%	versus	20%),	improvement	(59%	
versus	56%),	perception	of	 improvement,	or	satis-
faction with treatment.

(b) BT plus drug therapy versus drug therapy alone: 
Mattiasson	 (2003)	 reported	no	difference	between	
participants who received brief written BT instruc-
tions plus tolterodine versus tolterodine alone with 
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respect to reducing incontinent episodes (median 
reduction	 87%	 vs.	 81%,	 respectively).	 Data	 were	
combined for men and women and most data 
were not presented separately for those who had 
UI	versus	those	who	did	not.	Mattiasson	[2010]	re-
ported solifenacin was effective in improving OAB 
at 8 weeks reducing mean number of micturitions 
by	 2.09,	when	BT	was	 added	 there	was	 a	 further	
signiicant	improvement	reducing	episodes	by	2.78.	
Again this study did not present data which enabled 
analysis of men and women separately.

3. SUMMary 

A single trial found that combining BT with PFMT 
improves short-term outcomes compared to PFMT 
alone,	 but	 the	 added	 beneit	 did	 not	 persist	 three	
months later.

There	is	no	evidence	for	an	added	beneit	of	com-
bining brief written BT instructions with tolterodine 
(2mg twice daily) compared to tolterodine alone 
for urge incontinence (Level of Evidence: 2 ), al-
though this trial included men and women and it is 
not known if one gender did better than the other 
with respect to outcome. The use of BT with solif-
enacin	(5/10mg)	adds	beneit	to	symptom	reduction	
at 8 weeks compared to solifenacin alone, mainly 
to symptoms of frequency (Level of Evidence 2  – 
NOTE:	This	evidence	related	to	men	and	women)

4. rEcoMMEnDationS

The	current	evidence	 is	conlicting	 for	 the	addition	
of written information on bladder training for women 
taking an antimuscarinic drug. One trial states no 
clinical	beneit	 in	adding	brief	written	 instruction	 in	
BT (Grade of Recommendation: B ), whilst another 
suggests	 no	 signiicant	 improvements	 to	 urgency	
and	urge	incontinence	but	signiicant	improvements	
in frequency (Grade of recommendation: B ). More 
research is needed using an appropriately super-
vised	 BT	 programme	 (see	 B.6.2a)	 combined	 with	
anticholinergic or antimuscarinic drug therapies 
versus drug alone.

f) Timed voiding

A	2010	Cochrane	review	on	timed	voiding	for	man-
agement of UI in adults was recently published 
[273].	Ostaszkiewicz	(2010)	considered	randomised	
and	quasi-randomised	trials	only	and	identiied	two	
trials that compared timed voiding combined with 
additional interventions (including medications) to 
usual care. Both trials were conducted in nursing 
facilities and most participants were elderly women 
with cognitive impairment, therefore neither study 
recruited participants that met the criteria of interest 
for this chapter.

Two non-randomised studies that were not included 
in	the	Cochrane	review	reported	indings	related	to	
the effects of timed voiding in women with UUI, sta-
ble	bladders	with	UUI,	and	MUI	[194,295].	Klarskov	

[1986]	reported	a	consecutive	series	of	20	women	
aged	27	to	75	years	with	a	double-blind	crossover	
to compare timed voiding plus anticholinergic drug 
therapy (terodoline) to timed voiding plus placebo. 
As terodoline has been withdrawn from the market, 
this study is not considered further.

1. QUality of Data 

A	1984	case	series	report	involved	20	women	aged	
24	to	94	years	in	women	with	a	mild	degree	of	UI,	
irregular voiding patterns, and normal urodynamic 
parameters	(UI	type	not	clearly	reported)	[295].	The	
voiding schedule consisted of a two hour voiding in-
terval. Follow-up periods ranged from six weeks to 
eight	months	after	treatment	[295].

2. Results

A	79%	success	rate	(not	objectively	quantiied)	was	
reported in the case series. Fifteen patients became 
totally continent, one had less leakage, three (with 
neurogenic diseases) remained unchanged, and 
one patient was lost to follow-up

3. SUMMary

There are no RCTs, or high quality observational 
studies, providing evidence on the effects of timed 
voiding for UI in women. Based upon the data from 
one small uncontrolled study, it seems a two hour 
timed	voiding	schedule	may	be	beneicial	 in	 treat-
ing women with mild UI, infrequent voiding patterns, 
and stable bladder function (Level of Evidence: 3) . 

4. rEcoMMEnDationS

Timed voiding with a two hour voiding interval may 
be	beneicial	as	a	sole	intervention	for	women	with	
mild UI infrequent voiding patterns (Grade of Rec -
ommendation: C ). It may also be helpful as an ad-
junct to other treatment.

3. OTHER LUTS

One trial recruited participants with OAB but the 
continence	status	was	unclear	[281].	BT	was	com-
pared to tolterodine (2mg, twice daily) or combined 
BT	and	 tolterodine	 in	women	with	OAB	 [281];	 this	
study was reported as a conference abstract. Tolt-
erodine/BT group had greater reductions in diurnal 
micturition	 (32.6%),	 nocturnal	 micturition	 (63.2%),	
urgency	scores	(63.2%),	and	bladder	symptom	im-
provement	 rates	 (69.3%)	 than	 those	 in	 BT	 alone	
or tolterodine alone. However, only the bladder 
symptom improvement scores were statistically sig-
niicantly	 better	 in	 the	 combination	 therapy	 group.	
Thus, it is not clear if BT alone, tolterodine alone, or 
the combination, is better for LUTS other than UI in 
women with OAB symptoms.

The most common LUTS, aside from UI, are ur-
gency, daytime (or diurnal) frequency and nocturia. 
Some trials that contributed to the sections above 
reported	data	speciically	for	these	symptoms.
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(a) Urgency:	 Jarvis	 [1981]	compared	BT	and	drug	
therapy	 (lavoxate	 and	 imipramine),	 and	 16%	ver-
sus	 44%	 of	 participants	 reported	 they	 continued	
to experience urgency post-treatment. Mattiasson 
[2003]	compared	BT	with	tolterodine	versus	toltero-
dine alone and patient rating of urgency was some-
what less in the combination therapy group.

(b) Daytime (diurnal) frequency:	Data	on	frequency	
are more commonly collected that data on urgency. 
Three trials reported diurnal frequency in compari-
sons	of	BT	with	no	treatment.	Jarvis	[1980]	reported	
a small controlled trial of inpatient bladder drill for 
DO	[285].	After	BT	17%	in	the	treatment	group	and	
77%	in	 the	control	group	continued	to	have	symp-
toms	of	diurnal	frequency.	Fantl	[1991],	in	subgroup	
analyses,	 found	 a	 signiicant	 reduction	 in	 diurnal	
frequency in participants with urodynamic SUI who 
had a baseline diurnal micturition frequency of at 
least	61	per	week,	and	also	in	participants	with	DO	
with or without urodynamic SUI who had at least 
57	diurnal	micturitions	per	week	[268].	Finally,	Yoon	
(2003)	 reported	 that	 the	BT	group	signiicantly	 re-
duced diurnal micturitions, whereas the control 
group	deteriorated	slightly	[128].

Three trials compared BT with drug therapy. Jarvis 
[1981]	reported	that	24%	of	the	BT	group	continued	
to	experience	frequency	as	compared	to	48%	of	the	
drug	 group	 (lavoxate	 and	 imipramine)	 [284].	 Co-
lumbo	(1995)	found	that	diurnal	 frequency	was	re-
solved	in	18	(56%)	of	32	patients	taking	oxybutynin	
versus	20	(69%)	of	29	BT	patients	[292].	Kim	SW	et	
al	 [2008]	 found	 improvement	 in	daytime	frequency	
in	15	(65%)	cases	using	bladder	training	alone	and	
21	(84%)	using	BT	and	propiverine	combined.

Another trial compared BT plus placebo versus BT 
plus	drug	[282].	Szonyi	[1995]	found	that	there	was	
a greater reduction in diurnal micturition frequen-
cies in participants taking oxybutynin alongside BT 
compared to those on placebo and BT. Similarly, in 
a trial of BT plus drug versus drug alone Mattiasson 
(2003)	 found	 that	 “simpliied”	BT	signiicantly	aug-
mented the effect of tolterodine compared to drug 
alone	 for	 voiding	 frequency	 (33%	versus	25%	 im-
provement,	respectively;	p<0.001).

(c) Nocturia: Three trials reported data on nocturia in 
comparisons	of	BT	with	no	treatment.	Jarvis	(1980)	
reported a small controlled trial of inpatient blad-
der	 drill	 for	DO.	After	 bladder	 training,	 there	were	
11%	in	the	treatment	group	and	80%	in	the	control	
group who continued to have symptoms of noctur-
nal	 frequency	 [285].	 Fantl	 [1991]	 also	 found	 sig-
niicant	 reductions	 in	nocturnal	 frequency	 [268].	 In	
subgroup analyses, nocturnal micturitions were only 
signiicantly	decreased	 in	women	with	urodynamic	
SUI	alone,	who	experienced	at	 least	ive	episodes	
of	nocturia	per	week,	and	not	in	those	who	had	DO.	
Yoon	[2003]	reported	that	the	BT	group	signiicantly	
reduced nocturnal micturitions, whereas the control 
group	deteriorated	slightly	[128].

Two trials compared BT with drug therapy. Jarvis 
[1981]	reported	that	the	19%	of	the	BT	group	contin-
ued	 to	experience	nocturia	compared	 to	68%	of	 the	
drug	group	(lavoxate	and	imipramine)	[284].	Columbo	
[1995]	found	that	nocturia	disappeared	in	three	(27%)	
of	11	patients	taking	oxybutynin	and	11	(61%)	of	18	BT	
patients	[292].	Another	trial	compared	BT	plus	placebo	
versus	BT	plus	drug	[282].	Szonyi	[1995]	found	no	dif-
ference in nocturnal micturition frequencies.

1. SUMMary

Scheduled voiding regimens have been implement-
ed in many forms and with a variety of intensities, 
ranging from strict in-patient regimens to simple in-
struction sheets. Most research has examined BT, 
and most of these trials have recruited women with 
symptoms of UUI or OAB. It is therefore disappoint-
ing that there is so little data about LUTS other than 
UI. The indications so far are that BT is effective 
for reducing UI, as well as frequency of micturition. 
The scant research comparing BT to drug therapy 
is inconsistent with some evidence for the superior-
ity of each. It is not yet clear whether drug therapy 
can enhance BT, or whether BT can enhance UI 
outcomes from drug therapy, although it appears 
that reductions in frequency of micturition may be 
greater with the addition of BT. 

4. FACTORS AFFECTING OUTCOME

a) Age

With	 the	 exception	 of	 two	RCTs	 [128,	 291]	 all	 tri-
als included older women in their study populations. 
Three	speciically	recruited	elderly	women	aged	65	
to70	 years	 and	 over	 [282,	 283,	 293];	 and	 two	 re-
cruited	women	aged	55	years	and	over	[268,	289].	
In conducting analyses of factors predicting suc-
cess, two trials reported that age was not a factor in 
treatment	outcome	[189,289].

b) Other

Few trials on BT examined other predictors of treat-
ment response. Several discussed the effect of diag-
nosis	on	treatment	outcome;	two	reported	that	urody-
namic diagnosis did not have an effect on treatment 
outcome as measured by incontinent episodes and 
the	IIQ	[189,268].	These	RCTs	included	women	with	
urodynamic	SUI,	DO,	or	both	diagnoses.	BT	also	led	
to more clinical cures in one small drug trial. BT in 
women	with	sensory	urgency	(81%)	and	low	compli-
ance	bladders	(75%)	produced	better	outcomes	than	
in	 those	 on	 oxybutynin	 immediate	 release	 (60%,	
67%,	respectively);	however,	oxybutynin	led	to	great-
er	cure	rates	in	patients	with	DO	(93%	versus	62%).	

There is minimal evidence that complementary and 
alternative	medicines	(CAMs)	may	inluence	physio-
logic function and/or health outcomes. CAMs include 

VII. COMPLEMENTARY AND ALTER -
NATIVE MEDICINES
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those therapies that are not part of the traditional 
biomedical model, such as meditation, imagery, hyp-
nosis, acupuncture and naturopathic and herbal rem-
edies. While some consider biofeedback (BF) part of 
complementary therapy, we have included BF in this 
chapter as an adjunct to physical therapies. 

A	search	of	AMED	(Allied	and	Complementary	Med-
icine) using the key words randomised controlled tri-
als,	and	urinary	 incontinence,	retrieved	32	records	
in	2012.	One	reported	a	randomised	controlled	trial	
investigating the effect of hand acupuncture for fe-
male	SUI	 on	 52	women	 randomly	 assigned	 to	 ei-
ther experimental hand acupuncture or control, 
assessment	was	made	at	12	weeks	and	37%	less	
incontinence was reported in the experiental group. 
The reporting of this trial did not conform to tradi-
tional standards and should be treated with caution, 
however the undertaking of an RCT in the CAMs 
literature indicates a move towards the gathering of 
robust ‘main-stream’ evidence in this area.

There is a need for well conducted RCT’s in the area 
of CAMs before recommendations can be made.

 

1.  SUMMARY

Whislt the effect of PFMT has received considerable 
research attention, the effect of lifestyle interven-
tions or prevention trials have not. However even 
with the number of reasonable trials on conserva-
tive management of UI in women, the standards of 
trial conduct and reporting varied considerably and 
it is strongly recommended that future randomised 
trials account for sample size, heterogenity, risk of 
bias, and followup. 

2. RECOMMENDATIONS FOR PRACTICE

	 •		While	some	recommendations	are	underpinned	
by good and consistent evidence of effect, 

there are also many recommendations that need 
further	testing	because	there	is	insuficient	Level 1 
or 2 evidence . For this update, the recommenda-
tions	from	ICI	2009	remain.	These	are	not	based	on	
robust reserach and require further study:

a) Lifestyle Intervention

	 •		Weight	loss	in	obese	and	morbidly	should	be	
considered	a	irst	line	treatment	to	reduce	UI	
prevalence (Grade of Recommendation: A) . 

	 •		Caffeine	 reduction	may	help	 in	 improving	 in-
continence symptoms (Grade of Recommen -
dation: B)  

	 •		Minor	decrease	of	luid	intake	by	25%	may	be	
recommended provided baseline consump-
tion	 is	 not	 less	 than	 30	ml/kg	 a	 day	 (Grade 
of Recommendation: B)  Moderate exercise 

may	 help	 in	 decreasing	 the	 incidence	 of	UI;	
this effect may be mediated by weight control 
(Grade of Recommendation: C)

b) PFMT (principal recommendation)

	 •		Supervised	 PFMT	 should	 be	 offered	 as	 irst	
line conservative therapy to women with 
stress, urge, or mixed urinary incontinence 
(Grade of Recommendation: A)  

	 •		The	most	intensive	PFMT	programme	possible	
should be provided (in terms of exercise dose, 
health professional teaching, and supervision) 
within	service	constraints	;	health	professional	
taught and supervised programmes are better 
than	 self-directed	 programmes	 ;	 more	 health	
professional contact is better than less (Grade 
of Recommendation: A) .

	 •		There	does	not	appear	to	be	a	clear	beneit	of	
adding clinic (Grade of Recommendation: B)  
or home based BF (Grade of Recommenda -
tion: B)  to a PFMT programme.

c) PFMT (other recommendation)

Pregnant women expecting their irst baby:

	 •		Intensive	 strengthening	 antepartum	 PFMT,	
with regular health professional contact to 
teach and supervise training, to prevent 
postpartum urinary incontinence (Grades 
of Recommendation: A) (for women con-
tinent	 at	 18	 weeks)	 and	 B	 (for	 population	
approaches, that is intervention offered 
whether women are continent or not at 20 
weeks gestation)

Postnatal women, immediately after delivery:

	 •		Individually	taught	PFMT	programme	that	 in-
corporates adherence strategies for women 
who had a vaginal delivery of a large baby 
(4000g	or	more)	or	a	forceps	delivery (Grade 
of Recommendation: C) 

For postnatal women with persistent symptoms 
of UI three months after delivery: 

	 •		PFMT	is	offered	as	irst	line	conservative	ther-
apy (Grade of Recommendation: A)  

	 •		The	 ‘best’	PFMT	programmes	are	 ‘intensive’	
with regard to supervision and exercise con-
tent (Grade of Recommendation: B) 

For women with SUI:

	 •		PFMT	is	better	than	EStim	as	irst	line	conser-
vative therapy, particularly if PFMT is inten-
sively supervised (Grade of Recommenda -
tion: B).  

	 •		PFMT	is	better	than	BT	as	irst	line	conserva-
tive therapy (Grade of Recommendation: B).

VIII. SUMMARY AND RECOMMEN -
DATIONS
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	 •		PFMT	and	duloxetine	are	both	effective	in	irst	
line therapy, although PFMT is better because 
of the side effects experienced with the drug 
(Grade of Recommendation: C).

	 •		PFMT	 and	 surgery	 are	 both	 effective	 thera-
pies,	 although	 PFMT	 is	 better	 as	 irst	 line	
therapy because it is less invasive (Grade of 
Recommendation: C).

For women with SUI or MUI:

	 •		PFMT	is	better	than	VC	as	irst	line	conserva-
tive therapy (Grade of Recommendation: B) .

For women with UUI or MUI:

	 •		PFMT	and	BT	are	effective	irst	line	conserva-
tive therapy (Grade of Recommendation: B).

	 •		PFMT	 is	 better	 than	 oxybutynin	 as	 irst	 line	
therapy (Grade of Recommendation: B).

For women with UUI:

	 •		PFMT	and	BT	are	effective	irst	line	conserva-
tive therapy (Grade of Recommendation: B).

Vaginal cones:

	 •		For	 women	 with	 SUI,	 VCs	 with	 supervised	
training sessions by a trained health profes-
sional	can	a	irst-line	therapy	to	women	able	
and prepared to use them (Grade of Recom -
mendation: B) ;	some	women	cannot	insert	or	
retain the the cone or have side effects and 
discomfort. Trained health professional as-
sessment is recommended (Grade of Rec -
ommendation: D) 

Electrical stimulation (EStim)

While	 the	 usefulness	 of	 EStim	 in	 practice	might	
be limited because some women cannot use it 
(due to contraindications), have difficulty using it, 
or dislike it:

	 •		EStim	 might	 be	 better	 than	 no	 treatment	 in	
improving symptoms (Grade of Recommen -
dation: B). 

	 •		EStim	may	 be	 equal	 to	 other	medical	 treat-
ments (Grade of Recommendation: B).

	 •			EStim	plus	PFMT	or	BF-assisted	PFMT	pro-
grammes	 does	 not	 appear	 to	 add	 beneit	
(Grade of Recommendation: B)

Magnetic stimulation (MStim)

	 •		Of	the	MStim	protocols	investigated	to	date,	it	
seems that both sacral root MStim and home-
based MStim, are worthy of further investiga-
tion in women with UI. No recommendation is 
possible based on current evidence (Level of 
recommendation: D).

Bladder training (BT)

With regard to Grade A recommendations for BT:

	 •		BT	is	an	appropriate	irst	line	treatment	for	UI	in	
women (Unchanged).

Grade B recommendations  (all unchanged from 
ICI	2009):

	 •		Either	BT	or	antimuscarinic	drug	may	be	effec-
tive, although BT may be preferred by some 
because it does not produce side effects and 
adverse events associated with drug therapy. 

	 •		There	may	 be	 no	 beneit	 in	 adding	 brief	 writ-
ten instruction in BT to drug therapy for inconti-
nence but it mayimprove episodes of frequency.

	 •		A	combination	of	PFMT/BT	may	be	better	than	
PFMT alone in the short-term for women with 
symptoms of SUI or MUI. 

There are two Grade D recommendations  (un-
changed	from	(C(	2009):

	 •		Clinicians	and	researchers	should	refer	to	the	
operant conditioning and educational literature 
to provide a rationale for their choice of training 
parameters or approach. 

	 •		Health	Professionals	should	provide	the	most	
intensive BT supervision that is possible within 
service constraints.

Timed voiding (unchanged)

	 •		Timed	voiding	with	a	two	hour	voiding	interval	
may	 be	 beneicial	 as	 a	 sole	 intervention	 for	
women with mild UI infrequent voiding patterns 
(Grade of Recommendation: C).

Conservative management of incontinence is ripe 
for future research directions. Research that is 
urgently needed, in the opinion of the commit-
tee members, is highlighted with the use of italics. 
There are a few recommendations that apply to all 
further studies:

•		All	future	trials	must	be	designed,	implemented	and	
reported in ways that maximise their usefulness in 
practice;	this	includes	being	well	powered,	with	lon-
ger term follow up, with evaluation of cost- effective-
ness and planned secondary analysis of trial data 
to investigate factors affecting outcome. Readers 
are referred to the revised CONSORT statement for 
guidance (http://www.consort-statement.org/) 

a) Lifestyle Intervention:

•		Given	the	high	prevalence	of	both	UI	and	obesity	
in women, the dual issues of weight loss and pre-
vention of weight gain (and exercise) should re-
ceive high research priority.

IX. FUTURE RESEARCH DIRECTIONS
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•		Larger	RCTs	to	assess	 the	effect	of	caffeine	and	
other dietary factors are feasible and important. 

•		Further	 research	 is	 needed	 to	 deine	 the	 role	 of	
straining in the pathogenesis of UI. 

•		Studies	 to	establish	whether	heavy	exertion	 is	an	
etiologic factor in the pathogenesis of UI and wheth-
er changing exertions can alleviate established UI.

•		Prospective	studies	on	the	effect	of	smoking	ces-
sation on the prevention or resolution of UI.

•		Separate	investigations	of	the	impact	of	lifestyle	in-
terventions on nocturia, diurnal frequency, urgency 
and UUI to delineate whether certain interventions 
preferentially affect different areas of OAB.

b) Pelvic loor muscle training (PFMT)

In antenatal and postnatal women, trials are 
needed to investigate the effects of:

•		Antepartum	PFMT	on	preventing	postpartum	UI	in	
multiparous women.

•		Postpartum	PFMT	programme	(suitable	exercise	dose	
and	supervision)	in	the	long	term	(ive	plus	years).

•		Periodic	 refresher	sessions	after	an	 initial	super-
vised postpartum PFMT programme, in the long 
term	(ive	plus	years).

In all women, trials are needed to investigate:

•		The	 effect	 of	 different	 supervisory	 intensity	 in	
PFMT program. In addition to clinical effective-
ness, this is an important question because of re-
source	implications,	both	inancial	and	human,	for		
health-service delivery. 

•		Whether	 clinic	 BF	 may	 beneit	 certain	 women,	
such	as	 those	with	a	weak	PFM	or	with	dificulty	
contracting the PFM in isolation.

•		Whether	 the	addition	of	bladder	training	or	medi-
cation	adds	beneit	to	PFMT.	

c) Vaginal cones (VC)

•		If	the	combination	of	VC	with	PFMT	is	an	interven-
tion of interest for women then this combination of 
therapies could be explored further. VC could be 
used as an overload progression to active PFM 
strengthening exercises. Thus, a VC programme 
could be offered to women with a demonstrated 
minimum PFM strength level and could be aimed 
at either additional strength training by pulling on 
the	cone	for	three	series	of	eight	to12	contractions	
daily, or endurance training, using a low-load over 
a sustained period of time.

d) Electrical stimulation (EStim) and magnetic 
stimulation (MStim)

•		Studies	 to	 elucidate	 the	 purpose	 and	 biological	
rationale	for	EStim	in	different	diagnostic	groups,	

so these can then be tested and compared in 
clinical trials.

•		Comparisons	of	EStim	with	other	treatments	such	as	
PFMT, vaginal cones, and bladder training are more 
important	than	comparison	of	EStim	with	sham.

•		EStim	as	an	adjunct	to	treatments	that	seem	to	be	
effective such as PFMT, vaginal cones, and blad-
der training.

•		MStim	protocols,	both	sacral	root	MStim	and	home-	
based MStim, are worthy of further investigation. 
Well powered RCT are needed to study the clinical 
effect of Mstim in different diagnostic group.

e) Scheduled voiding regimes, especially blad -
der training (BT)

•		BT	variables	to	be	investigated	include	the	instruc-
tional approach, supervisory intensity, strategies 
for controlling urgency, scheduling parameters, 
frequency of schedule adjustments, length of 
treatment, and use of adjunctive treatments. 

•		BT	versus	another	active	treatment	such	as	PFMT	
or drug therapy. 

•		The	 potential	 beneits	 of	 combining	 BT	 and	 an-
ticholinergic/antimuscarinic drug need further in-
vestigation, including comparisons of BT plus drug 
versus drug alone, and BT plus drug versus BT 
alone, or BT vs no treatment. 

•		Habit	training	in	women	with	a	consistent	pattern	
of UI who are ambulatory and cognitively intact.

Pelvic organ prolapse is characterised by a variety 
of	pelvic	loor	symptoms.	Treatment	depends	on	the	
severity of the prolapse and its symptoms, and the 
woman’s general health. Conservative treatment is 
generally considered for those with a mild degree 
of prolapse, those who wish to have more children, 
the frail or those unwilling to undergo surgery. Con-
servative	treatment	is	deined	here	as	lifestyle	inter-
ventions, physical therapies and pessaries.

The aims of conservative treatment in the manage-
ment of POP include:

•	to	prevent	the	prolapse	becoming	worse;

•		to	 help	 decrease	 the	 frequency	 or	 severity	 of	
symptoms caused by prolapse (pelvic heaviness, 
vaginal symptoms, backache, urinary, bowel and 
sexual	symptoms);

•		to	avert	or	delay	the	need	for	surgery.

In this section the evidence is applied for the use 
of conservative treatments in the management of 

B. PELVIC ORGAN PROLAPSE 
(POP)
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POP, utilising information from two Cochrane sys-
tematic	 reviews	 [296,297],	 and	 literature	 identiied	
via a search strategy summarised in Appendix 2.

Lifestyle interventions include weight loss, reduc-
ing exacerbating activities (e.g. lifting, coughing) 
and treating constipation and are intended to avoid 
exacerbation of the prolapse by decreasing intra-
abdominal pressure. The extent to which any of 
these lifestyle interventions are effective in manag-
ing	prolapse	is	largely	unknown	[195].	

1. PREVENTION

a) Quality of data

No	new	 intervention	studies	were	 identiied	 in	 this	
update, however further observational studies have 
been published and these are reported here and 
summarised in Table 16 .	 In	 ICI	 4th	edition,	 no	 lit-
erature was found relating to the effects of lifestyle 
change interventions for the prevention of POP. Ob-
servational	 studies	 were	 identiied	 that	 examined	
the association between factors such as occupation 
(involving heavy lifting/strenuous physical activity), 
bodyweight and constipation, and POP. 

(a) Association between POP and occupation: 

Three new studies investigated the association be-
tween occupation and prolapse. 

Miedel	 [298]	undertook	an	assessment	of	non-ob-
stetric risk factors, including heavy lifting at work, in 
a population-based, cross-sectional study derived 
from	a	sample	of	5489	Stockholm	women,	30	to	79	
years old, who answered a validated questionnaire 
for	the	identiication	of	symptomatic	prolapse.	69%	
responded and of those, women who had symp-
tomatic	 prolapse	 (n=454)	 and	 randomly	 selected	
controls	 (n=405)	 were	 given	 a	 detailed	 question-
naire regarding their risk factors, including current 
or previous occupations that involved heavy lifting 
(up	to	10	kg	daily,	more	than	10	kg)	or	exposure	to	
vibrations, and participation in low- and high-impact 
exercise. Only women with intact uteri and no his-
tory of surgery for prolapse or incontinence were 
included	 (n=273	cases,	 n=285	controls).	Odds	 ra-
tios	and	conidence	 intervals	were	estimated	 from	
multiple logistic regression analysis. 

Slieker-ten Hove undertook a cross-sectional study 
of	all	female	residents	between	45	and	85	years	old	
in	one	Dutch	city	(n=2979),	the	results	of	which	were	
reported	in	four	articles	[299-302].	Women	received	
a validated questionnaires via which they were clas-
siied	as	symptomatic	(if	they	reported	feeling	and/
or seeing a vaginal bulge) or non-symptomatic. A 
response	 rate	 of	 63%	was	achieved.	Finally	 1224	
women	were	included	in	the	analysis	(n=142	symp-
tomatic;	n=1082	asymptomatic).	Multiple	logistic	re-

gression was used to estimate the odds ratios and 
conidence	intervals	for	the	potential	risk	factors	in-
cluding	current	and	past	heavy	physical	work	[299].

Braekken	 [303]	 carried	 out	 a	 one-to-one	 age	 and	
parity	 matched	 case-control	 study	 (n=49	 women	
with	prolapse	>=stage	 II	with	or	without	symptoms,	
and	 n=49	 controls	with	 prolapse	 stage	 0	 or	 I)	with	
recruitment via community gynaecologists and news-
paper advertisements. Women had clinical examina-
tion,	pelvic	loor	muscle	(PFM)	function	assessment	
(strength, endurance and vaginal resting pressure in 
cmH2O) and completed questionnaires including risk 
factor assessment. The study primarily looked at the 
association between PFM function and POP, but also 
measured occupational heavy lifting and BMI as po-
tential risk factors for POP. Heavy occupational work 
was	deined	 by	 a	 positive	 response	 to	 three	 ques-
tions: self-report of physically heavy occupational 
work;	>20	heavy	lifts	per	week;	>50%	of	working	time	
in standing position. One or two positive responses 
was	classiied	as	moderate	occupational	work.	Multi-
variate logistic regression was used to estimate odds 
ratios for risk factors.

(b) Association between POP and bodyweight: 

Four new studies have addressed the relationship 
between	obesity	and	prolapse	[298,	303-305].

Whitcomb	[2009]	published	a	secondary	analysis	of	
the	data	 from	1155	obese	women	 from	 the	Kaiser	
Permanente	Continence-Associated	Risk	Epidemi-
ology	Study.	Prolapse	was	identiied	from	respons-
es to a question regarding the sensation of a bulge 
or something falling out of the vagina. Women were 
asked to report bother on a visual analogue scale. 
Multivariable logistic regression was used to assess 
severity of obesity (obese, severely obese, morbidly 
obese)	as	a	risk	factor	for	various	pelvic	loor	disor-
ders including prolapse. Models were adjusted for 
age, parity and mode of delivery. 

Washington	 [2010]	 reported	 on	 a	 cross-section-
al	 study	 of	 all	 women	 with	 pelvic	 loor	 disorders	
(n=971)	attending	a	tertiary	urogynaecology	centre	
over	one	year.	Data	on	POP-Q,	PFDI-20,	and	PFIQ-
7	 were	 gathered.	 Women	 with	 POP-Q	 >=stage	
II	 were	 classed	 as	 having	 prolapse;	 women	 with	
BMI>=30	were	classed	as	obese.

In	addition,	two	studies	[298,306]	(described	above)	
assessed body mass index as one of several risk 
factor for prolapse. 

(c) Association between POP and bowel function: 

Four new studies, one relating to irritable bowel and 
prolapse	[307]	and	three	looking	more	generally	at	
defecatory	problems	[298,301,308]	were	found.

Wang	 [2010]	 analysed	 data	 from	 the	Reproductive	
Risks for Incontinence Study addressing the relation-
ship between irritable bowel syndrome and pelvic 

I. LIFESTYLE INTERVENTIONS
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Author/ year Study design Comparison 
group

Participants Risk factors 
assessed

Subjective 
and Objective 
assessment

Objec-
tive 

assess-
ment

Length 
of 

follow-
up

Results

Badalian 
2010 [310]

Cross-sectional, analysis 
of US National Health 

and Nutrition Examina-
tion Study. Analysis 

adjusted for age, parity, 
education, race

Non-pregnant 
women aged 
20 and over, 

n=1881

Level of vitamin 
D

Experience of 
bulge or 

something 
falling out

N/A Vitamin D level was not associated with 
vaginal bulge

Braekken 
2009 [303]

Age and parity matched 
case-control study

Community 
and routine 

Gynae. 
Population, 

n=98

PFM function, 
occupational 
heavy lifting, 

BMI

POP-Q •	Heavy	occupational	work	was	associated	
with greater risk of prolapse (>=stage II)
•	BMI
•	Weaker	PFMs,	poorer	endurance	and	
lower vaginal resting pressure significantly 
associated with prolapse >=stage II. 
Significant interaction between muscle 
strength and vaginal resting pressure

Braekken 
2010 [306]

RCT PFMT vs 
control

N=109 N/A Mouritsen 
questionnaire
PFM function

POP-Q 6 
months

PFMT group compared to control group were 
significantly more likely to have reduced 
symptom frequency and bother, less likely to 
have no improvement in POP-Q stage. 
Change in resting position of the bladder and 
rectum, were significantly greater in PFMT 
group; changes in muscles and hiatal area 
were significantly in favour of the PFMT group. 

Miedel 2009 
[298]

Cross-sectional, 
case-control. Analysis 

adjusted for factors 
including  age, parity 
and family history of 

prolapse

Those with vs 
those without 
symptomatic 

prolapse

Population-
based, n=359

N/A
Occupational 
heavy lifting

BMI
bowel

72-item 
questionnaire

N/A •	Compared	to	women	who	did	no	heavy	lifting	at	
work, those lifting weights up to 10kg and over 10 
kg had increased risks of symptomatic prolapse
•	Compared	to	women	of	normal	weight	(BMI	
19-25), overweight (BMI 26-30) and obese 
women (BMI >30) had increased odds of 
symptomatic prolapse
•	lack	of	a	normal	bowel	habit	was	associated	
with increased risk of symptomatic prolapse

Moen 2009 
[316]

Observational. 
unadjusted analysis

Women	
presenting with 
PFM disorders, 

n=325

PFM strength 
(Oxford)

Prolapse 
stage

N/A
PFM contraction strength was significantly 
lower in women with prolapse >= stage 2

Table 16: Characteristics of lifestyle and pelvic organ prolapse studies
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Author/ year Study design Comparison 
group

Participants Risk factors 
assessed

Subjective 
and Objective 
assessment

Objec-
tive 

assess-
ment

Length 
of 

follow-
up

Results

Saks 2010 
[308]

Cross-sectional. Analysis 
adjusted for age, BMI, 
presence of apical or 

anterior prolapse

Tertiary 
urogynaecol-
ogy service, 

n=331

Those with vs 
those without 

obstructive bo- 
wel symptoms

Obstructive 
bowel symptoms

Baden-
Walker

PFDI-20 N/A Women with posterior wall prolapse more likely 
to report obstructive bowel symptoms than those 
without. Grade of prolapse not significantly 
associated with obstructive bowel symptoms.

Slieker-ten 
Hove 2009 

Cross-sectional, 
case-control. Adjusted 

analysis of occupational 
lifting only

Population-
based, 

n=1224, 
n=469 had 

POP-Q

Symptomatic 
vs 

non-
symptomatic

Heavy physical 
work

PFM function
bowel

POP-Q N/A •	24.5%	of	cases	versus	18.9%	of	controls	
currently engaged in heavy work (OR 1.48, 
95%	CI	0.98-2.23).	Past	heavy	work	was	not	
a significant risk factor.
•	Higher	stages	of	prolapse	associated	with	
less ability to attain levator closure, and lack 
of effective involuntary contraction during 
coughing, but better ability to perform proper 
straining technique. No association between 
stage of prolapse and voluntary muscle 
contraction strength or endurance
•	no	significant	association	between	constipa-
tion or straining to defaecate and POP-Q stage

Stupp 2011 
[318]

RCT	(pilot) N=37PFMT vs 
control

N/A P-QoL
PFM function 

POP-Q 14 
weeks

PFMT group had significantly greater 
anatomic improvements in the anterior and 
posterior vaginal wall prolapses than did the 
control group and a decrease of symptoms. 
Also greater improvements in PFM strength, 
endurance and electromyography parameters 

Wang 2010 
[307]

Cohort, analysis of RR sur-
vey data. Analysis adjusted 

for age, race, medical 
history, urinary urgency, UI

Racially div-
erse women, 
aged 40-69 

years, n=2109

Those with vs 
those without 
irritable bowel 
syndrome	(IBS)

IBS Feeling or 
seeing a 
bulge or 

protrusion

N/A Risk of symptomatic prolapse significantly 
greater in group with IBS. Risk of bother 
with prolapse was also significantly greater 
in the IBS group.

Washington 
2010	[305]

Cross-sectional.  
Unadjusted analysis of 

comparable groups 

Tertiary urogy- 
naecology cen-
tre, women with 
pelvic floor dis-
orders, n=971

Obese vs 
non-obese

Obesity 
(BMI>=30)	

PFDI-20, 
PFIQ-7

N/APOP-Q Obese compare to non-obese women were more 
likely to have prolapse. Significant difference in 
PFDI-20 but not the prolapse subscale. 

Whitcomb 
2009 [304]

Cross-sectional, secondary 
analysis of survey data. 

Analysis adjusted for age, 
parity, mode of delivery

Population-
based,n=1155	
obese women 

Obese vs sev- 
erely obese vs 
morbidly obese

Obesity Sensation of 
bulge or 

something 
falling out

N/A Morbidly	obese	(but	not	severely	obese)	
women are at greater risk of bulge than 
obese women. No difference between 
obesity groups in terms of bother.

Table 16: Characteristics of lifestyle and pelvic organ prolapse studies (continued)

Foot notes: N/A non applicable;  PFM= Pelvic loor muscle, PFMT = pelvic loor muscle training, 
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loor	 disorders,	 and	 the	 effects	 of	 such	 symptoms	
on quality of life. RRISK is a racially-diverse cohort 
of	women	aged	between	40	and	69	years	(n=2109).	
Data	were	 collected	 by	 self-administered	 question-
naires and interviews. IBS status was determined by 
asking a single question regarding whether a woman 
had ever been told by a medical doctor that she had 
IBS.	Prolapse	was	identiied	by	asking	about	feeling	
or seeing a bulge or protrusion. Multivariate logistic 
regression was used to assess factors associated 
with having IBS including prolapse. 

Saks	 [2010]	 in	 a	 cross-sectional	 study	 examined	
whether there was an association between obstruc-
tive defaecatory symptoms and prolapse. Women 
presenting with prolapse of grade 2 or greater 
(Baden-Walker system) of any compartment (ante-
rior, posterior, apical) to one tertiary urogynaecol-
ogy	 service	 completed	 a	 questionnaire	 (PFDI-20)	
that	 reported	pelvic	loor	symptoms.	A	multivariate	
regression analysis was performed, adjusting for 
confounding variables, the dependent variable be-
ing presence of obstructive bowel symptoms (de-
ined	as	at	least	moderate	bother	with	one	or	more	
of: splinting, straining, incomplete emptying).

Both	 Miedel	 [2009]	 and	 Slieker-ten	 Hove	 [2009]	
assessed	 the	 presence	 of	 constipation	 (<3	 bowel	
movements	 per	 week),	 hard	 stools	 and	 dificult	
evacuation as risk factors for symptomatic prolapse 
and changes in POP-Q stage.

(d) Association between POP and nutrition: 

Previously one study of women in rural Gambia had 
been published on the association between prolapse 
severity	and	anaemia	 [309].	A	new	study	by	Bada-
lian	[310]	adressed	the	association	between	Vitamin	
D	deiciency	and	pelvic	loor	disorders.	The	authors	
hypothesised that there is a plausible link between 
vitamin	D	deiciency	and	poor	muscle	strength	since	
vitamin	D	receptors	are	found	in	human	muscle	tis-
sue. Over three thousand women aged 20 years or 
above	from	the	US	National	Health	and	Nutrition	Ex-
amination	Study	2005-2006	were	selected	by	proba-
bility	sampling.	Analysis	was	based	on	the	1881	non-
pregnant women who participated, and who had data 
on	both	vitamin	D	 levels	and	pelvic	loor	disorders.	
Prolapse	was	identiied	from	a	positive	response	to	
a question on the experience of a bulge or some-
thing falling out that is seen or felt in the vaginal area. 
Level	of	vitamin	D	was	analysed	both	as	a	continu-
ous	variable	and	as	a	dichotomous	variable	(>=	30	
ng/mL,	<30	ng/mL).	Analysis	included	both	univariate	
and multivariate regression models. Models adjusted 
for age, BMI, parity, education and race.

b) Results

(a) Association between POP and occupation: 

In	 the	Miedel	 study	 [2009]	 a	 total	 of	 655	 (76.2%)	
women returned completed risk factor question-
naires	 with	 558	 women	 included	 in	 the	 analysis	

(n=273	 symptomatic;	 n=285	 controls).	 Heavy	 lift-
ing at work was found to be positively linked to 
symptomatic prolapse in a simple age- and parity-
adjusted model. Compared to women who did no 
heavy	lifting	at	work,	those	lifting	weights	up	to	10kg	
had an increased risk of symptomatic prolapse (OR 
1.81,	 95%	CI	 1.11–2.95).	 There	 was	 a	 similar	 in-
creased	risk	for	those	women	lifting	10kg	or	more	at	
work:	OR	1.67,	95%	CI	1.07–2.61.	This	inding	was	
conirmed	 in	 the	multiple	 logistic	 regression	analy-
sis	which	indicated	eight	variables	that	were	signii-
cantly associated with symptomatic prolapse. Age, 
parity, family history of prolapse, increased BMI, the 
presence	 of	 any	 condition	 suggestive	 of	 deicient	
connective tissue, fewer years smoking, heavy lift-
ing at work, and abnormal bowel habit were all risk 
factors for symptomatic prolapse. From this model 
the results for heavy lifting compared to no heavy 
lifting	 were:	 <10kg	 OR	 1.98,	 95%	 CI	 1.10–3.59;	
>=10kg	OR	1.94,	95%	CI	1.15–3.27.	Thus	no	clear	
dose	response	was	conirmed.

Slieker-ten	 Hove	 [299]	 found	 that	 current	 heavy	
physical	work	was	an	independently	signiicant	risk	
factor	 for	 symptomatic	 prolapse;	 24.5%	 of	 cases	
versus	 18.9%	 of	 controls	 were	 currently	 engaged	
in	heavy	work.	The	odds	ratio	was	1.48	(95%	con-
idence	 interval	 0.98-2.23)	 and	 the	 population	 at-
tributable	risk	(PAR)	was	8.5%.	Other	independent	
risk factors were having POP symptoms during 
pregnancy and mother having prolapse. Past heavy 
work	was	not	a	signiicant	risk	factor.

Braekken	 [2009]	also	reported	 that	heavy	occupa-
tional work, compared to moderate or light occu-
pational work, was associated with greater risk of 
prolapse	>=	 stage	 II.	 BMI	 and	 pelvic	 loor	muscle	
function	variables	were	also	signiicantly	associated	
with risk of prolapse as described in later sections.

Previously	 the	majority	 of	 studies	 (5	 out	 of	 6)	 re-
ported a positive association between occupations 
associated with lifting and the presence of prolapse. 
The additional three studies were supportive of an 
association between current heavy occupational 
lifting and prolapse, however the odds ratio in one 
study	was	only	marginally	signiicant.	

(b) Association between POP and bodyweight: 

Morbidly	obese	women	had	signiicantly	 increased	
odds of having prolapse (reported bulge) compared 
to	 obese	women	 (Whitcomb,	 2009).	 The	 odds	 for	
severely obese women compared to obese women 
were	 not	 signiicantly	 increased.	 The	 visual	 ana-
logue scores for bother with prolapse did not differ 
signiicantly	between	obesity	groups.	There	may	be	
a trend towards increasing prevalence of prolapse 
with increasing severity of obesity. However this 
was	not	relected	in	the	bother	reported.

In	the	Washington	[2010]	study	of	971	women,	721	
met	 the	 inclusion	 criteria	 and	 had	 suficient	 data	
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to	be	included	in	the	analysis.	Mean	age	was	56.5	
years	 (SD	16.2)	and	65.2%	were	post-menopaus-
al.	35.8%	were	obese	and	62.2%	non-obese.	The	
mean	BMI	was	35.8	(SD	5.4).	Stage	>=II	prolapse	
was	present	in	52%	of	women.	No	difference	in	pres-
ence of prolapse of stage II or greater was found 
between obese and non-obese women and simi-
larly	 for	stage	3	or	greater	prolapse:	obese	16.2%	
vs	non-obese	18.4%.	Being	obese	was	however	as-
sociated	 with	more	 pelvic	 loor	 symptom	 distress:	
the	 mean	 score	 on	 the	 PFDI-20	 was	 signiicantly	
higher for obese women compared to non-obese 
women, due to higher mean scores on subscales 
for colorectal-anal distress and urinary distress. 
There	was	no	signiicant	difference	between	obese	
and	 non-obese	 women	 in	 the	 prolapse-speciic	
subscale	 of	 the	 PFDI-20.	 The	 analysis	 performed	
was unadjusted, but it was reported that there were 
no	signiicant	differences	 in	age,	parity,	 race,	prior	
pelvic surgery or co-morbidities between the obese 
and non-obese group.

Miedel	 [2009]	 found	 that	although	age,	parity,	and	
family history of prolapse were the dominating risk 
factors for symptomatic prolapse, increased BMI 
was	 also	 an	 independent	 signiicant	 risk	 factor	 in	
the	inal	fully	adjusted	model	(p=0.038).	Compared	
to	women	 of	 normal	weight	 (BMI	 19	 to	 25),	 over-
weight	(BMI	26	to	30)	and	obese	women	(BMI	>30)	
had increased odds of symptomatic prolapse (OR 
1.88	95%	CI	1.15	to	3.08	and	OR	2.07	95%	CI	0.95 
to	4.50,	respectively).

Braekken	[2009]	reported	that	having	a	BMI	of	>25	
(compared	 to	 <=25)	 was	 signiicantly	 associated	
with	having	prolapse	>=	stage	 II	 (OR	5.0,	95%	CI	
1.1	to	23.0).	

In	ICI	4th	edition	the	majority	of	studies	(4	out	of	6)	in-
dicated an association between being overweight and 
having prolapse. There are now four additional studies 
to	draw	on.	Each	study	supported	the	previous	inding.

(c) Association between POP and bowel function: 

Symptomatic	prolapse	in	the	last	12	months	was	as-
sociated	with	having	inlammatory	bowel	symptoms	
(IBS) after adjusting for age, race, medical history, 
urinary	urgency	and	urinary	incontinence:	5%	in	the	
no IBS group had symptomatic prolapse compared 
to	 12%	 in	 the	 IBS	 group.	 Bother	 due	 to	 prolapse	
was	also	signiicantly	associated	with	IBS.	The	au-
thors suggest that women with IBS have cycles of 
constipation which makes them prone to having a 
weak	pelvic	loor	and	prolapse	[Wang,	2010].	

In	 the	 study	 by	 Saks	 [2010],	 311	women	met	 the	
inclusion	criteria:	mean	age	60.5	years	 (SD	12.5),	
BMI	 27.1	 (SD	 5.5),	 and	 parity	 2.6	 (SD	 1.3).	Most	
women	 were	 white	 (69%)	 and	 post-menopausal	
(79%).	Apical	prolapse	was	the	most	common	type	
(86%),	 followed	 by	 anterior	 (77%)	 and	 posterior	
(23%).	Most	had	prolapse	involving	more	than	one	

compartment. Nine bowel symptoms were exam-
ined and in all cases the prevalence of the symptom 
was not associated with grade of prolapse. Some 
obstructive symptoms (splinting, straining, anal in-
continence, bulging of rectal tissue) were associ-
ated with the presence of a posterior prolapse, but 
none were associated with the grade of posterior 
prolapse. In a multivariate regression analysis ad-
justing for age, BMI and presence of apical or an-
terior	 prolapse	 it	 was	 conirmed	 that	 women	 with	
posterior wall prolapse were more likely to report 
obstructive bowel symptoms than those who did not 
have	posterior	wall	prolapse	(OR	3.46,	95%	CI	1.69	
to	7.01).	Grade	of	 prolapse	 (either	overall	 or	 spe-
ciically	 for	 the	posterior	wall)	was	not	signiicantly	
associated with obstructive bowel symptoms. The 
authors concluded that obstructive bowel symptoms 
often co-exist with posterior vaginal wall prolapse 
but probably do not cause the symptoms.

Miedel	[2009]	found	all	bowel	variables	were	signii-
cantly associated with risk of symptomatic prolapse 
in	 an	 age-	 and	 parity-adjusted	model.	 In	 the	 inal	
multivariable logistic model, one variable remained 
signiicant:	lack	of	a	normal	bowel	habit	was	associ-
ated with a two-fold risk of symptomatic prolapse 
(OR	2.13,	95%	CI	1.37	to	3.31).

Slieker-ten	 Hove	 [2009]	 found,	 in	 an	 unadjusted	
analysis,	no	signiicant	association	between	consti-
pation and POP-Q stage, nor straining to defaecate 
and POP-Q stage.

Previously the evidence was inconclusive with re-
gards to the relationship between constipation and 
prolapse. There tended to be positive associations 
with symptoms of prolapse but not anatomical pro-
lapse measures (e.g. POP-Q). Four new studies 
add some information in this area. The conclusions 
from	these	are	similar	however:	signiicant	associa-
tions	with	prolapse	symptoms,	but	no	signiicant	as-
sociations with prolapse stage.

(d) Association between POP and nutrition: 

In	the	ICI	4th	Edition,	only	one	study	was	found	that	
suggested anaemia was associated with increased 
odds of having prolapse. A new study by Badalian 
(2010),	 looking	 at	 the	 effects	 on	 prolapse	 of	 vita-
min	D,	 found	 in	 a	 univariate	 analysis	 that	 women	
reporting	 bulge	 had	 higher	 levels	 of	 vitamin	 D:	 in	
women	 over	 50	 years	 old	 8.6%	 reported	 bulge	 in	
the	 >=30	 ng/mL	 group	 compared	 to	 3.3%	 in	 the	
<30	ng/mL	group.	However	the	model	indings	sug-
gested	that	vitamin	D	level	was	not	associated	with	
vaginal	bulge	(prolapse):	a	vitamin	D	level	of	30	ng/
mL or more (normal) compared to lower levels had 
an	odds	ratio	for	prolapse	of	1.66	(95%	CI	0.61	to	
4.49).	The	authors	suggest	that	the	small	numbers	
of women reporting prolapse may have been an un-
derestimate	due	to	self-reporting.	A	signiicant	asso-
ciation	between	low	level	of	vitamin	D	and	presence	
of urinary incontinence was reported.
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c) Summary

Overall there are still no prospective studies of life-
style interventions to prevent prolapse. 

Some new observational studies were located add-
ing to our knowledge of potentially helpful ways to 
modify lifestyle risk factors. There is now further evi-
dence that occupations involving heavy lifting/hard 
physical labour or being overweight may play a role 
in the development of POP (Level of Evidence: 3) . 

Constipation	 is	 a	modiiable	 risk	 factor	which	 per-
haps has potential to impact on development of 
prolapse symptoms. However, evidence regarding 
the association between constipation or straining at 
stool	and	prolapse	remains	conlicting.	New	studies	
were reasonably sized and adjusted for covariates. 

No further studies on anaemia were found. A 
study	of	vitamin	D	found	no	association	with	self-
reported bulge.

2. TREATMENT

Previously	no	studies	had	been	identiied	that	eval-
uated the effectiveness of lifestyle interventions in 
the treatment of women with POP. Currently this is 
still the case.

The primary physical therapy for POP is PFMT, 
with or without other adjuncts. PFMT may include 
PFM assessment and education, PFM exercise in-
struction, and PFM bracing against increased intra-
abdominal pressure, for example when coughing 
and	sneezing	(termed	“The	Knack”	[145]).	Adjuncts	
(such as biofeedback) or other physical therapies 
(such	 as	 neuromuscular	 EStim)	 may	 be	 used.	
These therapies aim to improve PFM strength, en-
durance, coordination and function. 

The promotion of PFMT for prolapse varies between 
treatment centres with some providing only a pa-
tient	information	lealet	and	others	giving	individual	
instruction	 from	 a	 physiotherapist	 [311].	 Research	
shows	that	verbal	teaching	of	pelvic	loor	exercises	
alone	is	insuficient	[312].	It	is	suggested	that	15%	
of women are incorrectly ‘bearing down’ when try-
ing to carry out these exercises. In women with pro-
lapse, this could further add to the strain on the area 
and worsen the condition. 

A Cochrane systematic review has indicated that 
PFMT	should	be	offered	as	irst-line	conservative	
management for urinary stress, urge and mixed 
incontinence	 [126].	 However,	 its	 role	 in	 manag-
ing	 prolapse	 is	 less	 well-established	 [313].	 The	
importance of clarifying the place of PFMT in the 
prevention and management of prolapse has been 
highlighted	[314,315].

1. PREVENTION

a) Quality of data

No	studies	have	been	identiied	to	date	that	evaluate	
the role of PFMT in prevention of POP. This lack of 
evidence	was	noted	by	Harvey	(2003)	in	a	systemat-
ic	review	of	PFMT	during	and	after	pregnancy	[212].	

However,	one	trial	 is	now	underway	[http://clinical-
trials.gov/ct2/show/NCT01171846].	 Four	 hundred	
women originally enrolled in a longitudinal follow-
up of post-natal incontinence (including a subgroup 
involved in a trial of post-natal PFMT), who have 
not sought treatment for prolapse, have been ran-
domised to receive either a programme of PFMT 
(individualised physiotherapy appointments, main-
tenance via Pilates-based classes and annual one-
to-one check-ups) or a prolapse prevention advice 
lealet.	Women	 are	 being	 followed	 up	 at	 2	 years.	
This	trial	is	due	to	report	in	late	2013.	

In addition, three more cross-sectional studies have 
examined	the	relationship	between	pelvic	loor	mus-
cle function and prolapse. 

Braekken	[2009]	conducted	a	case-control	study,	in	
which they examined the association between PFM 
function and POP, but also measured occupational 
heavy lifting and BMI as risk factors for POP as re-
ported above.

Moen	[2009]	[316]	undertook	an	observational	study	
in	 women	 presenting	 with	 pelvic	 loor	 disorders.	
Women were questioned about their performance 
of	pelvic	loor	muscle	exercises	and	then	were	ex-
amined	to	measure	pelvic	loor	muscle	contraction	
strength (Oxford grading scale). Prolapse stage was 
also recorded. Univariate analysis was performed 
to assess associations between prolapse stage and 
muscle strength. 

Slieker-ten Hove, as described above, performed 
a	 cross-sectional	 study	 of	 women	 aged	 45-85	
(n=2979)	 in	 one	 town	 in	 the	 Netherlands	 [302].	
Women completed a validated questionnaire and 
indicated if they would consent to a vaginal ex-
amination. A random sample of consenting women 
were examined to assess prolapse stage (POP-Q) 
and	pelvic	loor	muscle	 function	 (voluntary	muscle	
contraction and effective involuntary muscle con-
traction during coughing, relaxation and straining 
were scored by visual inspection and digital pal-
pation). The chi squared test for trend or ANOVA 
was used in an unadjusted analysis to assess as-
sociations	between	prolapse	stage	and	pelvic	loor	
muscle variables. 

b) Results

In	 one	 study	 [303]	 weaker	 pelvic	 loor	 muscles,	
poorer endurance and lower vaginal resting pres-
sure	were	each	signiicantly	associated	with	greater	
risk	of	prolapse	>=stage	II.	There	was	a	signiicant	
interaction between muscle strength and vaginal 

II. PHYSICAL THERAPIES



1182

resting	pressure:	weak	pelvic	loor	muscles	and	low	
vaginal resting pressure giving a higher odds ratio 
than other combinations. The authors concluded 
that women with poor PFM function were more like-
ly to experience POP compared with women with 
good PFM function, and that this supports the hy-
pothesis that PFMT may be important in the preven-
tion and treatment of POP.

In	another	study	[316]	of	325	women	with	a	mean	
age	of	57.8	years,	48.9%	(159)	had	prolapse	(stage	
II,	III	or	IV)	and	23.4%	(76)	were	able	to	perform	a	
contraction	with	strength	rated	3,	4	or	5	on	the	Ox-
ford	scale.	Pelvic	loor	muscle	contraction	strength	
was	signiicantly	lower	in	women	with	prolapse	>=II	
compared	to	women	with	stage	0	or	I	prolapse	(1.52	
versus	1.87,	p=0.007).	

Slieker-ten	Hove	[2010]	achieved	a	62.7%	response	
rate	with	1140	women	both	completing	the	question-
naire and consenting to a vaginal examination. Of 
these	1140	women,	800	were	randomly	selected	and	
649	 then	 underwent	 vaginal	 examination.	 Fifty	 four	
(8.3%)	had	prolapse.	Higher	stages	of	prolapse	com-
pared to lower stages were associated with less abil-
ity to attain levator closure. Higher stages of prolapse 
were also associated with lack of effective involuntary 
contraction during coughing, but better ability to per-
form proper straining technique. There was no associ-
ation between stage of prolapse and voluntary muscle 
contraction strength or endurance. The authors sug-
gest	tentatively	that	strong	pelvic	loor	muscles	alone	
do not prevent the development of prolapse. 

c) Summary

Previously one study had reported women with 
stage II prolapse were better able to elevate their 
pelvic	loor	 than	those	with	stage	III	or	 IV,	and	hy-
pothesised that poor PFMs may contribute to the 
development of prolapse. Now additionally three 
other studies have examined the association be-
tween	 pelvic	 loor	 muscle	 function	 and	 prolapse.	
Two studies had large sample sizes but unadjust-
ed	analyses;	 the	 third	study	was	smaller	but	used	
an adjusted analysis. Two studies suggested the 
strength	 of	 voluntary	 pelvic	 loor	 muscle	 contrac-
tions was negatively associated with prolapse 
stage, whilst the third did not, but instead found an 
association between higher stages of prolapse and 
lack of an effective involuntary contraction. 

Currently, there is no evidence from intervention 
studies regarding the role of PFMT or other physi-
cal	therapies	in	the	prevention	of	POP;	better	PFM	
function may be associated with less risk of pro-
lapse (Level of Evidence: 3) .

2. TREATMENT

a) Quality of data

An evidence-base is now emerging regarding the 
role of PFMT in the treatment of prolapse, both as 

a treatment in itself and as an adjunct to surgery. A 
Cochrane	review	speciically	addressing	this	ques-
tion	was	irst	published	in	2004	and	its	second	up-
date	was	published	in	November	2011	[296].	

(a) PFMT alone:

Six trials now exist in this area (Table 17) , three of 
which	were	 included	 in	 the	 4th	 edition.	 The	 three	
new trials are reported in detail below.

Braekken	 [2010]	 undertook	 a	 single-centre	 trial	
where	they	randomised	109	women	(59	PFMT,	50	
control), the results of which were reported in two 
articles	[306,317].	Women	had	stage	I,	II	or	III	pro-
lapse	of	any	type	(determined	by	POP-Q),	and	63%	
were reporting symptoms of prolapse. Randomisa-
tion	was	stated	as	stratiied	by	severity	of	prolapse.	
The intervention group women were instructed in 
PFMT	for	6	months	(weekly	physiotherapy	appoint-
ments for three months then fortnightly appoint-
ments)	with	home	exercise	(3	sets	of	8-12	close	to	
maximal contractions daily). Both groups were giv-
en lifestyle advice and taught “the Knack”. Prolapse 
stage, prolapse, bladder and bowel symptoms, pel-
vic	 loor	 muscle	 manometry	 and	 ultrasound	 mea-
surements	were	taken	at	6	months.	

The risk of bias was judged to be low. A statistician 
generated and stored the allocation envelopes. The 
participant opened the opaque sealed envelope her-
self. Random permuted blocks were not used which 
resulted	in	unequal	group	sizes.	There	was	a	signii-
cant difference at baseline between the randomised 
groups in the prevalence of prolapse symptoms 
(43/59	 PFMT	 group,	 26/50	 control	 group).	 Pelvic	
loor	ultrasounds	were	taken	and	assessed	blinded	
to	women’s	group	in	the	trial,	but	pelvic	loor	assess-
ments	were	not	blinded.	Dropouts	were	adequately	
reported	and	the	rate	was	low	(2%).

Stupp	 [2011]	 randomised	 women	 with	 untreated	
stage II anterior or posterior prolapse attending a 
urogynaecology	service	in	Sao	Paulo,	Brazil	[318].	
POP symptoms were the women’s main clinical pre-
sentation.	The	PFMT	group	 (n=21)	 received	6	ap-
pointments	over	14	weeks	with	a	specialist	women’s	
health	physiotherapist	at	weeks	0,	1,	2,	6,	10	and	
14.	The	irst	3	sessions	aimed	 to	achieve	sensory	
awareness.	A	12-week	home	exercise	program	was	
prescribed and women were encouraged to perform 
3	sets	of	exercises	daily.	One	set	was	8-12	MVCs,	
held	for	6-10	secs,	double	rest	times	between	con-
tractions,	followed	by	3-5	fast	contractions	in	a	row.	
Fortnightly the same physiotherapist phoned the 
woman. A standardised lifestyle advice sheet was 
given to both groups containing global stretching 
exercises	 and	 advice	 on	 weight	 loss,	 luid	 intake,	
constipation, and avoidance of heavy lifting. No 
detail was provided of who delivered the interven-
tion e.g. how many physiotherapists. Control group 
(n=16)	 received	 instructions	on	performing	a	PFM	
contraction without a protocol, and a lifestyle advice 
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Study ID, 
population

Training 
Type 

Training 
Duration

NotesTraining Program Effectiveness

Braekken 
[306,317]

PFMTvs 
control (given 

lifestyle a, 
taught the 

Knack) 

Reduced frequency of symptoms: 
PFMT 74% vs control 31%, RR 

0.37, 95% CI 0.21 to 0.65)
Reduced symptom bother: PFMT 
67% vs control 42%, RR 0.56, CI 

0.33 to 0.97
POP-Q stage not improved: 47/58 

PFMT vs 46/50 control, RR 0.88, CI 
0.76 to 1.02 

6 months Stage I, II and III 
prolapse included.
Dropout rate 2%

Weekly physiotherapy appointments for three months 
then fortnightly visits, with home exercise (3 sets of 8-12 

close to maximal contractions daily)

Ghroubi 
2008 [437]

PFMT+ 
healthy living 

advice vs 
control

Post-Rx no. with pelvic heaviness; 
5/27 PFMT vs 14/20 control, RR 

0.26, CI 0.11 to 0.61

unknown Stage I or II cystocele, 
with or without stage I 

rectocele.
No detail of dropouts.

Taught PFMEs (stretch reflex technique) + electrical 
stimulation + digital biofeedback. 24 sessions, 30 

minutes per session. From 10th session 20 contractions 
per day at home.  Lifestyle advice.

Hagen 
2009 [438]

PFMT vs 
control (given 
lifestyle advice 

leaflet)

Pelvic Organ Prolapse Symptom 
Score, mean diff. btwn groups in 

change from baseline: 3.37, CI 0.51 
to 6.23

Self-report of no improvement: 7/19 
PFMT vs 16/21 control, RR 0.48, CI 

0.26 to 0.91

POP-Q stage not improved: 6/11 
PFMT vs 9/9, RR 0.57, CI 0.33 to 

0.98

16 weeks Stage I and II prolapse 
included.

Dropouts: PFMT 4, 
control 3.

5 physiotherapy sessions (weeks 0, 2, 6, 11 and 16).  
Individualised advice and home exercise programme - 6 

sets per day recommended, 1 set = up to 10 max. 
voluntary contractions, held for up to 10 secs, with 4 
secs rest in between, 1 min rest, then 10 or more fast 

contractions.

Hagen 
2011 [296]  

PFMT vs 
control (given 
lifestyle advice 

leaflet)

Pelvic Organ Prolapse Symptom 
Score, mean diff. btwn groups in 

change from baseline at 12 months: 
2.37, CI  1.30 to 3.44 (results of 

statistical modelling subsequent to 
ICS abstract)

POP-Q stage not improved: 135/168 
PFMT vs 150/171 control, RR 0.92, 

CI 0.83 to 1.01

16 weeks Stage 1, II and III 
prolapse included.

Questionnaire 
response at 12 

months: 67% PFMT, 
65% control.

6-month POP-Q 
attendance: 81% 

PFMT; 82% control

5 physiotherapy sessions (weeks 0, 2, 6, 11 and 16).  
Individualised advice and home exercise programme – 
at least 3 sets per day recommended, 1 set = up to 10 

max. voluntary contractions, held for up to 10 secs, with 
4 secs rest in between, 1 min rest, then 10 or more fast 

contractions.

Table 17: Characteristics of studies comparing PFMT versus no active treatment for pelvic organ prolapse
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Study ID, 
population

Training 
Type 

Training 
Duration

NotesTraining Program Effectiveness

Piya-anant 
2003 [439]

PFMT vs 
control

PFMT group less likely to have 
worse prolapse at 24 months 

follow-up (28%) than those in the 
control group (72%) (P < 0.05). 

unknown These two percentages 
were the only numeric 

outcome data reported.
Women over 60 years 
of age, with or without 
anterior wall prolapse.

88/330 PFMT and 
91/324 control did not 
attend for follow-up.

PFMEs taught on one occasion.  If woman unable to 
perform, attended monthly until could do so. 30 

exercises "after one meal every day".  Advice on diet 
and fluid intake. 

Stupp 2011 
[318]

PFMT vs 
control (given 
lifestyle advice 

sheet)

POP-Q stage not improved: anterior 
6/19 PFMT vs 11/14 control, RR 

0.40, CI 0.20 to 0.82; posterior 6/12 
PFMT vs 4/5 control, RR 0.63, CI 

0.31 to 1.28
Strength (Oxford), mean diff btwn 

groups post-Rx: 1.5, CI 101 to 1.99
Endurance, mean diff btwn groups 

post-Rx: 4.4, CI 3.37 to 5.43
MVC, mean diff btwn groups 
post-Rx: 4.4, CI 1.63 to 7.17

14 weeks Stage II anterior or 
posterior prolapse.
Stated compliance 
100% PFMT and 
76.2% control.

7 appointments with women’s health physiotherapist 
(weeks 0, 1, 2, 6, 10, 14). 12-week home exercise 
program was prescribed - 3 sets of exercises daily 

encouraged: 8-12 MVCs, held for 6-10 secs, double rest 
times btwn contractions, 3-5 fast contractions in a row.  

Fortnightly the same physio phoned the woman. 
Lifestyle advice sheet given to both groups.

Table 17: Characteristics of studies comparing PFMT versus no active treatment for pelvic organ prolapse (continued)

Foot notes: MVC = maximum voluntary contraction, PFMT = pelvic loor muscle training, PFME = pelvic loor muscle exercises,  
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sheet as above. The primary outcome measure was 
POP-Q performed by one gynaecologist who was 
blinded to group allocation. Secondary outcomes 
were:	 pelvic	 loor	muscle	 function	 (strength	 –	Ox-
ford	grading,	endurance	–	PERFECT	assessment);	
electrical	activity	(sEMG);	symptom	severity.	It	was	
stated	that	compliance	in	the	PFM	group	was	100%	
and	 in	 the	 control	 group	 76.2%.	 91%	 in	 the	 PFM	
group adhered to the home exercise programme. 

Risk of bias in this study was potentially high: no detail 
of the randomisation process was given, nor blinding 
of the outcomes measures, other than POP-Q.

A multicentre trial of PFMT for stage I, II or III pro-
lapse	which	 randomised	 477	women	 has	 recently	
been	 completed	 [296].	 This	 was	 a	 parallel	 group	
randomised controlled trial. Women in the interven-
tion group were randomised to PFMT, delivered by 
a	physiotherapist	at	5	appointments	over	16	weeks,	
and lifestyle advice. Women in the control group re-
ceived a Lifestyle Advice Sheet by post only. Wom-
en had their prolapse assessed by a gynaecologist 
(POP-Q	system)	at	baseline	and	(blinded)	6	months,	
and completed postal questionnaires at baseline 
(prior	to	randomisation)	and	6	and	12	months.	The	
primary outcome was prolapse symptom severity 
(Pelvic Organ Prolapse Symptom Score – POP-SS) 
at	 12	months.	Other	 key	outcomes	were	prolapse	
severity (POP-Q), women’s perceived change in 
prolapse, uptake of further treatment and cost-ef-
fectiveness. Analysis was by intention-to-treat.

The risk of bias was judged to be low. Randomisa-
tion was by computer allocation using a remote ran-
domisation service, and groups were comparable at 
baseline. Outcomes were measured mainly via ques-
tionnaire thus avoiding measurement bias. Gynae-
cologists were blinded to women’s trial group when 
undertaking the follow-up POP-Q assessments. 
Questionnaire	response	rates	were	high	at	6	month	
follow-up	(84%	intervention;	86%	control),	but	lower	
at	12	months	(67%	intervention;	65%	control).	Rates	
of	attendance	for	6-month	prolapse	assessment	and	
POP-Q	were	good	(81%	intervention;	82%	control).	
Compliance	with	 the	 intervention	was	high:	80%	of	
women	attended	4	or	5	physiotherapy	sessions.

(b) PFMT and surgery: 

No new evidence to report.

(c) PFMT and pessary: 

A	feasibility	study	(the	PEPPY	study)	looking	at	the	
possible effects of PFMT with a vaginal pessary in 
situ has been completed but full results have not yet 
been published.

(d) Ongoing trials: 

There is currently one ongoing RCT (of PFMT as an 
adjunct to vault prolapse surgery – OPTIMAL) un-
der the direction of the NIH-sponsored Pelvic Floor 

Disorders	 Network	 [319].	 This	 trial	 compares	 two	
methods of suspending the vaginal vault in women 
undergoing vaginal surgery for POP and addition-
ally will randomise half of the participants to adjunc-
tive post-operative PFM exercises and behavioural 
therapy and half to routine care. The analysis will 
assess whether such adjunct therapy improves both 
anatomic and symptomatic outcomes two years af-
ter surgery. The study is expected to be complete by 
2012	 (the	OPTIMAL	 trial,	 ClinicalTrials.gov	 Identi-
ier:	NCT00597935).	

A further feasibility study of pre- and post-operative 
PFMT for women undergoing prolapse repair is un-
derway	(the	SUPER	study:	ISRCTN	08203457).	This	
study	 aims	 to	 recruit	 30	 participants	 over	 3	 sites.	
Participants are randomised to either the interven-
tion	group	(n=15)	or	the	control	group	(n=15).	Prior	
to surgery all patients who have agreed to take part 
are seen by a physiotherapist to complete baseline 
outcome measures. Those in the intervention group 
are also seen once pre-operatively by another phys-
iotherapist	to	be	taught	pelvic	loor	muscle	exercises.	
After	 6	 weeks	 those	 in	 the	 intervention	 group	 are	
seen	for	a	total	of	5	visits	over	a	16	week	period	for	
further	 instruction	 in	 pelvic	 loor	 muscle	 exercises	
and advice. Both groups complete outcome mea-
sures	at	6	and	12	months	post-surgery.

b) Results

(a) PFMT alone:

In	 the	Braekken	 trial	 [306,317],	 in	women	with	pro-
lapse	 symptoms	 at	 baseline	 (69/109),	 those	 in	 the	
PFMT group compared to the control group were 
signiicantly	 more	 likely	 to	 have	 reduced	 symptom	
frequency	(74%	vs	31%)	and	bother	(67%	vs	42%).	
Fewer women in the PFMT group than the control 
group	 had	 no	 improvement	 in	 POP-Q	 stage	 (81%	
versus	 92%).	 In	 contrast,	 no	 signiicant	 difference	
was noted in the subgroup of women with prolapse 
beyond	the	hymen	(80%	versus	80%).	The	authors	
also used ultrasound to measure the position of the 
bladder and rectum within the pelvis, and the dimen-
sions of the muscles and hiatal area, to indicate the 
severity of prolapse. They found the change in rest-
ing position in standing of the bladder and rectum, 
compared	 to	 baseline,	 were	 signiicantly	 greater	
(both were higher) in the intervention group than the 
control	group;	and	changes	in	measures	of	the	mus-
cles	and	hiatal	area	were	also	signiicantly	different	
in favour of the intervention group. Manometry (un-
blinded) was used to measure contraction strength 
and endurance and found improvement in strength 
and	endurance	were	signiicantly	greater	in	the	inter-
vention group compared to the control group. Braek-
ken also reported better urinary outcomes for women 
in the intervention group in their trial.

Stupp	[2011]	showed	that	the	intervention	group	had	
signiicantly	greater	anatomic	improvements	in	ante-
rior and posterior vaginal wall prolapse than did the 
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control	group,	and	a	decrease	in	symptoms	[318].	In	
addition, the intervention group had greater improve-
ments in muscle strength, endurance, and electromy-
ography parameters compared to the control group.

Hagen	 [2011]	 found	 prolapse	 symptoms	 were	 re-
duced	 signiicantly	more	 in	 the	 intervention	 group	
compared	to	the	control	group	at	6	months	and	12	
months. Change in prolapse stage from baseline to 
6-month	 follow-up	 showed	a	marginally	 signiicant	
difference	 between	 trial	 groups:	 20%	 in	 the	 inter-
vention	group	had	an	 improved	stage	versus	12%	
in the control group. The majority of women in both 
groups	had	no	change	in	their	prolapse	stage.	By	12	
months,	a	signiicantly	greater	proportion	of	control	
women	 (55%)	 reported	 they	 had	 received	 further	
treatment for prolapse compared to the intervention 
women	 (30%).	 Control	 women	 were	 signiicantly	
more likely than intervention women to report sub-
sequent referral to physiotherapy. Rates for receiv-
ing other treatments were similar. When analysis 
of the primary outcome measure was adjusted for 
additional treatment received, the estimate of the 
effect	of	PFMT	at	12	months	was	greater	and	com-
parable	with	that	at	6	months.

ICI	4th	edition	reported	on	three	trials	of	PFMT	versus	
control for prolapse that found a positive effect, how-
ever	 two	of	 the	 trials	were	small	 (<25	per	arm)	and	
the remaining trial had serious methodological limita-
tions. Results from an additional three trials are now 
available	 [296,306,317,318]	 indicating	 a	 beneit	 on	
both anatomical and symptom measures of prolapse. 
Stupp	(2011)	was	a	pilot	study;	the	remaining	two	tri-
als were rigorously conducted trials with large sample 
sizes	which	provide	level	1	evidence	of	the	effective-
ness of PFMT for women with stage I to III prolapse.

c) Summary

Based on previous studies and new evidence from 
two rigorously conducted trials and a smaller pilot 
trial, we conclude that PFMT can improve the symp-
toms of prolapse and the anatomical defects. (Level 
of Evidence: 1)

No further evidence is available regarding the role of 
PFMT as an adjuct to surgery and thus conclusions 
are unchanged: pre- and post-operative PFMT may 
help to improve quality of life and urinary symptoms 
in	women	undergoing	surgery	for	POP,	but	the	ind-
ings regarding its effects on PFM strength are con-
tradictory. The evidence available however is based 
on two small trials, one of which included women 
undergoing surgery for UI and/or prolapse. (Level 
of Evidence: 2)

d) Recommendations

PFMT can improve prolapse symptoms and severity 
(Grade of Recommendation: A) . 

Preoperative PFMT may help improve quality of 
life and urinary symptoms in women undergoing 

surgery for prolapse (Grade of Recommendation: 
C).	Larger	trials	are	needed,	and	prolapse-speciic	
measures should be primary outcomes in such trials

Future studies of PFMT for POP should aim to reach 
a consensus on the optimal intervention programme 
prescribed and might also consider comparisons of 
individualised training with group training.

Pessaries offer a non-surgical option for the treat-
ment of urinary incontinence and pelvic organ pro-
lapse (POP). Pessary use dates back prior to the 
days of Hippocrates, and innumerable varieties 
such as half a pomegranate, a linen tampon soaked 
with astringent vinegar or a piece of beef have been 
used.	It	was	only	 in	the	16th	century	that	a	device	
was	made	speciically	to	be	used	as	a	pessary,	as	
opposed to using naturally occurring objects. Since 
the	20th	century,	considerable	reinements	have	oc-
curred and modern pessaries are made from a va-
riety of materials including rubber, clear plastic, soft 
plastic	with	metal	reinforcements	and	silicone	[320].	

A range of vaginal pessaries (Figure 7 ) exist which 
can be broadly divided into two types: support and 
space-illing	pessaries.	Support	pessaries	lie	along	
the vaginal axis, with the posterior component sit-
ting in the posterior fornix and the anterior compo-
nent coming to rest just under the symphysis pubis, 
thus providing a supportive shelf for the descending 
pelvic	organs	[321].	As	there	is	no	evidence	to	sup-
port	 the	 use	 of	 a	 speciic	 type	 of	 pessary,	 choice	
is based on experience and trial and error. It is 
generally accepted that the ring pessary should be 
tried	irst	because	of	ease	of	insertion	and	removal,	
and	if	this	fails,	other	pessaries	can	be	used	[322].	
Clemons	[323,324]	found	that	the	ring	pessary	was	
successful in grades II and III prolapse, but for high-
er grades, a Gellhorn pessary was more effective. 
By contrast, a randomised crossover trial of the ring 
versus the Gellhorn pessary, did not demonstrate 
any difference in effectiveness between the two 
types	of	pessaries	[325].	

While it is not possible to establish a global perspec-
tive of the full extent of pessary use, a survey of the 
members of the American Urogynecologic Society 
showed	 that	 75%	 of	 members	 used	 pessaries	 as	
irst-line	therapy	for	POP.	Ninety	two	percent	of	phy-
sicians believed that pessaries relieve symptoms 
associated	with	POP,	while	48%	felt	that	pessaries	
also	had	therapeutic	beneit	in	addition	to	relieving	
symptoms. No clear consensus emerged regard-
ing the type of pessary or their indications for use 
[326].	Similarly	there	are	no	clear	prevailing	remov-
al	regimes	[Cundiff,	2000].	 In	the	United	Kingdom,	
a	 recent	 postal	 survey	 demonstrated	 that	 87%	 of	
consultants use vaginal pessaries for management 
of	POP	 [327].	Many	physicians	 receive	 little	or	no	

III. PESSARIES
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training	in	the	use	of	pessaries	[328]	and	have	lim-
ited	experience	with	pessary	selection	and	itting.

Likely candidates for vaginal pessaries are those 
with co-morbid medical conditions, those who still 
wish to bear children, as interim relief prior to sur-
gery and for those who prefer non-surgical treat-
ment	[314].	Kapoor	(2009)	demonstrated	that	when	
pessaries are offered to patients with symptomatic 
pelvic organ prolapse, nearly two thirds of women 
choose a pessary rather than surgery as initial man-
agement	 [329].	 Furthermore,	 a	 case-control	 study	
comparing women who chose pessaries to those 
who underwent surgery one year after their respec-
tive treatment found no difference in prolapse symp-
toms, bladder, bowel or sexual dysfunction between 
groups	 [330].	 Thus,	 although	 traditionally	 thought	
of	 as	 treatment	 only	 for	 women	 deemed	 unit	 for	
surgery	 or	 inirm,	 pessaries	 should	 be	 considered	
a viable treatment option for the majority of women 
in the initial management of POP. Other indications 
include vaginal laxity, neonatal prolapse mainly 
seen in association with neural tube defects such as 
spina	biida	and	prolapse	during	pregnancy	[322].

Factors that predict the type of treatment chosen for 
POP have been evaluated in various studies. Pow-
ers	[2004]	[331)	noted	that	patients	who	refused	a	
pessary	were	signiicantly	younger	and	had	a	higher	
incidence of urodynamic stress urinary incontinence 
(SUI). More patients with stage III prolapse refused 

while more patients with stage IV accepted pessary 
trial.	Heit	 [2003]	 [332)	 found	that	 the	probability	of	
choosing a pessary over surgery increased as age 
increased and decreased as the prolapse severity 
increased.	Clemons	2004	 [324]	 evaluated	 charac-
teristics that were predictive for pessary usage for 
up	 to	 one	 year.	Age	 greater	 than	 65	 years	 at	 the	
time of pessary insertion and more severe prolapse 
(Stage III-IV) were more predictive for pessary dis-
continuation.	Brincat	[2004]	[333]	found	that	women	
who were sexually active and those with POP were 
more likely to continue wearing a pessary than 
women with urinary incontinence. In keeping with 
this,	Ko	 [2011]	 [334]	 found	 that	 substantially	older	
women or menopausal women opted for a pessary 
rather	than	surgery,	and	signiicantly	more	sexually	
active women preferred surgery. 

Evidence	 of	 the	 effectiveness	 of	 pessary	 use	 for	
prolapse can be obtained from a large number of 
observational studies (prospective and retrospec-
tive) and two RCTs (Table 18 and Table 19 ). 

1. QUALITY OF DATA

(a) Randomised controlled studies: 

One	new	randomised	intervention	was	found	[335]	
in which the Colpexin Sphere was compared to 
PFMT in women with stage I and II pelvic organ 
prolapse	on	improving	pelvic	loor	muscle	strength	
and reducing symptoms. The device is a spherical 

Figure 7 : Range of pessaries (Courtesy of Mediplus Ltd, UK)
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intravaginal device, similar to a pessary, which is 
placed above the levator musculature and requires 
active PFM contractions to keep it in place. Its pur-
pose is to reduce the prolapse while facilitating PFM 
strengthening.	Group	1	used	Colpexin	Sphere	with	
PFMT	and	the	other	group	did	PFMT	only	for	a	16	
week period. Outcomes were evaluated at baseline 
and	at	16	weeks	for	comparison	of	pelvic	loor	mus-
cle	strength.	A	total	of	50	women	were	enrolled	and	
48	women	completed	the	full	16	week	assessment	
which consisted of Colpexin pull through test and a 
digital test. All assessments were performed by only 
one investigator who was blinded to the group as-
signed. The small sample size and the short period 
of treatment are limitations. In addition, the authors 
did not report a power calculation. The participants 
were	stratiied	 into	 two	groups	by	using	computer-
generated random numbers. Participants within 
each stratum were randomised by using opaque 
sealed envelopes to one of two study groups. 

No other new randomised contolled trials were 
found on the use of a pessary compared to another 
device	or	treatment	protocol.	Cundiff	[325]	conduct-
ed the largest multi-centre crossover trial, compar-
ing a ring with support and a gellhorn pessary for 
the treatment of symptomatic stage II or greater 
symptomatic	 prolapse.	 There	 were	 no	 signiicant	
differences between groups in baseline character-
istics.	Participants	were	itted	with	one	of	 the	pes-
saries for three months, and with the second for 
a	 further	 three	 months.	 During	 each	 three-month	
period, data were collected at one, six and twelve 
weeks	from	women	who	had	a	successful	it.	Out-
comes were measured at enrolment and three and 
12	months,	and	included	objective	assessment	us-
ing POP-Q and subjective assessment using Pelvic 
Floor	Distress	Inventory	(PFDI),	Pelvic	Floor	Impact	
Questionnaire (PFIQ), and a sexual function ques-
tionnaire. Random allocation was by computer-gen-
erated random numbers using permuted blocks of 
variable size. Opaque, sealed envelopes were used 
to store the random allocation. Participants and 
clinicians were not blind to the allocation, but data 
were coded such that analysis was conducted blind.

(b) Prospective observational cohort studies

Wu	 [1997]	 [336]	conducted	a	prospective	study	of	
110	 women	 with	 symptomatic	 POP	 to	 evaluate	 a	
protocol	 for	 pessary	 treatment.	After	 intitial	 itting,	
they were seen at two weeks for re-examination 
and	thereafter	at	3-6	month	intervals.	Handa	(2002)	
[337]	 described	 the	 course	 of	 POP	 amongst	 56	
women who used a supportive vaginal pessary for 
at least one year. 

In	100	women	with	prolapse,	Clemons	[2004]	[323],	
analysed the factors that contributed to successful 
pessary use. Two publications resulted: one on the 
symptoms and patient satisfaction at two months on 
73	out	of	the	original	100	study	women	who	had	a	
successful	pessary	it	and	the	other	on	the	continu-

ation with pessary at one year of the sub-group who 
were	satisied	users	[324].	

Lukban	 [2006]	 [338]	 described	a	 study	of	 the	effec-
tiveness and safety of the Colpexin Sphere device 
in	women	(n=39)	with	prolapse	beyond	the	hymenal	
ring;	all	women	had	grade	three	or	greater	prolapse	
of	at	least	one	vaginal	compartment	(69%	cystocele,	
44%	 rectocele,	 31%	 enterocele,	 8%	 vault	 prolapse,	
21%	 uterine	 prolapse).	 Women	 were	 instructed	 to	
use	the	Colpexin	Sphere	only	whilst	in	bed	for	the	irst	
week, and to use continuously thereafter, and were 
taught PFM exercises to be performed twice daily 
(PFMT and knee squeezes). The intervention period 
was	16	weeks.	Outcome	measures	included	prolapse	
stage	(modiied	Baden	and	Walker	classiication	sys-
tem), PFM assessment (Brink Scale score), and a Pull 
Test to measure PFM tone and strength (a tensiom-
eter is used to measure the force required to remove a 
35mm	sphere	from	above	the	levator	plate).	The	small	
sample size, lack of control group and short follow-up 
were limitations of the study.

Using	the	Shefield	Pelvic	Organ	Prolapse	quality	of	
life	questionnaire,	Fernando	[2006]	[339]	addressed	
the effectiveness of pessaries in alleviating symp-
toms associated with POP in a prospective study of 
203	consecutive	women	attending	a	specialist urog-
ynaecology unit four months after pessary insertion. 
Abdool	 [2011]	 [330]	 evaluated	 and	 compared	 the	
effectiveness of pessaries and surgery in patients 
with	pelvic	organ	prolapse	in	554	women	one	year	
after	 treatment.	Of	 these	 359	were	 treated	with	 a	
vaginal	pessary	and	195	had	surgery.	Lone	[2011]	
[340]	prospectively	evaluated	the	use	of	pessaries	
in	246	women	over	a	5	 year	period	and	 identiied	
complication rates and reasons for discontinuing 
use	over	 the	5	year	period.	There	was	an	overlap	
of patients in these studies as they are from one 
institute.	Kuhn	[2009]	[341]	used	the	same	Shefield	
Pelvic Organ Prolapse quality of life questionnaire 
and Female Sexual Function Index questionnaire to 
evaluate quality of life and pelvic organ and sexual 
function	before	and	during	pessary	use	in	73	wom-
en	of	whom	31	were	sexually	active. 

Komesu	 [2007]	 [342]	 compared	pelvic	 loor	 symp-
tom	changes	in	36	who	continued	pessary	use	to	28	
who	discontinued	using	the	Pelvic	Floor	Distress	In-
ventory-20	(PFDI-20)	before	and	after	pessary	use.	
In the same group of women, they further explored 
whether patient determined goal achievement was 
associated with pessary continuation. 

Barber	 [343]	 undertook	a	 study	 to	 evaluate	 the	 re-
sponsiveness	 PFDI	 and	 PFIQ	 in	 women	 with	 pop	
undergoing surgical and non-surgical management. 
The	pessary	group	consisted	of	42	women	with	stage	
II or greater prolapse enrolled in an multicentre ran-
domised trial comparing two different pessaries and 
64	women	with	Stage	III	or	greater	prolapse	who	un-
derwent vaginal reconstructive surgery. All subjects 
completed the questionnaires at baseline and again 
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either three months (pessary group) or six months 
(surgery group) after initiation of treatment.

Jones	[344]	evaluated	90	women	who	had	a	pessa-
ry	inserted	for	POP	at	baseline	and	3	months	after	
pessary use. Pelvic Floor symptoms were assessed 
using	PDFI	 scores.	 In	 addition	 they	 assessed	 the	
change in genital hiatus measurements. Logistic 
regression analysis was used to assess baseline 
characteristics predictive of continued pessary use.

Patel	 [345]	 sought	 to	 evaluate	 whether	 use	 of	 a	
vaginal pessary would change body image, bother 
symptoms, and quality of life in women with pelvic 
organ	 prolapse.	 Seventy	 ive	 women	 presenting	
for pessary insertion completed the short forms of 
Pelvic	Floor	Distress	Inventory-20,	Pelvic	Floor	Im-
pact Questionnaire, and Body Image Scale. After 
successful	pessary	insertion	and	use	for	at	least	3	
months,	54	subjects	repeated	the	surveys.	

(c) Retrospective studies: 

There are several retrospective studies on pessary 
beneits	and	outcomes	but	these	are	limited	by	the	
retrospective	study	design	[334,346-351].	Thus	we	
have chosen not to evaluate them in this review as 
there are several prospective cohort studies that al-
low a better assessment of effect. 

2. OUTCOME

a) Patient reported outcomes 

As	can	be	seen	in	Table	18,	follow-up	periods	evalu-
ating patient reported quality of life varied from three 
to	 12	months.	 In	most	 studies	 a	 recognised	mea-
sure of prolapse was used i.e. POP-Q examination, 
to objectively assess and evaluate the prolapse. 
One	 study	 [342]	 included	 patients	 with	 prolapse	
and/or incontinence. Various types of pessaries 
were used. Validated questionnaires to assess pa-
tient related outcome were used in eight studies. 
Commonly	used	questionnaires	were	the	Shefield	
POP symptom questionnaire, and the Pelvic Floor 
Distress	 Inventory	 (PFDI)	 and	Pelvic	Floor	 Impact	
Questionnaire (PFIQ). Other questionnaires used 
were Female Sexual Function Index, Body Image 
Scale and Kings Health Questionnaire. 

A	direct	comparison	between	studies	 is	dificult	as	
different outcome measures have been used. When 
pessary insertion was successful, there appears to 
be	a	signiicant	improvement	in	prolapse	symptoms.	
Cundiff	[2007]	found	signiicant	and	clinically	signii-
cant	 improvements	 in	majority	 of	 the	PFDI	 scales	
and	many	PDIQ	scales	with	both	pessaries	but	no	
difference between the ring or gellhorn pessary. Two 
prospective	studies	[343,344]	found	a	signiicant	im-
provement in the urinary and prolapse scales of the 
PFDI	but	not	in	the	colorectal	scale	3	months	after	
insertion of pessary compared to baseline. Others 
[342,345]	 demonstrated	 a	 signiicant	 improvement	
of	the	PFDI-20	scale	3	months	after	pessary	use.	

However data on the questionnaire that measures 
impact	 i.e.	 PFIQ	 varies	 as	 Barber	 (2006)	 demon-
strated	no	signiicant	changes	in	the	3	scales	while	
Patel	 (2010)	 showed	signiicant	 decrease	 in	PFIQ	
scores and prolapse/vaginal subscale of the PFIQ. 
Fernando	 (2006)	 and	Abdool	 (2011)	 administered	
the	Shefield	Pelvic	Organ	Prolapse	Quality	of	Life	
questionnaire	(SPS-Q)	at	before,	4	monthsand	one	
year after pessary insertion. Two hundred and three 
patients from the previous study (Fernando) were 
included	 in	 the	 later	 paper	 (Abdool).	A	 signiicant	
improvement was seen in prolapse symptoms, 
bladder	 and	 bowel	 function	 as	 seen	 in	 Table	 18.	
Contrary to Fernando ’s study, Abdool did not dem-
onstrate improvement in bowel evacuation at one 
year	probably	as	this	was	only	marginally	signiicant	
(p=0.045)	at	4	months.

Women who were sexually active and wore a pes-
sary	showed	signiicant	improvement	in	satisfaction	
of	sexual	activity	at	4	months	[339]	and	at	12	months	
[330].	Kuhn	[341]	found	a	signiicant	improvements	
in desire, orgasm, lubrication and satisfaction after 
pessary use. This suggests that a vaginal pessary 
does not negatively interfere with sexual activity but 
may even improve sexual function. However, sexual 
activity is only possible with a ring pessary insitu 
[330,339].	The	other	pessaries	need	to	be	removed	
prior to sexual intercourse.

Self-perception of body image is reduced in women 
with	advanced	POP	[352].	A	signiicant	decrease	in	
body image scale scores has been reported indicat-
ing an improvement in women’s perception of them-
selves	 in	addition	 to	 improvement	 in	PFDI-20	and	
PFIQ	scores	at	3	months	 [345].	However,	majority	
of	 subjects	 in	 this	 study	had	stage	3	prolapse,	 so	
it is possible that improvements might not be the 
same for women with less advanced prolapse (i.e., 
stage 2) and those with urinary incontinence alone. 

Two	 studies	 [330,343]	 compared	 patient	 related	
outcome after pessary and surgery use. Abdool 
demonstrated	 a	 signiicant	 improvement	 in	 pro-
lapse, urinary, bowel and sexual function in both 
treatment arms but no difference between the two 
groups.	However,	Barber	(2006)	found	that	subjects	
in	 the	 surgery	 group	 had	 signiicantly	 greater	 im-
provement	in	each	of	the	scales	of	the	PFDI	and	the	
prolapse and urinary scales of the PFIQ than did the 
pessary group.

The placebo effect of treatment for prolapse needs 
further	 exploration.	 Komesu	 [2007]	 found	 an	 im-
provement	 in	 the	 PFDI-20	 total,	 bladder	 and	 pro-
lapse scores in women who discontinued and those 
who continued pessary use although this was more 
modest	[342].	This	could	be	because	of	placebo	ef-
fect or because of conservative interventions such 
as	dietary	change	and	pelvic	loor	exercises.	In	the	
same group they further studied the association 
between patient determined goal achievement and 
pessary continuation. Goals commonly listed were 
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bladder	 (36%),	 activity	 (20%),	 and	 general	 health	
(13%)	and	prolapse	 related	 (11%).	Although	goals	
were found to be variable, women who continued 
pessary use were more likely to meet one to two 
goals. Women who attained self-determined goals 
were more likely to continue pessary use. 

1. SUccESS ratES

There is no agreement in the literature on what is 
considered	 successful	 itting	 of	 a	 pessary.	 Some	
consider success if a pessary was perceived com-
fortable by a patient when retained during valsalva 
and voiding at the initial visit, while others consider 
it success if a patient continued to use the pessary 
until the following visit to the doctor. Therefore, the 
rates	of	successful	itting	vary	between	89%	to	8%	
with	 the	 follow-up	 time	 to	 deine	 success	 ranging	
from	 initial	 it	 to	 7	 years.	 (Table 19 ). Five studies 
[333,342,347,349,351]	 included	 patients	 with	 pro-
lapse and/or incontinence.

Higher	success	rates	for	speciic	types	of	prolapse	
(83%	 for	 uterine	 prolapse	 and	 82%	 for	 cystocele)	
are	 recorded	 [349].	 Comparison	 of	 success	 rates	
by	pessary	type	was	dificult	due	to	use	of	differing	
protocols for pessary selection within studies (Table 
19).	Wu	[1997]	[336]	used	ring	pessaries	in	96%	of	
women	who	were	successfully	itted.	Similarly,	ring	
pessaries were the primary choice of treatment in 
other	 studies	 [337,339,353].	 The	 itting	 protocol	
used	by	Mutone	[348]	speciied	the	ring	pessary	with	
support	diaphragm	in	 the	irst	 instance.	Of	women	
who	 had	 a	 successful	 pessary	 itting,	 ring	 pessa-
ries were used more often in women with stage II 
(100%)	and	stage	III	(71%)	prolapse	whereas	Gell-
horn pessaries were used more often with stage IV 
(64%)	prolapsed	[353].	Hanson	[2006]	found	signii-
cantly greater success with the ring, ring with sup-
port and Gellhorn pessaries than other type of pes-
saries	(p<0.05),	however	only	54%	of	women	in	this	
study had prolapse (the remainder had UI). 

Parameters reported as associated with a success-
ful	 pessary	 itting	 were	 often	 contradictory.	 Han-
son	 [2006],	 Clemons	 [2004],	 and	 Mutone	 [2005]	
reported	 that	 patient	 age	 was	 not	 signiicantly	 re-
lated	to	the	success	of	pessary	itting	whereas	Wu	
[1997]	 and	 Friedman	 [2010]	 reported	 that	 women	
who	 were	 itted	 successfully	 tended	 to	 be	 older.	
Mutone	[2005]	found	that	women	classed	as	obese	
were	 signiicantly	 less	 likely	 to	 have	 a	 successful	
it,	whereas	Maito	[2006]	[347]	indicated	that	weight	
was	not	a	predictor	of	successful	pessary	it.	

Clemons	2004	[353]	reported	no	effect	on	itting	suc-
cess of previous surgical intervention while others 
found	a	signiicant	relationship	between	unsuccess-
ful	it	and	previous	hysterectomy	or	prolapse	repair	
[346-348].	Wu	[1997]	reported	that	a	history	of	pelvic	
surgery reduced the probability of a successful pes-
sary	itting	from	79%	to	67%,	although	this	result	was	
not	signiicant	(p=0.2).	Hanson	[2006]	found	a	higher 

itting	success	rate	in	women	with	previous	abdomi-
nal	genitourinary	surgery	 (71%)	compared	 to	 those	
with a history of genitourinary surgery via the vaginal 
route	 (60%).	 Fernando	 [2006]	 found	 75%	 retained	
the pessary at two weeks, and that failure to retain 
was associated both with increasing parity and hys-
terectomy in a multivariate logistic regression analy-
sis;	site	and	type	of	prolapse	did	not	affect	success.

Current hormone use did not predict greater like-
lihood	of	 itting	success	 [336,353]	whereas	use	of	
local oestrogen (with or without systemic HRT) was 
felt to play an important role in successful pessary 
itting	[349].	Sexually	active	women	were	more	like-
ly to continue wearing a pessary for a longer period 
of	time	[333,343].	

Women	with	SUI	before	pessary	itting	are	reported	
to	have	a	signiicantly	lower	success	rate	in	two	trials	
[336,346]	 but	 not	 in	 one	 [324].	Maito	 [2006]	 found	
no	 signiicant	 difference	 in	 success	 rates	 between	
women	with	SUI	(94%),	POP	(89%),	or	both	(81%).

Increasing severity of prolapse did not affect the 
success	of	pessary	it	[336,	348,	353].	Neither	was	
large	 genital	 hiatus	 [324,348,350],	 severe	 vaginal	
atrophy nor a foreshortened vagina affected suc-
cess nor was the location of the prolapsed an issue 
[348].	However,	a	shorter	vaginal	length	and	wider	
vaginal introitus were associated with an unsuc-
cessful	 itting	 [324,350].	On	 the	other	hand,	Maito	
[2006]	 [347]	 found	mild	posterior	prolapse	 to	be	a	
signiicant	predictor	of	successful	it.	Clearly,	differ-
ing techniques, follow up, support and skills affect 
how well pessaries are tolerated and maintained. 

Comparison of long term pessary usage rates was 
dificult	 due	 to	 differing	 follow-up	 periods	 used	 in	
the	studies	reported.	Maito	[2006]	reported	contin-
ued pessary use of on average six months (range 
one	to	17	months);	discontinuation	of	pessary	use	
was	 signiicantly	 associated	 with	 severe	 posterior	
prolapse	after	adjustment	for	age.	Wu	[1997]	found	
that	66%	of	those	who	used	a	pessary	for	more	than	
one	month	were	still	users	after	12	months	and	53%	
were	 still	 users	after	 36	months.	 Lone	 [2011]	 pro-
spectively	evaluated	246	women	who	opted	to	use	
a	vaginal	pessary	(ring,	cube,	gellhorn,	donut)	[340].	
One	hundred	and	eighty	seven	(76%)	successfully	
retained the pessary four weeks after pessary in-
sertion.	 Over	 a	 ive	 year	 period,	 19%	 of	 the	 187	
women	were	lost	too	follow-up.	Of	the	151	women	
included	in	the	analysis,	13.9%	discontinued	use	at	
some	point	after	four	weeks,	whereas	86.1%	used	
the	pessary	successfully	over	5	years.	The	authors	
concluded that if the treatment for pessary is suc-
cessful at four weeks, most women will continue to 
use	the	pessary	over	5	years	without	a	concomitant	
increase in complications. 

Reasons for failure range from expulsion to complica-
tions such as vaginal discharge, erosion, de novo SUI, 
pain,	voiding	dificulty	and	constipation	(Table 19 ).
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2. coMplicationS

Minor complications after pessary insertion range 
from vaginal discharge, erosion, de novo SUI, 
bleeding pain and constipation as can be seen in 
Table	19.	Sarma	[2009]	[351]	reported	a	complica-
tion	 rate	 of	 56%	 after	 pessary	 use.	 Rarely	 major	
complications may occur. Neglected pessaries pres-
ent	with	more	serious	complications	namely	istula	
formation	and	peritonitis.	Erosion	into	the	bowel	or	
bladder and dense adhesions to other pelvic struc-
tures has been reported. Unusual complications of 
cervical entrapment, small bowel incarceration, and 
hydronephrosis	[354]	have	been	reported.	

3. pElvic floor MUSclE StrEnGth

In a randomised study on the use of Colpexin 
Sphere	[335]	a	statistically	signiicant	improvement	
in	pelvic	loor	muscle	strength	was	noted	as	com-
pared	 with	 baseline	 values	 and	 at	 16	 weeks	 was	
shown in both groups, with mean difference pull test 
contraction	 values	 of	 2.25	 +	 3.28	N	 (P	 <	 0.05)	 in	
the	study	group	and	1.38	+	2.17	N	(P	<	0.05)	in	the	
control	group.	There	was	no	statistically	signiicant	
difference	in	improving	pelvic	loor	muscle	strength	
between the study and the control groups. The au-
thors concluded that even though Colpexin Sphere 
plus	pelvic	loor	exercise	improved	pelvic	loor	mus-
cle strength, the improvement was not statistically 
different from exercise alone

4. financial iMplicationS:

Hullish	[355],	developed	a	Markov	decision	analy-
sis model to assess and compare the relative cost 
effectiveness of treatment decision alternatives for 
post-hysterectomy pelvic organ prolapse e.g. ex-
pectant management, use of a pessary and sur-
gery obtaining months of quality-adjusted life over 
one year. Sensitivity analysis was conducted to 
determine whether the results depended on spe-
ciic	 estimates	 of	 patient	 utilities	 for	 pessary	 use,	
probablitites for complications and other events and 
estimated costs. Only two treatments i.e. initial pes-
sary use and vaginal reconstructive surgery were 
found	 to	be	eficient	choices.	Pessary	use	(includ-
ing patients that eventually transitioned to surgery) 
achieved	10.4	quality-adjusted	months	at	a	cost	of	
$10,000	 per	 patient,	 while	 vaginal	 reconstructive	
surgery	obtained	11.4	quality	adjusted	months	at	a	
cost	of	$15,000	per	patient.	The	authors	concluded	
that research is needed to standardise POP out-
comes and complication, so that healthcare pro-
viders best utilise cost information in balancing the 
risks	and	beneits	of	their	treatment	decisions.

There is growing attention being paid to the effec-
tiveness of conservative interventions for the condi-
tion. There are encouraging signs of more rigorous 

research	in	this	area,	with	the	publication	of	4	RCTs	
[296,306,318,335)	in	this	ield	since	the	4th	ICI	and	
3	more	trials	awaited.	

C.4.1 Recommendations for practice

There	 is	 limited	 Level	 1	 and	 Level	 2	 evidence	 on	
which to base recommendations for practice, and 
most recommendations are, in effect, hypotheses 
that need further testing in RCTs.

Pelvic loor muscle training (PFMT)

•PFMT	 can	 help	 improve	 prolapse	 symptoms	 and	
severity (Grade of Recommendation: A) (New).

•Preoperative	 PFMT	 may	 help	 improve	 quality	 of	
life and urinary symptoms in women undergoing 
surgery for prolapse (Grade of Recommendation: 
C) (Unchanged).

Pessaries

•In	 a	 choice	 between	 the	Gellhorn	 pessary	 and	 a	
ring with support, either may improve prolapse 
symptoms and reduce their impact (Grade of Rec -
ommendation: B).

2. FUTURE RESEARCH DIRECTIONS

a) Lifestyle interventions

•		Studies	are	needed	to	fully	investigate	the	associa-
tion between occupation/heavy lifting, bodyweight, 
constipation and POP. These studies should en-
sure that:

 o  Occupation, physical activity, bowel function 
and diet are assessed rigorously, using instru-
ments with sound psychometric properties.

 o  Potential confounding variables are considered.

 o  Attempts are made to overcome some of the 
obstacles in research in this area such as re-
call bias inherent in assessing lifetime occu-
pational history, or healthy worker bias which 
is a problem when attempting to compare 
POP in women currently employed in heavy 
labour type jobs versus others.

•		Only	when	the	links	between	various	lifestyle	fac-
tors and POP have been more clearly established 
can good RCTs be set up to investigate the effects 
that changes in these lifestyle factors can have on 
preventing POP.

•		Anaemia	 is	 a	 treatable	 condition,	 either	 through	
diet or medication, and further research on its role 
in prevention of prolapse is warranted.

b) Pelvic loor muscle training (PFMT)

•		Studies	are	needed	to	fully	investigate	the	role	of	
physical therapies in the prevention of POP. Such 
studies should:

IV. SUMMARY AND RECOMMENDA -
TIONS
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Author/ year Study 
design

Partici-
pants

Subjective 
and Objective 
assessment

Comparison group Type of pessary Objective 
assessment

Length 
of 

follow-
up

Improvement in symptoms

Abdool et al  
2011 [330]

Prospective 
observational 
cohort case 
controlled

359 Sheffield prolapse 
questionnaire

Pessary treatment 
compared to surgery 

Ring, Gellhorn, 
Cube, Donut

Baden-Walker 12 
months

Awareness of lump, prolapse coming out 
of vagina, dragging pain in lower 

abdomen, low back pain, voiding difficulty, 
need to push prolapse to void, urinary 

urgency, fecal urgency, improvement in 
sexual satisfaction, interference with 

physical activity and quality of life

Barber et al 
2006 [343]

Prospective 
observational 
cohort  case 

controlled

Pessary 
(n= 42) 
Surgery 
(n=64)

PFDI and PFIQPessary treatment (3 
months) compared to 
surgery (6 months) for 
pelvic organ prolapse

Ring and 
Gellhorn

POP-Q 3 months 
for 

pessary 

Significant improvement in prolapse and 
urinary scales of the PFDI. No change in 

the colorectal scale. No change in the 
PFIQ scales

Clemons et al  
2004 [323]

Prospective 
observational 

cohort

100 Not validatedN/A Ring and 
Gellhorn

POP-Q 2 
months

Bulge (90% to 3%)
Pressure (49% to 3%)
Discharge (12% to 0%)
Splinting (14% to 0%)

SUI 45%
UI 46%

Voiding difficulty 53%

Cundiff et al 
2007 [325]

Randomised 
cross-over

134 PFDI,PFIQ, Sexual 
Function Question-

naire

Ring with support to 
Gellhorn

Ring with 
support to 
Gellhorn

POP-Q 6 
months

Statistically and clinically significant 
improvements in majority of the PFDI 

and many PFIQ scales in both pessaries, 
but no clinically significant differences 

between the two pessaries

Fernando et 
al 2006 [339]

Prospective 
observa-

tional cohort

203 Sheffield prolapse 
questionnaire

N/A Ring, Gellhorn, 
Cube, Donut

Baden Walker 4 
months

Awareness of lump (71%), Prolapse 
coming out of vagina (52%), Vaginal 

soreness (21%), Dragging sesation in 
lower abdomen 24%), Lower back ache 

(30%), Difficulty emptying bladder (40%), 
Push prolapse to void (29%), urinary 

urgency (38%), Urge urinary incontinence 
(29%), Stress urinary incontinence (40%), 

Incomplete emptying of bowels (28%), 
Rectal digitation to empty bowels (12%), 
Vaginal digitation to empty bowel (7%), 

Faecal urgency (30%), Urge faecal 
incontinence (20%), Frequency of sexual 
intercourse (16%),Improvement in sexual 

satisfaction (11%) 

Table 18: Characteristics of studies on symptomatic prolapse and pessary
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Author/ year Study 
design

Partici-
pants

Subjective 
and Objective 
assessment

Comparison group Type of pessary Objective 
assessment

Length 
of 

follow-
up

Improvement in symptoms

Jones et al 
2008 [344]

Prospective 
observa-

tional cohort

90 PFDIN/A Ring, Inconti-
nence ring, 

Gellhorn, Oval 

POP-Q 3 
months

Improvement in the overall PFDI scale 
and all subscales with the exception of 

colorectal distress inventory

Komesu et al 
2007* [342]

Prospective 
observa-

tional cohort

64 PFDI-20Compare PF symptoms 
in patients who 

continue and discon-
tinue pessary use

Choice of pessary 
left to discretion of 

the provider

POP-Q 6-12 
months

In the continuation group final PFDI-20 
total, bladder and prolapse scale scores 

were better than the discontinuation 
group. 

Kuhn et al 
2009 

[341,344]

Prospective 
observa-

tional cohort

73 Female Sexual 
Function Index, 

Sheffield question-
naire, Kings Health 

Questionnaire

N/A Cube POP-Q 3
months

Improvement in feeling of bulge, 
improvement in stool outlet problems, 

overactive bladder symptoms. Improve-
ment in sexual desire, orgasm, lubrica-

tion, satisfaction after therapy

Patel et al 
2010 [345]

Prospective 
observa-

tional cohort

75 Body Image Scale 
(BIS) and PFDI-20, 

PFIQ, Prolapse 
subscale of PFIQ

N/A Ring, Ring with 
support, 
Gellhorn

POP-Q 3
months

Improvement in body image scale scores, 
PFDI-20 scores, PFIQ scores

Table 18: Characteristics of studies on symptomatic prolapse and pessary (continued)

Foot notes: N/A-Not applicable, SUI- Stress Urinary Incontinence, UUI-Urge urinary incontinence, RCT- Randomised Controlled study, P- Prospective Observational study, PFDI- Pelvic 
Floor Distress Inventory, UDI -Urinary Distress Inventory 
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Author/ year Number Study design Success rate
n (%)

Types of pessaries Follow-up 
period

Reason for failure Risk factors

Abdool et al 
2011 [330]

554 Prospective 
observational 

cohort

243 (68%)Ring, Gellhorn, 
Cube, Donut

12 months N/A N/A 

Clemons et al 
2004 (c) [323]

100 Prospective 
observational 

cohort

73 (73%)Ring, Gellhorn 2 weeks De novo voiding difficulty, 
occult stress incontinence, de 

novo voiding difficulty**

Desire for surgery
and stage III-IV posterior 
vaginal wall prolapse***

Fernando et 
al 2006 [339]

203 Prospective 
observational 

cohort

153 (75%)Ring, Gellhorn, 
Cube, Donut

2 weeks Failure to retain pessary, Pain/ 
Bleeding/Discomfort, 
Worsening symptoms

Increasing parity, previous 
hysterectomy

Handa et al 
2002 [337]

56 Prospective 
observational 

cohort

36 (64.3%)Ring, Donut, 
Gellhorn, Cube

3 months Discomfort, expulsion -

Jones et al 
2008 [344]

90 Prospective 
observational 

cohort

42 (47%)Ring, Incontinence 
ring, Gellhorn, Oval

3 months Failure to retain, Inadequate 
relief of symptoms

Large baseline measurement of 
the perineal body at rest Large  

LA hiatus width?

Komesu et al 
2007 [342]

64* Prospective 
observational 

cohort

64 (56%)Choice of pessary 
left to discretion of 

the provider

6-12 months failure to retain, uncomfortable Prolapse score decrease to 
77% of baseline 

Kuhn et al 
2009 [341]

73 Prospective 
observational 

cohort

32 (44%)cube 12 months Pessary expulsion, desire for 
surgery, bothersome de novo 

SUI, inability to remove or insert 
pessary, pain or feeling of 

discomfort, uspecified

N/A

Lone et al 
2011 [340]

246 Prospective 
observational 

cohort

53 (28.3%)Ring, Gellhorn, 
Cube, Donut

5 years Expulsion, excoriation/bleeding, 
Pain/discomfort, Constipation 

N/A same comment

Lukban et al 
2006 [338]

39 Prospective 
observational 

cohort

27 (69%)Colpexin 4 months Device displacement, Subject 
noncompliance , Lost to 

follow-up , Subject choice  

N/A 

Patel et al 
2010 [345]

75 Prospective 
observational 

cohort

54 (79%)Ring, 
Ring with support, 

Gellhorn

3 months Failure to retain, ineffective N/A 

Wu et al 1997 
[336]

110 Prospective 
observational 

cohort

81 (74%)Ring with and 
without diaphragm, 

Cube

Initial visit Failure to sustain support of the 
prolapse, intolerable urinary 

incontinence, vaginal discharge, 
pelvic pain, vaginal abrasions 

and erosions

Younger women, previous 
pelvic surgery, history of stress 
incontinence prior to pessary 

insertion

Table 19: Success rates after pessary insertion and risk factors for failure  

Foot notes: N\A = not applicable; N/R = not reported,*Includes patients with incontinence and/or prolapse; ** women who discontinued pessary usage after two weeks and within the irst 
two 2 months; ***Predictors identiied at one year
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 o  Consider the exact nature and timing of any 
physical therapies.

	 o		Ensure	 that	 the	 effects	 of	 lifestyle	 factors	
and other potential confounding variables 
are taken into account. 

•		Further	trials	are	needed	to	add	to	the	evidence	
regarding:

 o  The effectiveness of PFMT for different 
stages and types of prolapse.

 o  The role of PFMT as an adjunct to prolapse 
surgery.

•		There	 are	 no	 trials	 that	 address	 the	 following	
comparisons of interest:

 o  Low versus high intensity supervision of 
PFMT

 o Individual versus group PFMT.

 o PFMT versus surgery.

 o PFMT versus pessary.

c) Pessaries

•		There	remains	a	pressing	need	for	well-designed	
RCTs to examine the effects of using the wide 
variety of different pessaries in the treatment of 
POP. Such studies need to:

 o  Address optimal pessary effectiveness, in-
cluding the symptomatic and therapeutic 
benefits of pessaries as well as the indica-
tions for use, pessary fit, replacement and 
care. 

 o  Adopt consistent protocols regarding choice 
of pessary.

 o Allow sufficient follow-up periods. 

•		Randomisation	may	 not	 be	 appropriate	 but	 ef-
forts should be made to match the character-
istics of the treatment groups being compared. 
Comparisons of interest are:

 o Pessaries versus surgery.

 o Pessaries versus physical therapies.

 o Pessary in conjunction with PFMT. 

The assessment and measurement of POP 
and the assessment of prolapse symptoms 
need to be made in a standardised fashion 
using a validated outcome measure (such 
as the POP-Q examination). The choice of a 
single validated symptom tool is problematic 
at the present t ime.

UI in men remains under-reported and under-studied 
in comparison to studies including women. The report 
from	the	4th	ICI	indicated	that	the	prevalence	of	UI	and	
LUTS	in	men	ranged	from	eight	to	23%	depending	on	
the method of data collection, population accessed, 
and	 location	 [1,356).	 As	 for	 previous	 consultations,	
despite the prevalence of UI and LUTS in older men, 
the only aspect which continues to receive systematic 
consideration with respect to conservative manage-
ment are post-prostatectomy urinary symptoms. Thus, 
the major focus of this section is UI after prostatecto-
my for benign or malignant disease. All prostatectomy 
types and approaches were considered including radi-
cal prostatectomy (open radical retropubic or perineal, 
laparoscopic, and robotic) or endoscopic procedures 
(such as transurethral prostatic resection, high inten-
sity microwave therapy). 

The	 PMFT,	 EStim	 and	 MStim	 interventions	 in	 the	
current	review	were	reorganized	to	relect	the	evolv-
ing evidence and emerging directions of research on 
post-prostatectomy urinary incontinence. Studies of 
EStim	and	MStim	in	men	post	prostectomy	all	includ-
ed PFMT as an intervention as well, so these were 
combined	 under	 PFMT.	 EStim	 and	 MStim	 studies	
of non prostatectomy related incontinence or other 
LUTS were kept in separate sections. As preopera-
tive studies may represent the only truly preventative 
studies, and studies that only included incontinent 
men the true treatment studies, the categories of 
prevention and treatment were changed in the PFMT 
section. Instead, studies in these sections have been 
grouped into three types: preoperative interventions, 
mixed pre and post operatives studies of all men un-
dergoing prostatectomy and studies of post operative 
interventionsfor men with established incontinence. 
Studies in the pre and post operative study category 
are heterogenous in timing of recruitment and inter-
vention, an ongoing concern in this research area. 

Aetiology of UI after prostatectomy

For purposes of the current review, the reader is di-
rected	to	the	report	from	the	3rd	and	4th	ICI	(1,356)	in	
which the aetiology of UI after prostatectomy is cov-
ered	in	detail	(see	report	from	Committee	13:	Surgery	
for urinary incontinence in men). In brief, risk factors 
which	have	been	repeatedly	identiied	for	UI	after	radi-
cal prostatectomy and transurethral resection of pros-
tate (TURP) are abnormalities of detrusor contractility 
[357]	and	age	[358].	Other	related	factors	include	neu-
rovascular	injury	during	surgery,	previous	TURP	[359],	
preoperative radiotherapy, trauma, spinal cord lesion, 
new obstruction such as prostatic regrowth, bladder 
neck contracture, urethral stricture, Parkinson’s dis-
ease	[360,361],	dementia,	and	medications	[356].

Treatment

The primary conservative treatment for UI after pros-
tatectomy remains physical therapies with or without 
some form of Biofeedback (BF). PFMT, along with 

C. URINARY INCONTINENCE IN MEN
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anal	 EStim,	 BF	 or	 transcutaneous	 electrical	 nerve	
stimulation	 (TENS),	MStim,	and	even	pharmaceuti-
cals have all been utilised and reported as modestly 
successful in some trials and not in others.

A literature search of relevant systematic reviews 
and reports of RCTs and quasi-RCTs was performed. 
No other types of study design were considered. The 
report	of	 the	4th	ICI	(1)	 identiied	14	relevant	RCTs	
on conservative management of UI post radical 
prostatectomy	(n=	12)	or	TURP	(n=2)	[362-375).	For	
this	review,	nine	new	published	trials	[376-384],	and	
seven	abstracts	[385-391]	were	found,	14	in	men	un-
dergoing radical prostatectomy, two in men undergo-
ing TURP. One was excluded as it was a study in 
progress	 [388],	and	one	 [386]	was	 found	 to	be	 the	
same	study	as	one	of	the	published	trials	[384].	Thus,	
14	 trials	 were	 added	 to	 the	 current	 evidence	 base	
for	a	total	of	32	RCTs	on	some	aspect	of	continence	
treatment after radical prostatectomy and four on 
treatment after TURP. Table 20  provides summary 
information on the trials. 

Lifestyle recommendations such as smoking cessa-
tion, healthy eating, appropriate body weight, avoid-
ing excessive caffeine or alcohol are all part of a 
primary care approach and are intended to be pre-
ventative in the onset of obesity, cardiovascular dis-
ease, diabetes. Whether these factors have a direct 
impact on continence is suggested but not known. To 
date, no trials have addressed the topic of lifestyle 
interventions alone for men with UI. Nevertheless, 
in practice, it seems reasonable to offer advice on 
healthy lifestyle choices that may reduce or delay the 
onset of continence problems.

The quality of trials included in this update of PFMT 
has improved from earlier ICI reports although het-
erogeneity and varying outcome measures continue 
affect	the	ability	to	compare	trial	indings.

1. PREOPERATIVE RP PFMT

Trials in this section compared preoperative inter-
ventions.	Two	new	studies	were	identiied	as	focus-
ing	on	preoperative	PFMT	[385,389].	

Delmastro	 [2010]	 report	a	 trial	 in	which	men	under-
going radical prostatectomy were randomised preop-
eratively	to	PFMT	plus	proprioceptive	training	(n=60)	
vs	PFMT	alone	(n=57).	The	authors	present	a	novel	
arguement that proprioceptive training of the agonist 
and antagonist muscle activity preoperatively may af-
fect acute adaptive responsiveness, enhancing the 
effectiveness of PFMT in men undergoing radical 
prostatectomy. Outcomes were measured at baseline 

(preop)	and	4,8,	and	24	weeks	post	surgery;	Although	
the	authors	report	signiicant	differences	in	outcomes	
favouring the intervention group (PFMT plus proprio-
ceptive training) the report of the study was available 
in abstract form only, and details of the randomiza-
tion technique and data were not available. This study 
represents an innovative theoretical perspective, but 
further investigation and testing is needed to estab-
lish	eficacy	of	the	treatment	approach.	

Tobia	 [2008]	 (article	 translated	 from	 Spanish)	 ran-
domised	 38	 men	 to	 to	 preoperative	 kinesic	 peri-
neal	exercises	 (n=19)	or	no	preoperative	 treatment	
(n=19).	 Using	 DRE	 and	 perinemeter	 plus	 ‘low	 to	
medium	 frequency	 EStim’,	 participants	 undertook	
‘kinestetic	 exercises’,	 practiced	 daily	 at	 home	 7-10	
times. No futher details of the intervention were pro-
vided such as the number of times the participants 
visisted the therapist, how participants were ran-
domised, assessors blinded. Nor was continence 
deined.	The	authors	reported	no	difference	between	
groups	in	continence	at	14,	30	or	60	days	post	cath-
eter removal. 

2.  PREOPERATIVE AND/OR POSTOPERATIVE 
RP PFMT, POST RP CONTINENCE STATUS 
NOT ESTABLISHED PRIOR TO INTERVENTION

Trials in this section addressed the effect of PFMT 
initiated preoperatively and/or postoperatively but 
before post op continence/incontinence was estab-
lished. In these studies, men were recruited pre-
operatively or immediately postoperatively and the 
investigators compared a treatment group that re-
ceived the intervention preoperatively and/or post-
operatively RP to a group receiving an intervention 
only post operatively. Post operative interventions 
were often described as usual care. Nine trials from 
the	previous	review	[210,362,369,370,372,375,392-
394]	and	one	new	study	[382]	are	included	for	a	to-
tal	of	10	trials	in	this	category.	One	study	in	abstract	
form	[388]	was	not	included	as	it	described	a	study	
in	progress	with	no	indings	presented.	

a) Preoperative PFMT instruction with postop -
erative home PFMT versus control 

No new trials were added to this section. Three were 
all	addressed	in	the	ICI	2009	chapter	[1,362,392,393].	
Two utilised preoperative BF assisted instruction in 
PFMT followed by postoperative self-PFMT at home, 
compared	to	postoperative	verbal	instruction	[362]	or	
usual	postoperative	exercise	advice	[392].	The	other	
study (abstract only), assigned participants to PFMT 
plus BF (method/type not described) or PFMT alone 
plus home exercises. Primary outcomes were pads 
or bladder diary. 

1. QUality of Data

Of	the	three	trials	in	this	subsection,	only	one	[392]	
reported adequate random allocation concealment. 
With regard to blinding of outcome assessment, 
Bales	[2000]	attempted	to	control	for	bias	in	outcome	

I. LIFESTYLE INTERVENTIONS

II. PELVIC FLOOR MUSCLE TRAINING 
(PFMT)
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Primary
Author

Timing of 
interven-

tion

Design RandomizationOpen/la
p/robotic

Intervention Blinding Findings Definition of Inconti-
nence

Centemero, 
2010 [382]

Pre Op 
Post Op

Pre Op/post PFME vs 
Post Op only; Enrolled > 

4 weeks Pre Op. RP.

block randomi-
sation in blocks 

of 10 in 
sequentially 
numbered 

sealed 
envelopes; 

power analysis 
SS 118. 

RRP 
open

N=118 T: (n=59 no 
dropouts) Pre/post BF 
PFMT 2x/wk 30 min 

intensive PFMT with PT + 
30 min at home; 48 hr 
post catheter removal 
2x/wk x 4 wks + home 

PFMT until dry; Focussed 
on "tonic fibres of the 
superficial perineal 

musculature". C Group: 
(n=59 no dropouts) Post 
Op PFMT (method not 

described)

surgeons 
blinded.

At 1 & 3 months T 
group more likely to be 
continent (44%, 59% vs 

20%, 37%); on pad 
test: 25%, 17% vs 

34%, 32%  > 150 gm. 
Nb no other pad test 

data  provided. 
Conclude that Pre Op 
PFMT self reported 
continence higher in 

treatment group.

Self report Continence 
= 0 leakage on bladder 

diary &  negative 
stress test; ICS male 

SF; PGI-I .  

Delmastro, 
2010 [385] 
(abstract 

only SIUD)

Pre Op Intensive Pre Op PFMT 
+ proprioceptive training 
vs two groups Pre OP 

PFMT vs N=112. 
Enrolled Pre Op or 

actively (time Pre Op not 
given).

not describedT group (n=60; 10 
dropouts); 10 hr individual 
PFMT sessions + 3 1 hr 
group sessions + home 

training; control (n=57; 13 
dropouts) PFMT and "no 
proprioceptive training" 

(but this is not described); 
Post Op both groups 
received verbal info. 

PT blinded. At baseline (Pre Op) & 
4,8,24 wks post 
surgery; reports 

significant difference 
favouring treatment but 

no data provided. 

Continence: 1 or less 
pads per day; pF 

strength, endurance & 
function; Post Op 

patient global 
impression of 

improvement (PGI-I).

Dubbel-
man, 2010 

[379]

Post Op Post Op RP two groups 
1 day Pre OP all men 

received verbal 
instruction from a PT 

plus written materials 1 
wk after catheter 

removal; PFME with PT 
+ home exercises/written 

materials vs written 
materials alone. Enrolled 
men with > 1 gram urine 
loss on 1 hour pad test 1 

week after catheter 
removal.

1:1 randomisa-
tion 1 wk post 

catheter 
removal; sealed 
envelope open 
by trial nurse 
after pad test 

result. 

N=79 T group (n=44;33 
complete) C group (n=35; 

33 complete)

trial nurse not 
involved in 

intervention; 
PT unaware of 
outcome data 

of either group; 
power analysis 
done - needed 

96 per arm.

At 1,4,8,12,26 wks; at 
26 wks on 1 and 24 hr 
pad test 30% vs 27% 

were continent; no 
significant difference in 
time to continence; amt 
of urine lost at baseline 
a significant predictor 
of continence at 6/12.  

Continence < 4 gm on 
24 hr pad test; < 1 gm 
on 1 hr pad test; 1 hr 
pad test dry (<1g), 

mild (< 10 g), 
moderate (10-50 g), 

severe  (>50 g).

RRP 
open

Table 20: Characteristics of male urinary incontinence studies
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Table 20: Characteristics of male urinary incontinence studies (continued)

Primary
Author

Timing of 
interven-

tion

Design RandomizationOpen/la
p/robotic

Intervention Blinding Findings Definition of Inconti-
nence

Glazener, 
2011 [377)

Post Op Post Op: TURP two 
groups 6 weeks post 

surgery: PFMT vs written 
material. Enrolled men 

reporting incontinence on 
screening questions 6 

weeks postop.

Remote 
computed 

randomization 
independent of 

clinical 
collaborators.

TURP N=442 T group (n=220; 
194 complete  ); C group  
(n=222; 203 complete)

Intervention 
could not be 
masked from 

participants and 
therapists. Clerk 

entering data 
blind to 

allocation.

At 12 months 
T group 65% inconti-
nent vs 62% C group 

(RR1.06; CI 0.91 - 
1.23).

Any positive  response 
to either of 2 screening 

questions from the 
ICIQ-UI SF question-

naire.

Glazener, 
2011 [376]

Post Op Post Op: RP two group 6 
wks post surgery;  Post 

Op PFMT +/-BF or  written 
material. Enrolled men 

reporting incontinence on 
screening questions 6 

weeks Post Op. 

Remote 
computed 

randomization 
independent of 

clinical 
collaborators.

Open  & 
lap RP

N=411  T group (n=205; 
196 complete) = PT 

sessions over 3 month 
period + home exercises; 

C group (n=206; 195 
complete) 

Intervention 
could not be 
masked from 

participants and 
therapists. Clerk 

entering data 
blind to 

allocation.

At 12 months T group 
76% incontinent vs 

77% C group (RR0.97; 
CI 0.87 - 1.09).

Any positive  response 
to either of 2 screening 

questions from the 
ICIQ-UI SF question-

naire.

Goode, 
2011 [380]

Post Op Post Op (1-17 yrs post 
surgery) Three groups: 

PFMT + behavioural 
therapy (BT); BT + ES + 

BF; no intervention. 

3 sites; stratified 
by site; 

computer 
generated list; 
group assign-
ment in sealed 

envelope 
opened at 

randomisation. 

RP open N=208 --T group 1 (n=70; 
47 completed) 4 sessions 
PFMT + BT x 8 wks plus 
home management; T 

group 2 (n=70; 40 
completed) BT + ES + BF 

office + home; C group 
(n=68; 64 completed): no 
intervention (on wait list)

Staff scoring of 
bladder diaries 
were blinded. 

At 2, 6, 12 months 8 wks 
UI recorded on 7 day 
bladder diary; both T 

groups improved: 
incontinence episodes 

per wk at baseline and 8 
wks: 28, 26, 24 vs 13, 12, 

21;also improved % UI 
episodes no difference 

between treatment 
groups; no benefit of 

adding ES to PFMT. Full 
data provided for 2 

months only, not 6 and 
12 months. QOL results 

modest changes. 

Continence: % 
reduction of UI on 7 
day bladder diary; 
IIQ-7; SF-36; AUA 
Symptom score

Marchiori, 
2010 [387)

Post Op one month post catheter 
removal intensive PFMT 
with BF + ES  vs oral & 

written info + home 
exercises. 

not describedRP open 
or lap

 N=332 Both groups received 
written and DRE teaching of 

PFMT on day of catheter 
removal.  Control group 

continued with home 
exercises;  T group did home 
exercises plus received daily 

BF + ES x 15 mins at the 
hospital clinic x 2-3 wks.  

not described FUp at 1 yr; self report 
of UI at 3, 6, 12 mon; 
median continence 
achievement 44+/-2 

days vs 76 +/-4 days in 
favour of intensive 

treatment; all subjects 
were 'dry' by 12/12.. 

Continence = < 2 mini 
pads per day; ICI-Q; 

RAND 36 (only 10% of 
subjects completed 

Questionnaires). 
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Table 20: Characteristics of male urinary incontinence studies (continued)

Primary
Author

Timing of 
interven-

tion

Design RandomizationOpen/la
p/robotic

Intervention Blinding Findings Definition of Inconti-
nence

Mariotti, 
2009 [384]

Post Op Post Op RP PFMT + ES 
+ BF vs verbal & written 

info from Urologist.  
Enrolled  7 days post 

catheter removal. 

not describedRP 
Open

N=60 (all completed) T 
Group (n=30) PFME + ES 
+ BF 2x/wk x 6/52; BF x 
15 mins then ES x 20 

mins (anal) @ 30 Hz x 10 
min; 50 Hz x 10 min; µs 
300 pulse duration; max 

current 24 MA; BF 1 
channel perineal; 1 

channel abd. C group 
(n=30): verbal and written 

info from urologist.

not described Mean time to 
continence:   8 +/-6.49 
wks vs 13.88 +/-8.32 

wks in favour of 
treatment; at 6/12 3.3% 

vs 33% had UI in 
favour of treatment.  By 

12/12 no difference. 

Continence 24 hr pad 
test <  2 gm; no. of 
pads; ICS-male Q; 

voiding diary. Eval at 
baseline, 2, 4 wks; 

2.3.4.5.6 months post 
enrolment. 

Park, 2011 
[390] 

(abstract 
only)

Post Op Active overall exercise vs 
PFMT alone N=49
Enrolled Pre OP, 

interventions postop.

not describedRP 
tech-
nique 
not 

stated

T group: (n=24) with ball, 
elastic bands + PFMT; C 

group: (n=23) PFMT alone 
(method not described)

not described improvement in 
exercise group overall 
function, pad test and 

ICI-Q (no data 
provided)

Pad test; ICI-Q; Beck 
depression inventory; 

SF 36. 

Sciarra, 
2009 [386] 
(abstract 

only) Same 
paper as 
Mariotti.

Post Op Post RP FES + BF vs 
written and verbal 

information

not describedN=60 T group: FES + BF 7 
days post catheter 

removal 2x/wk x 6 wks; C 
group: written & verbal 

info

not described Mean time to 
continence

Continence = 0 pads; 
Eval at 2,4 wks and 

2,3,4,5,6 months; 24 hr 
pad test; ICS-UI 

questionnaire; bladder 
diary.

Tibaek, 
2007 [381]

Pre Op 
Post op

Pre/post Op two group 
PFMT Pre Op + home 
exercises or post Op 
verbal instructions.

Pre Op enrollment of 
men scheduled for 

TURP.

not describedN=58 T group (n=26; 26 
completed): Pre Op PFMT 

1:1 x 1 hr; 3 hr group 
session; home exercises 
and verbal Post Op;  C 

group (n=23; 23 
completed) received verbal 

instructions post op.

PT assessing; At 2, 4, 12 wks post op; 
increased PF strength 
but no differences in 

Symptom scores, pad 
test or pd use. 

Incontinence per se not 
measured.  

Danish Prostate Sx 
score; 3 day diary; pad 

test.  

TURP

Tobia  2008 
[389] 

(English 
abstract 

only; 
Spanish 

translated) 

Pre Op Pre Op kinesthetic 
perineal exercises 

treatment vs no 
kinesthetic training.

Pre Op enrollment of 
men scheduled for RP.

not describedT group: N=19 kinesthetic 
training C: group (n=19) no 

training. Method not 
described.  

not described At 14, 30 & 60 days 
post op no difference 

between groups. 

% continent.  RP not 
described
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Primary
Author

Timing of 
interven-

tion

Design RandomizationOpen/la
p/robotic

Intervention Blinding Findings Definition of Inconti-
nence

Voorham-
vander 

Zalm, 2010 
[388] 

(abstract 
only)

Not included 
- study in 
progress.

Pre Op 
Post Op

Pre Op PFMT vs control 
(standard care not 

described).
Pre Op enrollment of 

men scheduled 
laparoscopic RP.

not describedT group: not described not described Pre Op; 6 wks, 3, 6, 9, 
12 mons post op; 

findings not presented - 
study in progress 

(author contacted for 
more information). 

Pelvic Floor Invento-
ries (PelFls); pelvic 
floor exam; KHQ, 

IPSS, voiding diary; 24 
hr pad test

Yamanishi, 
2010 [378]

Post Op two group Post Op PFMT 
+ ES or control (sham 

ES) enrolled 1 week post 
catheter removal. Only 

included subjects with UI  
> 200 gm on 24 hr pad 

test 1 week after catheter 
removal.

N=56;  T group (n=26 22 
completed): Estim 2x/day  x 
15 mins by anal electrode 
50 Hz with 300 µs pulse 

duration; max output 70 mA 
(5 secs on/off)  -- does not 

state if this was home based 
or clinic; C group: sham ES  

(n=30;  25 completed) .

At 1, 3, 6 mon 
significant difference 
favouring treatment: 

36%, 63%, 81%, 86% 
vs 4%, 16%,44%, 86% 

were continent. No 
difference at 12 months 

Post Op.  

PFMTSubjects and 
Physicians 

blinded. 

By computer 
connected to 
stimulation 

device; 
power 

calculation 
22/group. 

RRP 
open

Zellner, 
2011 [383] 

(in German, 
translation 
available)

Post Op Three groups Whole 
body vibration; PFMT 
with BF + ES; PFMT 

alone  enrolled on day 22 
post surgery

N=75 C group: n= 25 
PFMT from physio with 

individual & group therapy 
(not described); T Group 
(1) n=25  Standard care 
plus ES + BF via recall 

probe 420-N=75 unit Myo 
daily x 20 mins (not stated 

if at home or in the clinic); T 
Group (2) n=25 whole body 

vibration: vibration plate 
with vertical sinusoidal 
oscillations, Hz 20 to 

stimulate all body muscles 
including pelvic floor.   

No differences between 
Standard group & 
PF/ES group (both 

improved); not stated if 
all completed. Not clear 
when outcomes were 
assessed - appears to 

be at end of 3 wk 
intervention period. 

Subjects mildly 
incontinent based on 

pad test (not clear if 24 
or 1 hr).   

IPSS; pad test; 
uroflow and voided 

volume; PFM 
strength

not describednot describedRRP 
open

Zhang, 
2008 [391] 
(abstract 

only) 

Post Op Post Op combined PFMT 
and social support in 

group.
Enrolled men incontinent 

post prostatectomy.

T group: (n=14) 6 biweekly 
group sessions + PFMT + 

BF;  C Group (n=15): 
PFMT at home. 

at 3 months post 
treatment less UI and 
fewer pads favouring 
Treatment (50% vs 

84%); decreased urge 
(71% vs 38%); 

improved depression 
and Sx distress.

VAS 0-10; pad count. not describednot described

Table 20: Characteristics of male urinary incontinence studies (continued)
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assessment by having a nurse not directly involved 
in the study interview the subjects. It is not clear 
whether he/she was blinded to allocation group. Bur-
gio	[2006]	had	outcomes	assessors	blinded	to	group	
assignment and described dropouts. 

2. rESUltS

Burgio	[2006]	reported	a	statistically	signiicant	differ-
ence in favour of PFMT in time to regain continence 
and proportion of men with severe or continual leak-
age measured by voiding diary at six months, PFMT 
(59%)	versus	controls	(78%);	additional	data	provided	
by	 the	authors	on	 the	24	hour	pad	 test	did	not	 indi-
cate	a	difference	between	groups.	Bales	[2000]	found	
no	signiicant	group	difference	on	participant	report	of	
number of pads used or time to return to continence. 
Lilli	 [2006]	 did	 not	 ind	a	 difference	between	partici-
pants who received BF in addition to PFMT at any 
of	 the	 time	points;	at	six	months,	71%	and	67%	re-
spectively dry and no use of pads. In the Lilli trial both 
groups received intervention and it is not clear how 
intensive the pre-operative PFMT instruction was. 

D.2.2b Pre-operative PFMT instruction followed 
by supervised post-operative PFMT versus 
post-operative PFMT 

One new trial was added to this subsection, making 
a	 total	 of	 four	 studies	 included	 [369,370,372,382].	
Centemero	(2010)	randomised	118	men	more	than	
four weeks preoperatively, with the treatment group 
receiving twice weekly BF (anal probe) intensive 
PFMT with a physical therapist plus home exercise 
and repeated the twice weekly sessions for four 
weeks post operatively with home exercise until 
dry. The control group received only post opera-
tive PFMT. Outcomes were self report of leakage 
on bladder diary and provocative (stress) pad test. 
As	reported	in	ICI	2009	[1],	one	trial	compared	ac-
tive pre- and post-operative PFMT programme to no 
PFMT	instruction	[372]	and	two	others	pre-	and	post-
operative instruction versus post-operative instruc-
tion	 [369,370].	 Participants	 in	 one	 trial	 [372]	 had	
two pre-operative and four post-operative sessions 
of anal probe BF plus post-operative home PFMT 
using an exercise ball, or no intervention (similar to 
Burgio	(2006)	above).	Continence	was	assessed	by	
pads report and continence questionnaires at six, 
12,	 16,	 20,	 28	 and	 52	weeks	 post	 surgery.	Suep-
pel	(2001)	randomised	16	men	(no	dropouts)	to	two	
pre-operative	 and	 ive	 post-operative	 sessions	 of	
anal	probe	BF	or	ive	post-operative	sessions	plus	
home PFMT. Continence and quality of life were as-
sessed by AUA symptom score and quality of life 
questionnaire,	 pad	 count,	 45	minute	 standardised	
pad test, and a leakage questionnaire at six weeks 
and	one	year	post	surgery	In	another	[369]	all	par-
ticipants had one session of pre-operative instruc-
tion using BF and verbal coaching and were then 
randomised to intervention or control groups. The 
intervention	group	(n=26)	practised	PFMT	daily	with	
a	home	BF	unit	(anal	probe)	from	week	3	to	12	after	

surgery,	whereas	the	control	group	(n=24)	only	fol-
lowed written instructions. Both groups completed 
questionnaires,	pad	counts,	and	24	hour	pad	tests	
at	two,	ive	and	12	weeks	post-operatively.

Quality of data

Centemero	 [2010]	 had	 surgeons	 blinded	 to	 group	
allocation	and	reported	no	dropouts.	Sueppel	[2001]	
indicated incomplete data but did not describe drop-
outs.	Two	did	not	provide	any	information	[372].	

Results

Treatment group was more likely to be continent at 
one and three months post operatively measured 
by	leakage	recorded	on	a	bladder	diary	(44%,	59%	
vs	20%,	37%)	and	on	pad	test	(25%,	17%	vs	34%,	
32%	>	150	gm)	[382].	More	men	were	continent	in	
the	pre	and	post	 treatment	group	at	12	weeks	but	
there	 was	 no	 statistically	 signiicant	 difference	 at	
any	other	 time	point	 to	12	months	 [372]	 .	Sueppel	
[2001]	 reported	 that	 at	 one	 year	 the	pre	 and	post	
treatment group had less leakage on a standardised 
45	minute	pad	 test	compared	 to	 the	postoperative	
group	 (mean	2.8g	 (range	 0.0-13.0g)	 versus	 33.3g	
(range	0	to	194g)	and	Mathewson-Chapman	[1997]	
found	no	statistically	signiicant	differences	between	
groups at any of the time points. 

c) Post-operative PFMT immediately after cath -
eter removal (no pre-operative instruction) 

No new trials were found comparing post operative 
PFMT immediately post catheter removal. Three 
previously	 reported	 trials	 in	 ICI	 2009	 commenced	
post-operative PFMT immediately after catheter re-
moval	[210,	375,	394].	A	total	of	524	men	were	ran-
domised to PFMT programme or no formal instruc-
tion	Filocamo	[2005],	weekly	45	minute	PFMT	guided	
by a physiotherapist or one PFMT training session 
then	home	exercises	[210]	or	PFMT	with	verbal	and	
written instructions intensive postoperative physio-
therapy for three days, a post-discharge rehabilita-
tion programme for three weeks, and a three month 
home	PFMT	programme	with	twice	daily	with	EStim	
or	PFMT	with	EStim	and	BF	[375].	Outcomes	in	the	
studies varied from ICS Male Questionnaire (ICS 
MaleQ),	pad	count,	and	pad	test	(one	and	24	hours),	
self-report of no pads, and PFM strength. 

1. QUality of Data

In one study, surgeons were blinded to group alloca-
tion	 [210].	Another	had	data	analysed	by	a	profes-
sional	statistician	[375].	Dropouts	were	described	by	
two	[210]	and	number	of	dropouts	was	provided	by	
one	[375]	but	reasons	were	not	described.	ITT	analy-
sis	was	decribed	by	two	[394].	

2. rESUltS

One	 trial	 [394]	 favoured	 treatment	 at	 three	 and	 6	
months	for	self-reported	‘completely	dry’.	Differences	
between	treatment	and	control	were	96%	versus	65%	
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at	six	months	and	at	one	year	99%	and	88%	(not	sig-
niicant).	There	were	 no	 signiicant	 differences	 be-
tween	groups	on	24	hour	pad	 test	 (Filocamo,	per-
sonal	 communication).	 Overgǻrd	 (2008)	 reported	
no difference between groups for proportion dry (no 
pads)	or	24	hour	pad	test	at	three	months;	however,	
at	12	months,	the	proportion	of	continent	men	was	
statistically	 signiicantly	 greater	 in	 the	 treatment	
group	(33/36;	96%)	versus	the	control	(28/39;	72%).	
PFM	strength	and	24	hour	pad	test	results	did	not	
differ between groups at any of the time points. Of 
note is that 20 participants in the treatment group 
did not receive face to face instruction due to dis-
tance from facility but rather followed detailed in-
structions	 provided	 on	 a	DVD.	Wille	 (2003)	 found	
more	 men	 in	 the	 PFMT/EStim	 group	 reported	 re-
covery compared to PFMT alone, but the difference 
was	not	statistically	signiicantly	different	(OR	0.48,	
95%	CI	0.21	to	1.09).	

3. SUMMary

A	total	of	10	trials	were	found	applying	a	variety	of	
pre- or post-operative PFMT based interventions 
(or a combination of both). Any differences between 
experimental and control groups were modest and 
short	 term;	 differences	 did	 not	 appear	 to	 be	 sus-
tained	 up	 to	 12	months	 post	 surgery.	A	 particular	
challenge in evaluating the trials was that partici-
pant	reported	outcomes	in	three	of	the	studies	[210,	
392,	394]	all	indicate	some	level	of	improvement	in	
the	treatment	groups;	however,	there	were	no	clear	
differences in pad test results in any of the trials. 
Because all the studies reviewed were generally 
small, varied in design, and had different outcome 
measures,	it	is	dificult	to	interpret	them	as	a	whole.	
Whilst the evidence that therapist delivered PFMT 
with or without BF before or after surgery improves 
continence recovery after radical prostatectomy re-
mains inconsistent, there is some suggestion that 
men who undergo some sort of conservative man-
agement including PFMT will achieve continence in 
a shorter time frame than non-treated men but that 
this	difference	 is	not	signiicant	at	12	months	post	
surgery (Level of Evidence: 2) .

Further discussion is needed on the outcomes of 
most importance. It is possible that the emphasis on 
quantitative outcomes is not meaningful to partici-
pants;	men	appear	to	ind	therapy	personally	helpful	
and value the direction provided by a therapist. 

4. rEcoMMEnDationS

Some preoperative or immediate post-operative in-
struction in PFMT for men undergoing radical pros-
tatectomy may be helpful (Grade of Recommenda -
tion: B) ;	whether	 this	 is	 in	 the	 form	of	 ‘hands	on’	
therapy of verbal instruction and support remains 
unclear. Studies comparing the effectiveness of 
pre- versus post-operative PFMT, and the number 
of sessions required, are needed so that practitio-
ners may advise men about pre-operative prepara-

tion and budget conscious health boards can make 
informed decisions on programme funding. In de-
signing such studies, the natural history of UI after 
radical prostatectomy must be taken into account 
because the spontaneous recovery rate means that 
sample sizes must be large to detect any differenc-
es between protocols.

3.  POSTOPERATIVE RP PFMT FOR INCONTI-
NENT MEN

a) PFMT with digital rectal feedback (DRE) after 
radical prostatectomy

Two	additional	trials	were	identiied	for	this	update	
[376,379]	 resulting	 in	 a	 total	 of	 ive	 trials	 as	Dub-
belman	[2004]	is	considered	a	duplicate	[367,	368,	
376,	379,	395,	396]	in	which	PFMT	was	taught	us-
ing	digital	rectal	feedback	(DRE)	in	at	least	one	arm.	

In	the	largest	RCT	to	date,	411	men	who	had	under-
gone open or laproscopic RP and who reported in-
continence	6	weeks	after	surgery	were	randomised	
to	 lifestyle	 information	 lealet	or	 lealet	plus	4	ses-
sions of PFMT with a continence physiotherapist or 
nurse	 and	 home	 exercises	 (2,376].	 PFMT	 regime	
was	 three	maximum	strength	 contractions	with	10	
second break between each lying, sitting and stand-
ing twice daily plus submaximal contractions when 
walking.	DRE	was	used	to	assess	strength	of	con-
traction	during	training	sessions.	Dubbelman	[2010]	
randomised	79	men	who	were	incontinent	one	week	
after catheter removal to physiotherapist guided 
PFMT	using	DRE	to	to	written	material	only.	Treat-
ment	group	received	nine	30	minute	sessions	plus	
daily home exercises and written material provided 
one	day	prior	to	surgery;	the	control	group	received	
only the written material. This trial appears to be the 
same	as	the	2004	report	by	the	authors	which	was	
a	poster	at	the	ICS	[395].

Joseph	[2000]	randomised	a	mixed	group	of	10	men	
(four radical retropubic prostatectomy and six radi-
cal perineal prostatectomy) to weekly verbal teach-
ing	plus	DRE	or	BF	assisted	PFMT	over	a	four	week	
period.	Manassero	[2007]	randomised	107	(94	com-
pleted)	 men	 to	 urologist	 taught	 PFMT	 using	 DRE	
(unclear how often) plus daily home exercises for up 
to	a	year;	the	control	group	did	not	receive	any	in-
struction. Participants were assessed at one, three, 
six	and	12	months	with	a	home	pad	test,	VAS	and	
DRE.	In	Moore	[1999]	63	men	(58	completed)	were	
randomised to one of three groups: control (written 
materials only and no therapist contact), PFMT us-
ing	DRE,	or	PFMT	augmented	with	EStim	via	anal	
probe. Both treatment groups met with the therapist 
twice	a	week	for	up	to	12	weeks.	

1. QUality of Data

Three	 trials	 [368,	 376,	 379]	 reported	 adequate	
random	 allocation	 concealment.	 Data	 were	 col-
lected	by	blinded	assessors	 in	 two	 [379,396].	 In	
another, data were collected and outcomes as-
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sessed by the primary investigator who had a di-
rect involvement in the trial, although treatment 
was provided by a therapist blinded to the control 
group	outcomes	[368].	Three	trials	described	rea-
sons	for	dropout	[368,	376,	396]	but	only	Glazener	
[2011]	 indicated	 how	 withdrawals/dropouts	 were	
dealt with in the analysis and provided intention 
to	treat	analysis.	Dubbelman	[2010]	conducted	a	
power analysis for sample size, but fell short of 
recruiting the target number. 

There was considerable variation in the type and in-
tensity of interventions, follow-up ranged from six and 
a	half	months	to	12	months,	and	primary	outcomes	
varied from pad test, pad count or subject report. 

2. rESUltS 

Between	 them,	 the	 ive	 trials,considering	 Dubbel-
man	 [2004]	 as	 a	 duplicate,	 had	 over	 600	 partici-
pants	with	 complete	data.	Four	of	 the	ive	studies	
did	 not	 ind	 statistically	 signiicant	 differences	 be-
tween	 the	groups.	Outcomes	 included	one	and	24	
hour	pad	tests,	voiding	diary	or	quality	of	life	(IIQ-7).	
No	differences	were	reported	between	groups	at	1,	
4,	8,	12	and	26	weeks	on	one	and	24	hour	pad	test	
as	well	as	no	difference	in	time	to	continence	[379];	
between treatment and control groups in participant 
reports of any incontinence or severe incontinence 
at	12	months	 [376];	or	 in	pad	 test	between	PFMT	
and	PFMT	with	EStim	groups	[368].	In	a	small	study	
of	10	participants	no	differences	between	treatment	
and	control	groups	were	found	[367].	

One research group reported a difference between 
groups	 [396].	 There	 was	 a	 statistically	 signiicant	
difference	 in	 proportion	of	 continent	 subjects	 (<2g	
on	24	hour	pad	test)	in	the	PFMT	group	at	three,	six	
and	12	months	(54%,	33%,	17%	compared	to	78%,	
60%,	 and	 53%	 for	 the	 controls),	 with	 9/54	 versus	
21/40	incontinent	at	12	months.

3. SUMMary 

The	most	recent	and	largest	trials	[376,	379,	396],	
which	compared	PFMT	taught	by	DRE	or	no	instruc-
tion	used	different	approaches	to	deining	and	mea-
suring	 continence	 and	 showed	 conlicting	 results.	
Whereas	Mannasero	[2007]	reported	a	statistically	
signiicant	difference	 in	 the	proportion	of	continent	
men	 (based	on	24	hour	pad	 test)	 in	 the	 treatment	
group	 at	 three,	 six	 and	 12	 months	 the	 other	 two	
found no differences in continence status between 
groups based on participant report using standard-
ized	questionnaires	or	24	hour	pad	test	respectively	
[376,	 379].	 In	 the	 three	 other	 smaller	 and	 earlier	
trials, in which the control groups had written or 
verbal instruction on PFMT, there were no statisti-
cally	signiicant	differences	between	groups	on	pad	
test. (Level of Evidence: 2).  Clinical heterogeneity 
meant	 that	 it	 was	 dificult	 to	 consider	 the	 indings	
from the studies as a whole. 

4. rEcoMMEnDationS 

Some	instruction	in	PFMT	may	be	helpful;	it	remains	
unclear	on	the	objective	beneit	of	the	PFMT.	Wheth-
er	PFMT	taught	by	DRE	offers	any	beneit	over	and	
above verbal or written instruction (Grade of Rec -
ommendation: B)  is not clear. Further well designed 
studies using standardized outcome measures and 
participant input are needed to test this hypothesis.

b) PFMT with BF after radical prostatectomy

No new trials were found under this category al-
though	 reference	Riberio	 [2008]	 [397]	was	 a	 con-
ference	abstract	and	 is	replaced	by	Ribeiro	 [2010]	
[398].	Thus	 to	 date,	 there	 are	 six	 trials	 evaluating	
PFMT with BF compared to a non active or alternate 
treatment commencing after radical prostatectomy 
[365,	366,	371,	374,	397-399].	

Three compared PFMT with BF versus no treatment, 
placebo	 treatment,	 or	 usual	 care	 [366,374,398]	
and three compared PFMT with BF versus verbal 
instruction	 and	 home	 PFMT	 [365,371,399].	 Conti-
nence	was	measured	variously	by	1	hour,	24,	and	
48	hour	pad	test.	

1. QUality of Data

Two trials appeared to have adequate random al-
location	 and	 concealment	 [374,398],	 although	 in	
the latter treatment was provided by the primary 
investigator who was aware of group assignment. 
In	another	[399],	therapists	were	blinded	to	the	re-
sults	 of	 the	 control	 group;	 pads	were	weighed	 by	
a	person	unaware	of	group	assignment;	data	was	
entered by a data manager. Van Kampen (2000) 
had pad weights done directly by the individual at 
home.	Dropouts	were	accounted	for	and	described	
fully	 in	 two	 [374,399],	partially	 in	one	 [371].	There	
was a high dropout rate in Franke (2000) and these 
data were not accounted for in the analysis. There 
were	 no	 reported	 dropouts	 two	 others	 [365,398].	
ITT	analysis	was	described	by	three	[365,374,399].	

Continence evaluation was different for each study 
as well as timing of recruitment and intervention, 
content of intervention and control treatments. Out-
comes varied widely: percentage of participants pad 
free	[366];	one	hour	pad	test	[365];	24	hour	pad	test	
(<2g=continent)	 [374,398];	 <8g=continent	 [399];	
and	pad	test	not	described	[371].	Follow	up	ranged	
from	12	weeks	to	one	year.	

2. rESUltS 

Three trials compared PFMT and BF to a con-
trol	 condition	 [366,374,398].	At	 12	 weeks,	 Ribeiro	
[2010]	reported	statistically	signiicant	difference	in	
24	 hour	 pad	 tests	 (51g,	SD	119	 versus	 197g,	SD	
269,	p=0.026),	but	there	was	no	statistically	signii-
cant difference at six months post surgery. In an-
other	study	 [374]	at	8	weeks,	 there	was	a	statisti-
cally	signiicant	difference	 in	mean	urine	 loss	(30g	
treatment;	82g	control).	By	12	weeks	this	difference	
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was	no	longer	statistically	signiicant	but	the	propor-
tion of treatment group participants reporting conti-
nence	compared	to	control	(88%	versus	56%)	was	
statistically	 signiicant	 ;	 no	differences	were	 found	
beyond three months. One other trial reported no 
difference	between	groups	on	24	hour	pad	 test	or	
pad-free rates but sample was small and dropout 
rate	nearly	50%	[366].	

None of the three trials that utilised PFMT and BF 
versus verbal or written instruction on home PFMT 
showed	 statistically	 signiicant	 differences	 between	
the groups. Outcomes were measured using one 
hour	pad	test	or	number	of	pads	[365],	24	hour	pad	
test, International Prostate Symptom Score (IPSS), 
or	subjective	report	of	continence	at	eight,	12,	16,	18,	
or	52	weeks	[399],	and	pad	test	at	12	weeks	[371].

3. SUMMary

Health professional instruction in PFMT with BF 
when compared with control conditions seemed to 
reduce the amount of leakage in the early weeks of 
recovery (up to three months). However, compari-
sons of PFMT with clinic BF versus PFMT at home 
did	not	 ind	 similar	 differences.	Based	on	 the	 cur-
rent	evidence	the	addition	of	EStim	or	BF	does	not	
appear to improve continence outcomes over and 
above PFMT. (Level of Evidence: 2).  However, BF 
may	be	less	dificult	for	the	therapist	than	DRE.

It seems men who participate in PFMT compared to 
no active treatment might have less leakage in the 
irst	three	months	postoperatively.	To	the	individual,	
this early improvement may be important in activity, 
well-being, and socialising. Such concepts require 
further investigation.

4. rEcoMMEnDationS

The use of BF in clinic, over and above home PFMT, 
is currently a therapist/individual decision based on 
economics and preference. (Grade of Recommen -
dation: B) .

c) PFMT plus or minus BF with EStim or MStim 
after radical prostatectomy

The most notable addition to the evidence base in 
this	section	is	ive	new	trials	which	combined	EStim	
with PFMT for men incontinent post radical prosta-
tectomy	[378,	380,	383,	384,	387]	with	four	of	these	
including	BF	as	part	of	the	intervention.	These	ive	
trials were added to two RCTs previously included in 
the	EStim	section	[400].	Opsomer	[1994]	compared	
intensive	PFMT	plus	EStim	(once	a	week)	plus	BF	
versus	simple	PFMT	in	43	men.	As	it	was	not	pos-
sible	 to	 differentiate	 the	 effects	 of	 additive	 EStim	
(method not described) from adjunctive BF this 
study was not further considered for this section. 

Two	studies	[400]	previously	reported	and	one	new	
[378]	reported	comparisons	of	PFMT	to	PFMT	plus	
EStim	and	 recruited	men	with	severe	post	prosta-
tectomy UI one week after catheter removal (more 

than 200 gm of urine lost daily on pad test). In the 
Yamanishi	 trial,	 men	 were	 randomised	 into	 active	
EStim	group	(n=26)	or	sham	EStim	(n=30)	by	com-
puterized random assessment through a connec-
tion to the stimulation device. All men had PFMT 
by nurses (verbal and written information) and were 
coached to continue this though the study period. 
Active	EStim	was	50	Hz	with	a	300	µsecond	pulse	
duration,	5	seconds	on/5	seconds	off	duty	cycle	and	
maximum	 output	 of	 70	 mA.	 Men	 receiving	 sham	
EStim	 received	 limited	 stimulation	 at	 3	mA	with	 a	
2	seconds	on/13	seconds	off	duty	cycle.	Treatment	
continued	until	the	incontinence	was	cured	or	the	12	
month study period ended. 

Moore	[1999]	compared	standard	treatment	(verbal	
and written instructions about PFMT) versus inten-
sive	PFMT,	versus	intensive	PFMT	plus	rectal	ES-
tim	 in	 63	men	with	 UI	median	 of	 8	 weeks	 (range	
4-241)	post	 radical	prostatectomy.	EStim	was	pro-
vided by a surface anal electrode, with intensity to 
induce visual lifting of the levator ani. Stimulation 
parameters	were	50Hz,	biphasic	pulse	shape	with	
one second burst, a one second pulse width and 
one second pulse trains. All therapy was performed 
by one experienced physiotherapist. Hoffmann 
[2004]	 compared	 percutaneous	 EStim	 plus	 PFMT	
versus	anal	EStim	plus	PFMT	versus	PFMT	alone	
in	 men	 with	 post-prostatectomy	 incontinence;	 this	
trial	 allocated	 60	 men	 per	 group,	 the	 intervention	
was for four weeks, and each individual was fol-
lowed up for three months. PFMT consisted of a 
“specialized program” of “continence training”, life-
style changes, osteopathy and “Feldenkrais Lehre” 
three times/week in the clinic and three times/day at 
home, with a daily maintenance home programme 
after	inishing	the	therapy.	In	comparing	PFMT	with	
BF	plus	EStim,	 three	 trials	 [383,384,387]	 included	
men one to four weeks after catheter removal and 
one	[380]	enrolled	men	at	least	one	year	after	sur-
gery.	Mariotti	 [2009]	compared	PFMT	with	BF	plus	
EStim	to	a	control	group	which	received	only	verbal	
and written information from a urologist. Randomi-
sation occurred one week after catheter removal, 
and severity of incontinence among participants 
at	enrolment	varied	 from	20-1500	gm	of	urine	 lost	
on	24	hour	pad	test.	Men	in	the	intervention	group	
received	12	treatment	sessions	(twice	weekly	for	6	
weeks)	of	PFMT	with	BF	and	EStim	 from	a	single	
clinician.	EStim	was	delivered	by	anal	surface	elec-
trode	at	30	Hz	for	10	minutes	and	50	Hz	for	the	fol-
lowing	10	minutes,	300	µsecond	pulse	duration	and	
a	maximum	output	of	24	mA.	BF	was	via	perineal	
and abdominal surface electrodes. The frequency 
details of home PFMT were not provided. Marchiori 
[2010]	randomised	332	men	one	month	after	cath-
eter	removal	to	intensive	PFMT	with	BF	plus	EStim	
or a control group that received only verbal and writ-
ten instruction and home exercises. This study was 
available only as an abstract, and the intervention 
was not fully described. 
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Zellner	 [2011]	 [383]	 used	 a	 three	 group	 design	 in	
which	men	on	Day	22	post	surgery	were	randomised	
to	PFMT,	PFMT	plus	EStim	and	Biofeedback	(Myo-
420	unitR	via	rectal	probe)	or	whole	body	vibration	
daily at 20 Hz on a vibration plate (Fitvibe MedicalR) 
plus	exercises	(not	described).	Each	group	was	 in	
contact	 with	 the	 therapist	 over	 a	 3-4	week	 period	
and had home exercises prescribed (protocols not 
described). Outcomes were testosterone, blood 
sugar, IPSS, pad count, and pad test. This trial was 
translated from German for this review. 

Goode	 [2011]	 recruited	 208	 men	 with	 post	 radical	
prostatectomy incontinence persisting at least one 
year	after	surgery	(range	1-17	years)	and	conducted	
a three group comparison of behaviour therapy BT 
that included PFMT, bladder control techniques and 
luid	 management,	 BT/PFMT	 plus	 EStim	 and	 con-
trol	(delayed	treatment)	[380].	Four	visits	two	weeks	
apart to teach PFMT were provided for instruction 
from physician investigators or nurse practitioners. 
Anal palpation was used during instruction. The sec-
ond	group	(BT	plus)	received	BT	with	added	in	ofice	
dual channel biofeedback with either perianal sur-
face	or	anal	probe	and	15	minutes	of	daily	home	ES-
tim via anal probe with setting at 20 Hz, pulse width 
1	millesecond,	 duty	 cycle	 of	 5	 seconds	 on	 and	 15	
seconds	off	and	current	up	to	100	mA	(adjusted	by	
participant).	The	control	group	received	ofice	visits	
only for 8 weeks to monitor bladder diaries, and were 
provided with a choice of treatment after 8 weeks. 

In	a	three	arm	trial	[401]	electrical	stimulation	(ES-
tim), magnetic stimulation (MStim) and verbal/writ-
ten	instruction	in	PFMT	were	compared	in	36	men	
with	post	RP	incontinence.	Home	EStim	comprised	
15	minutes	of	twice	daily	stimulation	for	one	month,	
at maximum tolerable level of intensity. For MStim, 
treatment sessions were 20 minutes, twice a week 
for two months, with stimulating intensity gradually 
increased up to the tolerable level. PFMT consisted 
of PFM exercises in supine position with instruc-
tions how to contract the anal muscles selectively. 
Verbal and written instructions for home practice 
were given to the men. Participants were followed 
up for six months. 

1. QUality of Data

Blinding, dropouts and continence evaluation

Three studies had adequate concealment of ran-
domisation	 [368,378,380];	 one	 included	 a	 power	
calculation, and adherence to protocol was moni-
tored using patient-recorded diaries. Five partici-
pants	dropped	out,	three	in	PFMT/EStim	and	two	in	
the PFMT group. In one participant dropout was re-
lated	to	the	use	of	EStim	(rectal	pain)	[368].	Goode	
(2011)	 included	 a	 power	 calculation	 and	 stratiied	
participants by site, incontinence type and severity. 
Randomization was conducted via a computer gen-
erated random assignment schedule. Sealed enve-
lopes with group assignments were opened sequen-

tially	at	the	time	of	randomization.	There	were	23/70	
dropouts	 in	the	BT	group,	30/70	dropout	 in	the	BT	
plus	EStim	plus	BF	group	and	4/68	in	the	group	that	
received	no	 intervention.	Dropouts	were	explained	
and analysis was by intention to treat. Interventions 
were not concealed as physician investigators were 
involved	 in	 delivery	 of	 interventions.	 Yamanishi	
[2010]	used	a	computer	generated	random	assign-
ment	that	connected	to	the	EStim	devices,	thereby	
blinding participants, physicians and staff to assign-
ment.	 Dropouts	 included	 4/26	 in	 the	 active	 EStim	
group	and	5/30	in	the	sham	EStim	group.	

Randomisation details were not provided in two tri-
als	[384,401].	In	the	Mariotti	trial	,	intervention	was	
directed by the lead author, therefore there was no 
blinding of the researcher to the intervention group. 
A power analysis was performed to determine 
sample size. All participants completed the study. 
Another	 [400]	did	not	make	clear	 if	allocation	was	
concealed	 or	 if	 observers	 were	 blinded.	 Dropouts	
were	22/60	in	the	anal	EStim/PFMT	group,	4/60	in	
the	 percutaneous	 EStim/PFMT	 group	 and	 0/60	 in	
the	PFMT	group.	Marchiori	 [2010]	data	was	avail-
able only in abstract form and details of randomiza-
tion	and	blinding	are	not	described.	In	theYokoyama	
trial, the number of treatments, duration and inten-
sity seemed to be different between groups. 

2. rESUltS

In	comparisons	of	PFMT	+/-	EStim,	9/60	men	in	the	
anal	EStim/PFMT	group	 reported	 recovery,	versus	
11/60	in	the	percutaneous	EStim/PFMT	group;	data	
were	not	reported	for	the	PFMT	only	group	[400].	For	
comparisons	of	PFMT	to	PFMT	plus	EStim	and	BF,	
Goode	[2011]	found	that	both	treatment	groups	(BT/
PFMTand	BT/PFMT	plus	EStim	and	BF)	reported	a	
statistically	signiicant	reduction	in	incontinence	epi-
sodes at 8 weeks compared to the control group as 
recorded on bladder diaries. Both treatment groups 
maintained improvement at six and twelve months, 
although	there	were	no	statistically	signiicant	differ-
ences between treatment groups. No comparison to 
the control group was made after 8 weeks. 

Pad	test	results	were	not	consistent.	Using	a	24	hour	
pad	test	[368]	one	reported	a	decrease	of	urine	loss	
favouring	 PFMT	 over	 EStim/PFMT;	 another	 found	
that	 at	 three	 months	 77%	 in	 EStim/PFMT	 group	
were	continent	versus	65%	in	the	PFMT	group,	with	
82%	and	77%	continent	respectively	after	12	months	
[375].	None	of	 these	differences	at	any	of	 the	 time	
points	were	statistically	signiicant.	Yamamishi	[2010]	
reported	more	men	 in	 the	active	EStim	group	were	
continent	(less	than	8	gm	urine	lost	on	24	hour	pad	
test)	 at	1,	3	and	6	months	 than	 those	 in	 the	sham	
EStim	group	(4%,	16%,	44%	versus	36%,	63%,	81%	
respectively),	although	there	was	no	difference	at	12	
months	(86%	continent	in	both	groups).	

For	comparisons	of	PFMT	plus	EStim	and	BF,	men	in	
the	treatment	group	who	received	PFMT	plus	EStim 
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and BF had a shorter mean time to continence (urine 
loss	less	than	2	gm	on	24	hour	pad	test)	than	those	
in	the	control	group	(8	weeks	versus	13.88	weeks)	
[384].	At	six	months,	3.3%	of	the	intervention	group	
and	 33.3%	 of	 the	 control	 group	 were	 still	 inconti-
nent,	at	12	months	there	was	no	difference	between	
the groups. A shorter time to continence favouring 
intervention	group	receiving	PFMT	with	EStim	and	
BF	(44	days	 intervention	group	vs	76	days	control	
group), was reported with all participants continent 
(2	mini	pads	or	less	per	day)	at	12	months	[384].	

EStim	 was	 associated	 with	 adverse	 events.	 Dis-
comfort	 [378,400],	urethral	stricture	 [378],	or	blad-
der	 neck	 contractures	 [368].	 Whether	 the	 EStim	
caused the strictures or contractures is debatable. 

Yokoyama	(2004)	reported	that	at	one	month,	urine	
loss	 on	 24	 hour	 pad	 test	was	 72g,	 83g	 and	 175g	
(FES,	ExMI,	and	control	groups	respectively	(EStim	
versus	PFMT,	p<0.05),	and	was	54g,	18g	and	92g	
respectively at two months (MStim versus PFMT 
p<0.05).	At	six	months	mean	loss	was	less	than	10g	
in all groups. No complications were noted in any of 
the groups. The authors concluded that both MStim 
and	EStim	offered	earlier	continence	compared	with	
PFMT after radical prostatectomy.

Zellner	[2011]	(translated	from	German)	reported	no	
difference	between	control	and	the	PFMT/BF/EStim	
groups based on IPSS, pad test, and pad count but 
the whole body vibration group (FitVibe medicalTM) 
had	 a	 statistically	 signiicant	 decrease	 in	 pad	 test	
results	from	41	g	pre	therapy	to	11g	post	relative	to	
the other two groups. Whole body vibration was not 
described in detail.

3. SUMMary

Seven	RCTs	 investigated	 the	addition	 of	EStim	 to	
PFMT plus or minus BF for men with post-prosta-
tectomy	 incontinence.	 Data	 suggested	 no	 further	
beneit	of	EStim	when	added	to	PFMT	over	PFMT	
alone,	although	EStim	may	help	achieve	continence	
earlier in men with severe incontinence post pros-
tatectomy;	the	numbers	in	each	trial	were	relatively	
small. (Level of Evidence: 2)

4. rEcoMMEnDationS

For men with post-prostatectomy incontinence 
there	does	not	appear	 to	be	any	beneit	of	adding	
EStim	 to	 a	 PFMT	 programme	 (Grade of Recom -
mendation: B). 

d) PFMT compared to other interventions after 
radical prostatectomy

Two	 new	 trials	 were	 identiied	 that	 combined	
PFMT postoperatively with other novel interven-
tions in men with post prostatectomy incontinence 
[390,391].	Park	[2011]	compared	PFMT	to	an	over-
all	12	week	exercise	program	plus	PFMT	in	49	men	
over	65	years	after	RP,	reporting	that	 the	exercise	
(treatment) group had an earlier return to conti-

nence	 on	 pad	 test	 and	 self	 report.	 Zhang	 [2008]	
randomised	29	men	to	PFMT	+	BF	plus	six	biweekly	
meetings	of	a	support	group	(n=14)	or	to	a	control	
group	which	had	only	the	PFMT	+BF.	The	treatment	
group	reported	less	UI	on	VAS	rating	scale	(3.2	vs	
4.7),	 less	 pad	 use	 (50%	 vs	 84.6%),	 and	 had	 bet-
ter adherence to the PFMT regime. Both trials were 
available only in abstract form, and details on base-
line incontinence, randomisation, blinding and data 
were not provided.

4. PREOPERATIVE TURP PFMT 

Little study has been dedicated to UI after TURP. 
In fact, the issue has been largely ignored, perhaps 
because the incidence of UI after TURP is reported 
to be very low. 

5.  PREOPERATIVE AND/OR POSTOPERA -
TIVE TURP PFMT

In previous consultations, two trials were potentially 
eligible	 for	 inclusion	 [367],	 but	 the	 latter	 trial	 was	
grouped with studies of PFMT after radical prostatec-
tomy	because	the	11	participants	comprised	one	fol-
lowing	TURP	and	10	following	radical	prostatectomy.	

One new trial on TURP pre and post operatively 
was	added	[381].	

Men undergoing TURP were randomised preop-
eratively	 to	 a	 treatment	 group	 (n=26)	 which	 in-
volved	preoperative	PFMT	of	1	hour	individual	and	
a	3	hour	group	session	along	with	home	exercises	
compared	 to	 control	 group	 (n=23)	 which	 received	
verbal information only post operatively. Outcome 
was	 symptoms	 as	measured	 by	 the	Danish	Pros-
tate Score. Three day bladder diaries and a pad test 
were	also	identiied	as	measurements	in	the	study	
but data from these were not included in the pub-
lished report, therefore the effect on incontinence 
is not clear. An earlier trial included men booked for 
TURP	[373].	At	the	baseline	preoperative	visit,	PFM	
strength, tone and grading were established with a 
DRE.	There	were	weekly	follow	up	sessions	for	four	
weeks post TURP. It was unclear what information, 
if any, the control group received.

Quality of data 

It was unclear if random allocation was concealed 
or outcome assessment blinded, and the proportion 
of dropouts was not stated.

Results 

While	there	were	statistically	signiicant	differences	
in UI and post micturition dribble as measured by 
voiding diary and IPSS, there was no statistically 
signiicant	difference	at	four	weeks.

Summary

In	the	absence	of	suficient	data	from	rigorous	and	
well-reported trials it is not known if PFMT reduces 
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UI following TURP. More systematic investigation of 
the the natural history of UI after TURP is probably 
needed,	to	establish	the	potential	cost/beneit	of	in-
tervention, before further trials are initiated.

6.  POSTOPERATIVE TURP PFMT FOR INCON-
TINENT MEN

Only	one	study	was	identiied	which	included	men	in-
continent	after	TURP.	Glazener	[376]	randomised	442	
men	post	TURP	who	reported	incontinence	6	weeks	
after surgery. All men received a lifestyle information 
lealet;	 those	 assigned	 to	 the	 invention	 group	 had	
four	 1:1	 sessions	 with	 specialist	 continence	 physio-
therapist or nurse. PFMT regime was three maximum 
strength	contractions	with	10	second	break	between	
each practiced lying, sitting, and standing twice daily 
plus submaximal contractions when walking plus 
home	exercises.	DRE	was	used	to	assess	strength	of	
contraction during training sessions. 

7. PFMT FOR OTHER LUTS

Post	micturition	dribble	(PMD)	is	an	annoying	prob-
lem experienced by many men of all ages likely due 
to a failure of the bulbocavernosus muscle to evacu-
ate the bulbar portion of the urethra, causing pool-
ing of urine in the bulbar urethra which then dribbles 
with movement. 

The	 4rd	 ICI	 identiied	 two	 RCTs	 on	 conservative	
management	of	PMD	[364,402]	and	no	further	trials	
were found for the past two updates. No trials were 
found	on	prevention	of	PMD	and	 it	 is	unlikely	 that	
such studies would be undertaken because of the 
longitudinal nature of such an exploration. 

a) PFMT for post micturition dribble (PMD)

Two	RCTs	totalling	85	participants	who	had	not	un-
dergone prostatectomy have been reported in which 
PFMT and/or urethral milking were compared to 
verbal	instruction	and	lifestyle	changes	[364,402].	In	
one men were assigned: daily PFMT, urethral milk-
ing, or lifestyle changes using four hour pad test at 
ive,	nine,	and	13	weeks.	In	another	study	on	erec-
tile	dysfunction	[403],	over	65%	of	participants	also	
complained	of	PMD	and	were	randomised	to	PFMT	
using	BF	(5	weekly	treatments	plus	home	exercis-
es) or lifestyle advice. Outcome was patient report 
using a standardised questionnaire administered by 
an interviewer unaware of group assignment. 

1. QUality of Data 

It was not clear if allocation was adequately con-
cealed in either study. In both studies data collec-
tion was done by the researchers but data analysis 
was done by a separate party. 

2. rESUltS 

Paterson	 [1997]	 found	 both	 PFMT	 and	 urethral	
milking were equally effective and better than life-
style	 changes.	Dorey	 [2004]	 found	 that	 the	PFMT	

group	not	 only	 reported	a	 signiicant	 improvement	
in erectile function measured by International Index 
of	Erectile	Function	(p=0.001)	but	also	a	signiicant	
improvement	 in	 PMD	 measured	 by	 standardised	
questionnaire	 (67%	 improved	 in	 treatment	 group	
compared	to	7%	of	controls;	p<0.002).

3. SUMMary 

Based on two small studies, it seems that PFMT 
and urethral milking might both be effective in the 
control	of	the	annoying	symptom	of	PMD	(Level of 
Evidence: 2).

4. rEcoMMEnDationS

Men can be offered instruction to do a strong PFM 
contraction immediately after voiding, or urethral 
massage to empty the urethra, to improve symp-
toms	of	PMD	(Grade of Recommendation: C) .

8. FACTORS AFFECTING OUTCOME

Based on the current evidence, it appears that time 
from surgery to implementation of exercises does 
affect outcome and that by three months after sur-
gery less improvement is noted. Future trials could 
consider analysis to evaluate the effect of length of 
time from prostatectomy surgery, co-morbid condi-
tions, prior pelvic surgery, and medications (includ-
ing smoking and alcohol use) on treatment outcome. 

EStim	(EStim)	is	reported	to	be	effective	in	the	treat-
ment of UUI but no better than PFMT alone for men 
with	SUI	[242,404,405].	

Symptoms	of	DO	and	UUI	can	be	associated	with	
neurogenic disorders and to bladder outlet obstruc-
tion	such	as	benign	prostatic	hyperplasia;	 in	some	
men	the	cause	is	unknown.	It	is	believed	that	EStim	
for	UUI	acts	through	relex	inhibition	of	pelvic	effer-
ents or activation of hypogastric efferents through 
stimulation of the afferent input in the sacral route 
[223,405].

SUI is rare unless iatrogenic with radical prostatec-
tomy,	pelvic	surgery	or	radiation,	or	TURP	[368,406-
408].	DO,	poor	compliance	and	decreased	contractil-
ity may also be factors related to post-prostatectomy 
incontinence	[368,	409].	For	male	SUI,	EStim	could	
be used to enhance sensory response to contraction 
of	the	PFMs	in	the	same	way	as	female	SUI	[410,411].	
As	a	stand	alone	 therapy	 it	 is	unclear	whether	ES-
tim	enhances	continence	recovery	[375,412].	 It	has	
been postulated that continence is regained more 
rapidly	 [413]	 and	 the	 duration	 of	 the	 application	 of	
EStim	 is	 reduced	 when	 PFMT	 is	 augmented	 with	
EStim	[413,414].	EStim	is	also	believed	to	be	more	
effective in participants who are initially unable to 
identify	 and	contract	 the	 correct	PFMs	 [415].	 Inter-
estingly, it is generally agreed amongst those using 

III. ELECTRICAL STIMULATION 
(ESTIM)
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EStim	that	it	should	be	avoided	for	those	with	carci-
noma	of	the	bladder	for	fear	that	EStim	may	increase	
abnormal	 cell	 activity	 [403].	Although	 there	 are	 no	
data	to	conirm	or	refute	this,	many	physiotherapists	
are	unwilling	to	use	EStim	for	individuals	with	cancer	
and, therefore, post radical prostatectomy. Further 
research is needed to clarify this risk.

This section will examine evidence for the use of 
EStim	for	the	prevention	and	treatment	of	UI	in	men.	
Questions addressed are:

•	What	is	the	most	appropriate	EStim	protocol?	

•	Can	EStim	prevent	UI?

•		Is	EStim	better	than	no	treatment,	placebo	or	con-
trol treatments for UI? 

•	Is	EStim	better	than	other	treatments?

•		Does	the	addition	of	EStim	to	other	treatments	add	
any	beneit?

•	What	is	the	effect	of	EStim	on	LUTS	other	than	UI?

•	What	factors	might	affect	the	outcome	of	EStim?

A literature search for reports of relevant systematic 
reviews and reports of RCTs and quasi-RCTs was per-
formed (see Appendix 2). No other types of study de-
sign	were	considered.	Since	the	3rd	ICI	only	one	new	
RCT	[400]	was	identiied	and	included	in	this	chapter.	
A	 previous	 relevant	Cochrane	 systematic	 [412]	was	
updated	and	contributed	to	this	section	[416].

1. PREVENTION OF UI

There	have	been	no	studies	on	the	effect	of	EStim	
for prevention of non postprostatectomy UUI or SUI 
in men.

2. TREATMENT OF UI

In	 the	 4th	 ICI,	 one	 systematic	 review	 was	
identiied	 [412],	 along	 with	 nine	 RCTs	 [221-
223,368,371,375,400,401,404].	 An	 abstract	 of	 a	
trial	 [417]	 reported	data	 for	men,	but	 the	separate	
effects	 of	 EStim	 could	 not	 be	 assessed	 and	 the	
study was excluded.

a) Is EStim better than no treatment, placebo or 
control treatments?

No	 new	 studies	 were	 identiied	 that	 compared	
EStim	 with	 no	 treatment	 or	 a	 control.	 Two	 earlier	
placebo controlled trials both included men and 
women.	One	included	29	men	and	39	women	with	
UUI	[222,404]and	the	other	30	women	and	ive	men	
with	SUI	[404].	In	the	latter	trial,	four	men	had	post-
prostatectomy incontinence and one had sphincter 
deiciency	due	to	sacral	cord	tumour.

1. QUality of Data

Both trials blinded participants and doctors to treat-
ment	allocation	[222,404].	For	EStim	 in	UUI,	 three	

participants	(8%)	in	the	active	group	and	one	(3%)	
in the sham group dropped out, and two in each 
group discontinued the treatment due to adverse 
events	(5.4%	and	6.5%	respectively).	For	EStim	in	
SUI,	 two	 of	 35	 participants	 (6%)	 dropped	out	 and	
none had adverse events. 

2. rESUltS

(a) Men with UUI: The authors reported statistically 
signiicant	differences	 in	cure	(22%	active	and	4%	
sham)	and	improvement	rates	(81%	active	and	35%	
sham)	between	the	groups;	data	were	not	differenti-
ated	for	men	and	women	[222].

(b) Men with SUI: None of the participants in the 
sham group were cured or improved. One man in 
the	 active	 EStim	 group	 was	 cured	 and	 a	 second	
was	improved;	ive	men	participated	in	the	study	but	
it was not clear how many were allocated to sham 
and	how	many	to	active	EStim.

3. SUMMary

In	the	absence	of	suficient	data	from	rigorous	and	
well-reported	 trials	 it	 is	 not	 known	 if	 EStim,	 as	 a	
stand alone treatment for male UUI or SUI, is better 
than no treatment, placebo or control treatments.

b) Is one approach to EStim better than another?

EStim	 protocols	 for	 men	 are	 similar	 to	 those	 for	
women and like protocols in women vary widely. 
Intermittent,	short-term	stimulation	(or	maximal	ES-
tim) using a portable stimulation device at home or 
in	 clinic	 is	most	 common	 [368,375,401].	Rectal	 or	
surface	electrodes	are	most	common;	surface	elec-
trodes are positioned over the perineal region. 

For the treatment of SUI (and post-prostatectomy 
incontinence)	EStim	amy	be	combined	with	PFMT	
or monotherapy. Usually a rectal electrode is used, 
and	the	stimulation	artiicially	stimulates	the	puden-
dal	 nerve	 and	 its	 branches	 to	 cause	 direct	 relex	
responses of the urethral and periurethral striated 
muscles	[368,400,401].

Frequencies	of	14Hz	have	been	used	for	UUI	[400],	
while	20Hz	[401],	27Hz	[375]	and	50Hz	[368]	have	
been	used	 for	SUI.	Pulse	 form	 is	mostly	biphasic;	
pulse	width	varies	and	includes	300	microseconds	
[401],	 250	 milliseconds	 [400][401],	 one	 [368]	 and	
ive	seconds	[375].	Duration	of	the	stimulation	var-
ies	 as	 well,	 from	 15	 minutes	 [375]	 to	 30	 minutes	
[368],	 and	 from	 twice	 daily	 [375]	 to	 twice	 weekly	
[368].	 Duration	 of	 treatment	 has	 ranged	 from	 one	
month	[401],	to	three	months	[375).	

1. SUMMary

So	far,	no	studies	comparing	EStim	protocols	have	
been	 identiied.	 The	 most	 appropriate	 EStim	 pro-
tocol for different types of symptoms is unknown. 
EStim	protocols	for	men	have	been	developed	from	
studies	 in	women.	The	variability	 in	 the	indings	of	



1209

the trials included in the remainder of this section 
may in part be due to differences in the effective-
ness of the wide range of protocols that have been 
tested. There are many differences in clinical ap-
plication that have not yet been investigated. Some 
populations	or	subgroups	of	men	may	beneit	from	
EStim	more	 than	 others,	 but	 this	 observation	 has	
not yet been investigated. 

c) Is EStim better than other treatments?

No	new	trials	were	found	comparing	EStim	with	oth-
er	treatments	making	a	total	of	two	comparing	ES-
tim	with	MStim	[223]	or	medication	[221]	in	men	and	
women	with	UUI.	One	evaluated	EStim	with	MStim	
for	inhibition	of	DO	in	a	urodynamic	study	of	32	par-
ticipants	 (15	 males,	 17	 females)	 [223].	 The	 other	
compared	 EStim	 (TENS)	 with	 medication	 (oxybu-
tynin)	for	UUI	in	43	participants	(13	men,	30	women)	
with	DO	[221].	Results	were	not	reported	by	gender.	
Oxybutynin	was	 started	 at	 a	 dose	 of	 2.5mg	orally	
twice	 daily	 and	 titrated	 to	 5mg	 orally	 three	 times	
daily	 by	 day	 seven.	 Dual	 channel	 TENS	with	 two	
self-adhesive pads connected to the stimulator and 
applied bilaterally over the perianal region (S2 to 
S3	dermatome)	was	used.	Stimulation	parameters	
were set at a frequency of 20Hz and a pulse width 
of	0.2msecs	on	a	continuous	mode.	TENS	duration	
was up to six hours daily.

1. QUality of Data

Random	allocation	concealment	was	adequate;	re-
sults	were	not	reported	by	gender	[222];	another	did	
not provide information about randomisation proce-
dure, random allocation concealment, blinding of 
observers,	or	drop-outs	[221].

2. rESUltS

In	the	urodynamic	study	of	EStim	versus	MStim	in	
men	with	DO,	bladder	capacity	at	irst	desire	to	void	
and maximum cystometric capacity increased sig-
niicantly	in	both	groups	compared	to	baseline;	the	
increase in maximum cystometric capacity was sta-
tistically	 signiicantly	 greater	 in	 the	MStim	 (106%,	
SD	130)	than	the	EStim	group	(16%,	SD	34).

EStim	and	medication	improved	subjective	parame-
ters	but	only	oxybutynin	showed	statistically	signii-
cant improvements in objective urodynamic param-
eters	such	as	bladder	volume	at	irst	desire	to	void	
and	at	irst	overactive	detrusor	contraction	[221].	

3. SUMMary

There were few men in either of the two trials 
comparing	EStim	and	MStim,	the	single	trial	com-
paring	 EStim	 with	 verbal/written	 instruction	 in	
PFMT,	or	single	crossover	 trial	comparing	EStim	
with oxybutynin. In the absence of sufficient data 
it	 is	 not	 known	 if	 EStim	 is	 better	 than	MStim	 or	
written/verbal instruction in PFMT or oxybutynin 
for UI in men. 

d) Does the addition of EStim to other treat -
ments add beneit?

Four	 RCTs	 have	 been	 identiied	 investigating	 the	
addition	of	EStim	to	other	 treatments	 for	men	with	
post-prostatectomy	incontinence	[368,371,375,400]	
and are discussed under the PFMT section on post-
prostatectomy	 incontinence.	 No	 studies	 of	 EStim	
being added to other treatments for UUI and SUI 
were	identiied.	

3. OTHER LUTS

No	 studies	 were	 identiied	 which	 addressed	 this	
comparison in men.

4. FACTORS AFFECTING OUTCOME

a) Age

There	 are	 no	 comparisons	 of	 the	 effects	 of	 EStim	
for UI between younger and older men. While many 
EStim	 studies	 include	 participants	 over	 50	 years	
most studies don’t include those over about 80 years 
[418].	In	the	studies	of	EStim	for	post-prostatectomy	
incontinence in this chapter the mean age of men is 
about	66	years.	Although	post-prostatectomy	studies	
have included older men it may be unwise to extrap-
olate	 the	effects	of	EStim	 in	older	men	with	SUI	 to	
older men with UUI, because in the former UI is usu-
ally as a result of sphincter incompetence whereas in 
the latter the symptoms are those of an OAB. 

b) Other

Many other factors, such as types of electrodes, in-
tensity, frequency and duration of stimulation, elec-
trode positioning, the number of treatment sessions, 
diagnosis and underlying cause, participant selec-
tion, and treatment adherence are plausible factors 
affecting outcome. Little is known about the effect 
of any of these and there are no trials investigating 
these factors in males. 

Background information about extra corporeal mag-
netic innervation, more commonly called magnetic 
stimulatio n (MStim), has been given in the sec-
tion	on	MStim	for	women	(see	B5).	MStim	has	also	
been	used	 in	men;	 it	 is	unclear	whether	 the	mode	
of action and effects of MStim are similar in men 
and women. In men, MStim is used to treat UI after 
radical	prostatectomy	 [401,419]	and	 for	 the	 inhibi-
tion	of	DO	[223].

The questions to be addressed are the same as 
those	for	women	(see	B5).	Since	the	4th	ICI	no	fur-
ther	RCTs	were	found.	Suzuki	[2007]	compared	the	
effect	 of	MStim	versus	 sham	MStim	 for	UUI	 in	39	
individuals	 (23	 females	 and	 16	males).	The	 study	
was not included in the review below because both 
groups also received PFMT, and data were not re-
ported	separately	for	men	and	women	[263].

IV. MAGNETIC STIMULATION (MSTIM)
 



1210

1. PREVENTION OF UI

No trials investigating the primary or secondary pre-
vention effects of MStim for men with UI were found.

2. TREATMENT OF UI

Three	 treatment	 RCTs	 were	 identiied;	 two	 pub-
lished	articles	[223,401]	and	one	abstract	of	an	on-
going	study	without	data	 [419].	The	irst	 trial	 [223]	
included	both	men	and	women	with	UI;	because	the	
effects of MStim might be different between sexes 
(due to differences in the underlying aetiology of 
symptoms) this study has only contributed to the 
analysis where the researchers’ differentiated the 
effects of treatment in men and women.

a) Is MStim better than no treatment, placebo or 
control treatment?

No studies were found addressing this question.

b) Is one approach to MStim better than another?

No studies were found addressing this question.

c) Is MStim better than other treatments?

Two	studies	were	identiied	[223].	Both	compared	MS-
tim	with	EStim;	 the	 latter	also	compared	MStim	and	
PFMT.	Readers	 are	 referred	 to	 section	D.3.2c	 for	 a	
description	of	these	studies,	indings,	and	summary.

3. OTHER LUTS

No studies were found.

4. FACTORS AFFECTING OUTCOME

None of the included trials addressed the effect 
of age, or any other factor, on outcome of MStim. 
The relationship between age (or any other fac-
tor, such as treatment parameters, treatment ad-
herence, or diagnosis) and the outcome of MStim 
has yet to be determined.

Scheduled voiding regimens include bladder train-
ing , timed voiding, habit training and prompted 
voiding. They are frequently combined to achieve 
maximum	beneits.	Although	there	is	evidence	to	in-
dicate that scheduled voiding regimens, especially 
bladder training and timed voiding, are commonly 
used in the treatment of men with UI and other 
LUTS, there has been substantially less research 
that addresses their use in men compared to the 
literature on their use in women.

1. PREVENTION OF UI

No trials investigating the preventive effects of sched-
uled voiding regimens for men with UI were found.

2. TREATMENT OF UI

Since	 the	 4th	 ICI	 in	 2009,	 there	 have	 been	 no	
new reports of bladder training that have included 

men.	 Of	 the	 ive	 that	 have	 included	 men,	 most	
had only a small number of men in the sample 
[48,282,283,286,293].	 Two	 observational	 studies,	
but no RCTs, were found regarding timed voiding. 
No studies were located that addressed habit train-
ing or prompted voiding in men. 

a) Bladder training

A	total	of	ive	RCTs	involving	142	men	met	the	cri-
teria for inclusion in this review. All trials (previously 
described	in	section	B6)	had	predominantly	female	
participants;	 one	 RCT	 compared	 bladder	 training	
(BT)	to	BT	plus	caffeine	reduction	(seven	men,	86	
women)	 [48];	 and	 three	 RCTs	 compared	 BT	 plus	
placebo drug versus anticholinergic drug therapy 
(six	 men,	 28	 women	 [293];	 four	 men,	 30	 women	
[283];	 two	men,	58	women	[282].	The	largest	RCT	
compared drug therapy alone (tolterodine) to drug 
therapy	 plus	 BT	 (123	 men,	 378	 women)	 [286].	 A	
sixth study was located that compared BT supple-
mented with drug therapy after three months, but it 
was excluded from review because the full length 
report	was	in	Japanese	and	an	English	translation	
was	not	available	[420].	

As none of the trials reported outcome data sepa-
rately for men, and with the proportion of male par-
ticipants	being	so	small	(3%,	[282];	8%,	[48];	12%,	
[283];	 8%,	 [293];	 25%,	 [286],	 there	 is	 insuficient	
evidence available to comment on the effectiveness 
of BT in men.

b) Timed voiding

No new trials were found on timed voiding. There are 
two clinical series that investigated timed voiding in 
men	only	[272,421].	In	the	irst,	timed	voiding	was	ini-
tiatied	in	incontinent	men	in	a	geriatric	hospital	[421]	
and in the other men with persistent post-prostatec-
tomy	incontinence	[272].	Outcomes	were	measured	
by a two week voiding diary kept at baseline and dur-
ing two weeks of timed voiding by patients diagnosed 
with SUI, UUI, and/or continual leakage.

1. QUality of Data

Both studies used a clinical series design and pa-
tients in both subsequently received other treatment 
if they were not adequately improved. In the Sog-
bein study, nurses checked the patients’ clothing 
for wetness at each two-hour voiding interval and 
recorded	the	results.	Data	in	the	Burgio	study	were	
based on bladder diaries completed by the patients. 
Reasons	 for	 drop-out	 [421]and	 non-adherence	
[272]were	provided.

2. rESUltS

In	 one	 study	an	85%	 improvement	 rate	 in	UI	was	
reported	 [421].	 In	 the	 second,	 the	 two	 hour	 timed	
voiding	schedule	was	used	with	only	12	out	of	20	
men, because they were either already on a void-
ing schedule, unwilling to go on a voiding schedule, 
or	were	noncompliant	 [272].	 In	ive	men	with	SUI,	

V. SCHEDULED VOIDING REGIMENS
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there	was	a	29%	decrease	of	incontinent	episodes;	
in three men with UUI, two improved and one dra-
matically	 regressed	 producing	 a	 33%	 increase	 in	
incontinent episodes. In four patients with continual 
leakage, there was no reduction in percentage of 
wet intervals.

3. SUMMary

With limited Level 3  evidence (and no higher order 
evidence),	there	is	insuficient	evidence	available	to	
comment on the effectiveness of TV in men.

3. OTHER LUTS

No	studies	were	identiied	in	men.

4. FACTORS AFFECTING OUTCOME

a) Age

No new trials were found addressing outcome. The 
ive	RCTs	 involving	bladder	 training	 included	older	
men,	as	well	as	women.	Three	speciically	 recruit-
ed	adults	aged	over	65	years	[282,	283,	293].	The	
largest	trial	recruited	men	with	a	median	age	of	62	
years. There was no subgroup analysis related to 
age and gender effects, so it is not possible to draw 
conclusions regarding the effect of BT in older men 
[286].	Voiding	regimens	are	of	particular	interest	for	
the elderly, but some are effective in younger pa-
tients	with	UI	[266].

b) Other

No	studies	were	identiied	on	other	factors	affecting	
outcome of BT or prompted voiding in men.

Individuals	who	appear	to	beneit	most	from	sched-
uled voiding regimens are highly motivated without 
cognitive	 deicits.	 Men	 and	 women	 with	 SUI	 and	
UUI	have	beneited,	whereas	patients	with	severe	
sphincter damage (e.g. after radical prostatectomy) 
generally	do	not	[Hadley,	1986].

Therapies include acupuncture, relaxation, medi-
tation, imagery, hypnosis, naturopathic and herbal 
remedies, but only trials of acupuncture therapy 
have been found in men with UI. Therefore, only 
acupuncture will be considered in the remainder of 
this section.

Acupuncture is a traditional Chinese modality and 
has been used for the treatment of urinary distur-
bances. Acupuncture has been reported to relieve 
OAB symptoms including UI due to spinal cord in-
jury	[422],	and	idiopathic	DO	or	MUI	[423,424].	

1. PREVENTION OF UI

No	studies	were	identiied	on	the	preventative	role	
of complementary therapies in men.

2. TREATMENT UI

Acupuncture may improve urodynamic parameters 
such	 as	 sphincter	 function	 [425,426]	 or	 bladder	
capacity	 in	 men	 with	 UUI	 (Honjo,	 2000;	 Kitakoji,	
1995).	 It	 is	 a	 form	 of	 somatic	 sensory	 stimulation	
[Bergstrom,	2000].	The	mechanism	by	which	acu-
puncture	inhibits	DO	remains	unclear,	but	suppres-
sion	of	the	spinal	and	supraspinal	relexes	that	lead	
to detrusor contractions is considered one of the 
most	important	mechanisms	[427,428]	or	release	of	
endorphins	 [Bergstrom,	2000].	There	has	been	no	
report on the effects of acupuncture for male SUI or 
post-prostatectomy incontinence.

a) What is the most effective acupuncture pro -
tocol?

Acupuncture has been carried out with disposable 
stainless	steel	needles	(0.3mm	in	diameter,	60mm	
in	 length)	 inserted	 into	 the	 bilateral	 BL-33	 points	
on the skin of the third posterior sacral foramina 
[422,423,429]	or	several	other	points	(BL-31,32,	21,	
23,	SP-6,	KI-3,	LI-11,CV-1,2,4,5	)	[430],	and	usually	
performed	once	or	twice	weekly	[422-424,429,431].	
Acupuncture protocols vary and there is no ap-
parent consensus between investigators. It is not 
known if any acupuncture protocol is more effective 
than another.

b) Acupuncture versus no treatment, sham acu -
puncture or any other treatment

No	 new	 studies	 were	 identiiied.	 Only	 one	 RCT	
has	been	identiied	including	both	men	and	women	
[432],	but	there	is	no	study	exclusively	for	men.	In	a	
randomised, placebo-controlled, single-blind study 
among	20	elderly	patients	(three	males,	17	females)	
Ellis	(1990)	showed	that	the	frequency	of	voiding	at	
night was reduced after acupuncture. Uncontrolled 
studies suggest improved symptoms post acupunc-
ture	[422,423].

The evidence of the effectiveness of acupuncture 
for men with UI is limited by the lacked of controlled 
studies. To date, the studies are small, objective 
measures of UI are not included and long-term fol-
low-up is lacking. Uncontrolled studies suggest that 
RCTs of acupuncture in the treatment of UI in men 
are warranted.

3. OTHER LUTS

No new trials were found in this category. In the one 
trial	in	men	with	sensory	urgency	after	TURP	[431]a	
signiicant	 improvement	was	reported	by	acupunc-
ture	relexotherapy	(EStim	of	somatic	and	auricular	
points) in terms of IPSS, QOL scores, decrease of 
daytime frequency and nocturia, but no improve-
ments with the use of placebo or oxybutynin.

4. FACTORS AFFECTING OUTCOME

Aside	from	Ellis	[1990],	reported	above,	who	specii-
cally recruited elderly participants there is a lack of 

VI. COMPLEMENTARY AND ALTER -
NATIVE MEDICINES
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evidence about the effect of any prognostic factor for 
the outcome of complementary therapies in men.

Despite	 the	 prevalence	 of	 UI	 and	 LUTS	 in	 older	
men, the only group that has received much atten-
tion in research is men following radical prostatec-
tomy. Overall, the effect of conservative treatment 
(lifestyle interventions, physical therapies, schedule 
voiding regimes, complementary therapies) for men 
has received much less research attention com-
pared to women.

1. RECOMMENDATIONS FOR PRACTICE

There	is	generally	insuficient	Level	1	or	2	evidence	
on which to base recommendations for practice, 
and most recommendations are, in effect hypoth-
eses, that need further testing in research.

Lifestyle interventions

•		It	 seems	 reasonable	 for	 health	 professionals	 to	
offer men advice on healthy lifestyle choices that 
may reduce or delay the onset co-morbid condi-
tions that are risk factors for incontinence (Grade 
of Recommendation: D)  (Unchanged).

Pelvic loor muscle training (PFMT)

•		Some	 preoperative	 or	 immediate	 post-operative	
instruction in PFMT for men undergoing radical 
prostatectomy may be helpful (Grade of Recom -
mendation: B)  (Unchanged).

•		It	 is	 not	 clear	 whether	 PFMT	 taught	 by	 digital	
rectal	 examination	 (DRE)	offers	any	beneit	over	
and above verbal or written instruction in PFMT 
(Grade of Recommendation: B)  (Unchanged).

•		The	use	of	BF	to	assist	PFMT	is	currently	a	thera-
pist/patient decision based on economics and 
preference (Grade of Recommendation: B)  (Un-
changed).

•		Use	 of	 a	 strong	 pelvic	 loor	 muscle	 contraction	
immediately after voiding, or urethral massage to 
empty the urethra, can improve symptoms of post 
micturition dribble (Grade of Recommendation: 
C) (Unchanged).

EStim (EStim)

•		For	 men	 with	 post-prostatectomy	 incontinence	
there	does	not	appear	to	be	any	beneit	of	adding	
EStim	to	a	PFMT	programme (Grade of Recom -
mendation: B)  (Unchanged).

2. FUTURE RESEARCH DIRECTIONS

There is much scope for research on the effects 
of conservative therapies for UI and LUTS in men. 
Research that is urgently needed, in the opinion of 
committee members, is highlighted with the use of 

italics. There are a few recommendations that apply 
to all future studies in men, namely:

•		All	 future	 intervention	 studies	 must	 be	 designed	
to allow standardised and comprehensive report-
ing of results based on the ICS and CONSORT 
recommendations.

•		The	natural	history	of	UI	after	radical	prostatecto-
my must be taken into account in study design as 
the spontaneous recovery rate means that sample 
sizes must be large to detect any differences be-
tween protocols.

•		More	research	is	needed	to	ind	out	what	are	the	
most important outcomes for men with UI, so such 
measures can be incorporated as the primary out-
come measures in further trials.

•		Data	are	needed	to	establish	to	the	cost,	and	cost	
effectiveness, of conservative therapies in men 
with UI.

•		Surgical	approaches	with	laparoscopy	or	robotics	
offer promising improvements in visualisation for 
nerve-sparing	procedures;	further	research	should	
address continence and erectile function after 
these newer surgical procedures.

a) Lifestyle interventions

•		To	date,	no	trials	have	addressed	the	topic	of	life-
style interventions for men with UI. 

•		The	effects	of	interventions	such	as	weight	and	
caffeine reduction, both of which show some 
evidence of benefit in women, are priorities for 
future research.

b) Pelvic loor muscle training (PFMT)

•		Further	studies	to	test	the	hypothesis	that	preop-
erative proprioceptive training plus PFMT is more 
effective than PFMT alone to prevent UI in men 
undergoing radial prostatectomy.

•		A	 comparison	 of	 preoperative	 versus	 postopera-
tive PFMT verbal and written feedback to reduce 
prevalence and severity of UI following radical 
prostatectomy is needed.

•		Methods	of	PFMT	instruction	and	supervision	re-
quire further investigation. Two areas of research 
interest are:

	 o		Whether	 PFMT	 taught	 by	 DRE	 offers	 any	
beneit	 over	 and	 above	 verbal	 or	written	 in-
struction.

 o  The effect of group exercise. Because of 
the peer support that men may receive from 
participating	 in	 a	 group	 (433]	 this	 might	 be	
useful	 after	 radical	 prostatectomy;	 three	 re-
ported that support in the post operative pe-
riod may be important to healthy recovery 
[368,371,391].

VII. SUMMARY
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•		More	 systematic	 investigation	 of	 the	 the	 natural	
history of UI after TURP is needed, to establish the 
potential	cost/beneit	of	intervention,	before	further	
trials are initiated.

•		The	relationship	between	age,	or	any	other	factor,	
and the outcome of PFMT for UI in men has yet to 
be determined.

c) Electrical stimulation (EStim) and magnetic 
stimulation (MStim)

•		It	 is	 not	 known	 if	 pre	 or	 postoperative	 EStim	 or	
MStim has a role in reducing UI after radical pros-
tatectomy. 

•		RCTs	in	larger	samples,	with	long-term	follow	up,	
are needed to investigate all aspects of the effec-
tiveness	of	EStim	and	MStim	as	a	treatment	for	UI	
in men, including:

	 o		Either	type	of	stimulation	versus	no	treatment,	
sham stimulation or other control conditions.

	 o		Comparisons	 of	 both	 EStim	 and	 MStim	
protocols.

	 o	EStim	versus	MStim.

	 o		Either	type	of	stimulation	versus	medication.

 o  Whether the addition of either type of stimula-
tion	to	other	treatments	adds	beneit,	in	par-
ticular the addition of stimulation to PFMT.

•		The	effect	of	age,	and	other	 factors,	on	outcome	
of	 stimulation.	 Elderly	 men	 may	 have	 more	 co-
morbid conditions than young men and a more 
pragmatic	approach	to	 inclusion	 in	EStim	studies	
is needed.

d) Scheduled voiding regimens

In the absence of trials exclusively in men, or tri-
als that report data separately for men and women, 
there is a pressing need for high quality RCTs with an 
appropriate sample size and long-term follow up to 
address the effects of BT, Timed voiding, habit train-
ing and prompted voiding in men suffering from UI.
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APPENDIX 1

TERMINOLOGY

Pelvic Floor Muscle Therapy (PFMT): any pro-
gramme of repetitious, voluntary PFM contractions 
taught by a healthcare professional. It is the PFMs, 
not pelvic muscles in general, which are the target 
of	the	intervention.		This	broad	deinition	accommo-
dates variations in the PFMT end-goal, type of su-
pervision (e.g. individual or group sessions) and the 
exercise programme (e.g. variations in frequency, 
intensity, number of contractions and duration of 
training). It may include the use of PFM contractions 
for urge suppression and to prevent stress leakage, 
under the term “the knack”.

PFMT is used in preference to other previously-
used	terms	such	as	Kegel’s	Exercises,	pelvic	loor	
exercises and PFM exercises. The term ‘Kegel’s 
Exercises’	is	no	longer	appropriate	because	it	refers	
to	Kegel’s	original	exercise	programme	of	500	con-
tractions	 per	 day	 (58).	 Current	 PFM	 programmes	
are very different from the one originally prescribed 
by	Kegel	(1948).

“Training” is also viewed as a more appropriate word 
than “exercise”. The term “exercise” is commonly in-
terpreted as one training episode or a single muscle 
action, whereas, “training” encompasses repeated 
exercises over a sustained period of time.

APPENDIX 2

REVIEW OF THE LITERATURE/SEARCH TERMS

A systematic search of studies up to the end of Au-
gust	2011	was	conducted.	 	Only	papers	published	
in	 English	 or	 in	 a	 language	 for	 which	 a	 translator	
could be found were included. Relevant systematic 
reviews and reports of RCTs and quasi-RCTs were 
included.	Therefore,	only	Level	1	evidence	 is	con-
sidered in this section and recommendations are 
based	on	the	indings	of	existing	up-to-date	system-
atic reviews and more recent RCTs.

Several Cochrane reviews were critical to the rigour 
of	 the	 present	 chapter:	 	 UI	 prevention	 (96,170);	
management of urinary continence in women 
(97,126,213);	management	of	urinary	incontinence	
in	men	(412,416);	management	of	pelvic	organ	pro-
lapse	 (296,297);	 habit	 training	 and	 timed	 voiding	
(273,275);	and	bladder	training	(269).	Pre-speciied	
outcomes of interest were urinary continence (for 
prevention studies), urinary continence, patient 
symptoms, quality-of-life measures and pad tests 
(for treatment studies). 

Data	 for	SUI	were	 taken	 from	a	 recent	UK	Health	
Technology Assessment (HTA) on non-surgical in-
terventions for stress urinary incontinence in wom-
en	 (219).	 	 This	was	 supplemented	with	 additional	

studies for SUI completed after publication of this 
HTA, and studies for UUI and other LUTS, located 
through additional literature searching conducted in 
the Cochrane Incontinence Group Specialised Reg-
ister as part of an ongoing Cochrane review.  The 
same methods used in the HTA for data collection 
and analysis for SUI were applied to the studies on 
UUI and LUTS.

Criteria	for	inclusion	were	(1)	randomised	or	quasi-
randomised (alternate allocation) trial study design, 
(2)	 women	 with	 UI	 or	 other	 LUTS,	 (3)	 no	 partici-
pants with incontinence due to neurological or cog-
nitive	 impairment	 and	 (4)	 no	 pregnant	 or	 postpar-
tum women.  Retrospective data was not included.  
‘Risk of bias’ in the included studies was assessed 
for allocation concealment (selection bias) and 
completeness of outcome data (attrition bias), using 
relevant items in a standard tool developed by the 
Cochrane Urinary Incontinence Group (220).  Risk 
of bias due to blinding to the allocated intervention 
should be considered to be high in most included 
studies: blinding of participants and care providers 
is not always feasible (other than the use of sham 
EStim),	and	blinding	of	outcome	assessors	is	equal-
ly	dificult	for	self-reported	outcomes	such	as	cure,	
improvement and quality of life.

The Consort Statement Checklist was used to deter-
mine	the	quality	each	study	(434).	Empirical	evidence	
indicates that two elements of trial quality, allocation 
concealment and double blinding, are important for 
estimating treatment effect with precision. Trials with 
inadequate or unclear concealment of allocation ap-
pear	to	overestimate	treatment	effect	by	about	30%	
and trials that are not double-blinded overestimate 
effect	by	about	15%	(435).	Therefore,	 trials	 that	re-
ported adequate allocation concealment have been 
noted.	Although	 it	 is	 often	 dificult	 or	 impossible	 to	
blind patients to PFMT, trials that reported blinding 
of the outcome assessment have also been noted. 
Readers may wish to consider these factors in their 
interpretation of the data.

The search terms may be seen at http://hdl.handle.
net/10402/era.26262.	(Click	on	the	“download”	link,	
top right.)
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Surgical Treatment of
Urinary Incontinence in Men

SENDER HERSCHORN

HOMERO BRUSCHINI, CRAIG COMITER, HOWARD B. GOLDMAN, PHILIPPE GRISE

TOMAS HANUS, CHRISTOPHER WOODHOUSE

Surgery for male incontinence is an important aspect 
of treatment with the changing demographics of soci-
ety and the continuing large numbers of men undergo-
ing surgery and other treatments for prostate cancer.

Basic evaluation of the patient is similar to other 
areas of incontinence and includes primarily a clini-
cal approach with history, pad testing, frequency-
volume chart or bladder diary, and physical exami-
nation. Since most of the surgeries apply to patients 
with incontinence after other operations or trauma, 
other investigations such as radiographic imaging 
of the lower urinary tract, cystoscopy, and urody-
namic studies may provide important information for 
the treating clinician.

Although prostatectomy for benign disease has 
become less frequent in many countries, the com-
plication of incontinence is a rare but unfortunate 
occurrence that merits treatment. After a period of 
conservative therapy has been tried, surgical treat-
ment is indicated following similar strategies applied 
in post-prostate cancer treatment incontinence i.e. 
slings	and	artiicial	urinary	sphincter	(AUS).	

Radical prostatectomy for prostate cancer is per-
formed far more frequently now than 15 to 20 years 
ago, with nearly two-thirds of surgical cases being 
performed via the robotic-assisted laparoscopic ap-
proach	in	the	United	States	[1].	Approximately	5-25%	
of patients will experience incontinence that fails to 
improve with conservative management, and a sub-
stantial minority will ultimately undergo surgical treat-
ment	[2].	The	AUS	has	provided	a	satisfactory	result	
in most cases, regardless of the degree of urinary 
incontinence, with a positive impact on quality of life. 
Sling	 procedures	 have	 emerged	 as	 an	 eficacious	
treatment in the majority of men with mild to moder-
ate stress urinary incontinence, however, they have 
not proven predictably successful in men with higher 
degrees of incontinence. Injectable agents have not 
shown durable long-term results. Volume adjustable 
balloons have been limited in their utility due to a 
high complication rate. Newer techniques involving 
adjustable	urethral	slings	have	demonstrated	eficacy	

I.  INTRODUCTION
similar to that of non-adjustable slings, with the po-
tential advantage of postoperative alterations in sling 
tensioning	(tightening)	but	a	higher	complication	rate.	

Stratiication	 of	 treatment	 based	 on	 the	 degree	
of stress incontinence is now feasible. Men with 
milder degrees of incontinence and normal bladder 
function	 are	 candidates	 for	 either	 artiicial	 urinary	
sphincter placement or sling surgery, each with sim-
ilar success rates. Sling surgery appears to have a 
lower risk of surgical complications in this popula-
tion. Patient preference may be for a sling versus 
a	mechanical	 device	 [3].	 On	 the	 other	 hand,	 with	
more	severe	incontinence,	AUS	surgery	has	a	more	
predictable	success	proile	than	does	sling	surgery.	

Incontinence following radiation therapy, cryosur-
gery, high-intensity focused ultrasound, other pelvic 
operations and trauma is a particularly challeng-
ing problem because of tissue damage inside and 
outside the lower urinary tract. In such instances, 
periurethral	bulking,	sling	procedures,	and	inlatable	
periurethral	 balloons	 have	 generally	 proven	 inefi-
cacious and worsening of incontinence may happen 
after	such	surgery.	The	AUS	is	the	most	successful	
surgical procedure in this setting, but is associated 
with a higher rate of complications compared to im-
plantation following surgery in the absence of adju-
vant cancer therapy. With tissue damage beyond the 
urinary sphincter, other surgical approaches may be 
necessary. Patients with unresolved problems from 
pediatric age and with associated incontinence from 
detrusor	overactivity	may	beneit	 from	a	variety	of	
complex	 reconstructive	surgical	procedures.	Other	
complicated problems encountered include urethro-
cutaneous	istulae,	and	istulae	between	 the	pros-
tate, bladder neck, or urethra and rectum. Surgical 
reconstruction, in experienced hands, often in a 
staged manner, is usually successful.

With	 decades	 of	 worldwide	 use	 of	 the	 AUS	 in	
the surgical management of male incontinence, 
its complications and their management are well 
known. Durability of the device is an important as-
pect that impacts on outcome and cost of treat-
ment. A growing body of literature regarding male 
sling surgery, its indications, factors affecting out-
come, and complications and their management, 
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has changed the landscape of incontinence sur-
gery over the past 5 years.

Although the literature is replete with well-done co-
hort studies, there is a continuing need for prospec-
tive randomized clinical trials, especially needed for 
adequate comparisons among surgical techniques.

MATERIALS AND METHODS

The	committee	was	charged	with	the	responsibility	
of assessing and reviewing the outcomes of sur-
gical therapy that have been published since the 
Third	Consultation	 [4]	 for	non-neurogenic	male	 in-
continence. Articles from peer-reviewed journals, 
abstracts	 from	 scientiic	 meetings,	 and	 literature	
searches by hand and electronically formed the ba-
sis	of	this	review.	The	outcomes	were	analyzed,	dis-
cussed among the members of the committee and 
included in the chapter.

The	incontinence	problems	were	classiied	accord-
ing to their etiology, i.e. either primarily sphincter or 
bladder related, and are listed in Table 1 .	Treatment	
of	istulae	is	covered	separately.

Speciic	 recommendations	 are	made	 on	 the	 basis	
of published results and determined by the levels of 
evidence.	Consensus	of	the	committee	determined	
the recommendations, which are found at the end of 
the chapter. Recommendations for future research 
are also included.

Recommendations for evaluation prior surgery have 
not changed substantially from the last edition in 
2009	[5].	A	basic	history	and	physical	is	the	corner-
stone	 of	 this	 evaluation.	 The	 history	 should	 focus	

on	 the	 precipitating	 events	 (surgery,	 trauma,	 etc)	
that led to the incontinence, the evolution over time 
of	the	leakage	symptoms	(has	there	been	improve-
ment,	etc),	what	precipitates	the	 leakage	(straining,	
cough, exercise, etc – suggestive of stress urinary 
incontinence	(SUI)	or	 the	sudden	onset	of	urgency,	
the sense of needing to void immediately, particularly 
in the absence of any physical activity – suggestive 
of	 urgency	 incontinence)	 as	 well	 as	 other	 poten-
tial comorbidities. A general sense of the degree of 
bother of these symptoms, sexual function and pad 
use	 is	 important	 as	well.	The	physical	 examination	
should note any gross urine leakage per meatus with 
patient straining or coughing as well as general char-
acteristics of the lower abdomen, perineal area and 
penis and scrotum. Assessment of hand function is 
important to assess manual dexterity for manipula-
tion of an implanted device. A brief neuro-urological 
examination	(perineal	sensation,	anal	tone,	voluntary	
contraction and relaxation of the anal sphincter, bul-
bocavernosus	relex	[6])	should	be	performed.	A	uri-
nalysis	to	rule	out	infection	or	signs	of	inlammation	
or hematuria should be obtained.

A	 frequency-volume	 chart	 [7],	 or	 bladder	 diary	 (in-
dicating daytime and nighttime frequency of mictu-
rition,	 incontinence	 episodes,	 voided	 volumes,	 24-
hour	urinary	output,	etc.)	is	also	helpful.	According	to	
Wyman	et	al.	[8]	the	7-day	diary	can	be	considered	
as the gold standard for voiding diaries. Schick et 
al.	[9]	demonstrated	that	a	4	day	frequency-volume	
chart gives a reliable snapshot of the patient’s situa-
tion.	A	pad	test	quantiies	the	severity	of	incontinence	
and may be the most objective measure of the incon-
tinence.	The	24-hour	home	test	is	the	most	accurate	
pad	test	for	quantiication	and	diagnosis	of	urinary	in-
continence	because	it	is	the	most	reproducible.	[10]	
The	1-hour	pad	test	may	be	used	because	it	is	eas-
ily done and standardized, however there is no strict 

II. EVALUATION PRIOR TO
SURGICAL THERAPY

Sphincter related
 Postoperative
  Post-prostatectomy for prostate cancer
  Post-prostatectomy for benign disease
	 	 TURP	and	radiation	for	prostate	cancer
  Post-cystectomy and neobladder for bladder cancer
 Post-traumatic
  After prostato-membanous urethral reconstruction
	 	 Pelvic	loor	trauma
	 Unresolved	pediatric	urologic	incontinence
  Exstrophy and epispadias

Bladder related

 Refractory urgency incontinence due to detrusor overactivity
	 Small	ibrotic	bladder

Fistulae

	 Prostatorectal	(urethrorectal)
	 Urethrocutaneous

Table 1. Classiication of surgically correctable problems.
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parallel	with	the	24-hour	pad	test	and	it	may	underes-
timate the weakness of the sphincter in the later part 
of the day. A pad test may be helpful in quantifying 
leak	in	AUS	failures.	

The	 ICIQ-SF	 (short	 form)	 questionnaire	 (www.iciq.
net)	can	be	recommended	for	the	assessment	of	the	
man’s	incontinence,	and	has	been	used	in	RCTs	of	
treatment for post prostatectomy incontinence. 

Postvoid residual urine measurement is a good esti-
mation	of	voiding	eficiency	[11,12].	These	basic	in-
vestigations are recommended in incontinent males 
prior to surgical therapy.

Blood	 testing	 (BUN,	 creatinine,	 glucose)	 is	 recom-
mended only if compromised renal function is sus-
pected	or	 if	polyuria	(in	 the	absence	of	diuretics)	 is	
documented	by	the	frequency-volume	chart	[13].

Further	evaluation	should	be	adapted	to	the	particu-
lar	patient.	Cysto¬urethroscopy	will	verify	the	integ-
rity	of	the	urethral	wall	(anterior	aspect	of	the	distal	
sphincteric	 mechanism	 in	 post-TURP	 incontinence	
[14],	 erosion	 by	 the	 cuff	 of	 the	 artiicial	 sphincter),	
and	 the	status	of	 the	bladder	 (trabeculation,	 stone,	
diverticula,	etc).	 It	will	allow	observation	of	 the	ure-
thral sphincter and voluntary contraction on the part 
of	the	patient,	 if	done	under	 local	anaesthesia.	The	
presence or absence of urethral, prostatic, or bladder 
neck stenosis is also necessary to ascertain prior to 
incontinence surgery, especially in patients who have 
undergone treatment for prostate cancer. 

Imaging	 techniques	 include	 plain	 ilm	 of	 the	 abdo-
men	(KUB	or	Kidneys,	Ureters,	Bladder),	in	cases	of	
incontinence	 following	 artiicial	 sphincter	 implanta-
tion when during the original procedure the hydraulic 
system	was	illed	with	contrast	medium.	A	KUB	im-
mediately following sphincter implantation serves as 
a	reference	point	 for	subsequent	comparisons	 [15].	

Figure 1 	illustrates	the	case	of	a	young	spina	biida	
patient	 in	whom	an	artiicial	sphincter	has	been	im-
planted with the cuff around the bladder neck. After 
more than 10 years, he became suddenly inconti-
nent.	Second	KUB	compared	to	previous	one	clearly	
demonstrated	 luid	 loss	 from	 the	 system.	 Contrast	
studies include cystography which may demonstrate 
an open bladder neck when bladder denervation is 
suspected	[16],	e.g.:	following	abdominoperineal	re-
section	 of	 the	 rectum.	 Cystourethrography	may	 be	
used	 to	 demonstrate	 a	 istula,	 stricture	 or	 urethral	
diverticulum e.g., following healing of the urethral 
wall	erosion	caused	by	the	cuff	of	the	artiicial	urinary	
sphincter	 (Figure 2 ).	Ultrasound	 is	widely	used	not	
only to evaluate the upper urinary tract, but also to 
evaluate	 postvoid	 residual	 urine.	 The	 sensitivity	 of	
66.7%	and	speciicity	of	96.5%	when	post-void	resid-
ual is 100 ml or more is adequate for routine clinical 
use	[17].	It	has	been	shown	to	be	cost-effective	when	
compared	 to	 catheterization	 [18].	Other	modalities,	
for	example	 transurethral	ultrasound	 [19]	and	mag-
netic resonance imaging of the external sphincter are 
still under development.

URODYNAMIC TESTING

Urodynamic	 studies	 (UDS)	 have	 traditionally	 been	
performed in men under consideration for invasive 
treatment in order to assess Valsalva Leak Point 
Pressure	 (VLPP),	detrusor	overactivity	and	bladder	
compliance. However, there are now several studies, 
which	 call	 into	 question	 the	 use	 of	 routine	UDS	 in	
men	with	pure	SUI.	These	studies	will	be	commented	
on at the end of this section. 

When	performing	UDS	there	are	speciic	issues	that	
must be considered. In patients with incontinence 
secondary to radical prostatectomy who developed 
bladder neck stenosis, the urethral catheter can cre-
ate obstruction giving false values for Valsalva leak 

Figure 1. Young spina biida patient who had a bladder neck artiicial sphincter implanted. After more 
than 10 years, he became incontinent. Early abdominal plain ilm, A, shows a full reservoir. After leakage 
started abdominal plain ilm, B, demonstrates loss of luid from the reservoir.
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III. INCONTINENCE AFTER RADICAL 
PROSTATECTOMY FOR PROSTATE 

CANCER

point	pressure	(VLPP).	Sphincter	weakness	can	be	
documented	by	the	Valsalva	[20]	or	cough	or	abdom-
inal	leak	point	pressure	[21].	Catheter	size	seems	to	
have	 a	 signiicant	 inluence	 even	with	 a	 small	 size	
7-F	urethral	catheter	[22],	and	the	correlation	is	ex-
tremely high between the test-retest leak point pres-
sure	when	the	same	size	of	catheter	is	used	[23,24].	
In male patients, abdominal leak point pressure may 
be evaluated via a rectal catheter because a urethral 
catheter is much more likely to invalidate VLPP mea-
surements	than	it	does	in	female	[25].	It	has	become	
evident	 that	bladder	volume	 inluences	VLPP,	 i.e.	 it	
decreases	with	bladder	illing	[26-28].	However,	this	
observation	 is	 not	 consistent	 [29].	 Unfortunately,	
there is no agreed standardization of the technique 
at the present time which somewhat limits its useful-
ness	 [30].	Measurement	 of	 leak	 point	 volume	may	
also provide information on the functional capacity of 
the	bladder	[31].

Retrograde leak point pressure has been used to 
study incontinence following placement of an arti-
icial	 sphincter	 [32,33].	 It	 correlates	with	 the	 lowest	
abdominal	 leak	point	pressure	[34].	The	intraopera-
tive use of this technique has been proposed and this 
allows early recognition of intraoperative urethral in-
jury	and	mechanical	malfunction	[35].	Intraoperative	
retrograde perfusion sphincterometry may be helpful 
to determine the appropriate tension on male slings 
[36].	Similarly,	others	have	utilized	repeated	intraop-
erative	abdominal	 leak	point	pressure	(ALPP)	mea-
surements	to	adjust	the	tension	for	male	slings	[37].	
Electrophysiologic studies, mainly sphincter electro-
myography, may be useful to document denervation 
of	the	pelvic	loor	when	nerve	injury	or	neuropathol-
ogy	is	suspected	[38].

Detrusor function is best evaluated by multichannel 
urodynamics. Its main purpose is to detect detrusor 

overactivity and/or decreased compliance during 
bladder	illing.	It	can	be	coupled	with	luoroscopic	im-
aging, video-urodynamics. It has also been proposed 
by	some	that	luoroscopy	be	replaced	by	transrectal	
ultrasound	[39,40].	Ultrasound	measurement	of	blad-
der wall thickness was proposed as a better predictor 
of bladder outlet obstruction than	urolowmetry	 [41]	
but	at	present	its	use	is	controversial	[42].

Non-invasive	 pressure-low	 urodynamic	 evaluation	
based on Doppler ultrasound seems to have poten-
tial	 for	 diagnosing	 bladder	 outlet	 obstruction	 [43].	
However	invasive	pressure-low	studies	are	still	 the	
gold standard in the incontinent male to rule out blad-
der outlet obstruction accompanied by detrusor over-
activity	[44]	which	in	turn	can	cause	incontinence.

In most recently published studies, urodynamic test-
ing	has	been	done	prior	to	surgery	[45-49].	Cystos-
copy	is	frequently	done	as	well	[48,50-54].	However,	
as noted above, there are some reports that ques-
tion the value of urodynamics studies in predicting 
outcomes	after	surgery.	Thiel	et	al.	[55]	found	no	evi-
dence that patients with detrusor overactivity, early 
irst	sensation	of	illing,	decreased	compliance	or	low	
bladder	capacity	had	worse	outcomes	after	artiicial	
sphincter	 placement	 in	 86	men.	Trigo	Rocha	 et	 al.	
[56]	 also	 found	 that	 preoperative	 urodynamic	 ind-
ings such as detrusor overactivity, impaired detrusor 
contraction, low Valsalva leak pressure, bladder out-
let obstruction, and mildly reduced compliance did 
not	 lead	 to	a	poor	outcome	after	artiicial	 sphincter	
implantation.	Ballert	et	al.	 [57]	studied	 the	associa-
tion between preoperative detrusor overactivit and 
postoperative outcome after male sling surgery and 
found no difference in the number of pads used post-
operatively. Preoperative detrusor overactivity was 
not associated with worse postoperative outcomes. 
Finally,	 Lai	 et	 al.	 [58]	 reviewed	 129	 patients	 with	
post-prostatectomy incontinence, all of whom had 
multichannel videourodynamics, and noted that the 
presence of adverse preoperative urodynamic fea-
tures	(such	as	detrusor	overactivity,	early	sensation	
of desire to void, reduced cystometric capacity of 
<200cc,	low	abdominal	LPP	<30	cm	H2O,	low	maxi-
mum	low	<10cm	H2O	and	poor	bladder	contractility)	
did not negatively affect the continence results after 
AUS	implantation.

The	proposed	evaluation	of	the	incontinent	male	is	
summarized in Table 2 . 

1. INCIDENCE AND PREVALENCE

Urinary	 incontinence	 occurring	 after	 radical	 pros-
tatectomy	 (RP)	 is	 a	 substantial	 problem.	 Despite	
improvements	 in	continence	preservation	 [59]	dur-
ing the 1990’s and 2000’s primarily due to a better 

Figure 2. Urethrogram of patient who underwent 
cuff removal for erosion into the urethra.
A. Site of urethral diverticulum
B. Tubing plug over tube from pump
C. Scrotal pump
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understanding of the pathophysiology and improve-
ments in surgical technique, continence rates have 
generally plateaued over the past decade. As RP 
has continued to increase in popularity as a treat-
ment for prostate cancer, especially with the advent 
of robotic-assisted surgery, the prevalence of post 
prostatectomy	incontinence	(PPI)	has	increased	in	
developed countries, which has led to an overall in-
crease in the number of patients affected. 

Data from large multicenter studies and prostate 
cancer	 databases	 suggest	 that	 following	 RP,	 1%	
to	 40%	 of	 patients	 complain	 of	 persistent	 urinary	
incontinence.	The	 incidence	of	post	prostatectomy	
incontinence	(PPI)	depends	on	the	deinition	of	uri-
nary	incontinence	and	the	length	of	follow-up.	[60-
62]	 In	 addition	 to	 numerous	 deinitions	 of	 inconti-
nence, the tools used to evaluate incontinence vary 
from self-administered validated and non-validated 
questionnaires, to interviews from a data manager, 
to response to the surgeon’s inquiry, to insurance 
data base inquiries regarding secondary surgical 
procedures.	 It	 should	 be	 noted	 that	 SUI	 also	 af-
fects men who have not had surgery for prostate 
cancer,	occurring	at	a	baseline	prevalence	of	1.3%-
4.8%	[63,64].	In	addition,	men	with	prostate	cancer	
who choose radiation therapy, androgen ablation, or 
even watchful waiting also develop urinary inconti-
nence,	recently	reported	at	rates	of	up	to	12%,	11%,	
and	3%,	respectively	[65,66].	In	addition	to	urinary	
incontinence, bothersome lower urinary tract symp-
toms	may	affect	patients	following	any	treatment	(or	
even	watchful	waiting)	for	prostate	cancer.	

Typically,	reports	of	large	cohorts	use	deinitions	that	
include “total control/perfect continence/dry”, “oc-
casional leakage but no pad”, and “less than one 
pad”.	Because	1/3	 to	1/2	of	men	who	do	not	wear	
pads	will	 have	 occasional	 leakage	 of	 urine	 [60,67]	
it is important to distinguish among those men who 
leak enough to require pad use versus those who do 
not, as it has been demonstrated that health related 
quality	 of	 life	 (QOL)	 is	 strongly	 correlated	with	 the	
level of incontinence. Wearing one pad, even if this 

pad is	considered	“a	security	pad”,	more	signiicantly	
affects the quality of life than wearing no pad at all 
[68,69].	 In	addition,	 not	 all	men	who	 leak	will	 elect	
to have further treatment. Most large cohort studies 
indicate	that	between	6%	and	9%	of	patients	under-
go subsequent surgical treatment for PPI following 
prostate	cancer	surgery.	[70-73]	Several	large	cohort	
studies are listed in Table 3 	[62,67,69,74-92].

Another bothersome type of incontinence occurring 
during orgasm in men post-prostatectomy has been 
termed	‘climacturia’	and	may	signiicantly	affect	the	
quality	of	men	with	post-prostatectomy	potency	[93].	

2. RISK FACTORS

Reported risk factors for incontinence following radi-
cal prostatectomy include patient age at surgery, 
socio-economic status, preoperative continence 
status, obesity, pre-surgical bladder dysfunction, 
stage	of	disease,	surgical	technique	(including	nerve	
sparing, bladder neck preservation, and posterior re-
construction of Denonvilliers’ musculofascial plate, 
anterior	 periurethral	 suspension	 sutures	 [94,95],	
prior radiation therapy, preoperative length and intra-
operative preservation of the membranous urethra, 
prior	transurethral	resection	of	the	prostate	(TURP),	
postoperative radiation or cryotherapy, and vascular 
comorbidities. However, various studies have come 
to	 conlicting	 conclusions	 regarding	 the	 importance	
of	speciic	risk	factors.	Predisposing	factors	contrib-
uting	 to	 incontinence	 after	 TURP	 have	 been	 less	
clearly	deined,	probably	because	the	incidence	is	so	
low,	(and	the	plethora	of	minimally	invasive	therapies	
is	reducing	the	popularity	of	TURP	surgery),	making	
the accumulation of large prospective series of this 
type	of	incontinence	dificult.	However,	previous	ex-
ternal beam radiation and prior brachytherapy does 
predispose	 to	post-TURP	 incontinence	 (Section	VII	
in	this	chapter).

Pre-operative urinary incontinence has been report-
ed	as	a	risk	factor	for	post-operative	SUI.	While	pre-
operative lower urinary tract symptoms, including 

•	History
•	Physical	examination
•	Urinalysis
•	Urine	culture
•	Post-void	residual	(by	ultrasound)
•	Voiding	diary	(2-7	days)
	 o					polyuria	without	diuretics:	BUN,	Creatinine,	Glucose
•	Pad-test	
•	Cystourethroscopy
•	Urodynamics	:
		 •	Multichannel	urodynamics:	
	 					•		to	characterize	the	incontinence	and	to	detect	detrusor	overactivity,	decreased	compliance,	and/

or	outlow	obstruction

Table 2: Evaluation prior to surgical therapy
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Table 3: Continence rates after radical prostatectomy according deinition of continence, Deinition 1: total 
control without any pad or leakage, 
Deinition 2: no pad use but loses a few drops of urine, 
Deinition 3: use no or one pad per day.

RRP: radical retropubic prostatectomy; RPP: radical perineal prostatectomy; LRP: Laparoscopic radical prostatectomy; Rx: 
radiotherapy; RALP:robotic assisted laparoscopic prostatectomy)

Author

Kielb, et al 74

Sebesta, et al 75

Lepor and Kaci 76

Olsson, et al 62

Madalinska, et al 77

Deliveliotis , et al 78

Harris, et al 79

Maffezzini, et al 80

Hofmann, et al 81

Ruiz-Deya, et al 82

Augustin, et al 83

Anastasidis, et al86

Sacco, et al87

Jacobsen, et al85

Rassweiler, et al 84

Krambeck, et al88

Rocco, et al89

Boris, et al90

Di Pierro, et al91

Liss, et al69

Wallerstedt, et al67

Reynolds, et al92

No.
pts.

90

675

92

115

107

149

508

300

83

200

368

70
230

985

172
67

219
219

588
294

240
120

50
50

75
75

420

1163

1005

Mean
age

(years)

59.6

<65

58.7

65.2

62.6

66.5

65.8

65.5

63

63.3

65
64

65

64
61

65
64

61
61

63
63

64
64

64
63

61

63

60

Continence follow-up at 12 months
 def 1            def 2            def 3

RALP

RRP or RALP

RALP

Type of surgery

RRP

RRP

RRP

LRP

RRP

RPP

RPP

RRP

RRP+/-Rx

RPP

RRP

RRP
LRP

RRP

RRP
LRP

RRP
LRP

RRP
RALP

RRP
RALP

RRP
RALP

RRP
RALP

76%

43.7%

44.6%

56.8%

33%

83

80
89

99%

69.2% 82.2%

94.6%

100%78.4%

65%

92.6%

96%

88.8%

74.7% 88%

93%

87.5%

67
72

93

88
50

89.9%

90.3%

92

94
92

906828

907867

826754

96
96

97
88

87
83
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urgency	 incontinence	 and	 “overlow	 incontinence”	
may improve with de-obstruction secondary to ex-
tirpative	 surgery	 [96],	 pre-operative	 SUI	 does	 not	
improve following RP. Several recent cohort studies 
have demonstrated that pre-operative sphincteric 
insuficiency	 (demonstrated	 either	 the	 pre-existing	
clinical	 sign	 of	 SUI	 or	 the	 urodynamic	 inding	 of	
lower	 maximal	 urethral	 closure	 pressure)	 predicts	
post-operative	 SUI.	 [97,98]	 Pre-operative	 bladder	
dysfunction can also contribute to post-operative 
incontinence. Pre-existing abnormalities of detrusor 
function may predispose to leakage following sur-
gery, especially in the setting of neurogenic detrusor 
overactivity due to Parkinson’s disease, dementia 
or	spinal	cord	injury.	[99]

Advancing age as a risk factor is supported by sev-
eral	studies	[73,96,100-106].	Steiner,	et	al	found	no	
correlation between age and continence status, but 
only	21	of	 the	593	patients	were	70	years	or	older	
[107].	 Others	 have	 found	 advancing	 age	 and	 the	
number of co-morbidities to have a negative impact 
on	the	recovering	time	for	continence	during	the	irst	
year	 after	 radical	 prostatectomy	 [108]	 although	 the	
rate	at	one	and	two	years	did	not	seem	to	be	signii-
cantly	affected	 [109].	Mohamad	and	colleagues	 re-
viewed	16,524	patients	who	underwent	RRP	in	public	
hospitals,	covering	95%	of	all	procedures	in	Austria	
between	1992	and	2003.	They	found	that	increasing	
age was associated with an increased risk of future 
AUS	implantation.	 In	 those	aged	45-49,	0.5%	were	
bothered	 enough	 by	 PPI	 to	 merit	AUS	 placement,	
while	those	age	70-74	were	ive	times	as	likely	to	un-
dergo	AUS	placement	for	PPI.[110]	Similarly,	Rogers	
et al. demonstrated that age affected post-operative 
continence status following laparoscopic RRP. In 
those	 <	 50	 years	 old,	 100%	achieved	 0-1	 pad	 per	
day	continence	at	1	year,	which	decreased	 to	91%	
and	81%	for	those	age	50-59	and	>	60	yrs,	respec-
tively	(p<0.01).	[111]	Nilsson	et	al.	[112]	reported	that	
age at surgery predicted in an exponential manner 
the long-term risk for urinary incontinence, with an 
estimated	relative	increase	of	6%	per	year.	

In addition to age, overall well-being has also been 
related	 to	 the	 risk	 of	 PPI.	 For	 example,	 a	 recent	
study out of Italy demonstrated that both age and 
Charlson	comorbidity	index	were	independent	pre-
dictors	 of	 return	 to	 urinary	 continence	 [105].	 It	 is	
especially interesting to note that in this particular 
cohort study, there were no variables related to the 
prostate	cancer	 itself	 that	were	signiicantly	 corre-
lated with urinary continence. A large study from 
Sweden recently demonstrated that in addition to 
age	as	a	risk	factor	(relative	risk	of	2.4	between	the	
oldest	 and	 youngest	 quartiles),	 educational	 level	
also impacted incontinence, with low educational 
level, as compared with high education level, being 
associated	with	a	2.5	time	risk	of	incontinence[112].	

Obesity,	especially	when	coupled	with	physical	 in-
activity, appears to be a risk factor for PPI in men 
undergoing	RRP.	Obesity	with	 a	BMI	>30	was	 re-

ported as a risk factor with an incontinence rate of 
25.8%	versus	8.7%	 in	BMI	<30	 in	a	series	of	252	
men	after	RRP	[113].

Wolin, et al. demonstrated that greater than one 
year after surgery, obese men were markedly more 
likely	to	have	urinary	 incontinence	(deined	as	any	
pad	use)	than	were	non	obese	men,	while	this	risk	
was exacerbated by sedentary lifestyle, and amelio-
rated by at least 1 hour of physical activity per day 
(preoperatively).	 Nonobese	 active	men	 were	 26%	
less likely to have urinary incontinence than obese 
inactive men. In obese men who were physically 
active, the relative risk of urinary incontinence was 
15%	less	than	in	the	inactive	obese	men	[114].	

Most large series have found no correlation be-
tween the stage of disease and incontinence rates 
[101,102,115-117]	 Loeb	 and	 colleagues	 speciically	
demonstrated excellent continence rates even in 
high	risk	(high	local	stage)	patients.	[118]	However,	
in certain cases, the stage of disease may affect the 
surgical	 technique	 (i.e.	 nerve	 sparing)	 and	 inconti-
nence rates may be higher, but this appears to be 
a	 relection	 on	 surgical	 technique	 and	 not	 disease	
stage	 [103].	 Yang	 et	 al	 reported	 that	 neoadjuvant	
hormonal ablation was associated with a lower risk of 
urinary incontinence, and while patients with higher 
stage disease may have been more likely to receive 
hormonal ablation pre-operatively, it is not clear that 
stage	of	disease	was	an	important	risk	factor	[106].

Regarding surgical technique, the many parameters 
involved	in	continence	may	explain	dificulties	in	un-
derstanding	 the	 beneit	 of	 certain	 technical	 points.	
Bladder neck preservation has been reported to im-
prove	continence	at	1	month	[119]	and	at	3	months	
[116]	but	no	difference	was	found	at	6	and	12	months	
[120,121].	 Nerve	 sparing	 has	 no	 signiicant	 impact	
according	to	Steiner	et	al.	[107]	and	Lepor	and	Kaci	
[76].	Recently	Pick	 et	 al.	 reported	 that	 nerve	 spar-
ing, whether unilateral or bilateral, did not affect con-
tinence	 rates	 following	RALP	 [122].	Others	did	ind	
beneit	 [97].	 In	particular,	Nandipati	and	colleagues	
reported that in a cohort of 152 patients followed 
prospectively, bilateral nerve sparing surgery was 
associated with a shorter time to regain continence 
as well as improved long-term continence rates com-
pared	 to	non-nerve	sparing	surgery.	They	addition-
ally found that increased age was a risk factor for 
post-prostatectomy	incontinence	[123].	Burkhard,	et	
al. similarly demonstrated a positive effect of nerve-
sparing surgery on post-operative continence. In a 
prospective	 cohort	 study	 of	 536	 patients,	 PPI	 de-
veloped	 in	1/75	 (1.3%),	11/322	 (3.4%),	and	19/139	
(13.7%)	with	attempted	bilateral,	attempted	unilateral	
and without attempted nerve sparing, respectively. 
Attempted nerve sparing was in fact the only statisti-
cally	signiicant	factor	inluencing	urinary	continence	
after	 RRP	 in	 this	 cohort	 [124].	 Two	 recent	 reports	
have linked pre-operative sexual function with post-
operative continence. While those who are sexually 
active pre-operatively may be more likely to have 
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their cavernosal nerves spared during surgery, it ap-
pears	that	the	pre-operative	status	has	a	signiicant	
effect on post-operative continence rather than the 
nerve	sparing	technique	[119,122,125].	

Within the last decade, laparoscopic and robotic-as-
sisted laparoscopic radical prostatectomy have be-
come standard treatments for men with prostate can-
cer.	Over	the	past	4	years,	the	body	of	available	data	
on post-operative continence has generally demon-
strated no obvious differences in continence rates 
between open and laparoscopic/robotic approaches. 
Several studies have compared the techniques either 
prospectively	in	non-randomized	fashion,	[85,86,88-
91,126,127]	or	via	limited	meta-analysis	[84,128]	and	
similar	 continence	 rates	 were	 found.	 Further	 pro-
spective comparative studies with open surgery are 
needed.	 Currently,	 a	 multicenter	 prospective	 com-
parative study of robot assisted laparoscopic and 
retropubic open radical prostatectomy is underway, 
with an accrual goal of 2100 patient, with the primary 
objective of comparing rates of urinary incontinence 
at	1	year	post-operatively	[126].

Perineal prostatectomy is done by only a limited num-
ber of urologists but is still advocated for markedly 
obese patients and the continence rate was reported 
as	similar	to	the	retropubic	route	[79,90,129,130].

3. PATHOPHYSIOLOGY

Post-prostatectomy incontinence, like any urinary in-
continence, may be caused by bladder dysfunction, 
sphincter	dysfunction	or	a	combination	of	both.	Uro-
dynamic investigations are helpful to rule out bladder 
outlet	obstruction	or	signiicant	bladder	dysfunction.	
In addition to incontinence symptoms, storage and 
voiding	 symptoms	 may	 be	 associated	 [129,131].	
Urodynamics	demonstrated	that	the	sphincter	incom-
petence occurs as the sole cause in more than two 
thirds of patients, while isolated bladder dysfunction 
(detrusor	overactivity,	poor	compliance,	detrusor	un-
deractivity	during	voiding)	is	uncommon,	occurring	in	
less	than	10%	[132-135].	

Sphincter and bladder dysfunction can coexist in 
at least one third of incontinent patients. Bladder 
dysfunction may occur de novo after prostatectomy 
perhaps induced by bladder denervation; may be 
caused by outlet obstruction, or may be related to 
pre-existing factors such as age. Impaired detrusor 
contractility,	which	occurs	 in	29%	-	61%	of	patients	
(de	 novo	 in	 approximately	 47%),	 and	 poor	 com-
pliance,	 which	 occurs	 in	 8%-39%	 of	 patients	 (de	
novo	 in	approximately	half),	have	 traditionally	been	
thought to resolve in the majority of patients within 
8	months	 [135,136].	However,	 two	 recent	 prospec-
tive urodynamic studies have demonstrated that de-
creased bladder compliance can occur in up to one-
third	of	patients	following	RP,	and	persist	 in	28%	at	
36	months,	while	detrusor	underactivity	can	occur	in	
half	of	the	patients,	and	persist	in	25%	at	36	months	
[136,137].	 Decreased	 sphincter	 resistance	may	 be	

due	 to	 tissue	scarring	 in	some	cases	and	 relected	
by a low urethral compliance, however this param-
eter	is	dificult	to	measure	[132].	Scarring	may	lead	to	
an anastomotic stricture evidenced by endoscopy or 
urethrography, and is clinically suspected when both 
incontinence and decreased force of stream coexist.

The	pre-operative	length	of	the	membranous	urethra	
determined	on	MRI	has	been	shown	to	be	signiicant-
ly related to time to post-operative continence. When 
urethral	length	was	greater	than	12	mm,	89%	of	the	
patients	were	continent	at	one	year,	versus	77%	with	
or	less	than	this	length	[138].	Urodynamic	studies	re-
vealed that a reduced functional urethral length was 
a	predictive	parameter	of	incontinence	[97,139,140].	
A recent elegant study of intraoperative stretched 
urethral	 length	 (from	 the	 urogenital	 diaphragm	 to	
the	prostatic	apex	with	cephalad	retraction)	and	cut	
urethral	 length	(length	of	preserved	urethral	stump)	
during RALP revealed that although in this cohort, 
MRI urethral length did not correlate well with conti-
nence, the intraoperative measurements correlated 
signiicantly	with	 time	 to	continence	 [141].	Different	
components of the urethra may also be involved. 
The	urethral	intrinsic	component	responsible	for	pas-
sive continence as well as the extrinsic component 
responsible for active continence may be involved 
as has been demonstrated in a urodynamic alpha 
blockade	test	[142].	This	may	explain	passive	incon-
tinence despite a high voluntary urethral pressure or 
that measured during an active squeeze by the pa-
tient. Post-operative disruption of the innervation of 
the posterior urethra may also be involved and can 
affect	 both	motor	 and	 sensory	 functions	 [143,144].	
In clinical practice, urodynamic evaluation of a ure-
thral weakness may be assessed by resistance to 
antegrade	leakage	(ALPP	or	VLPP),	retrograde	leak-
age,	 or	 proilometric	 measurement	 (MUCP)	 [145].	
However no such parameters have been correlated 
to outcomes of treatments for the correction of post-
prostatectomy incontinence.

The	 state	 of	 a	 patient’s	 pelvic	 loor	may	also	 inlu-
ence continence or return to continence after RP. 
Physiotherapy	 and	 pelvic	 loor	 rehabilitation	 have	
been	shown	to	improve	or	enhance	continence	(de-
creased	time	to	inal	continence	level)	in	the	post	op-
erative period in two randomized studies, but only if 
such measures are instituted before or immediately 
after	 catheter	 removal	 [146,147].	 Maximum	 differ-
ence between physiotherapy and no treatment is 
achieved	at	3	months,	with	almost	no	difference	at	
12 months. Another study showed that providing pa-
tients	with	 instructions	 for	pelvic	 loor	muscle	exer-
cise alone was equivalent to biofeedback or electrical 
stimulation	[148].	A	randomized	study	 in	which	ran-
domization	occurred	6	weeks	after	surgery	showed	
no	difference	in	continence	at	6	months	[149].	On	the	
other hand, a recent trial from Brazil did demonstrate 
signiicant	difference	 in	12-month	continence	 rates,	
quality of life, and lower urinary tract symptoms in 
general when randomizing patients to biofeedback-
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pelvic	loor	muscle	training	versus	verbal	instructions	
alone	 [150].	 Studies	 in	 which	 physiotherapy	 was	
used as a treatment modality for established inconti-
nence	have	shown	more	variable	results	[151-154].	
A recent randomized trial of formal one-to-one pelvic- 
loor	muscle	training	versus	advice	alone	for	inconti-
nent	men	6	weeks	after	RP	 failed	 to	demonstrated	
any difference in continence rates at 12 months. Nor 
did	the	physiotherapy	improve	SUI	after	TURP	[155].

No medical treatment is available to cure post-
prostatectomy	 incontinence.	Duloxetine	 at	 60	mg	
per day could improve mild or moderate inconti-
nence but half of the patients had some side ef-
fects	and	25%	stopped	 the	 treatment	because	of	
adverse effects in two short non-randomized se-
ries.	This	treatment	is	not	approved	in	many	coun-
tries and could be only a treatment option to im-
prove symptoms in selected patients informed of 
side	effects	[156].

4.  SURGICAL AND MINIMALLY INVASIVE 
TREATMENTS

a) Urethral Bulking Agents

Urethral	 bulking	 is	 a	minimally	 invasive	 treatment	
proposed for post prostatectomy incontinence, and 
theoretically works by adding bulk and increasing 
coaptation at the level of the bladder neck and distal 
sphincter.	 It	can	be	done	 in	an	ofice	or	outpatient	
setting in a retrograde or antegrade fashion. Sever-
al different agents have been used for urethral bulk-
ing	 in	men	 including	bovine	collagen	 (Contigen®),	
silicone	 macroparticles	 (Macroplastique®),	 ethyl-
ene	vinyl	alcohol	copolymer	(Tegress®),	Dextrano-
mer	hyaluronic	 acid	 (Delux®),	 and	 carbon-coated	
zirconium	 beads	 (Durasphere®).	All	 agents	 share	
the similar problems including the need for multiple 
injections, deterioration of effect over time, and very 
low cure rates. 

For	 collagen,	 “success	 rates”	 for	 post-prostatecto-
my	 incontinence	 ranged	 from	 36-69%,	 with	 4-20%	
of	 patients	 reporting	 being	 dry	 [157-164].	 Unfortu-
nately, the end points in most of these studies are 
subjectively	 based,	 making	 comparisons	 dificult;	
however,	 it	 is	 clear	 that	 cure	 rates	 (total	 dryness)	
are low, and multiple injections were required to 
achieve modest rates of subjective improvement. 
There	was	no	advantage	of	delivery	technique	(ret-
rograde	 vs.	 antegrade).	 Several	 authors	 identiied	
factors which negatively affect results include ex-
tensive scarring or stricture formation, previous ra-
diation, and high grade stress incontinence and low 
ALPP	 [158,160,161,164].	One	study	 reported	more	
favorable results for collagen in treating incontinence 
after transurethral prostatectomy as opposed to radi-
cal	prostatectomy	(35.2%	‘social	continence’	versus	
62.5%)	 [161].	 It	 appears	 that	 collagen	 injection	 did	
not	adversely	affect	outcomes	of	artiicial	 sphincter	
implantation and did not increase the complication 
rate	 [165].	 Nor	 did	 collagen	 injection	 adversely	 af-

fect the outcome of the bone-anchored male sling 
(BAMS).	[166,167]	The	cost	eficacy	of	injections	re-
mains	to	be	determined.	Collagen	is	no	longer	avail-
able as an injectable agent.

Other	 bulking	 agents	 such	 as	 polydimethylsilox-
ane	 (Macroplastique®)	 have	 shown	 some	 initial	
success, but results also deteriorate over time. 
Bugel	 and	 co-workers	 treated	 15	 patients.	 They	
noted rapid deterioration after initial improve-
ments	with	success	rates	of	40%,	71%,	33%,	and	
26%	at	1,3,6,	and	12	months	 respectively	 [168].	
They	also	noted	 that	a	urethral	closure	pressure	
of	at	 least	30	cmH2O	was	essential	 for	success.	
Kylmala	 et	 al.	 prospectively	 studied	 50	 patients	
with	mild	 to	moderate	 SUI	 (average	 48	 cc	 on	 1	
hour	 pad	 test),	 with	 12%	 achieving	 short-term	
continence following 1 injection, and an additional 
20%,	18%,	and	10%	achieving	continence	with	2,	
3,	and	4	 injections	 respectively.	Follow-up,	how-
ever,	was	limited	to	3	months.[169]	In	a	random-
ized	trial	of	AUS	versus	Macroplastique	 injection	
in	patients	with	minimal	SUI	(the	majority	had	SUI	
following	BPH	surgery,	with	more	 than1/3	of	 the	
cohort	suffering	from	SUI	following	RRP),	Imamo-
glu and colleagues demonstrated no difference in 
success	 with	AUS	 versus	 Macroplastique.	 How-
ever, in patients with more severe incontinence, 
AUS	was	superior,	with	minimal	improvement	fol-
lowing	transurethral	Macroplastique.	[52]	

With	 regard	 to	 the	 newer	 (not	 FDA	 approved	 for	
male	SUI)	 injectable	bulking	agents,	dextranomer	
hyaluronic acid has been reported in men with PPI 
and	in	men	with	neurogenic	ISD.	Four	of	four	pa-
tients with PPI failed to improve, and 1 of 2 neu-
rogenic	patients	(both	with	detrusor	arelexia,	wet	
between	catheterizations)	failed	[170].	With	ethyl-
ene	vinyl	alcohol	copolymer	(Tegress	®)	in	a	report	
by Hurtado et al., not only was the failure rate high, 
but also the complication rate was unacceptable. 
In	 17	 men,	 who	 averaged	 1.4	 injection	 sessions	
followed	at	a	mean	of	4	months,	10	had	complica-
tions,	 with	 erosion	 of	 injected	material	 in	 41.1%,	
and with only a minority of patients achieving a 
50%	 decrease	 in	 leakage	 [171].	 Tegress	 ®has	
been	withdrawn.	Carbon-coated	 zirconium	 beads	
have	 been	 similarly	 reported	 to	 be	 ineficacious,	
with	a	recent	report	of	8	men	with	mild	to	moderate	
incontinence receiving a relatively large average 
injected	volume	(23.8	ml),	none	of	whom	achieved	
subjective	or	objective	cure	[172].

There	 has	 been	 interest	 in	 the	 use	 of	 autolo-
gous	muscle	 cells,	 stem	 cells,	 and	 ibroblasts	 as	
an injectable sphincter-restorative agent for PPI. 
Transurethral	 injection	of	 living	muscle	stem	cells	
to	reconstitute	the	deicient	urethral	sphincter	has	
been reported. Mitterberger and colleagues dem-
onstrated	a	67%	continence	rate	at	an	average	of	
1 year follow-up in a cohort of men suffering from 
PPI who were treated with transurethral ultrasound 
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guided	 injections	 of	 autologous	 ibroblasts	 and	
myoblasts obtained from skeletal muscle biopsies. 
173	An	earlier	report	from	the	same	group	demon-
strated	that	men	with	PPI	achieved	a	52%	dry	rate	
with injection of adult autologous stem cells, which 
was superior to a similar cohort of men treated with 
collagen	injection.174	However,	it	must	be	pointed	
out that there was a retraction issued by the edi-
tors	of	The	Lancet175	for	a	previous	article	on	the	
treatment	of	female	SUI	with	autologous	cells	pub-
lished	by	the	same	group176.	The	project	was	in-
vestigated	by	the	AGES	PharmMed,	a	department	
of	 the	 Austrian	 Government’s	 Agency	 for	 Health	
and	 Food	 Safety.	 The	 editors	 stated	 that	 in	 their	
view	 “the	 conclusions	 of	 the	 oficial	 investigation	
pinpoint so many irregularities in the conduct of 
their work that, taken together, the paper should 
be	 retracted	 from	 the	 published	 record.”	 Current	
research has focused on the relatively abundant 
adipose derived stem cells, which are believed to 
be	easier	to	harvest	(higher	yield)	than	are	autolo-
gous	bone-marrow	derived	stem	cells	[177].

Conclusion:	Bulking	agents	remain	the	most	mini-
mally invasive treatment for post RP incontinence 
after conservative measures. All agents for which 
there is peer-reviewed data available, show only 
modest success rates with very low cure rates. 
Effects tend to deteriorate over time. It remains 
to be seen if improvements in outcomes can be 
achieved with alternative agents, or if the concept 
of urethral bulking has achieved its maximal ben-
efit	with	 the	agents	available	now.	 (Level	of	evi-
dence	3;	Grade	of	recommendation	C)

b) Male Sling
The	male	sling	procedure	 is	based	upon	the	con-
cept of urethral support and external urethral com-
pression, and has established itself as an accepted 
and	eficacious	treatment	for	PPI.	The	male	sling	is	
actually based on the concept similar to that de-
scribed	 by	 Kaufman	 and	 associates	 in	 the	 early	
1970’s	[178-180].	At	that	time	a	high	rate	of	failure,	
septic complications and pelvic pain as well as the 
advent	of	 the	mechanical	artiicial	urinary	sphinc-
ter	(AUS)	led	to	the	abandonment	of	the	Kaufman	
prosthesis. Now with the higher prevalence of PPI 
and patient desire for less invasive surgery and a 
non-mechanical device the concept has been re-
visited. Procedures have been developed based 
on principles used to treat female stress urinary 
incontinence.	These	procedures	rely	on	compres-
sion from the ventral side of the urethra rather than 
the circular compression caused by a natural or ar-
tiicial	 sphincter.	Therefore,	most	successful	 sling	
surgeries rely on a device that is placed under 
tension, occluding the urethra at rest, and during 
stress	manoeuvres.[181-183]	

Schaeffer and Stamey described the bulbourethral 
sling which uses Dacron bolsters placed under 
the urethra, which are suspended to the anterior 

rectus	fascia	by	sutures	[184].	Data	on	this	proce-
dure are limited to retrospective analyses from the 
two	 authors	 who	 described	 the	 procedure:	 it	 did	
not gain widespread popularity. In the initial report 
from	2	centers,	64	patients	were	included	and	56%	
were	 “dry”	 and	 8%	 “improved”	 at	 a	 mean	 follow	
up	of	22.4	months	[184].	Almost	one-third	needed	
secondary retightening procedures and patients 
with	 radiation	 fared	 poorly.	 Subsequently,	 Clem-
ens, et al reported a questionnaire-based study 
of	66	men	from	a	single	institution	and	41%	were	
cured	and	51%	improved	but	mean	follow	up	was	
only	9.6	months	[185].	They	also	reported	that	the	
bulbourethral	sling	did	not	cause	signiicant	outlet	
obstruction	[186].	

The	 long-term	 eficacy	 of	 the	 bulbourethral	 sling	
was evaluated in 2005, where 95 patients were 
followed	 retrospectively	at	an	average	of	4	years	
post-operatively. With follow-up questionnaires 
returned	 by	 71	 patients,	 the	 authors	 found	 that	
patients who had undergone radiation, had worse 
outcomes	with	only	14%	dry	and	43%	requiring	1	
or 2 or fewer pads daily. Moderate to severe pain 
was	reported	by	12%	of	patients	after	4	years.	Pa-
tients who had not had radiation treatment had a 
cure	rate	of	42%	and	72%	used	only	0-2	pads	per	
day	for	mild	 leakage.[187]	Others	have	described	
a bulbourethral sling using a polypropylene mesh 
graft	with	or	without	a	porcine	dermis	backing	(pre-
sumably	 to	 reduce	 the	 risk	of	erosion)	53.	 In	 two	
small	studies	of	9188	and	1653	patients	cure	rates	
range	from	56-69%	and	failure	rates	from	22-25%	
at	a	mean	follow	up	of	14	months.	John	described	
the bulbourethral composite suspension where 
porcine dermis is secured to the bulbospongiosus 
muscle and a 1 cm wide polypropylene sling is 
placed over this and passed through the retropu-
bic space to emerge from two suprapubic incisions 
(similar	to	the	tension	free	vaginal	tape	procedure	
in	women)	53.	He	reported	a	69%	cure	and	addi-
tional	6%	improvement	in	19	patients,	with	a	mean	
follow	up	of	14	months.	Eight	 intraoperative	blad-
der perforations healed without complication.

Xu and colleagues described a bulbourethral com-
posite suspension utilizing a suburethral polyester 
patch plus a narrow polypropylene tape passed 
from a perineal incision to a suprapubic incision. At 
an	average	of	28	months,	22	(85%)	of	26	patients	
were	successfully	treated.	[189]

A	 common	 method	 of	 sling	 ixation	 involved	 use	
of	 bone	 anchors.	 The	 bone	 anchored	male	 sling	
(BAMS)	obviated	 the	need	 for	any	suprapubic	 in-
cision	 for	 suture	 passage	 and	 ixation.	 In	 2001,	
Madjar,	et	al	reported	on	14	patients	with	post	RP	
incontinence that underwent the procedure with 
a synthetic or cadaveric fascial sling 190. At a 
mean	follow	up	of	12.2	months,	86%	were	“cured”	
wearing	 none	 or	 1	 pad.	 Comiter	 reported	 a	 76%	
cure	and	14%	 “substantially	 improved”	 rate	 in	21	
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men with post prostatectomy incontinence using 
polypropylene mesh with a mean follow up of 12 
months	 166.	 In	 a	 2005	 update,	 the	 same	 author	
reported	 that	with	a	median	of	48	months	 follow-
up,	 65%	 of	 patients	 remained	 pad	 free	 and	 15%	
required	 1	 pad	 per	 day.	 [191]	 Urodynamic	 follow	
up in 22 men, revealed that the sling had no sub-
stantial effects on voiding function and no one was 
obstructed	 postoperatively	 [192].	 Onur	 and	 col-
leagues	reported	on	46	men	with	a	mean	follow-up	
of	17	months	(6-26)	[193].	They	used	different	ma-
terials	for	the	sling	(allograft	dermis,	allograft	 fas-
cia	lata,	porcine	small	 intestine	submucosal	(SIS)	
graft, synthetic mesh, and a composite of synthetic 
and	dermis).	Overall	they	reported	41%	of	patients	
dry	and	35%	improved	(50%	reduction	in	the	num-
ber	of	pads).	All	patients	 in	whom	allograft	or	xe-
nograft	alone	was	used	failed.	A	24-month	update	
revealed	a	patient	satisfaction	 rate	of	70%	and	a	
74%	 improvement	 in	 leakage	 at	 a	 median	 of	 24	
months.194	 Giberti	 et	 al195	 reported	 that	 in	 36	
men	 followed	 for	 an	 average	 of	 41	months,	 62%	
were	cured	and	70%	were	satisfactorily	improved.	
In the subset who had a synthetic sling implanted, 
a	higher	success	rate	was	experienced,	with	77%	
achieving	cure.	Complications	included	sling	infec-
tion	 in	4.8%,	and	de	novo	detrusor	overactivity	 in	
7.1%.	Carmel	et	al196	reported	that	at	an	average	
follow	up	of	36	months,	in	a	cohort	of	45	men	with	
moderate	 to	 severe	 PPI,	 78%	were	 improved	 by	
pad	use,	76%	had	dry	 ICS	1-hour	pad	 tests,	and	
72%	were	satisied	or	very	satisied.	 Infection	oc-
curred in 1 patient, and pain resolved in all patients 
by 12 weeks postoperatively. 

However,	the	morbidity	(infection,	pubic	bone	oste-
itis,	perineal	pain)	 related	 to	bone	screws	coupled	
with the emergence of effective alternatives has de-
creased the popularity of the InVance sling.

The	transobturator	(TO)	male	sling	technique	was	
introduced	 in	 2004	 [197]	 and	 has	 since	 become	
the most common type implanted for PPI, since 
the	early	 reports	of	2007,	 [49,197,198].	This	ap-
proach relies more on rotation of the dorsal sur-
face of the proximal bulbous urethra and indirect 
support of the sphincteric urethra, rather than on 
direct	 compression	 of	 the	 urethral	 lumen.[199]	
Over	the	past	few	years,	there	have	been	several	
large case series reporting favorable outcomes. 
Cornu	et	 al	 [200]	 followed	136	men	with	mild	 to	
moderate	(<	5	pads	per	day)	PPI	for	an	average	
of	 21	 months	 following	 implantation	 of	 the	 TO	
sling.	A	78%	success	rate	(based	on	pad	test)	was	
achieved. Rehder et al201 reported their cohort of 
118	men	with	mild	to	moderate	SUI,	with	a	1-year	
success	rate	of	91%	at	12	months.	Bauer	et	al202	
achieved	a	success	 rate	of	76%,	at a median of 
27	months	follow-up	in	137	men	with	PPI.	In	con-
trast,	Gill	et	al203	reported	a	subjective	success	
rate	of	only	51%	(PGI-I	scale)	and	objective	suc-
cess	 rate	of	60%	(pad	use)	at	a	mean	 follow	up	

of	 9	 months,	 and	 Cornel	 et	 al204	 reported	 only	
9%	of	men	achieving	total	dryness	at	1	year	post-
operatively,	with	a	46%	improvement	rate.	

Membranous rather than bulbar placement of the 
sling was introduced with the Advance sling with 
the aim of relocating the urethra in a more proxi-
mal direction. However, the concept is contro-
versial as patient anatomy and pathophysiologic 
modifications	are	complex.	This	type	of	sling	sur-
gery close to the membranous urethra requires a 
deeper dissection compared to bulbar or perineal 
compression slings. 

The	I-Stop	TOMS	sling	with	four	arms	and	a	 large	
surface over the bulbar urethra involves tensioning 
each corner of the sling. A prospective multicenter 
study	[205]	was	recently	published	with	122	patients	
after	minimum	 follow-up	 of	 12	months	 for	 84%	 of	
them,	and	showed	a	cure	rate	of	60%	and	improve-
ment	with	only	one	pad	per	day	in	20%.	There	were	
no erosions or acute urinary retention. Wound infec-
tion	was	reported	in	2%	and	all	resolved.	An	“inside-
out”	TO	sling	also	positioned	over	 the	bulbar	 ure-
thra206	was	 implanted	 in	173	men,	of	whom	49%	
were	 cured	 and	 an	 additional	 35%	 improved	 at	 a	
median	follow-up	of	24	months	[207].	

In case of failure after sling surgery, no clear guide-
lines yet exist. Surgical options include repeat sling 
and	 balloon	 or	 artiicial	 sphincter	 implant.	 More	
studies are needed to document results and predic-
tive	factors.	With	respect	to	“repeat”	TO	sling	follow-
ing	previous	sling	failure,	Soljanik	et	al208	reported	
a	cohort	of	35	men	undergoing	a	second	TO	sling.	
Success	rate	at	6	months	was	79%	(46%	dry,	33%	
improved),	and	was	maintained	at	76%	at	a	aver-
age	of	16.6	months,	demonstrating	that	the	TO	sling	
may	be	an	effective	treatment	for	managing	SUI	af-
ter a prior failed sling surgery. 

Two	 adjustable	 retropubic	 slings	 have	 been	 intro-
duced, with the objective of overcoming potential 
problems of overcorrection or under correction of 
continence	-	the	“Argus”	[209]	and	the	REMEEX210	
slings.	In	a	multicenter	trial	of	the	Argus	sling	in	48	
patients211,	a	73%	continence	rate	and	additional	
10%	improvement	rate	was	reported	after	an	aver-
age	of	7.5	months.	Erosion	and	 infection	necessi-
tated	sling	removal	in	10%	of	patients.	Adjustments	
were indicated for persistent incontinence as well 
as	for	urinary	retention	[211].	In	an	update	reported	
of	47	patients	after	a	mean	follow	up	of	45	months,	
66%	were	dry	and	79%	used	<	1	pad	per	day	[212].	
Hubner’s	 group	 [213]	 reported	 similarly	 favorable	
results,	with	79%	of	101	men	achieving	dryness	at	
an	average	of	2.2	years	post-operatively.	Thirty-nine	
per	cent	required	adjustment	(10%	loosening,	29%	
tightening)	at	a	mean	of	104	days	after	surgery.	Ero-
sion	or	 infection	necessitated	explantation	 in	 16%	
at a mean of 1 year. A report from the Netherlands 
[214]	 revealed	 a	 72%	 success	 rate	 for	 the	Argus	
at	a	median	follow	up	of	27	months.	Outcome	was	
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dependent on the degree of pre-operative inconti-
nence,	 with	 surgical	 success	 in	 92%	 of	men	 with	
mild	 leakage	(1-2	pads	per	day),	67%	in	men	with	
moderate	 leakage	 (3-5	pads	per	day)	and	67%	 in	
those	with	severe	(>	5	pads	per	day)	incontinence.	
Explantation	was	required	in	11%,	due	to	infection,	
erosion, sling rupture or pain. Bladder perforation 
occurred	in	16%,	and	de	novo	urethral	stricture	re-
quiring	treatment	in	12%.	Dalpiaz	et	al.	[215]	report-
ed	 less	 favorable	 results,	with	79%	of	 29	patients	
achieving	dryness	and	76%	satisfaction	in	the	short	
term, but the dry rate and satisfaction rates deterio-
rated	 to	17%	and	28%	 respectively	at	35	months.	
Complications	 occurred	 in	 >80%	 of	 cases,	 with	 a	
35%	explanation	 rate,	14%	de	novo	urgency	 rate,	
and a single instance each of urethral stricture and 
ureteral	injury.	In	a	retrospective	cohort	study	of	16	
men	status	post	AUS	explantation	for	erosion	[216],	
who	were	treated	with	an	Argus	sling	or	repeat	AUS,	
men	 receiving	 the	AUS	 had	 a	 better	 outcome.	Of	
those	 who	 underwent	 repeat	 AUS	 implantation,	
63%	were	cured,	and	an	additional	25%	were	 im-
proved,	with	only	 12%	 failing.	Notably	 75%	of	 the	
Agus patients failed to improve. 

In a prospective multicenter Phase II trial of the RE-
MEEX adjustable sling, 51 patients were followed 
for	 an	average	of	 32	months	 (range:	 16-50).	With	
90%	 of	 patients	 requiring	 at	 least	 2	 adjustments,	
a	continence	rate	of	64.7%	was	achieved,	with	an	
additional	19.6%	reporting	improvement	over	base-
line158.	More	recent,	but	smaller	studies	have	also	
shown	promising	results.	Navalon	Verdejo	et	al217	
reported	 that	 3	 of	 5	men	were	 dry	 at	 an	 average	
of	1.4	months,	with	the	other	2	patients	experienc-
ing	marked	improvement.	Four	of	5	patients	experi-
enced	recurrent	SUI,	which	was	resolved	after	sur-
gical re-adjustment via the varitensor. A study with 
lower success rates was reported from Spain with 
a	cohort	of	14	men	at	an	average	of	18.6	months	
postoperatively,	 42%	 are	 dry	 and	 33%	 are	 im-
proved218.	However,	bladder	perforation	occurred	
intraoperatively	 in	29%,	sling	explantation	was	 re-
quired	 in	 21%,	 urinary	 retention	 occurred	 in	 36%,	
and	readjustment	was	necessary	in	83%.

The	newest	 iteration	of	 the	male	 sling	 is	 the	VIR-
TUE®	 Male	 Sling	 (Coloplast,	 Humlebaek,	 Den-
mark)	 an	 implantable,	 sub-urethral,	 permanent,	
non-absorbable	 support	 sling.	 The	 sling	 is	 a	 syn-
thetic	 suburethral	 mesh	 of	 knitted,	 monoilament	
polypropylene	 that	measures	5.5	 cm	x	7	 cm,	with	
superior	and	inferior	extension	arms.	Quadratic	ixa-
tion is achieved with both transobturator and supra-
pubic	 components198.	 This	 hybrid	 sling	 is	 based	
upon	the	mechanisms	of	action	of	the	TO	sling	and	
the BAMS, providing a broad area of urethral com-
pression and achieving proximal relocation of the 
membranous	urethra.	The	sling	has	been	shown	to	
increase the retrograde leak pressure in 22 patients 
from	33.4	to	68.8	cm	water	after	tensioning	intraop-
eratively	[36].

Sling results are shown in Table 4 		[45,46,53,184,187-
195,209-211,219-222].

1. SLING COMPLICATIONS

Due to the small size of most reported cohort series 
of BAMS patients, the precise complication rate is 
221 not known. However, reports from the largest 
cohorts of patients reveal an infection rate rang-
ing	from	0-6%,	and	a	urethral	erosion	rate	of	0-2%.
[46,191,221]	Bothersome	scrotal	pain	or	numbness	
affects	 16%-72%	 of	 patients	 post-operatively,	 but	
has been reported to resolve in nearly all patients 
by	 3	 months.[191,195]	 Postoperative	 urinary	 re-
tention	was	reported	 in	2-12%	of	patients.	 In	most	
cases, it was self-limited and resolved in within 2 
weeks	[50,194,196,222,223]	or	rarely	required	loos-
ening	after	one	month	[46].	

Infection of the perineal incision/mesh occurred 
in	 3-12%.	 These	 infections	 usually	 required	 re-
moval	 of	 the	 implanted	 sling.	 Some	 supericial	
infections were successfully treated with antibiot-
ics. In men with postoperative mesh infections, 
76%	(19/25)	required	surgical	explantation	of	sling	
[50,191,195,196,221,223,224].	 The	 majority	 of	 in-
fections occurred early, however late infections at 
3	months	and	1	year	have	been	reported	[50,196].	

Urethral	 erosion	 is	 a	 well-deined	 complication	 in	
the	female	SUI	population.	It	has	not	been	frequent-
ly reported with BAMS, although theoretically it may 
be associated with infection necessitating sling re-
moval	in	some	patients	[46].

Abnormal postoperative pain or paresthesia is 
thought to be from compression or intraoperative 
disruption of the perineal nerves, or from healing 
around	the	newly	placed	bone	screws.	This	compli-
cation	is	dificult	to	characterize	because	there	is	no	
standard level of pain that is considered abnormal. 
While some series acknowledged that the majority 
of	patients	experience	mild	pain	for	1-3	months	af-
ter	 surgery	 [221],	 others	 reported	 only	 those	 with	
severe pain that required explantation of the sling 
[222].	The	pain	generally	resolves	within	3	months	
[191,193,196,221,223]	although	persistent	pain	be-
yond	 3	months	 has	 been	 reported46,50.	Sling	 re-
moval has been reported in two patients for persis-
tent	pain	[46,50].

De novo detrusor overactivity or urinary urgency 
has	been	reported	at	1-14%	of	patients,	and	can	be	
treated with oral anticholinergics when necessary. 
One	patient	 required	sling	explantation	due	 to	 this	
complication	[50].

There	 is	 a	 report	 of	 early	 loosening	 of	 one	 of	 the	
bone	 screws	 [223].	This	 caused	 recurrent	 inconti-
nence and required a second operation to replace 
the bone screw. Bone screw dislodgement can hap-
pen as a late complication and has been reported in 
3	patients	[191,225].
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Table 4. Results of sling procedures in males with stress urinary incontinence

Thüroff 219

Madjar, et al190 

Dikranian et al45

Ullrich & Comiter192

Onur et al193

John 53

Stern et al187

Rajpurkar et al194

Comiter191

Castle et al221

Migliari et al. 188

Cespedes & Jacoby 220

Schaeffer et al. 184

Gallagher et al222

Fischer et al.46

Xu et al.189

Giberti et al195

Guimaraes et al.223

Claudon et al779

Carmel et al 196

Athanasoploulos et al224

Cornu et al200

Cornel et al204

Bauer et al202

Rehder et al201

Leruth et al207

Grise et al205

Sousa-Escandon et al 210

Moreno-Sierra et al.209

Romano et al211

Romano et al212

Hubner et al213

Dalpiaz et al215 2011

Jimenez et al218

Sousa-Escandon et al.210

22

16

36

46

16

75

46

48

42

9

9

64

24

62

26

36

62

106

45

43

136

36

126

118

173

122

6

48

51

47

101

100

29

14

6

No. 
Patients

36
20

10.3

12

25

18

14

48

24

48

18

14

13

18

15

15

28.3

41

28

12

36

24

21

12

27

12

24

12

18

7.5

32

45

27

27

35

19

18

Mean Follow-up
(months)

Bochove-
Overgaauw et al 214

Authors

12
12

Synthetic BAMS

Organic Synthetic BAMS

Perineal Synthetic BAMS

Synthetic or organic BAMS

Bulbourethral suspension

Synthetic BAMS

Synthetic BAMS

Polypropylene needle suspension

Perineal BAMS

Synthetic BAMS

Synthetic BAMS

Bulbourethral composite suspension

Synthetic or organic BAMS

Synthetic or organic BAMS

Synthetic BAMS

Synthetic BAMS

Synthetic BAMS

AdVance

AdVance

AdVance

AdVance

TO inside-out 

I-Stop TOMS

REMEEX- adjustable

Argus –adjustable

Argus - adjustable

Argus - adjustable

Argus –adjustable

Argus-adjustable

Argus – adjustable

REEMEX –adjustable

REMEEX- adjustable

27.3

0

8

24

25

32

26

15

60

22.2

22.2

36

25

42

8

30

12

24

24

19

22

46

25

9

16

13

-

17

15.7

21

21

28

72

25

-

Failed
(%)

13
0

9

14

25

35

6

32

37

20

24

22.2

11.1

8

37

24

19

8

23

14.5

40

30

16

46

23

17

25

27

17

10

19.6

13

0

32

11

33

16.7

Improved
(%)

31
13

63.6

86

67

41

69

36

37

65

16

55.6

66.7

56

38

34

73

62

65

61

36

51

62

9

52

74

49

60

83.3

73

64.7

66

79

40

17

42

83.3

Cured
(%)

56
87

Fascial sling with suprapubic 
and perineal approaches

Sling type 

Polypropylene suspended suprapubi-
cally plus porcine skin collagen

Vascular graft bolsters with 
needle suspension

Synthetic or organic BAMS
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The	 most	 common	 complications	 reported	 with	
the	TO	sling	are	perineal	pain	and	urinary	reten-
tion and studies are needed to establish the best 
rate between success and side effects among dif-
ferent slings.

 Pain beyond the normal perioperative period has 
been	 reported	 to	 affect	 0-20%	 of	 patients,	 and	
urinary	 retention	 has	 been	 reported	 in	 3-21%	of	
cases. While incision or explantation for retention 
is rare, the need for catheterization can persist for 
up	to	12	weeks	[200,	201,	226],	with	rare	instanc-
es	of	 retention	 lasting	 longer	 than	3	months203.	
Less commonly experienced is wound infection, 
with only rare sling infection or erosion requiring 
explantation	 [204,	 226,	 227].	 Unlike	 the	 BAMS,	
however, there are occasional instances of wors-
ening	incontinence	following	TO	sling	placement,	
which likely occur if the sling is not adequately 
fixed in position, and allowed to migrate proximal-
ly and posterior to the urethra, thereby exerting a 
pulling tension that opens the dysfunctional ure-
thral	sphincter	[204,228].

Reported rates of recurrent incontinence follow-
ing	 sling	 surgery	 are	 generally	 low	 [46,191,194,	
208],	 and	 it	 is	 unclear	 which	 patients	 are	 ame-
nable to revision surgery. In theory, the adjustable 
slings are designed to allow increased sling ten-
sioning via a simple adjustment of the tensioning 
mechanism silicone washer adjustment for the Ar-
gus	[212],	and	varitensor	adjustment	 for	 the	RE-
MEEX	 [229].	 But	 the	 small	 sizes	 of	 the	 cohorts,	
and the limited follow-up of less than 5 years pre-
vent meaningful comparisons of male slings and 
to	the	AUS	at	this	time.	

Permanent urinary retention is uncommon with 
male sling surgery, and may be avoided by exclud-
ing those patients with detrusor underactivity on 
preoperative	urodynamics.[195,230,231].	However,	
a	recent	report	from	Han	et	al.	[232]	found	no	differ-
ence in postoperative residual or urinary retention 
when comparing 2 groups of men after sling sur-
gery, one with preoperative normal contractility and 
one with impaired contractility.

2.  PREDICTORS OF SUCCESS

Several cohort studies have demonstrated that 
prior radiation therapy is associated with dimin-
ished efficacy of the male sling, probably due to 
urethral fibrosis and inadequate urethral coap-
tation.[49,187,193,195,207,233-235]	 Bauer	 et	
al	 [236]	 recently	 published	 their	 results	 of	 a	 co-
hort	 of	 men	 undergoing	 TO	 sling	 placement,	 all	
of whom had adjuvant radiotherapy following RP. 
They	reported	that	success	was	only	achieved	in	
50%	 of	 the	 cohort	 (cure	 in	 25%),	 and	 that	 only	
46%	of	men	reported	they	were	satisfied	with	the	
surgical	outcome.	With	respect	to	the	BAMS,	Gib-
erti	et	al.	[195]	recently	reported	a	markedly	lower	

rate of success in men who had had previous pel-
vic	radiation,	with	only	15%	cure	in	those	patients.	
The	 adjustable	 REMEEX	 sling	 also	 appears	 to	
have	inferior	success	in	radiated	men	(60%)	com-
pared	 to	 patients	 without	 radiotherapy	 (90.2%)	
[229].	Worsening	of	incontinence	may	also	occur	
and patients must be informed of this, especially 
those with mild incontinence.

The	 use	 of	 organic	 (resorbable)	material	 is	 less	
efficacious	 than	 synthetic	 (permanent)	 sling	ma-
terial.[193,	195,	221,	237].	The	treatment	of	male	
SUI	with	a	suburethral	sling	requires	tension	that	
can only be maintained with the use of synthetic 
material. Pre-treatment severity of incontinence 
measured by the degree of leakage also appears 
to influence sling results. Several reports indi-
cate that those with more severe leakage do not 
achieve similar continence rates when compared 
to	those	with	milder	leakage.	[193,	195,	221,	224].	
Fischer	and	colleagues	were	able	 to	quantify,	 in	
prospective fashion, that leakage greater than 
423gm	on	pre-operative	pad	weight	predicted	an	
inferior outcome, compared to those men with 
less leakage on pre-operative pad weight test. 
[46]	In	their	report,	62	patients	with	SUI	were	fol-
lowed prospectively. All patients were rigorously 
evaluated	with	24-hour	pad	test,	urodynamics	and	
validated incontinence questionnaires. Success 
was	determined	by	the	Patient	Global	Impression	
of	 Improvement.	Overall,	36/62	 (58%)	of	surger-
ies were successful at a mean follow-up of 15 
months.	 The	 only	 preoperative	 predictive	 factor	
was	24-hour	 pad	weight.	 If	 pad	weight	was	 less	
than	423	gm,	there	was	a	6-fold	greater	success	
rate compared to those with a pre-operative pad 
weight	of	greater	than	423	gm.	

Finally,	 previous	AUS	 placement	 and	 explanta-
tion	 predicts	 sling	 failure.[192,216,221].	 How-
ever, it is not clear if this is directly due to the 
urethral fibrosis and poor urethral coaptability, 
and/or if those patients simply suffer from more 
severe incontinence, which interferes with suc-
cessful sling surgery. 

3. CONCLUSION

In the intermediate term, the male sling appears 
to	 perform	well.	 Slings	 have	 surpassed	 the	 artii-
cial sphincter as the most common surgical treat-
ment	 for	 PPI.	The	European	Association	 of	Urol-
ogy	Guidelines	has	concluded	that	there	is	limited	
short-	 term	 evidence	 that	 ixed	 slings	 cure	 PPI,	
that men with severe incontinence, previous ra-
diotherapy or urethral stricture surgery have poor 
outcomes and no sling is superior to other slings. 
Adjustable	slings	have	limited	evidence	of	eficacy.
[238]	 However,	 in	 the	 UK,	 the	 National	 Clinical	
Guidelines	 Centre	 in	 The	 Management	 of	 Lower	
Urinary	 Tract	 Symptoms	 in	 Men	 has	 stated	 that	
implanted compression devices and slings can be 
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offered	to	men	with	SUI	only	within	the	context	of	a	
randomized	clinical	trial	[239].	

The	best	candidates	appear	to	be	those	with	lower	
and moderate degrees of incontinence, who have 
neither	 had	 previous	 radiation	 nor	 AUS	 place-
ment. With non-circumferential urethral compres-
sion, the male sling appears to have a lower risk 
of	urethral	erosion	and	atrophy	than	does	the	AUS	
in the intermediate term. In men with mild to mod-
erate	 degrees	 of	 SUI,	 or	 for	 patients	 demanding	
a less invasive procedure or non-mechanical de-
vice, the male sling has established itself as a vi-
able alternative to artificial sphincter. When given 
a choice of surgery, patients have been reported 
to overwhelmingly choose the male sling over an 
artificial	urinary	sphincter.	Kumar	et	al	[3]	reported	
that	 in	 men	 with	 moderate	 PPI	 (pad	 weight	 100	
to	 400	 gm/24	 hours)	who	were	 recommended	 to	
receive	an	AUS	or	a	male	sling,	92%	opted	for	the	
sling. Interestingly, even when the surgeon recom-
mended	an	AUS	for	severe	leakage	(>	400	gm/24	
hours),	 25%	still	 opted	 for	 the	 sling.	While	 inter-
mediate and long-term data support the BAMS as 
a durable treatment for PPI, longer term outcomes 
of	the	TO	sling,	pubourethral	sling,	and	quadratic	
sling are unknown. (Level of evidence 3; Grade 
of recommendation C)

c) Adjustable Balloons

The	 adjustable	 balloon	 procedure	 is	 based	 upon	
the concept of passive compression of the urethra 
utilizing two balloons located on either side of the 
urethra.	Balloons	may	be	progressively	inlated	until	
there is optimal coaptation, thereby achieving con-
tinence.	The	biomaterial	name	ACTTM	(Adjustable	

Continence	Therapy)	was	originally	conceived	and	
developed for female stress urinary incontinence, 
and subsequently was applied to male inconti-
nence.	 The	 proACTTM device was developed and 
reported	in	2000	[240].

The	device	consists	of	a	silicone	elastomer	balloon	
attached to an injectable titanium port via a silicone 
tube. A balloon is implanted on either side of the 
urethra, either under the bladder neck for post-rad-
ical prostatectomy incontinence, or under the veru 
montanum	 for	 post	TURP-incontinence.	The	 ports	
are located subcutaneously in the scrotum, allow-
ing simple access for percutaneous adjustment of 
the	balloon	volume.	The	 implantation	 is	performed	
under general or spinal anesthesia through a short 
perineal	incision.	A	trocar	covered	with	a	U-shaped	
sheath is inserted up to the site of implantation, and 
then the balloon is pushed along inside the sheath. 
Fluoroscopic	and	urethroscopic	guidance	are	used	
for	 the	 procedure.	 Transrectal	 ultrasound	 guided	
implantation	[241]	 is	a	possible	option.	An	 isotonic	
medium with sterile water and contrast medium is 
prepared	 to	 ill	 the	 balloons	 with	 2	 ml	 during	 the	
initial	 procedure.	Then,	 after	 a	 period	 of	 time,	 ap-
proximately one month, the balloons are topped 
up	with	1	ml	of	 this	solution	at	each	period	 (maxi-
mum	 illing	 is	 8	 ml)	 until	 continence	 is	 achieved.	
The	 adjustment	 of	 the	 illing	 are	 volume	 limited	
and are carried out step by step in order to obtain 
a pseudo-capsule surrounding the balloons and 
therefore to minimize the risk of urethral erosion or 
migration.	Results	 from	8	prospective	 studies	 [48,	
51,	 242	 -	 247]	 reported	are	 shown	 in	Table 5 .	Of	
170	patients	 reported	by	Hubner	 [242]	and	Lebret	
[51], one-third became pad free. In other studies 

Table 5. Results and complications of six prospective series of Adjustable Balloons (proACT) in post-
prostatectomy urinary incontinence

Aut hors Number of 
patients

 

Follow- up
 (mo)  

Number of 
adjustments  
(balloon reilling) 

 

Post operative 
Comp lications  
 with explantation  
(un i or bilateral)  

Continence  
0 or 1 
pad/day 

Complete 
Continence 

Hubner
242 117 13 (3-54) 3 (1-15) 46 % 68 % (46/63) 35 % (22/63) 

(idem at 1 
and 2 years) 

Trigo-
Rocha243 

23 22 (6-48) 5 (1-6) 17 % 65 % (15:23)  

Hubner48 50 versus 
50	(irst 
pts/last pts) 

20 vs 23
 

5 vs 4
 

58 % vs 24 %
 

52% vs 60 %
 

 
 

Cansino 
Alcaide244 

69 22 (3-48) 2 12 % 70 % 14 % 

Kocjancic245
 64 20 (12- 62) 3 (0–8) 17 %  67 % 

Lebret51 62 6 4 31 % 71 % 30 % 

Roupret247
 128 56  18% 68% 66% 

Gregori246 79 25 3.6 8%  66% 
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70%	of	patients	utilized	0-1	pads	daily	[51,242-244].	
Mean	procedure	 time	of	35	minutes	was	reported.	
Along with this improvement in pad use, there were 
parallel	 improvements	 in	 I-Qol	quality	of	 life	 score	
[51,242,243].	 Based	 upon	 these	 trials,	 the	 mean	
number of post-operative adjustments of the bal-
loon	was	3	to	5,	with	some	patients	requiring	6	to	8	
reillings.	In	an	interesting	comparison	of	the	BAMS	
and	ProACT,	Crivellaro	et	al	 reported	 their	experi-
ence	of	84	consecutive	patients	assigned	non-ran-
domly to either surgery. Results were similar with 
respect	 to	 success	 (1	 pad	 or	 less)	 with	 68%	 and	
64%	achieving	social	continence	respectively.	How-
ever,	the	explantation	rate	for	the	ProACT	was	more	
than	double	that	for	the	BAMS	(14%	vs.	6%)	[248].	
Gregori	 et	 al	 [246]	 recently	 reported	 that	 previous	
radiotherapy and severe incontinence were associ-
ated	with	higher	ProACT	failure	rates.	According	to	
the degree of incontinence, dry rates achieved in 
patients with mild, moderate, and severe leakage 
were	 85%,	 64%	 and	 33%,	 respectively.	 Whereas	
66%	of	 patients	 overall	 realized	 dryness	 on	 a	 24-
hour pad test, in those patients previously irradi-
ated,	 the	 dry	 rate	 was	 only	 36%.	 They	 therefore	
considered these pre-operative factors as relative 
contraindications	to	ProACT	placement.	Roupret	et	
al	[247]	also	recently	reported	a	lower	success	rate	
in	irradiated	patients,	with	continence	rates	of	46%	
in	 radiated	 patients	 versus	 68%	 overall.	 The	 only	
reported risk factor for failure or adverse events was 
prior	 external	 beam	 radiotherapy.	 Similarly,	 Koc-
janic	et	al.	[245]	demonstrated	a	continence	rate	of	
67%	in	non-radiated	patients,	compared	to	36%	in	
radiated patients.

1. COMPLICATIONS 

The	 most	 common	 peri-operative	 complications	
are urethral or bladder perforation, necessitating 
removal of the implant on the perforated side. How-
ever, contralateral implantation was not adversely 
affected, and repeat ipsilateral implantation was 
invariably achieved after healing of the urethral or 
bladder	wall.	Lebret	et	al.	[51]	reported	a	perfora-
tion	rate	of	10%	and	Hubner	[48]	reported	a	rate	of	
18%	early	in	their	series,	but	a	lower	urethral	per-
foration rate in the most recent cases illustrating a 
relatively short learning curve for optimal balloon 
placement	near	 the	urethral/bladder	wall.	Tempo-
rary urinary retention from presumed obstruction 
was	 reported	at	 5%	 [48];	 removing	 luid	 from	 the	
balloon restored voiding.

Device explantation was related to balloon failure, 
infection,	 erosion,	 or	 migration.	 The	 explantation	
rate	 ranged	 from	 6	 to	 58%	 [48,51,242-247],	 but	
decreased	with	experience	[48].	Device	removal	is	
straightforward,	 as	 a	 delated	 balloon	 can	 be	 ex-
planted transperineally. 

As	balloon	delation	and	migration	may	occur,	a	long	
follow-up is required to appreciate this technique 
over the time.

2. CONCLUSION

The	 proACT TM	balloon technique appears to be 
a feasible procedure to improve the continence 
in short and median term, with better results oc-
curring with more operator experience. Similar to 
the male sling procedure, appropriate candidates 
include those with mild to moderate leakage due to 
intrinsic	 sphincter	deiciency,	and	no	previous	 ra-
diation.	The	beneit	of	an	adjustable	system	should	
be weighed against the need for multiple sessions 
of	 reilling	 the	 balloon,	 and	 with	 reported	 rate	 of	
peri-operative and post-operative complications. 
Longer	follow-up	is	needed	before	deinitive	com-
parison	to	male	sling	or	artiicial	sphincter	can	be	
made. No recommendation is possible due to vari-
able	data	on	complication	 rates	 (12-58%).	 (Level 
of evidence 3, Grade of recommendation D ).

 d) Artiicial Urinary Sphincter

The	 artiicial	 urinary	 sphincter	 remains	 the	 most	
effective long-term surgical treatment for post RP 
incontinence	due	to	sphincteric	insuficiency.	How-
ever, due to the cost, the perceived cumbersome-
ness of the device with resultant patient reluctance 
to have or inability to use a mechanical implant, 
and the fear of complications, it is not suitable for 
all patients. In addition, the development of less in-
vasive	techniques	(as	described	above)	potentially	
gives	patients	new	options	for	treatment.	Ultimately	
the	choice	of	AUS	will	be	based	upon	patient	dex-
terity, economics, degree of incontinence, previous 
incontinence surgery, and expectations from sur-
gery. Patient preference was tested in a study by 
Kumar	et	al.[3].	Based	on	the	magnitude	of	their	in-
continence	patients	either	had	an	AUS	(high	grade	
incontinence)	or	sling	(low	grade	incontinence)	or	
a	 choice	 between	 the	 two	 (moderated	 grade	 in-
continence)	 recommended.	 Outcomes,	 length	 of	
experience and complications were reviewed with 
the	patients.	Of	interest,	all	recommended	to	have	
a	sling	chose	a	sling,	75%	recommended	to	have	
an	AUS	had	an	AUS	while	of	those	given	a	choice	
92%	chose	a	sling.	This	sheds	some	 light	on	pa-
tient preferences in this area.

The	AUS	has	the	longest	track	record	of	success	in	
the	treatment	of	PPI.	Two	older	studies	have	report-
ed that about half of the patients with severe incon-
tinence	 will	 undergo	 AUS	 implantation	 [249,250].	
However, these studies were conducted before 
male slings and bulking agents became popular, 
and	sling	surgery	has	since	surpassed	the	AUS	in	
number	of	 procedures	performed	annually.	To	 this	
end, it is likely that the advent of the male slings 
has increased the rate of surgery in men with milder 
incontinence who may not otherwise have opted for 
an	artiicially	sphincter.	The	success	rates	for	AUS	
as	 deined	 by	 a	 continence	 status	 of	 zero	 to	 one	
pad	per	day	range	from	59%	to	90%	[251,	252],	as	
shown in Table 6 	[56,	251,	253	-	262].	Just	as	with	
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reported rates of incontinence following prostate 
cancer	surgery	depend	on	the	deinition	of	inconti-
nence,	continence	rates	with	the	AUS	can	vary	with	
the	deinition	of	continence,	the	method	of	evalua-
tion,	and	 the	 length	of	 follow-up.	The	 lowest	 rates	
are from patient administered questionnaires when 
pad	free	rates	range	from	10-72%	[254,	263	-	267].	
Nevertheless,	high	satisfaction	rates	of	87%	to	90%	
are consistently reported, even without total conti-
nence	[255,	259,	263].

One	potential	downside	of	the	AUS	is	the	need	for	
periodic revisions in a number of patients. Revision 
and explantation rates due to mechanical failure, 
urethral atrophy, infection and erosion vary consid-
erably among studies with respectively reports of 
8-45%	and	7-17%	[267].	In	a	large	cohort	reported	
by	Lai	and	colleagues	 [262],	non-mechanical	 fail-
ure	has	decreased	from	17%	to	9%	and	mechani-
cal	failure	decreased	from	21%	to	8%	following	in-
troduction of the narrow back cuff and mean time to 
reoperation	was	26.2	months	(mean	2-68	months).	
With	 a	 Kaplan-Meier	 analysis,	 the	 overall	 5-year	
expected	 product	 survival	 was	 75%.	 Only	 6%	 of	
devices	failed	mechanically,	at	an	average	of	68.1	
months,	 with	 75%	 of	 patients	 requiring	 no	 revi-
sions at 5 years. Actuarial freedom from revision at 
5	years	was	estimated	at	50%-75%.	Interestingly,	
there do not appear to be any urodynamic factors 
that	predict	AUS	failure	in	men	with	ISD.	Whereas	
the male sling has been shown to have inferior 
success rates in patients with severe leakage, the 
AUS	has	 been	 reported	 to	 have	 predictable	 suc-
cess regardless of the degree of incontinence and 
regardless of detrusor underactivity, detrusor over-
activity, low abdominal leak point pressure, or di-
minished	compliance	 [58].	And	while	 the	success	
of	the	AUS	in	treating	incontinence	is	not	adversely	
affected by preoperative detrusor overactivity, the 
rate of persistent overactive bladder symptoms 

may	 be	 high	 (71%),	 and	 patients	 must	 be	 coun-
selled	accordingly	[268].

The	 long	 term	 efficacy	 of	 the	AUS	 was	 demon-
strated	by	Fulford	et	al	who	 reported	 that	at	10-
15	 year	 followup,269	 75%	 of	 patients	 with	 an	
implanted	AUS	either	still	had	or	died	with	a	func-
tioning device. Revisions include replacement of 
the malfunctioning part, cuff replacement, repo-
sitioning or downsizing due to urethral atrophy, a 
second	or	tandem	cuff	[270,271]	or	transcorporal	
cuff	 placement	 [272].	 Transcorporal	 cuff	 place-
ment, which involves inserting the cuff through the 
corporal bodies to avoid perforating the dorsal as-
pect of the urethra, can be particularly useful for 
patients with prior radiation or urethral erosion; 
however potency if present may be compromised. 
Some have advocated tandem cuffs not only as a 
salvage procedure, but also as a primary proce-
dure	for	men	with	severe	incontinence	[273,	274].	
However,	O’Connor	et	al.	 reported	no	difference	
in continence outcome and a higher revision rate 
in patients undergoing double-cuff implant versus 
single-cuff	after	longer	follow	up	[275].

An increased revision rate has been reported for 
patients	 who	 received	 pelvic	 radiation	 [254,27]	
but	 was	 not	 found	 in	 a	 recent	 series	 [252].	 The	
results for continence for radiated patients are 
variable with some studies showing lower suc-
cess	rates	[251,276]	while	others	do	not	[266].	It	
has been recommended that such patients have 
a lower pressure reservoir and/or longer period of 
deactivation	time	[254].	

CONCLUSION

The	AUS	remains	the	gold	standard	for	the	treat-
ment of PPI secondary to sphincteric insufficiency 
in patients with severe incontinence, in those who 

Table 6. Results of the artiicial urinary sphincter in post-radical prostatectomy incontinence.

Aut hor No.  pts. Follow-up (yrs.) 0-1 pad/day

Montague 253 66 3.2 75%

Perez and Webster 251 49 3.7 85%

Martins and Boyd 254 28 2 85%

Fleshner and Herschorn 255 30 3 87%

Mottet, et al 256 96 1 86%

Madjar, et al 257 71 7.7 59%

Klijn, et al 258 27 3 81%

Haab, et al 259 36 7.2 80%

Trigo Rocha, et al56 40 4.5 90%

Kim, et al.261 124 6.8 82%

Lai, et al.262 218 3.1 69%

Goldwasser 260 42 1.2 82%
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have had external beam radiation treatment and 
in	those	who	have	had	prior	AUS	placement.	It	has	
the largest body of literature reporting long-term 
success.	 The	 long	 term	 success	 rates	 and	 high	
patient satisfaction seem to outweigh the need for 
periodic revisions in some patients. Intermediate 
term data with the male sling demonstrates that 
the	sling	 is	an	alternative	 to	 the	AUS	 in	patients	
with	mild-moderate	SUI,	 provided	 that	 those	pa-
tients	have	not	failed	previous	AUS	surgery,	have	
not had radiation treatment, and have normal 
bladder	contractility.	Overall,	the	AUS	remains	the	
reference standard to which all other treatments 
must be compared. (Level of evidence 2; Grade 
of recommendation B)

5. TIMING OF SURGICAL INTERVENTION

There	 are	 no	 clear	 data	 on	 timing	 of	 a	 surgical	
intervention for the treatment of PPI, either with 
benign	 or	malignant	 disease.	 Therefore,	 at	 pres-
ent guidelines as to timing of the surgery cannot 
be formulated. A certain period of watchful wait-
ing supplemented with conservative measures, 
particularly	 pelvic	 loor	 physiotherapy,	 seems	 to	
be	a	 reasonable	option.	Thus,	conservative	man-
agement	 may	 be	 tried	 for	 periods	 of	 up	 to	 6-12	
months depending on whether there is any prog-
ress	 noted	 by	 the	 patient.	 Observational	 studies	
of men following prostate cancer surgery typically 
demonstrate improvement in continence from the 
early	post-operative	period	until	the	end	of	the	irst	
year	 [114].	 In	 addition,	 it	 is	 common	 for	 clinical	
trials of nonoperative management to follow pa-
tients for up to 12 months post-operatively, usu-
ally with improvement in both the intervention and 
the control groups during that year of follow up150. 
In a prospective cohort study of men undergoing 
RRP,	Lepor	and	Kaci	[76]	demonstrated	continued	
recovery	of	 continence	up	 to	24	months	post-op-
eratively,	 from	80.6%	at	3	months	to	95.2%	at	12	
months,	reaching	a	plateau	at	98.5%	at	24	months.	
Other	cohort	studies	have	demonstrated	a	plateau	
in	continence	rates	at	12	months	[277,	278].	Since	
continence may improve up to 12 months post-
operatively,	and	possibly	even	until	24	months,	it	is	
generally recommended that behavioral/conserva-
tive	management	 be	 utilized	 during	 the	 irst	 year	
after prostate cancer surgery.

There	 have	 been	 some	 studies	 evaluating	 the	
effect of early interventional treatment for incon-
tinence.	 Schneider	 and	 colleagues	 [279]	 demon-
strated	a	 beneicial	 effect	 on	 the	earlier	 return	 to	
continence with early injection of periurethral bulk-
ing agent. Results were better in the subgroup of 
34	patients	that	were	injected	early	(mean	23	days	
post-operatively)	compared	 to	10	patients	 treated	
at	a	mean	of	26	months	post-operatively.	 It	could	
not be demonstrated, however, that long-term con-
tinence is improved by early injection of bulking 
agent.	Similarly,	Jones	and	colleagues	[280]	dem-

onstrated in a comparative cohort study of RRP 
patients treated either with or without a simultane-
ous suburethral sling, that sling placement at the 
time of RRP resulted in an earlier return to conti-
nence.	There	was	no	difference	after	24	months.	

(Level of evidence 3-4; Grade of recommendation C)

1. INCIDENCE AND RISK FACTORS

The	incidence	of	urinary	incontinence	after	prosta-
tectomy for benign disease has been reviewed and 
described	 in	 the	AHCPR	 “Benign	Prostatic	Hyper-
plasia”	linical	Practice	Guidelines	[281].	The	follow-
ing percentages for stress incontinence and total 
incontinence,	respectively,	were	reported:

Open	surgery	(retropubic	or	transvesical	prostatec-
tomy):	1.9%	and	0.5%.

TUIP	 (transurethral	 incision	of	 the	prostate):	 1.8%	
and	0.1%.

TURP	 (transurethral	 resection	 of	 the	 prostate):	
2.2%	and	1.0%.

These	igures	were	based	on	studies	reported	be-
fore 1990. Several other series were published after 
1990.	These	series	were	reviewed	for	the	1st,	2nd,	
and	3rd	International	Consultations	on	Incontinence	
[4,	282,	283].	A	clear	description	of	 the	method	of	
follow-up and assessment of the continence status 
was indicated in only about one third of these stud-
ies.	The	 incidence	of	 incontinence	after	open	sur-
gery,	TURP,	TUIP	and	HoLEP	 is	 low:	 the	 reported	
percentages	ranged	between	0	and	8.4%.	Since	the	
method of assessment of the continence status and 
the	 deinition	 of	 incontinence	 is	 rarely	 stated	 it	 is	
actually not possible to make a distinction between 
simple stress incontinence and total incontinence. 
There	is	generally	no	clear	 indication	that	the	inci-
dence	is	affected	by	patient	age	or	(resected)	pros-
tatic	volume.	 [282]	However,	a	 recent	study	out	of	
Brazil did demonstrate that the rate of urinary in-
continence following BPH surgery is higher in older 
patients. However, most of the increased incidence 
in incontinence was due to bladder dysfunction rath-
er	than	to	sphincter	insuficiency.	In	a	retrospective	
chart review from Wendt-Nordahl and colleagues 
[284],	the	incidence	of	incontinence	following	TURP	
was	reported	to	have	decrease	over	17	years,	from	
3.3%	 in	 399	 patients	 operated	 on	 between	 1987	
and	 1997,	 compared	 to	 1.3%	 in	 550	 patients	 op-
erated	 on	 from	1997-2004.	 It	 is	 not	 clear	whether	
this	statistically	signiicant	(p<	0.05)	difference	was	
due to improvement in surgical technique or patient 
characteristics. However both the earlier and later 
incontinence rates are consistent with those in the 
AHCPR	and	AUA	guidelines	reports.	

IV. INCONTINENCE AFTER
PROSTATECTOMY FOR

BENIGN DISEASE
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In	2003,	the	AUA	published	guidelines	for	the	man-
agement	 of	 “benign	 prostatic	 hyperplasia”	 [285].	
The	estimated	 frequency	of	 incontinence	 following	
TURP	was	3%	(from	19	trials	that	included	>	5000	
patients).	 However,	 the	 Veterans	Affairs	 Coopera-
tive	Study,	reported	an	incontinence	rate	of	only	1%	
in	TURP	patients,	which	was	not	different	from	the	
watchful	waiting	arm	[286].	The	AUA	conducted	me-
ta-analysis	of	RCTs	comparing	TURP	with	TUIP	or	
transurethral electrovaporization did not reveal any 
statistically	 signiicant	 differences	 in	 incontinence	
rates.	[285,	287-291]	The	2010	AUA	updated	guide-
line	provided	no	additional	information	[292].

Over	 the	 past	 decade,	 transurethral	 holmium	 laser	
enucleation	of	 the	prostate	(HoLEP)	has	become	a	
standard	treatment	for	BPO.	Review	of	RCTs	by	the	
AUA	as	well	as	a	meta-anlaysis	of	RCTs	comparing	
TURP	with	HoLEP	did	not	reveal	any	signiicant	differ-
ences	in	incontinence	rates	[285,291,293-299].	While	
incontinence did not increase with age in men under-
going	HOLEP	with	morcelation,	it	was	noted	that	the	
overall complication rate - including bladder mucosal 
injury, urethral stricture disease, and bladder neck ste-
nosis = was higher in patients with prostate volumes 
>	50	g	[300].	Moreover,	it	does	not	appear	that	either	
bipolar resection of the prostate or photovaporization 
of the prostate are associated with a substantially 
different rate of urinary incontinence than are other 
BPO	 surgeries	 [301].	 While	 incontinence	 following	
PVP	 is	comparable	 to	 that	of	other	BPO	surgeries,	
and	more	often	than	not	improves	over	12-36	months	
postoperatively with conservative management, the 
rate of post-operative dysuria is higher than that of 
TURP,	recently	reported	at	a	rate	of	10.1%	[302].	

In summary, the incidence of urinary incontinence 
after open surgery, transurethral resection of the 
prostate, transurethral incision of the prostate, and 
holmium laser enucleation of the prostate is low, 
and does not differ appreciably among the various 
techniques. 

2. TIMING OF SURGICAL INTERVENTION

There	are	no	clear	data	on	timing	of	a	surgical	inter-
vention for the treatment of incontinence, as men-
tioned above in the section on post-radical prosta-
tectomy.	Therefore,	at	present	guidelines	as	to	the	
timing of surgery cannot be formulated. A certain 
period of watchful waiting supplemented with con-
servative	measures,	 particularly	 pelvic	 loor	 phys-
iotherapy,	seems	to	be	a	reasonable	option.	Thus,	
conservative management may be tried for periods 
of	up	 to	6-12	months	depending	on	whether	 there	
is	any	progress	noted	by	the	patient.	(Level	of	evi-
dence	3-4;	Grade	of	recommendation	C)

3. SURGICAL TREATMENT OPTIONS

a) Artiicial Sphincter

The	literature	on	this	subject	was	reviewed	for	 the	
1st,	 2nd,	 and	 3rd	 International	 Consultations	 on	

Incontinence	 [4,	 282,	 283].	 Candidates	 for	 treat-
ment	with	 the	artiicial	urinary	sphincter	 (AUS)	are	
patients with incontinence due to intrinsic sphinc-
ter	deiciency	that	have	normal	bladder	compliance		
[303].	Detrusor	overactivity	is	not	a	contraindication	
[268].	The	AUS	has	been	placed	around	the	bulbar	
urethra via a perineal route or transverse scrotal 
routes	 [304]	 or	 around	 the	 bladder	 neck	 [4,	 282,	
283].	The	above	mentioned	review	of	the	results	ob-
tained	with	 the	AUS	indicated	that	more	than	70%	
of	 the	men	treated	with	 the	AUS	for	 this	 indication	
are dry or almost dry after a follow-up of more than 
2-3	years.	However,	most	series	on	the	AUS	include	
both post-prostatectomy incontinence for benign 
and	malignant	disease	[282].	

In	summary,	the	AUS	is	a	successful	surgical	treat-
ment option for post-prostatectomy incontinence. It 
is the most commonly performed surgery for post-
prostatectomy incontinence, with the longest follow-
up	and	therefore	longest	record	of	success.	(Level 
of evidence 2; Grade of recommendation B )

b) Injectable Agents

Most series include post-prostatectomy inconti-
nence after treatment for benign and malignant 
disease, with the majority after prostate cancer 
surgery.	 For	 collagen,	 “success	 rates”	 range	 from	
36-69%,	with	4-20%	of	patients	reporting	being	dry.	
[157-164]	Study	 results	 are	 inconsistent	with	 both	
TURP	[305]	and	radical	prostatectomy	[306]	show-
ing better outcomes. 

Other	bulking	agents	such	as	polydimethylsiloxane	
PDMS	(Macroplastique®)	have	shown	some	 initial	
success, but results also deteriorate over time. Bu-
gel	and	co-workers	treated	15	patients.	They	noted	
rapid deterioration of initial improvements with suc-
cess	 rates	 of	 40%,	 71%,	 33%,	 and	 26%	at	 1,3,6,	
and	 12	 months	 respectively	 [168].	 As	 mentioned	
previously in the section on post-radical prosta-
tectomy	 incontinence	 Kylmala	 et	 al.	 prospectively	
studied	50	patients	with	mild	to	moderate	SUI	(aver-
age	48	cc	on	1	hour	pad	test),	with	12%	achieving	
continence following 1 injection, and an additional 
20%,	18%,	and	10%	achieving	 continence	with	2,	
3,	 and	 4	 injections	 respectively	 [169].	 Follow-up,	
however,	was	only	3	months.	In	a	randomized	trial	
of	AUS	versus	Macroplastique	 injection	 in	patients	
with	minimal	SUI	(the	vast	majority	had	SUI	follow-
ing	BPO	surgery,	with	less	than1/3	of	the	cohort	suf-
fering	 from	SUI	 following	RP),	 Imamoglu	 and	 col-
leagues demonstrated no difference in success with 
AUS	 versus	Macroplastique.	 However,	 in	 patients	
with	more	severe	incontinence,	AUS	was	superior,	
with minimal improvement following transurethral 
Macroplastique.	[52]	There	has	also	been	some	ini-
tial work with sphincteric injections of muscle stem 
cells.[173,174]	

Bulking	therapy	fails	in	up	to	75%	of	men.	Of	those	
who are improved only a minority actually becomes 
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dry with short-term follow-up. Although bulking ther-
apy	may	be	slightly	more	eficacious	in	treating	SUI	
following	TURP	compared	to	SUI	following	prostate	
cancer surgery, bulking is of limited value in those 
men	with	all	but	minimal	SUI.	(Level of evidence 3; 
Grade of recommendation C)

c) Male Sling Procedures

Since	 Frangenheim	 described	 his	 irst	 successful	
urethral sling suspension for post-traumatic stress 
urinary	 incontinence	 in	1914,	various	sling	materi-
als	and	surgical	methods	have	been	reported	[307].	
Rectus	 fascia,	 as	 described	 by	Frangenheim,	 has	
distinct advantages over alloplastic materials with 
respect to erosion and infection risks. Allograft off-
the-shelf-materials like lyophilized fascia lata have 
a higher infection risk than does autologous fascia, 
whereas the use of synthetic materials like poly-
propylene	 mesh	 or	 polytetraluoroethylene	 slings	
are associated with a higher incidence of urethral 
erosion	[308].	According	to	various	published	tech-
niques, the sling can be placed either underneath the 
bladder neck, the urethral bulb or the membranous 
portion	of	 the	urethra.	The	principle	 of	 continence	
support is similar for all sling procedures and com-
prises passive compression of the urethra, which is 
dependent	on	the	applied	sling	 tension	[219].	This	
mode of action favours sling procedures as a treat-
ment	option	for	 intrinsic	sphincter	deiciency.	How-
ever, the sling tension needed for restoration of con-
tinence has not been standardized, with tensioning 
techniques ranging from perfusion sphincterometry, 
to	a	cough	test,	to	visual	approximation,	[193,	309]	
and therefore the success of the procedure prob-
ably depends heavily to the surgeon’s experience 
and	the	degree	of	sphincteric	incompetence.	Over-
correction	with	consequent	urinary	retention	(espe-
cially	 in	 the	 setting	 of	 detrusor	 underactivity)	 and	
undercorrection with persistent or recurrent incon-
tinence are certainly possible, which may adversely 
affect continence, bladder emptying, and patient 
satisfaction. Most series of sling surgeries deal with 
a preponderance of men following prostate cancer 
surgery.	Therefore,	it	is	dificult	to	draw	conclusions	
about	 any	 differences	 in	 sling	 eficacy	 between	
those	with	SUI	following	BPH	surgery	versus	those	
with	SUI	following	RP	due	to	small	numbers	of	BPH	
patients most the cohort series.

The	 risk	 of	 incontinence	 after	 external	 beam	 ra-
diotherapy	 (EBRT)	 for	prostate	cancer	 is	variable	
and	 ranges	 from	0	 to	 18.8%.	 Lawton	 et	 al.	 [310]	
reported	a	risk	of	urinary	complications	of	7.7%	in	
more than 100 patients, proportional to dose. Per-
ez	et	al.	[311]	found	incontinence	in	only	5	of	738	

patients.	Shipley	 et	 al.	 [312]	 reviewed	more	 than	
2500	cases	with	an	incontinence	rate	of	0.5%.	Sim-
ilar incidences have been reported in more recent 
series.	Madalinska	et	al.	[77]	reported	an	incidence	
of	6-7%.	With	 three-dimensional	conformal	 radio-
therapy,	Weil	and	colleagues	[313]	reported	no	in-
continence	in	168	consecutive	patients	and	Hanlon	
et	al.	[314],	in	a	series	of	195	men,	found	that	post	
treatment urinary symptoms were no different from 
a control group without cancer. With conformal ra-
diotherapy,	Sandhu	et	al.	 [315]	 reported	a	9%	 in-
cidence of stress incontinence in 110 patients. the 
impact	of	EBRT	followed	by	prostatic	boost,	 for	a	
total	of	66-70	Gy,	was	evaluated.	Scalliet	and	co-
workers	[316]	reported	urinary	incontinence	in	16%	
of	230	patients,	however,	Fransson	and	colleagues	
[317]	reported	an	increase	in	urinary	incontinence	
on	a	patient-administered	symptom	bother	scale	3	
years	after	treatment	in	153	men	compared	to	pre-
treatment	 status.	The	 increase	was	 from	a	mean	
of	0,	at	the	start	to	2	out	of	10	at	3	years.	Ponhol-
zer	et	al.	 [318]	 reported	 incontinence	 in	18.8%	of	
a	 group	 of	 82	men	 who	 were	 surveyed	 4.4	 year	
after	 EBRT	 for	 prostate	 cancer.	 Furthermore	 uri-
nary	incontinence	worsened	from	year	2	to	year	6	
in	a	cohort	of	147	men	treated	with	3D	conformal	
RT.	 [319]	Budaus	et	al.	 [320]	conducted	a	 review	
of radiation series published from 1999-2010 and 
concluded that early storage symproms are com-
monly reported but long-term incontinence is not.

Pre-radiotherapy transurethral prostatectomy may 
be	a	risk	factor	for	incontinence.	Jonler	et	al.	[321]	
reported	an	incontinence	rate	of	11%	with	pretreat-
ment	TURP.	Green	et	al.	[322]	and	Lee	et	al.	[323]	
also reported a higher risk of incontinence with pre-
treatment	 TURP	 versus	 those	 without	 with	 5.4%	
and	2%	respectively.	There	are	no	series	reported	
on the treatment of patients who only have inconti-
nence	after	EBRT.

Salvage or adjuvant radiotherapy is frequently giv-
en after radical prostatectomy and the impact on 
continence	 is	 controversial.	Petrovich	et	 al.	 [324]	
reported no difference in incontinence in 2 cohorts 
of patients, one with and one without adjuvant radi-
ation. In a follow-up study the same group reported 
no	late	toxicity.	[325]	Fontaine	et	al.	also	reported	
no	 change	 in	 continence	 status	 in	 16	 of	 17	men	
after	salvage	radiation.	[326]	However,	Petroski	et	
al. reported that postoperative radiotherapy wors-
ened	continence	 in	26%	of	129	patients	 followed	
for	a	median	of	5	years.	 [327]	On	 the	other	hand	
salvage radical prostatectomy following external 
beam radiotherapy has been generally reported 
to have a high incidence of urinary incontinence 
[328-330]	 possibly	 because	 of	 radiation	 induced	
ibrosis	of	the	external	sphincter.	[329]	Cozzarini	et	
al. demonstrated that older age and greater radia-
tion dose in the salvage setting and younger age 
and hypertension in the adjuvant setting resulted in 
worse	urinary	toxicity.	[331]

V. INCONTINENCE AFTER EXTERNAL 
BEAM RADIOTHERAPY ALONE AND 

IN COMBINATION WITH 
SURGERY FOR PROSTATE CANCER
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1. SURGICAL TREATMENT

Results of surgical treatment of incontinence in this 
setting are based on retrospective clinical series. In 
the past the most commonly published treatment mo-
dality	was	 the	artiicial	urinary	sphincter	as	 therapy	
for sphincter damage. As discussed and referenced 
in the following paragraphs, the series published 
contain both patients who had and had not received 
radiotherapy and collagen injections have also been 
reported in case series.

There	has	been	a	higher	reported	revision	rate	for	the	
artiicial	 sphincter	 following	 radiotherapy	 (Table 7)  
[251,	252,	254,	262,	265,	276,	332,	333]	compared	to	
low	risk	patients,	38%	versus	22%.	Although	recent	
reports	dispute	the	higher	rate	[252,	262].	However,	
generally this is due to a higher incidence of erosion 
and infection as well as urethral atrophy, possibly 
secondary	 to	 radiation	 induced	vasculitic	ibrosis	of	
the	urethra.254	Radiation	may	also	induce	detrusor	
overactivity or poor compliance leading to urgency 
incontinence. Recurrence of bladder neck contrac-
ture	may	be	more	common.	[262]	Radiation	was	also	
identiied	as	a	co-morbidity	associated	with	erosion	
[334]	and	infection.	[335]	However,	good	results	are	
reported, and it is generally recommended that the 
cuff	be	inserted	outside	the	radiated	ield.	[336]

Collagen	injection	has	also	been	reported	for	inconti-
nence after radical prostatectomy and adjuvant radi-
ation	[159,163,305,337-339]	or	after	salvage	radical	
prostatectomy	following	radiotherapy	[166.340]	Con-
tinence results are poorer compared to those without 
radiation.	[306]	Very	few	patients	have	been	reported	
on with the use of Macroplastique following radical 
prostatectomy and adjuvant radiotherapy.

The	male	perineal	bone-anchored	sling	has	been	re-
ported	in	patients	following	adjuvant	RT.	In	Comiter’s	
group	with	the	perineal	compression	sling	3/21	with	
radiation	had	no	adverse	sequelae.166	Similarly	 in	
the	 series	 of	Onur	 et	 al.	 radiation	 did	 not	 cause	 a	
worse	 outcome.[193]	 However,	 Schaeffer	 et	 al.	 re-
ported	 that	 prior	 irradiation	 was	 the	 only	 identiied	
factor	that	predisposed	to	failure.	Their	success	rate	
following	a	single	sling	procedure	was	only	29%	(2	of	
7)	for	irradiated	patients,	and	the	corresponding	rate	
for	nonirradiated	patients	was	68%	(39	of	57).	[184]	
They	postulated	 that	 the	sling	acts	by	compressing	
and elevating the urethra, thereby increasing urethral 
resistance	 to	 abdominal	 pressures.	 Theoretically,	
radiation-induced	 ibrosis	 of	 the	 urethral	 and	 peri-
urethral tissues would make compression and eleva-
tion	more	dificult	by	reducing	tissue	compliance	and	
mobility. As mentioned above, the results of AdVance 
slings, adjustable slings, and adjustable balloons are 
adversely affected by radiation.

In summary , despite the frequently reported higher 
incidence	of	complications	of	the	artiicial	sphincter	in	
post-prostatectomy patients after adjuvant radiation, 

it	has	provided	acceptable	treatment	beneits.	Inject-
able	 agents	 have	 yielded	 poor	 results.	Other	 tech-
niques	are	adversely	affected	by	radiation.	(Level of 
evidence 3; Grade of recommendation C )

 

1. BRACHYTHERAPY

Brachytherapy is a form of radiation therapy in which 
radioactive materials are placed directly into the pros-
tate	 gland.	 The	 incidence	 of	 incontinence	 following	
this modality is given in Table 8 	 [341-353]	and	was	
previously related to the treatment of post-brachy-
therapy retention of urine. Numerous series have 
reported retention to be associated with larger initial 
prostate	 volumes.	 [354]	 In	 a	 systematic	 review	 of	
brachytherapy	series,	Crook	et	al.	[350]	reported	the	
incidence	of	retention	to	be	1-14%.	Many	patients	re-
quire	prolonged	or	permanent	alpha	blocker	or	TURP.	
The	main	risk	factor	for	incontinence	after	brachyther-
apy	 is	TURP.	Hu	and	Wallner	 [347]	 reported	on	 the	
incidence	 of	 urinary	 incontinence	 after	 TURP/TUIP	
following prostate bracytherapy for prostate cancer. 
Of	 the	 10	 patients	who	 underwent	 the	 outlet	 relax-
ing	 procedures	 for	 refractory	 urinary	 obstruction,	 7	
developed some degree of permanent urinary incon-
tinence.	They	surmised	that	the	cause	may	be	multi-
factorial and may include physical damage to the uri-
nary sphincters and the radiation dose to the urethral 
region. Surgical therapy when required has included 
the	artiicial	sphincter.	[348]	High	dose	brachytherapy	
that is administered over a short period of time may 
have	 reduced	 toxicity.	 [355]	 Urethrorectal	 istula	 is	
another	complication	that	has	been	reported	in	1.8%	
of	patients	in	a	large	U.S.	medicare	retrospective	re-
view.	[348]	Salvage	brachytherapy	leads	to	a	higher	
rate	of	urinary	tract	complications.	[330]	

2.  CRYOSURGICAL ABLATION OF THE
     PROSTATE

Cryosurgical	 ablation	 of	 the	 prostate	 is	 used	 for	
clinically localized prostate cancer either as primary 
treatment or after unsuccessful external beam ra-
diation	therapy.	The	frequency	of	the	main	lower	uri-
nary tract complications are listed in Table 9 	[356-
369].	The	artiicial	sphincter	has	been	mentioned	as	
one	of	the	treatments	for	incontinence.	[367]	Cryo-
therapy is an adverse factor for collagen injections. 
Urethrorectal	istulae	can	also	occur	in	up	to	5%	of	
treated	 patients.	 Severe	 incontinence	 and	 istulae	
that occasionally results may have to be treated 
with	extirpative	surgery	and	diversion.	[370]

3.  HIGH-INTENSITY FOCUSED ULTRASOUND 
(HIFU)

Transrectal	 high-intensity	 focused	 ultrasound	 is	
another minimally invasive treatment for prostate 

VI. INCONTINENCE AFTER OTHER 
TREATMENT FOR PROSTATE CANCER
AND NEOBLADDER FOR BLADDER 

CANCER
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Table 7. The artiicial sphincter for incontinence after radiotherapy

Study Numberof patients Revision rate after radiotherapy Continence

Martins and Boyd 254

Wang and Hadley 332 

Perez and Webster 251

Gundian et al. 333

Elliott and Barrett 265

Manunta et al. 276

Gomha and Boone 252

Lai et al.262

34/81

16

11/75

15/56

46/313

15/72

28/86

60/176

38% for whole group 88% 

87%25% (Infection and Erosion - 12.5%)

55%

22%

22%

53% (Infection and Erosion – 20%) 73%

90%

63%

64%

69%

25% (Similar to a non - Radiated control group)

20% versus 32% for non - radiated group)

Author % Incontinence % Post TURP % No TURP

Beyer et al. 341            1            -           -

Blasko et al. 342               6           17           0

Stock et al. 343            0            -           -

Wallner et al. 344             0            -           -

*Kaye et al. 345                4            11           1

*Blasko et al. 346            13              -            -

Hu and Wallner 347             6           70           -

Merrick et al. 349            0            -           -

Crook et al.350          5.6           13           -

*Talcott et al. 351           45**           83           39

Bottomley et al. 352           1.5            -            -

Barkati et al. 353           0            -            -

Author   N            % Incontinent            % Bladder outlet obstruction
Shinohara et al. 356 102     15    23
Bahn et al. 357  210      3    9
Cox and Crawford 358 63     27    29 
Wieder et al. 359  83    2.5    13
Cohen et al. 360  239     4    2.2
Coogan  and McKiel 361 95    3.5    6
Sosa et al. 362  1467    11    6.8
Long et al. 363  145  83/2.0*    17.2
Pisters et al. 364  150    60    43
Derakhshani et al. 365 48   10.4    22.9
Long et al. 366  975   7.5    13
De la Taille et al. 367 43     9    4
Robinson et al. 368 46  29 (urinary bother)
Dhar et al. 369  860  0.9 (8/460)   6

Table 8.  Incontinence after brachytherapy for prostate cancer

* Implant plus external beam radiation
** Any incontinence

Table 9.  Lower urinary tract complications after cryosurgery for prostate cancer

*Previously radiated/not previously radiated



1253

cancer.	HIFU	destroys	prostate	cells	by	coagulative	
necrosis of the tissue without damaging the struc-
tures intervening between the transrectal probe and 
the	target	 tissue	[371].	Reports	of	eficacy	also	 in-
clude	morbidity.	In	a	systematic	review	involving	37	
articles/abstracts	Rebillard	et	al.	[372]	reported	that	
stress	 incontinence	occurs	 in	6-28%,	urethra/blad-
der	neck	stenosis	in	1-31%,	and	rectourethral	istula	
in	0-3%	of	 treated	patients.	With	 improvements	 in	
techniques the risk of complications is decreasing 
[372].	In	a	recent	sytematic	review	from	2000-2011,	
Cordeiro	et	 al.	 noted	 that	 the	 rate	of	 incontinence	
ranged	from	<1-34.3%	[373].

4.  INCONTINENCE AFTER NEOBLADDER 
CONSTRUCTION

The	 incidence	 of	 continence	 after	 neobladder	
construction following radical cystectomy for blad-
der	 cancer	 ranges	 from	 85	 to	 100%	 during	 the	
day	and	55	to	100%	at	night	Table 10 	[374-386].	
Most patients achieve daytime continence after 
one year and nightime continence after 2 years. 
Most of the published reports do not comment on 
specific surgical management and imipramine is 
mentioned as treatment only occasionally. Mar-
tins	and	Boyd	[254]	reported	on	8	patients	treated	
with	 the	AUS	 for	 persistent	 sphincter	 weakness	
incontinence.	Six	of	these	underwent	revisions,	3	
for	 infection	and/or	erosion	and	3	for	 inadequate	
cuff	compression.	They	cautioned	against	the	use	
of	 the	AUS	 and	 suggested	 alternatives	 such	 as	
intermittent catheterization at night. However, 
O’Connor	 and	 colleagues	 [387]	 reported	 a	 suc-
cessful	outcome,	after	AUS,	with	no	complications	

in 5/5 men with incontinence after neobladder, 
with a mean follow-up of 22 months and Simma-
Chiang	et	al.	[388]	reported	success	in	11/12	men	
22	months	after	AUS	implant.	The	bone-anchored	
sling	 has	 been	 reported	 for	 one	 case	 [389]	 and	
the	AdVance	sling	for	2	cases	[226]	Collagen	has	
only been reported in women following neoblad-
der	construction.[390]

In summary  there are not enough data upon which 
to	recommend	deinitive	surgical	therapy,	although	
the	artiicial	sphincter	is	reasonable.	(Level of evi -
dence 3; Grade of recommendation C-D)

Incontinence following posterior urethral injuries oc-
curs	 in	0-20%	of	patients	[391,392]	and	 is	 thought	
to be due to the extent of injury rather than to the 
method of management. 

The	data	 on	 surgical	 treatment	 are	 all	 retrospec-
tive case series and the most commonly published 
surgical	therapy	is	the	AUS.	The	series	published	
contain both patients with and without traumatic 
injuries.	Perez	and	Webster	 [251]	 reported	on	27	
patients after urethral or bladder neck strictures. 
The	revision	rate	was	41%	and	the	continence	rate	
was	85%.	In	a	subsequent	report	from	this	centre	
on reoperations the patients with traumatic injuries 
were	not	discussed	separately.	[393]	In	Montague’s	
[253]	series	22	out	of	166	patients	had	incontinence	
after trauma. He did not separate the results of this 
group from those of the other patients. Martins and 

VII. TRAUMATIC INJURIES OF THE 
URETHRA AND PELVIC FLOOR

Author Number of patients Follow-up (mo) Continence (%)
Day   Night

Alcini et al. 374   34   12  100 83

Cancrini et al. 375   89     24   97 83(22% with SUI)

Elmajian et al. 376   266   24  85 85

Studer et al. 377   100   24  92 80

Benson et al. 378   32   25  94 74

Abol-Enein and Ghoneim 379  60   24  90 80

Rogers and Scardino 380  20   24  90 55

Hautmann et al. 381   211   36  85 85

Hautmann et al. 382   363   57  95 95

Steven and Poulsen 383  166   32.4  100 100
(After 5 years)

Abol-Enein 384   353   38  93.3 80

Carrion et al. 385   56 ileum   41  91 68

57 colon   41  86 68
Nieuwenhuijzen 386   62   >12  90 67

>12  96 6750 (sexuality preserving)

Table 10. Continence after neobladder construction for bladder cancer
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VIII. CONTINUING PEDIATRIC PROB-
LEMS INTO ADULTHOOD: THE 

EXSTROPHY-EPISPADIAS COMPLEX 
AND OTHER CONGENITAL ANOMALIES

Boyd	[254]	reported	on	only	one	patient	out	of	81	
with	 a	 traumatic	 urethral	 injury.	 This	 patient	 was	
dry	 and	 required	 no	 revisions.	 Venn	 at	 el.	 [336]	
reported on 2 with pelvic trauma out of a total of 
70.	Mundy	 and	Andrich	 reported	 successful	AUS	
implant	 in	7	out	of	8	patients	after	 reconstruction	
for	pelvic	 fracture-related	 injuries.	 [394]	(Level of 
evidence 3; Grade of recommendation C)

Bladder neck reconstruction by excising the scar and 
narrowing the calibre was reported by Iselin and Web-
ster	[395]	in	6	patients	who	had	incontinence	with	an	
open bladder neck on cystourethrography, following 
urethroplasty for traumatic strictures. Bladder neck 
closure with a Mitrofanoff catheterizable abdominal 
stoma has also been reported as treatment follow-
ing	severe	urethral	or	bladder	trauma.	[396]	(Level of 
evidence 3; Grade of recommendation C)

For	 patients	 with	 severe	 bladder	 neck	 strictures	
and incontinence after prostate surgery Meulen et 
al.	[397]	and	the	group	from	Baylor	[262,	398]	re-
ported	on	the	use	of	a	Urolume	stent	with	a	bulbar	
artiicial	 sphincter.	 Alternative	 management	 with	
perineal	 urethroplasty	 and	 subsequent	 artiicial	
sphincter	placement	in	6	patients	was	reported	by	
Simonato	et	al.	[399]	(Level of evidence 3; Grade 
of recommendation C)

In summary, 	the	AUS	provides	a	reasonable	outcome	
in appropriate cases. Since there are so few reports 
of	alternative	therapies	the	C	recommendations	were	
based primarily on expert opinion as to what is rea-
sonable	surgical	therapy	in	very	dificult	cases.

 

In exstrophy, the bladder plate at birth is smaller 
than a normal bladder. It is uncertain whether that 
which does exist is normal. It has been shown 
that the muscarinic cholinergic and other neuro-
peptide receptors in exstrophy detrusor muscle 
are	 the	same	as	 in	 controls	 [400,	401].	Microar-
ray analysis shows that the bladders are develop-
mentally	 immature	 [402].	The	number	of	number	
of myelinated nerve fibers in the detrusor is re-
duced in new born exstrophy bladders compared 
to that of neonates who had died from cardiac 
causes	 (controls)	 [403].	 It	 seems	 probable	 that	
the spectrum of neurological and morphologi-
cal changes seen in exstrophy bladders beyond 
the neonatal period, are largely secondary to the 
medical	management	[404].	

Control	 of	 the	 bladder	 outlet	 depends	on	proper	
function of the pelvic floor musculature and of the 
urethral sphincters. In exstrophy infants who have 
not had an osteotomy, the pelvic floor muscles 

have normal bulk, but abnormal orientation, espe-
cially	in	their	relationship	to	the	urethra.	They	are	
unable, therefore, to contribute very much to ure-
thral	continence	[405].	The	prostate	is	a	flat	plate	
of normal size, lying behind the urethra. It is not 
wrapped	around	the	urethra	[406].	Growth	of	the	
prostate at puberty will not improve continence.

The	existence	of	the	urethral	sphincters	is	also	un-
certain.	There	is	no	histological	study	to	show	their	
presence or innervation. However, electromyo-
graphic studies of continent children have shown 
normal	electrical	traces	[407].

Epispadias	is	a	very	rare	condition.	There	are	very	
few data on the bladder and sphincters for this di-
agnosis alone. In general the bladder is of better 
volume and there may be some active sphincter 
function in those at the better end of the spectrum. 

Storage of urine in children with exstrophy depends 
on	 creating	 suficient	 bladder	 outlow	 resistance	
that there is a leak point pressure great enough 
to stretch up the bladder volume. Voiding depends 
on the ability, either by detrusor or by abdominal 
wall contraction, to generate enough pressure to 
overcome	a	ixed	outlet	obstruction.

The	 pediatric	 literature	 often	 refers	 to	 patients	
with exstrophy having a ‘dry interval’ of so many 
hours.	The	 implication	of	 this	 is	 that	 the	bladder	
has a fixed capacity beyond which the pressure 
becomes higher than that of the fixed outflow re-
sistance. Providing the child recognizes this point, 
a visit to the lavatory will avoid incontinence. Pa-
tients in many clinical situations to avoid a ‘social 
or hygienic problem’ use this technique of timed 
voiding but it does not constitute continence as 
would be understood by a ‘normal’ person. It is 
a means of managing poor bladder control. It is 
rare to find literature on the long-term follow-up 
of patients with this complex describing ‘normal’ 
continence.	The	evidence	base	is	level	3	at	best.

1.  EARLY MANAGEMENT OF EXSTROPHY 
AND EPISPADIAS

The	 early	 reconstruction	 of	 bladder	 exstrophy	 is	
clearly important but not a subject for this chapter. 
Only	an	outline	will	be	considered	as	a	basis	 for	
discussing problems of continuing incontinence 
in	 adolescence	and	adulthood.	Techniques	have	
gradually evolved over the last 100 years since 
the	first	(transiently)	successful	closure	described	
by	Trendelenberg	in	1906	[408].	The	most	impor-
tant development, at least in Western countries, 
is the concentration of cases in a small number 
of	centers.	In	the	United	Kingdom,	for	example,	it	
is estimated that 12 babies a year are born with 
exstrophy and all are cared for in two centers.

Broadly, there are three approaches to early recon-
struction –
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Continent,
voiding,

native bladder

Partial continence,
voiding,

native bladder

Continent,
CIC,

native bladder

Continent,
CIC,

augmented bladder

All other
outcomes

Staged repair       70%      10%          20%

CPRE            76%             3%      21%

RSTM       10%     29%     10%        51%

Table 11. Outcomes of childhood surgery for exstrophy with special reference to continence.
Data are best estimates from recent literature from specialist centers. Approximations have been taken as 
reporting systems are not consistent between papers [412,780,781].
CPRE - Complete primary repair of bladder exstrophy

RSTM - Single stage radical soft tissue mobilization

•		Staged	repair,	originally	described	by	Jeffs	[409].	
Here	the	principle	is	to	close	the	bladder	in	the	irst	
operation.	The	bladder	neck	and	epispadias	repair	
are then done as a second stage.

•		Complete	 primary	 repair	 of	 bladder	 exstrophy	
(CPRE)	 often	 attributed	 to	Mitchell	 [410].	 The	
objective is to close the bladder and bladder 
neck and to repair the epispadias in one op-
eration. Although more than one operation is 
often needed, the important principle is to cre-
ate bladder outflow resistance as early as pos-
sible.	This	should	allow	proper	development	of	
bladder volume and compliance. A subsequent 
bladder neck reconstruction may be needed in 
up	to	40%	of	children	[411].

•		Single	 stage	 radical	 soft	 tissue	 mobilization	
(RSTM),	usually	called	 the	Kelly	operation	 [412].	
The	entire	anterior	pelvic	contents	with	blood	and	
nerve supply are mobilized from the pelvic side-
wall, reconstructed and repositioned more poste-
riorly	in	the	pelvis.	There	is	no	osteotomy,	but	the	
radical mobilization allows abdominal wall closure 
without osteotomy.

Each of these is subject to many modifications 
by different surgeons, which makes comparison 
of results difficult. Not surprisingly, there are no 
controlled	 trials.	Outcomes	have	been	described	
from specialist centers with good results and from 
generalists with, usually less good results.

At the longest follow-up available, the results of 
these	 three	approaches	are	 very	dificult	 to	 deter-
mine, at least as far as bladder function is con-
cerned.	 Data	 beyond	 the	 age	 of	 18	 are	 limited,	
especially	 for	 RSTM.	 Deinitive	 reports	 in	 peer-
reviewed journals of long-term outcomes from the 
centers	that	speciically	champion	these	techniques	
are	lacking.	There	are	reports	from	other	centers	of	
small numbers of patients, but often without the use 
of a consistent technique.

Approximate	 igures	 are	 given	 in	Table 11 . Sadly, 
the results in the world at large are much worse. 
There	are	also	differences	 in	outcomes	 in	 relation	
to the condition of the kidneys, genitalia, cosmetic 
appearance and sexual function that are beyond the 
scope of this chapter.

2. LATE BLADDER FUNCTION

If	the	igures	for	continence	shown	in	the	table	are	
maintained into adult life and ‘partial continence’ is 
not	acceptable,	no	more	 than	70%	of	patients	will	
have a native bladder and normal voiding. In reality, 
this	igure	is	rather	optimistic	and	may	be	as	low	as	
7%	[413].

For	the	children	who	have	done	well,	there	is	some	
evidence that continence may not be maintained 
into	 adulthood.	 In	 a	 follow-up	 of	 56	 patients	 for	 a	
minimum	 of	 20	 years,	 13	 were	 found	 who	 where	
continent and voiding naturally at 10 years old. 
However, by 20 years old, only three were still in 
this	situation.	The	remainder	were	augmented	or	on	
CIC	or	both.	The	patients	had	been	operated	in	the	
1960s	and	early	1970s	by	older	techniques	than	are	
currently	used	[414].

Late failure has several possible causes. Possibly 
the most important is that the outflow resistance 
generated by bladder neck reconstruction is not 
sphincteric, but fixed. Voiding is, therefore, al-
ways against obstruction. Deterioration in bladder 
function would come either from detrusor failure 
or from overactivity. Borer et al found detrusor 
overactivity	 in	 six	 of	 13	 children	 (46%)	who	had	
had a staged repair but in none of 19 who had 
had	CPRE	[407].

Another	 problem	was	 identified	 by	Yerkes	 et	 al.	
[415]	In	an	investigation	of	18	children	who	were	
said by themselves and their parents to be ‘conti-
nent and voiding well’, none were, in fact, voiding 
normally. Apart from infections, stones and a dry 
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interval of two hours, there were major objective 
bladder dysfunctions in all patients. Seventy two 
percent had a residual urine of at least a third 
of	 bladder	 capacity;	 70%	 had	 a	 flow	 rate	 below	
10ml/sec;	 30%	 had	 staccato	 stream;	 and	 36%	
voided	by	Credé’s	maneuver.

Finally,	 there	 is	 the	 problem	 of	 the	 definition	 of	
continence.	 The	 disciplined	 life	 of	 a	 closely	 su-
pervised child may well make a three-hour dry 
interval seem like continence. It fits in well with 
the school routine. It does not lie well with the 
life style of an adolescent. It quickly becomes 
apparent that the coffee, sodas and alcohol that 
soon become a part of an adolescent’s life expose 
the fact that they have to make far more visits 
to the lavatory than their peers or risk being wet. 
It has been shown that one of the prime desires 
of	 exstrophy	 adolescents	 is	 to	 be	 ‘normal’.	 This	
includes being treated as normal and having nor-
mal	 lavatorial	 habits	 [416].	 This	 difference	 from	
normality may drive some young adults to seek 
continence surgery even though, by pediatric cri-
teria, they had been classed as continent.

3. MANAGEMENT OF INCONTINENCE

a) Investigation

Standard investigations for incontinence are ap-
propriate	for	patients	with	exstrophy.	Urodynamic	
studies have been use to clarify the etiology and 
have	 clinical	 value	 in	 management	 [407,415].	
Dave	 et	 al.	 [417]	 investigated	 31	 children	 one	
year after a modified bladder neck reconstruc-
tion.	 Fifteen	had	 satisfactory	 continence	defined	
as a dry interval of two hours or more, no stress 
incontinence and no more than two episodes of 
nocturnal	enuresis	per	week.	The	continent	chil-
dren	had	a	better	bladder	capacity	at	162	ml	com-
pared	to	113ml	for	those	with	poor	continence	or	
55ml for the totally incontinent. End filling pres-
sure	was	around	31cm	H2O	for	the	continent	chil-
dren	versus	48	or	41cm	for	the	other	two	groups.	
However, involuntary detrusor contractions were 
seen in a third of the continent group and were 
associated with a lower than average bladder ca-
pacity and less good compliance than the other 
continent children. 

It	 has	 been	 pointed	 out	 by	 Hollowell	 et	 al.	 [418]	
that even in severely incontinent children who ap-
pear to drip continuously, leakage is often due to 
detrusor	overactivity.	They	found	that	a	leak	point	
pressure	(LPP)	of	at	 least	10	cmH2O	was	neces-
sary to allow bladder expansion. However, in some 
children with a higher LPP than 10, bladder expan-
sion did not occur because detrusor contractions 
were constantly emptying it.

As in other conditions of bladder abnormality, end 
illing	 pressures	 over	 40cmH2O	 were	 associated	
with	hydronephrosis	(two	thirds	of	patients)	[417].

The	role	of	electromyography	(EMG)	of	the	sphinc-
ters has been reported but not correlated with 
management	 or	 outcomes	 [407].	 In	 Dave	 et	 al’s	
[417]	 patients	 only	 12	 children	 voided	 with	 sus-
tained	 detrusor	 contractions	 and	 only	 ive	 voided	
effectively.	Ten	children	had	persistent	EMG	activ-
ity during voiding but no other detectable neuro-
logical	 abnormality.	 Eight	 of	 them	 had	 signiicant	
residual urine volumes.

Some authors stress the importance of examina-
tion under anesthetic. In the assessment of in-
continence, the volume of the bladder has some 
predictive value and is most accurately measured 
under general anesthesia. Although not statisti-
cally	 signiicant,	 children	 with	 a	 bladder	 capacity	
before bladder neck reconstruction of less than 
25ml do less well than those with larger bladders 
[407].	Secondly,	a	 transverse	oval	appearance	of	
the bladder neck is associated with its incompe-
tence	and	hence	incontinence	[411].

Complete	 objective	 evaluation	 of	 bladder	 function	
in this manner is particularly important in exstrophy 
as the description by patients and parents is unreli-
able	[415].

b) Medical Management

The	 apparent	 normality	 of	 the	 detrusor	muscle	 at	
least in infants born with exstrophy, suggests that 
standard anti-muscarinic drugs should be effec-
tive	in	detrusor	overactivity	[400].	There	have	been	
no	 disease	 speciic	 controlled	 trials,	 least	 of	 all	 in	
adults. In children, there has been an uncontrolled 
trial of imipramine using both clinical and urody-
namic	 criteria	 to	 assess	 response	 [419].	All	 of	 17	
children	(mean	age	7.9	years)	had	urodynamically	
proven detrusor overactivity, small poorly compliant 
bladders and incontinence. Imipramine 1.5 – 2.0mg/
kg	was	given	for	a	mean	of	9.5	months.	There	was	a	
40%	increase	in	bladder	capacity	and	a	25%	reduc-
tion	in	end	illing	pressure.	Eleven	of	17	children	had	
a	 clinically	 signiicant	 improvement	 in	 continence;	
all	of	eight	children	with	partial	 continence	 (1-2	hr	
dry	 interval	 by	 day	 but	 enuretic)	 became	 dry	 day	
and night with a dry interval of more than 2hours. 
Three	of	nine	children	with	severe	incontinence	im-
proved. Hydronephrosis improved in three of nine 
patients. In an editorial comment on this paper, 
Gearhart	stated that he used oxybutynin 0.5mg/kg 
in combination with imipramine, which ‘gave even 
better results’. No further data were given.

c) Bulking Agents For The Bladder Outlow

In	patients	with	exstrophy	who	have	bladder	outlow	
weakness, there is logic in using injectable bulking 
agents to increase resistance. Although not men-
tioned in the literature on this subject, the obvious 
drawback	is	that	there	will	be	even	greater	ixed	out-
low	resistance	that	may	limit	the	opportunity	for	the	
action of any active sphincter.
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Burki	et	al.	[420]	reported	the	use	of	polydimeth-
ylsiloxane	(macroplastique™)	 in	34	children	with	
exstrophy	and	18	with	primary	epispadias.	Apart	
from bladder neck reconstructions eight had had 
augmentations.	 In	 addition,	 14	 relied	 on	 a	 Mi-
trofanoff	 for	 self-catheterization.	 There	 was	 no	
standard technique of injection and the objec-
tive seems to have been to put in enough of the 
bulking agent to produce visual occlusion of the 
bladder	 neck	 area	 using	 2.5	 to	 7.5	 ml.	 Twenty	
patients had one injection and the rest had an 
increasing	 number	 up	 to	 seven.	 The	 follow-up	
assessment was entirely clinical and there were 
no	 urodynamic	 data.	Only	 17%	were	 completely	
dry	 at	 a	mean	 of	 4.6	 years;	 33%	were	 reported	
to	be	significantly	improved.	The	milder	the	initial	
incontinence the better the result, however four 
of	 36	 patients	 who	were	 totally	 wet	 did	 become	
totally	dry.	The	continence	rate	was	improved	by	
up to four injections but only one patient became 
dry	after	more	than	four	(he	became	dry	after	six	
injections).	 Other	 bulking	 agents	 have	 been	 re-
ported	including	Teflon	and	collagen	but	in	series	
of patients with different diagnoses including ex-
strophy and epispadias.

d) Surgical Management

Adults with exstrophy who have failed to become 
dry after initial reconstruction and the relatively 
conservative management of medication and 
bladder neck bulking have a difficult decision to 
make.	 The	most	 elusive	 outcome	 is	 to	 create	 a	
bladder that is continent and from which there 
is spontaneous voiding. It will be seen that the 
choice to achieve this result is a second bladder 
neck reconstruction or insertion of an artificial 
sphincter. Both of these require a natural bladder 
of adequate capacity and which retains normal 
detrusor function. If the bladder is small or of high 
pressure, there may be some improvement when 
outflow resistance is increased with a successful 
bladder neck procedure, though, again, the data 
come from studies in children and may not be ap-
plicable	to	adults	[407].	Otherwise,	augmentation	
will	be	necessary.	The	options	for	augmentation,	
with or without a Mitrofanoff, are considered else-
where in this chapter.

A more realistic objective if the urethra is to be 
used	for	urinary	drainage	would	be	to	accept	CIC	
for bladder emptying. If the bladder is inadequate, 
it can be augmented. However, this option does de-
pend on having a urethra that can be catheterized. 
This	may	be	dificult	after	repair	of	the	epispadias	
and bladder neck initially; after a second bladder 
neck	reconstruction,	it	may	be	more	dificult.

a)		Bladder	 neck	 reconstruction:	 In	 children	 who	
have had a bladder neck reconstruction and 
failed to become dry, the results of further re-
construction are poor. In adults, data are very 

limited.	 In	 a	 group	 of	 older	 children	 (3.2y	 –	
15.5y)	 the	 group	 at	 the	 Hospital	 for	 Children,	
Great	Ormond	Street	reported	very	modest	re-
sults.	There	were	20	boys	and	ten	girls	most	of	
whom had had several operations apart from 
the initial bladder neck reconstruction, including 
injection of bulking agents, augmentation and 
Mitrofanoff procedures and yet still remained 
wet.	Sixty	percent	became	dry	by	day	(80%	of	
girls	 but	 only	 50%	 of	 boys),	 but	 only	 50%	 by	
night. None could void urethrally and only five 
performed	 CIC	 urethrally.	 Urethral	 catheter-
ization	 was	 difficult	 in	 eight.	 The	 authors	 ac-
knowledged that the outcomes were not good 
and suggested that closure of the bladder neck 
might	be	a	better	option	[421].	In	an	earlier	se-
ries	 from	 Johns	 Hopkins	 all	 of	 eight	 patients	
achieved a dry interval of three hours or bet-
ter	 with	 a	 re-do	Young-Dees	 operation	 but	 all	
required	CIC	[422].	Although	these	data	cannot	
directly be extrapolated to adults, it seems like-
ly that they are representative of patients with 
failure of the initial bladder neck reconstruction.

b)		Artificial	 urinary	 sphincter	 (AUS):	 The	 patient	
with exstrophy has, by definition, a reconstruct-
ed bladder neck and urethra. Such structures 
are	 not	 well	 suited	 to	 the	 support	 of	 an	AUS	
cuff. It is also common for incontinent patients 
to	carry	a	residual	urine	and	so,	with	an	AUS,	
would	need	to	use	CIC.	Even	in	the	earliest	re-
ports	 of	 the	AMS	800	AUS,	 the	 results	 in	 pa-
tients	 with	 exstrophy	 were	 poor	 [423].	Again,	
data on this procedure in adults with exstrophy 
are limited and often included in series of pa-
tients with different diagnoses. In one series of 
112 patients without spina bifida, there were 12 
with exstrophy and four with epispadias aged 
four	 to	 17	 years	 old.	 The	AMS	 880	AUS	was	
used	 with	 5.5	 to	 7.5	 cm	 cuffs	 and	 61–70	 cm	
water	balloons.	The	cuff	eroded	in	three	of	12	
exstrophy	 patients.	 Only	 four	 were	 dry	 and	
able	to	void	spontaneously	all	of	the	time	[424].	
Herndon	et	 al	 reported	a	 20%	erosion	 rate	 in	
patients of any diagnosis who had had a blad-
der	neck	repair	[425].

e)  Diversion:

It is beyond the remit of this section to consider urinary 
diversion	for	exstrophy	in	detail.	There	is	a	school	of	
thought that the results of exstrophy reconstruction in 
the long run are so poor that early diversion should 
be	the	 initial	management	 [426].	The	original	diver-
sion of choice was a ureterosigmoidostomy, however 
the results before antibiotics and an understanding of 
hyperchloremic	acidosis	were	very	poor	with	50%	of	
children	dying	before	ten	years	old	[427].	With	mod-
ern management and the use of a de-tubularized 
rectal pouch, such as the Mainz II, the results are 
very	good	and	continence	rates	of	95%	day	and	night	
are reported	[428,	429].	This	would	certainly	be	the	
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management of choice in countries with limited facili-
ties	for	reconstruction	[430].	Surveillance	for	the	devel-
opment of anastomotic neoplasms from the tenth year 
after	construction	is	mandatory	[431].	

Even in exstrophy patients who are continent, very 
many will have had an intestinal augmentation pro-
cedure. If the urethra is continent it may be used for 
self catheterization. When the urethral reconstruction 
has failed, either because it is wet or impossible to 
catheterize, a supra-pubic catheterizable channel, 
such	 as	 a	 Mitrofanoff,	 should	 be	 formed.	 The	 wet	
urethra is closed at bladder neck level to allow con-
tinued seminal ejaculation. If the bladder is too small 
or of too high pressure, it is augmented with intestine.

In	the	large	series	from	Baltimore,	91	of	704	(13%)	of	
exstrophy	children	 required	 such	procedures	 [432].	
Of	 the	 reconstructed	 patients,	 65%	 had	 a	 bladder	
neck	closure.	At	a	mean	follow-up	of	six	years,	93%	
were continent.

There	are	no	data	on	the	use	of	these	techniques	
in	 adults	 speciically	with	 exstrophy.	However,	 as	
there are no other alternatives, a reconstruction 
based on the bladder is the recommended op-
tion. Long-term follow-up of intestinal diversions 
in other situations suggests that stone formation, 
stomal stenosis, hyperchloremic acidosis are 
common. Spontaneous rupture, an acute and life-
threatening complication is rare. Renal function is 
preserved	at	least	to	ten	years	[433].	

A long-term problem unique to exstrophy patients 
with a retained bladder is the risk of cancer. At the 
age	 of	 40,	 exstrophy	 patients	 have	 a	 640	 fold	 in-
creased risk over the normal population of that age. 
The	reported	 tumors	are	aggressive	and	 frequently	
fatal. Histologically, they are a mixture of transitional, 
squamous and adenomatous, most commonly aris-
ing	on	the	bladder	neck	[434].	To	date,	the	reported	
cases have been in those whose bladder reconstruc-
tions were done in early childhood; it remains to be 
seen whether those with reconstructions done in the 
irst	few	days	of	life	will	have	the	same	risk.	It	is	im-
portant to pay urgent attention to the standard symp-
toms suggestive of bladder cancer even in young 
adults with exstrophy.

If the bladder is too small to be useful, or has been 
removed, one of the standard supra-pubic diversions 
such	as	a	colonic	reservoir	can	be	used.	The	Mainz	
II rectal reservoir is an alternative. Ileal conduit is al-
most never indicated. However, the risk of bladder 
cancer remains, even if the only remaining part is the 
bladder neck.

4. RECOMMENDATIONS

The	 published	 studies	 to	 date	 are	 retrospective	
case	series	with	 levels	of	evidence	at	best	3	with	
a Grade of Recommendation of C and Level 
of Evidence 3 .	The	expert	opinion	of	 the	Commit-
tee has resulted in the following recommendations 

regarding the evaluation and treatment of persisting 
incontinence in adulthood. (C)

•		Anti-muscarinic	drugs	are	the	irst	option	for	detru-
sor	overactivity	although	there	are	no	data	specii-
cally related to exstrophy patients. 

•		Standard	techniques	for	enlargement	of	a	small	or	
high-pressure bladder are appropriate.

•		Bladder	neck	bulking	agents	may	be	effective	but	
continence	is	unlikely	to	be	achieved	if	4	injections	
have failed

•		Re-do	bladder	neck	reconstruction	has	a	high	fail-
ure rate, and is very unlikely to allow complete, 
spontaneous	voiding.	Urethral	CIC	may	be	dificult	
or impossible.

•		AUS	also	has	a	poor	outcome	because	of	erosion,	
chronic	retention	and	CIC	dificulties.

•		Supra-pubic	continent	diversion	with	or	without	aug-
mentation and with or without bladder neck closure 
is the best choice for exstrophy patients with ure-
thral	failure.	Rectal	diversion	(eg	a	Mainz	II	pouch)	
should be considered especially in countries with 
limited medical facilities.

•		Patients	with	exstrophy-epispadias	complex	should	
be evaluated and managed in specialized centers 

•		A	universal	deinition	of	 continence	should	be	es-
tablished 

•		Persisting	 incontinence	 should	 be	 evaluated	 with	
urodynamics and its treatment should be individual-
ized	based	on	urodynamic	indings	

•		Life-long	 follow-up	 is	 mandatory	 in	 terms	 of	 con-
tinence,	 voiding	 eficiency,	 upper	 tract	 status	 and	
other urological complications

•		Comparative	 studies,	 including	 quality	 of	 life	 and	
psychological assessment, should be undertaken if 
possible.

1.  REFRACTORY URGENCY INCONTINENCE 
AND IDIOPATHIC DETRUSOR OVERACTIVITY

The	 overactive	 bladder	 (OAB)	 syndrome	 refers	 to	
the symptoms of urgency, with or without urge incon-
tinence,	 usually	 with	 frequency	 and	 nocturia	 [435].	
Detrusor	overactivity	(DO)	indicates	the	urodynamic	
observation characterized by involuntary detru-
sor	 contractions	 during	 the	 illing	 phase	 that	 may	
be spontaneous or provoked. Idiopathic Detrusor 
Overactivity	 (IDO)	 exists	 when	 there	 is	 no	 deined	
cause.	 Neurogenic	 Detrusor	 Overactivity	 (NDO)	 is	
seen when there is a relevant neurological condition. 
Ahlberg	et	al	found	that	82%	of	patients	initially	con-
sidered idiopathic on careful searching actually had 
pathology	potentially	leading	to	the	problem	[436].

IX. DETRUSOR OVERACTIVITY AND 
REDUCED BLADDER CAPACITY
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Idiopathic detrusor overactivity is a normal situation 
early	 in	 life.	Children	have	urgency	incontinence	as	
a	stage	 in	acquiring	bladder	control.	The	 incidence	
of	 detrusor	 overactivity	 during	mid-life	 years	 (20	 to	
60)	has	been	estimated	as	10%	[437].	In	the	asymp-
tomatic elderly, detrusor overactivity once again be-
comes	 common,	 occurring	 in	 50%	of	men	over	 70	
[438].	In	the	symptomatic	elderly,	over	75	years	old,	
it	can	reach	90%	in	men	[439].	Detrusor	overactivity	
may be a cause of severe storage symptoms such 
as frequency, nocturia, urgency and urgency incon-
tinence.	Conservative	treatment	of	these	symptoms	
such as bladder training and pharmacotherapy is dis-
cussed in other sections. 

Magnetic stimulation has been reported as a non-
invasive	treatment	of	DO	[440,441].	Bradshaw	et	al.	

demonstrated an effect on cystometry with magnet-
ic stimulation and found an improvement in urody-
namic	parameters	but	no	consistent	change	in	OAB	
symptoms	[442].	Almeida	et	al.[443]	in	a	prospective	
urodynamic	controlled	study	of	91	women	with	UI,	
found	an	improvement	on	DO	only	in	patients	with	
initial	bladder	contractions	greater	than	15	cm	H2O.	
There	are	no	other	speciic	data	available	[444].

The	use	of	intravesical	neuromodulatory	drugs	such	
as capsaicin and resiniferatoxin was extended to 
DO	 of	 non-neurologic	 origin	 after	 the	 suggestion	
that its etiology involved the enhancement of the 
C-iber	mediated	spinal	micturition	relex	[445]	and	
emerged	 as	 a	 minimally	 invasive	 procedure:	 the	
results are shown in Table 12 	 [446-453].	 In	 spite	
of promising and controversial results, it is still 

Table 12. Intravesical capsaicin and resiniferatoxin for detrusor overactivity (males and females)

Cruz et al.446

Author  No. Improvement Drug and dose Side effects

3 IDO (total of 16,
including 3 males)

71% continence 
(overall total of 14) 
and 21% improve-

ment

Up to 18 
months

Capsaicin
125 ml of 30% 

alcohol in saline 
containing 1mM

Intense burning 
sensation

Kuo 447

Kuo 451

Kuo et al.452 

Liu and Kuo457 

13 IDO (41 total)

18 previous TURP

5 (38,5%)

11 (61,1%)

2 to 9 months

Average 5 
months

RTX
10 ml of 100 nM 

RTX in 10% ethanol 
for 40 min

(23)
(19 ended)

(11 of 19)
 (58%)

10nM RTX weekly 
3 to 4 times

4 withdrew due 
to side effects.
Signiicant	

worsening of 
emptying

17 IDO 
Vehicle 2(9) 22%
RTX 5 (8) 63%

6 months
Vehicle or 4 

weekly 10 nM 
RTX

Randomized 
double blind 

placebo 
controlled 

6 withdrew after 
irst	instillation

28 14 (50%)
10 nM RTX 
weakly for 4 

weeks

Transient 
receptor potential 

vanilloid 
subfamily 1 

overexpressed  in 
the responders

Palma et al 448
25 females with 

idiopathic urgency 
incontinence

10 (40%) disappear-
ance of urgency 

incontinence

1 month 
evaluation only

50 nM RTX
No mention 
of retention

Rios et al. 453

Silva et al. 450 

Silva et al.458

Yokoyama et 
al. 455.458

58 females
With IDO

13 IDO
(2 men 11 women)

(12 incont.)

17 IDO 
(out of 23)

10
(4 men)

11 improved (91%)
in incontinence

3 (25%) dry

Vehicle 9 (39%)
RTX 14 (60%)

5 (2 dry)
50%

43% RTX
35 % PlaceboVehicle
Improvement -equal 

(p=0.439)

1	month	irst	
evaluation

3 months 
follow up

Pre-test with 
vehicle only 
followed by

RTX
3 months 
follow up

50nM RTX or 
10% ethanol 

saline solution

100 ml 50nM RTX 
solution 10% 

ethanol in saline 
for 30 min

Vehicle followed by  
100 ml 50nM RTX
(patients enrolled 

in 2005)

100 ml 50nM RTX
for 30 min

Randomized 
double-blind 

placebo 
controlled

No retention or 
other problems

No separation   
of NDO and IDO

Neurometer  
before and at 30 

days

Duration of
effect
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considered experimental and more clinical studies 
are	necessary	for	it	to	be	licensed	[454].	

The	 mechanism	 of	 action	 is	 still	 under	 study.	 The	
mean bladder perception threshold is increased 
only	in	patients	with	clinical	improvement	[455].	The	
complexity of the mechanism is demonstrated by the 
presence of vanilloid receptors not only on sensory 
ibers	 but	 also	 in	 bladder	 urothelium	 and	 smooth	
muscle	 cells	 [452]	 and	 by	 ineffectiveness	 in	 treat-
ing an overactive bladder from idiopathic causes 
or suprapontine lesions with no vanilloid-sensitive 
iber-mediated	 relex	 [456].	 It	 has	 been	 suggested	
that over expression of transient receptor potential 
vanilloid subfamily 1 in the bladder predicts the re-
sponse	[457].	A	well	designed	double-blind	placebo-
controlled study revealed no difference between 
placebo	ethanol	10%	saline	solution	and	50	nM	re-
siniferatoxin, nevertheless both treatments showed 
improvement	in	symptoms	of	women	with	IDO	[453].	
Some placebo-controlled studies either did a quasi 
randomization458	or	did	not	explain	how	it	was	done	
[452].	Patients	with	increased	bladder	sensation	with-
out	DO	presented	some	 improvement	 in	symptoms	
in	a	small	non	placebo	controlled	series	[459].	There	
are no recent clinical series published and at present 
time, the use of resiniferatoxin has been restricted to 
animal	studies		[460,461].(levels of evidence 1 – 4; 
Grade of recommendation D, two level 1 studies 
have contradictory conclusions .	[452,457])

For	 symptoms	 that	 are	 refractory	 to	 conventional	
means,	 3	 interventional	 treatments	 have	 been	 re-
ported:	botulinun-A	toxin	detrusor	injections,	neuro-
modulation, and bladder augmentation. 

a) Botulinum toxin A injection in the bladder

The	 minimal	 invasiveness	 of	 this	 method	 makes	 it	
very	attractive	but	long-term	results	in	IDO	are	lack-
ing Table 13 	 [462-478].	 The	 effects	 of	 its	 use	 are	
still	 not	 fully	 recognized	 [479],	 with	 possible	 sys-
temic	consequences	[480-482],	such	as	generalized	
muscle weakness in a number of patients treated for 
neurogenic bladder overactivity, and the develop-
ment	 of	 resistance	 to	 the	 drug	 [483-485].	The	FDA	
conducted a safety review of botulinum toxin products 
and issued a report that included a “Boxed Warning” 
highlighting the possibility of life-threatening distant 
spread of the toxin, a Risk Evaluation and Mitigation 
Strategy	(REMS)	with	a	medication	guide	to	help	pa-
tients	understand	the	risks	and	beneits,	and	changes	
to the established drug names to reinforce individual 
potency and lack of interchangeability of the different 
products	and	to	prevent	medication	error	[486].	

Most of the initial experience comes from its use in 
neurogenic	 bladders	 [487-490].	 In	 2011,	 Onbotu-
linumtoxinA was approved by countries in North and 
South America and Europe for treatment of urinary 
incontinence in people with neurologic conditions as 
spinal cord injury or multiple sclerosis. Information 
about	 its	use	 in	children	 is	scarce	 [491].	DasGupta	

et	al.	[492]	published	a	systematic	review	on	its	use	
in	 children.	They	 found	225	children	 in	10	peer-re-
viewed	publications	with	165	pediatric	patients	with	
neurogenic	overactivity	(6	studies),	21	patients	with	
idiopathic	overactivity	(1	study)	and	39	patients	with	
voiding	 dysfunction	 (3	 studies).	 Only	 11	male	 chil-
dren	with	idiopathic	OAB	were	included,	limiting	con-
clusions on this subject.

A randomized study comparing the results of botuli-
num toxin A injections to intravesical resiniferatoxin in 
NDO	showed	superior	clinical	and	urodynamic	ben-
eit	with	the	use	of	botulinum	toxin	[490].	The	need	
for	reinjections	seems	to	be	overcome	by	the	signii-
cant improvement in quality of life of these patients 
[493-495].	 Cost-effectiveness	 with	 botulinum	 toxin	
A in patients with detrusor overactivity is becoming 
an important issue with its increasingly widespread 
use	[496].	The	number	of	BTx	treatments	in	the	UK	
has increased dramatically from around 50 in 2000 
to	4088	 in	2010,	making	costs	an	 important	matter	
to	be	considered	[497-499].	A	3-year	cumulative	cost	
analysis	of	BTx	versus	augmentation	cystoplasty	fa-
voured	 botulinum	 toxin	 injections	 [500],	 but	 longer	
follow up may change this. 

The	use	of	botulinum	toxin	B	(Myobloc	–	Rimabotu-
linumtoxinB)	is	less	eficient,	with	duration	of	action	
of	about	10	weeks	[501].

The	optimal	site	of	injections,	including	or	not	includ-
ing	 the	 trigone,	 is	 still	 under	debate	 [502].	 In	2007,	
Kuo	[474],	published	a	study	comparing	the	injections	
into the detrusor, suburothelial area, and bladder 
base, with the last location improving urgency but not 
increasing	capacity.	Recently	Kuo	did	a	single	blind,	
randomized, parallel, actively controlled trial testing 
100	U	of	OnabotulinumtoxinA	with	patients	assigned	
to receive injection into one of the three following 
sites:	bladder	body,	100	U;	bladder	body,	75	U	plus	
trigone,	25	U;	and	bladder	base,	50	U	and	 trigone,	
50	U.	He	concluded	that	the	injections	are	a	safe	and	
effective	treatment	for	IDO	regardless	of	the	injection	
sites	[503].	Manecksha	et	al	[504]	performed	a	study	
with	500	U	of	AbobotulinumtoxinA	in	22	patients	ran-
domized to trigone-included or trigone-sparing detru-
sor	injections.	Beneits	of	trigone	included	injections	
were superior to trigone sparing injections for the 
treatment	of	refractory	IDO	and	did	not	cause	VUR	in	
this	study.	A	case	series	of	56	women	with	IDO	under-
went	submucosa-only	injection	of	200	U	of	Onabotu-
linumtoxinA	at	30	sites,	showed	success	in	85.7%	at	
2	months	and	54.3%	at	12	months	[505].	Initial	results	
of	bladder	 instillation	of	300	units	of	Onabotulinum-
toxinA	and	50	mL	of	50%	DMSO	in	aqueous	solution	
in	women	with	IDO,	showed	safety	and	some	eficacy	
that	merit	further	research	[506].

Many studies on idiopathic overactive bladder have 
been	done	in	women	[468,	469].	Data	are	still	 lack-
ing	on	dose,	concentration,	site(s),	numbers	of	injec-
tions,	 long-term	 eficacy	 and	 side	 effects.	Attempts	
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Author No. Type of 
patients 

Dose No. punctures Results Comments 

Harper et al.462 
 

Level 3 

39 (13 men 
and 26 
women) 

Neurogenic
 and 

idiopathic 
origin 
(not 

described 
separately) 

200 idiopath
 

 
300 neurog 

20 to 30 sparing 
the trigone 
Flex. cysto. 

Increase max 
bladder volume 
174 to 589 ml 

 

Loch  et al.463 
 

Level 3 
30

 Neurogeni
c and 

idiopathic 
200 U

 20 injections 
sparing the trigone 

Signiicant 
improvement in 

67% of the patients 
- > residual urge 

No description of 
gender or whether  

NDO 

Radziszewski  
et al. 464 

 Level 3
 

12 (6 female 
and 6 male ) 

Only 
idiopathic 

Up to 300 U 10-15 injections 
sparing the trigone 

1 months follow up 
100% success 

no residual 

Short follow up 
Inexact criterion of 

success 

Rackley et al. 477
 

 Level 3
 

18 women IDO 200-300 U 
(Botox) 

Each 100 U in 1 cc 
saline, 0.1 cc 

injections 

Improvement 
40% frequency 
30% urgency 

6 months follow up 

Rapp et al. 465 
 

Level 3 

35 ( 29 
females and 6 

males) 

6 
neurogenic 

300 U 30 injections 
including trigone 

34% resolution 
26% improvement 

40% failure 

Kuo, 466 
 

Level 3  

30 ( 12 
females and 
18 males ) 

12 
neurogenic 

200 U 40 injections 
sparing the trigone 

26% resolution 
46% improvement 

26% failure 

Chancellor et 
al.467

 
 

Level 2/3 

10 (2 males 
and 8 

females) 

Only 
idiopathic 

100-300 U 20-30 injections 
only in bladder 

base and trigone 

80% improvement Control group - 11 
neurogenic with 73% 

improvement 

Rajkumar et al. 473
 

 Level 3
 

15 women IDO 300 U 
(Botox) 

30 ml – 30 
injections 

93% improvement Not randomized 
prospective study 

6 patients with PRV 
>130 ml 

Popat et al. 472  
Level 3 

31 (18 women 
and 13 men) 

IDO 200 U 
(Botox) 

20 ml – 20 
injections 

57 % dry at 4 
months 

19 % needed CISC 

Kessler et al. 478 
 

Level 3 

11 patients 
(no gender 

information – 
8 men in total 
of 22 patients) 

IDO 300 U 
(Botox) 

30 ml – 30 
injections sparing 

the trigone 

91% dry 
5 months duration 

Prospective study 
comparing IDO with 

NDO 
4 high PVR with CSIC 

(36%) 

Werner et al. 782 
 Level 3

 

26 women Only IDO 100 U 
(Botox) 

30 ml- 30 injections 65 % dry at 12 
weeks 

60% dry at 36 
weeks 

36 weeks follow up 

Schmid et al. 470 
 Level 3

 

23 men 
77 women 

Only IDO 100 U 
(Botox) 

30 ml- 30 injections 88% improved 
8% poor results 

12 weeks follow-up 
4% urinary retention 

Kuschel et al. 469
 

 
Level 3 

26 (only 
women) 

Only 
idiopathic 
DO with 

incontinen
ce 

100 U 
(Botox) 

30 ml- 30 injections 11/26 improved 
(42%) 

4 no need further 
treatment 

2-year follow-up 
3 complications (1 no 
response and 2 high 

PVR) 

Jeffery et al. 468
 

 
Level 3 

25 (only 
women) 

Only 
idiopathic 

DO 

500 U 
(Dysport) 

20 ml- 20 injections 63% dry – 1 week 
32% dry- 3 months 

Prospective 
First study with 

Dysport 

Lee et al. 471
 

 
Level 3 

13 men 
5 women 

10 IDO 
and 8 
NDO 

50-200 U 
(NTX component 
of puriied Type A 

neurotoxin 

20-40 injections 
including trigone 
Indigocarmine 

together to check 
leak 

89 % improved 3 months follow-up 
6% retention with IC 

for 12 months 
 

Sahai et al. 476
 

 
 

Level 2 

34 patients 
(16 BTX and 
18 placebo) 

Do not 
discriminate 

gender 

Only IDO

 200 U 
(Botox) or saline 

(as placebo) 

20 ml – 20 
injections 

Normalization- 
Frequency 
36% BTX 

11% Placebo 
Urgency 

No difference 
Incontinence 

12 weeks follow-up 
Randomized placebo 

controlled double blind 
trial 

Dificult voiding 75% 
IC 38% 

Table 13.  Botulinum Toxin A detrusor injection results
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Sahai et al. 476

 
 
 

Level 2 

34 patients 
(16 BTX and 
18 placebo) 

Do not 
discriminate 

gender 

Only IDO 200 U 
(Botox) or saline 

(as placebo) 

20 ml – 20 
injections 

Normalization- 
Frequency 
36% BTX 

11% Placebo 
Urgency 

No difference 
Incontinence 

50% BTX 
0% Placebo 

12 weeks follow-up 
Randomized placebo 

controlled double blind 
trial 

Dificult voiding 75% 
IC 38% 

Kuo H-C 474 
 Level 2 

45 patients 
(gender not 
speciied) 

Only IDO 100 U 
(Botox) 

Injections in 
Detrusor, 

suburothelial or 
bladder 

base 

Success 
93% Detrusor 

80% suburothelial 
67% bladder base 

Prospective 
randomized 

3 months 
4 retentions 

14 dificult void 

Ghalayini and 
Al-Ghazo,475 

 
Level 3 

16 patients IDO 500 U (Dysport) 500 U diluted in 30 
ml saline 

30 injections 

80% of patients 
satisied 

Prospective study 
9 months follow up 

1 retention and 4 with 
PRV >120 ml – 5 ICath 

Mohanty et 
al783 

Level 3 

35 women IDO 200 U Botox 20 ml, 20 injections 
sparing trigone 

85.7% 
improvement, 

no adverse  effects 

Case series 
 

No retentions 
Kuschel et al469 

Level 3 
26 patients 
(women) 

IDO 100 U Botox 30 ml 30 injections 11 re-injections Case series 

Brubaker et 
al539 

 
Level 1 

43 women (28 
Btx and 15 
placebo) 

IDO 200 U Botox 20-30 injections, 
sparing trigone 

Study stopped – 
43% (12 pat.) with 

large PVR 

Randomized double 
blind placebo 

controlled 

Flynn et al784 
 

Level 2 

22 women (7 
placebo and 

15, 2 doses of 
Botox) 

IDO 200 or 300 U 
Botox 

10 injections, 
sparing trigone 

6 weeks results 
only -

(improvement) 
26% PVR >200 ml 

18% infection 

Randomized double 
blind placebo 

controlled 
(immediate results) 

Sahai et al536 
 

Level 1 

34 patients 
both sexes 

IDO 200U Botox (16 
pat) or placebo 

(18 pat) 

20 ml with 20 
injections 

QoL improved with 
Botox 

Randomized double-
blind placebo 

controlled 

Lie et al785 
 

Level 3 

19 patients 
(10 males) 

IDO 200 U 
(onabotulinumtoxi

nA) 

20 ml, 20 sites 
sparing trigone 

More eficacious in 
female 

Case series 
5.2% retention 

fi

Author No. Type of 
patients 

Dose No. punctures Results Comments 

i

i

i

to determine whether poor responders could be 
predicted from preoperative urodynamic parameters 
showed only a very high maximal detrusor pressure 
over	110	cm	H2O	as	an	unfavorable	predictor	when	
using	200	units	 [476].	Studies	 in	women	suggest	a	
longer duration of action than its mere motor-nerve 
blocking	potency	can	explain	[469].	Therefore,	a	dual	
mechanism	of	action	has	been	proposed:	in	addition	
to binding to cholinergic terminals, it might also af-
fect afferent nerve transmisson, thereby decreasing 
urgency	[507,508].	Kuo	evaluated	retrospectively	the	
results	of	100	U	OnabotulinumtoxinA	injection	in	174	
patients	(89	males)	[509].	Patients	who	had	sensory	
effects	 had	 signiicantly	 greater	 long-term	 success	
rates compared to those with motor effects alone. 
He concluded that improvement of urgency severity 
seems	 to	 be	 signiicantly	 associated	with	 the	 long-
term	success	of	BoNT-A	treatment	for	IDO.

There	are	 two	commonly	marketed	 forms	of	botu-
linum	 toxin-A:	 Botox	 (Allergan	 Pharmaceuticals,	
Irvine,	CA,	USA),	now	referred	to	as	Onabotulinum-
toxinA,	 and	 Dysport	 (Ipsen	 Biopharm	 Ltd.,	 Wrex-
ham,	 UK),	 referred	 to	 as	 AbobotulinumtoxinA,	 as	
recommended	 by	 the	 US	 Food	 and	 Drug	Admin-
istration.	 They	 require	 different	 doses	 to	 achieve	
similar	results,	in	a	proportion	of	approximately	1:3	
[510,511].	Other	 forms	 of	 botulinum	 toxinA	 do	 not	

have enough data in urology to be considered for 
this	report,	 includng	Xeomin	(IncobotulinumtoxinA)	
(Merz,	 Germany),	 Prosigne	 (Lanzhou	 Institute	 of	
Biological	 Products,	 China)	 [512],	 and	 Neuronox	
(Medy-tox,	South	Korea).

AbobotulinumtoxinA	for	refractory	IDO	was	published	
in	 2007	 with	 similar	 results	 to	 OnabotulinumtoxinA	
[468].	Recently,	a	series	of	22	patients	with	IDO	un-
derwent	injection	of	500	U	of	AbobotulinumtonA	and	
were randomized to injections including or exclud-
ing	 the	 trigone	 [504].	Similar	 results	were	obtained	
regarding	side	effects	(18%	retention	and	no	relux)	
with the trigone-included group showing better re-
sults.	Another	large	case	series	of	234	patients	either	
with various types of neurogenic bladder dysfunction 
(NBD)	or	IDO	underwent	respectively	500	U	and	250	
U	of	AbobotulinumtoxinA	including	57	men	with	IDO.	
Success	was	91%	 for	NBD	and	93%	 for	 IDO,	with	
12%	 retention	only	 in	 the	male	patients	 [513].	 In	a	
study using a type A neurotoxin, produced in a medi-
cal	school	laboratory	and	puriied	by	a	procedure	us-
ing	 a	 lactose	gel	 column,	 Lee	at	 al.	 [471]	 reported	
improvements	in	89%	of	patients	treated	for	inconti-
nence	due	to	IDO	and	NDO.	Mangera	et	al.	[514]	did	
a systematic review on management of lower urinary 
tract	 diseases	 comparing	 OnbotulinumtoxinA	 and	
AbobotulinumtoxinA.	 They	 identiied	 good-quality	

Table 13.  Botulinum Toxin A detrusor injection results (continued)
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studies	for	OnabotulinumtoxinA	in	adults	and	lack	of	
such studies for Abobotulinum- toxinA, although this 
does	not	imply	that	OnabotulinumtoxinA	is	more	ef-
fective than AbobotulinumtoxinA.

Many studies with botulinum toxin detrusor injec-
tion use different outcome measures for results and 
are variable in reporting the presence of residual 
urine and the need for intermittent catheterization, 
but	 6-75%	of	 cases	may	 develop	 a	 high	 post	 void	
residual	 urine	 [469,471,473,476].	 A	 retrospective	
study looking at risk factors for adverse events in 
a	series	of	217	patients	 treated	with	Onabotulinun-
toxinA	showed	an	overall	63.3%	success,	with	male	
gender,	base	line	PVR	≥100	ml	and	dosage	>100U	
as	predictors	of	urinary	retention	or	dificulty	voiding.	
Besides being an alternative for treatment of refrac-
tory	DO,	currently	available	data	do	not	support	su-
periority	of	any	speciic	treatment	plan,	and	therapy	
options	should	be	tailored	to	the	speciic	patient	and	
physician	 preference	 [515].	 Higher	 doses	 such	 as	
200	units	in	IDO	resulted	in	incomplete	emptying,	ne-
cessitating	intermittent	catheterization	in	6	out	of	16	
patients	(37.5%)	in	one	study	[476].	Sahai	suggests	
a careful follow up of the patients after the injections, 
starting	IC	in	symptomatic	patients	if	post	void	resid-
ual	urine	is	more	than	100-150	ml	[516].	

Many reports do not separate genders and mix neu-
rogenic and idiopathic etiologies. A large number of 
publications	are	 reviews	of	 the	 literature	 [517-535].	
There	 is	a	 randomized	double	blind	Onabotulinum-
toxinA placebo controlled trial showing favourable 
difference against saline injections for frequency and 
incontinence,	but	not	for	urgency	[476].	Quality	of	life	
analysis showed improvement even with the occur-
rence	of	38%	of	urinary	 retention	 [536].	 In	a	dose-
inding	 randomized	double	blind	placebo	controlled	
study	with	a	total	of	313	IDO	patients	of	both	sexes,	
all	 OnabotulinumtoxinA	 dosages	 (50-300U)	 were	
better	than	placebo,	but	the	100	and	150	U	dosages	
were	best	in	regard	to	the	balance	between	eficacy	
and	 side	 effects	 [537,538].	 In	 women,	 a	 placebo	
controlled	randomized	study	with	200U	of	Onabotu-
linumtoxinA	for	IDO	showed	a	60%	clinical	response	
but	was	terminated	early	due	to	43%	of	patients	hav-
ing	increased	PVR	[539].	

Conclusions

Eficacy of botulinum toxin A for IDO:	level 1 of 
evidence, Grade of recommendation A 	(for	Ona-
botulinuntoximA).	 Fewer	 studies	 for	Abobotulinun-
toximA and the lack of studies for other A toxins do 
not allow similar recommendation.

Dosage of botulinum toxin A for IDO: between 
100	and	150	U	(for	OnabotulinuntoximA).	No	stud-
ies for other types. Level 1 of evidence; Grade of 
recommendation A.

Location	of	injection:	the	majority	of	studies	use	20	
or	30	 injections,	and	spare	 the	 trigone	(Table 13 ).	
Alternative sites such as submucosal or includ-

ing the trigone, have levels 2 and 3 of evidence. 
Grade of recommendation C.

Predictability of complications :	Risk	factors	for	re-
tention	or	dificulty	voiding	are:	male	gender,	baseline	
PVR≥100ml	 and	 a	 dosage	 >100U.	Level 3 of evi -
dence; Grade of recommendation C 	(for	Onabotuli-
nuntoximA	–	for	other	types,	no	conclusion	possible).

The	committee	cautions	 that	although	 the	eficacy	
and	 safety	 of	 botulinum	 toxin	 A	 for	 IDO	 is	 being	
established there are still concerns regarding the 
data. Its use in men is not as widely reported as its 
use	in	woman;	the	issue	of	voiding	dificulty	and	the	
need for intermittent catheterization has not been 
addressed	 in	men.	There	are	no	 long-term	or	cost	
effectiveness	studies	compared	to	alternatives.	Fur-
thermore the recommendations cannot be extended 
to other toxins due to lack of studies.

b) Electrical stimulation and neuromodulation

Electrical	 stimulation	 of	 the	 genital	 area	 was	 irst	
used	 to	 control	 incontinence	 due	 to	 DO	 of	 differ-
ent	etiologies	on	an	empirical	basis	 [540].	Later,	 it	
was suggested that sphincteric contraction induced 
by electrical stimulation can promote an inhibitory 
effect	 on	 detrusor	 activity,	 thus	 suppressing	 DO	
[541].	Many	studies	of	external	electrical	stimulation	
for bladder inhibition of idiopathic urgency inconti-
nence have been published, mainly in female pa-
tients	[542-549].	The	results	vary	from	45%	to	85%	
success,	with	a	mean	of	38%,	and	26%	improved.	
Electrodes	 implanted	 in	 the	 pelvic	 loor,	 have	 not	
yielded	good	results	[547].

Sacral neuromodulation has been reported as al-
ternative therapy for urgency incontinence, urinary 
retention, chronic pelvic pain, and for simultaneous 
urinary	and	fecal	 incontinence	[550].	Good	results	
have also been published in treating neurogenic 
bladder	dysfunction	[551,552].	The	working	mecha-
nism of neuromodulation in the treatment of lower 
tract	dysfunction	is	still	unknown	[553,554].	A	sug-
gested mechanism is somatic afferent inhibition of 
sensory	 processing	 in	 the	 spinal	 cord	 [555,556],	
therefore it may be a centrally acting treatment mo-
dality that is different from botulinum toxin, which is 
an	 end-organ	 therapy	 that	 speciically	 targets	 the	
bladder	[557].

Long-term results suggest a sustained effect on re-
storing voiding in appropriately selected cases, but 
a	 revision	 rate	of	 42%	at	 5-year	 follow	up	 remains	
a	 problem	 [558].	 The	 14-year	 revision	 rate	 from	 a	
single	 center	 was	 39%,	 which	 decreased	 after	 the	
introduction	 of	 new	 materials	 [559].	 On-demand	
use,	 as	 suggested	 by	 Oerlemans	 et	 al.	 [560]	 may	
improve this revision rate by prolonging battery life. 
Its use in refractory idiopathic urgency incontinence 
has been limited to relatively few patients, mostly 
women.	Bosch	and	Groen	[561]	presented	results	of	
chronic	 implantation	 in	15	women	and	3	men,	with	
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an	 average	 age	 of	 46	 years.	 Signiicant	 improve-
ments in voiding frequency, average voided volume, 
number of incontinence episodes and number of 
pads used were found, with no deterioration in re-
sponse to stimulation with time. However, with sub-
sequent	experience	in	14	men	only	2	patients	had	a	
partial	response	and	the	rest	ultimately	failed	[562].	
Shaker	 and	Hassouna	 [563]	 implanted	 18	 patients	
with refractory urinary urgency incontinence, but only 
2	were	 in	men.	Groen,	Bosch	and	van	Mastrigt	 re-
viewed	33	implanted	women	and	found	no	effect	on	
urethral resistance and bladder contraction strength, 
thought to be due to the depressant effect of sacral 
(S3)	nerve	neuromodulation	on	detrusor	overactivity	
[564].	Groenendijk	et	al	 in	a	retrospective	study	 for	
the	Sacral	Nerve	Stimulation	Study	Group,	reported	
urodynamic aspects of 111 patients implanted, but 
only	8	men	were	 included	 [565].	They	 found	a	bet-
ter result on urgency incontinence in patients without 
DO.	The	difference	was	not	signiicant.	This	tendency	
was	also	found	by	South	et	al.	in	67	women	implant-
ed	[566].	Clinical	or	urodynamic	values	to	predict	the	
outcome	of	sacral	nerve	stimulation	has	been	dificult	
do	 deine.	Evaluation	 of	 19	women	 suggested	 that	
urethral overactivity seemed to be a good parameter 
to	predict	a	favourable	outcome	[567].	

Some studies do not specify the etiology of the 
DO	 and	 neurogenic	 and	 non-neurogenic	 causes	

are	 grouped	 together	 [563].	 Some	 reports	 focus	
on	 technical	 or	 speciic	aspects	 of	 the	procedure	
and the same patients may be included in different 
publications	 [565,568-570].	 Implantation	 in	 chil-
dren	may	be	feasible	 in	selected	cases	[571,572]	
and poorer results are expected in older women 
[102].	The	outcome	in	older	men	is	unknown	since	
there are no reports. 

Table 14 [478,558,573-582]	shows	recent	studies.	

Some	 reports	 are	 literature	 reviews	 [554,583-585]	
or	 detail	 technical	 modiications	 [586,587].	 There	
is	one	systematic	 review	on	eficacy	and	safety	of	
sacral neuromodulation for urgency incontinence, 
but	13	of	the	articles	analyzed	are	abstracts	and	it	is	
also	dificult	to	ascertain	whether	the	same	patients	
are	included	in	different	publications	[588].	

There	 are	 some	 publications	 with	 level	 [1573,574	
or	2562,576,577]	evidence	and	with	a	grade	of	rec-
ommendation of B. However, due to relatively few 
men in the clinical trials, and poor results in one 
of the prospective trials, its general applicability to 
men	with	urgency	incontinence	may	be	limited.	The	
scenario	remains	unchanged	after	about	26,000	pa-
tients	implanted	[589].	In	a	recent	review,	Apostoli-
dis	[590]	concluded	that	further	research	is	needed	
to improve patient selection, identify prognostic fac-

Table 14.  Neuromodulation for treatment of refractory urgency incontinence due to detrusor overactivity 
(males and females)

Aut hors N Su cces s 
(dry) 

Impr oved Control  
group 

Study and comments 

Schmidt et al. 573 34 47% 29% 42 prospective randomized 

Weil et al. 574  21 56% 19% 23 prospective randomized 
Bosch et al. 575 34 (females)   

6 (males) 
38%16% 21%16%  prospective longitudinal 

Siegel et al.  576 41 46% 19%  prospective cohort 
van Kerrebroeck et  
al. 558 

105 at 5-
years 
(gender not 
speciied) 

 58% for UI 
40% for 
Frequency 

 5 –year follow up 
(non randomized) 

Grunewald et al. 577 18 39% 33%  prospective 

Aboseif et al.  578 43 (5 males) 77%   not clear about etiology 
Hedlund et al. 579  13   61,5%   2 men included, both dry 
Roupret et al. 580 6 (all female) 17% 67%   
Kessler et al. 478  71 with 

urgency 
incontinence 
(total of 91) 

 70%  average follow up 2 years 
Gender not speciically 
discriminated ( about 13% 
of all are males) 

Groen et al. 581 60 women 15% 62%  Longitudinal study 
5-year follow up 

Chartier-Kastler et al. 582  1170 OAB 
(85% 
females) 

 85%  Multicenter prospective 
observational 
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tors, clarify the mechanism of action, and reduce 
complications and revision rates.

Level of evidence 3. Grade of recommendation C.

c)  Surgical treatment by detrusor myectomy and 
augmentation 

Previously used treatments of surgical bladder 
denervation, open bladder transection, cystolysis, 
endoscopic phenol injections, hydrostatic bladder 
distention did not yield good results. 

Bladder autoaugmentation or detrusor myectomy 
has been reported as an alternative to augmenta-
tion in neurogenic and non-neurogenic dysfunction. 
Table 15 	[591-593]	shows	results	of	this	treatment	
in patients with non-neurogenic detrusor overactiv-
ity.	There	are	few	long	term	results	available	[593].	
The	use	of	silastic	intravesical	balloon	as	a	scaffold	
after myectomy seems to improve results in neuro-
genic	patients	but	was	not	tested	in	IDO	[594].	Addi-
tional and longer-term experience is still required to 
properly assess this procedure. (Level of evidence 
3; grade of recommendation C-D)

Enterocystoplasty results are detailed in table 16 
[592,595-601],	 which	 includes	 both	 male	 and	 fe-
male patients. Some publications are not clear 

about	 the	 type	of	surgery	speciically	done	 in	 IDO	
and	about	the	gender.	Good	results	vary	from	58%	
to	88%,	with	an	average	of	77%.	Approximately	10	
to	75%	of	patients	require	 intermittent	catheteriza-
tion for bladder emptying. Ileum was the most fre-
quently used bowel segment followed by sigmoid 
colon,	although	no	scientiic	 reason	 for	 the	use	of	
any	particular	segment	was	given.	The	surgery,	as	
reported	in	other	sections,	has	a	signiicant	compli-
cation rate and should be considered carefully when 
applying it to these patients. (Level of evidence 3; 
grade of recommendation C)

2. REDUCED BLADDER CAPACITY

Fibrosis	of	the	wall	produces	a	low-volume	low-com-
pliant bladder, leading to diminished functional ca-
pacity. Symptoms of frequency and nocturia occur as 
a result of progressive decrease in bladder volume, 
but urinary incontinence may also be the conse-
quence of a very small capacity, especially if accom-
panied	by	urethral	weakness.	The	diagnosis	can	be	
suggested	by	the	micturition	chart,	and	conirmed	by	
urodynamics.	The	causes	can	be	congenital	or	ac-
quired. Acquired causes include multiple surgeries, 
inlammatory	 processes	 (chronic	 cystitis,	 interstitial	
cystitis, tuberculosis, schistosomiasis, and chemical 
cystitis)	or	following	radiation.	

Table 15.  Detrusor myectomy for treatment of refractory urgency incontinence due to detrusor overactiv-
ity (both sexes) 

Author                            Idiopathic detrsor overactivity                        Good results

Swami	et	al.	591	*	 																								 	 17		 	 	 	 	 12

Kumar	et	al	593		**																												 	 	24																																													 	 19	

Leng	et	al.		592	 		 	 	 	8		 	 	 	 			 7

TOTAL			 	 	 	 	 49	 	 	 	 	 38	(77.6%)

*short term followup      
**longer term follow-up of the same series, 45% required IC

Table 16 - Enterocystoplasty for treatment of refractory urgency incontinence due to detrusor overactivity 
(males and females)

Aut hors  Detrusor 
overactivity  

Good  or 
moderate r esult  

Bowe l segment  

Hasan et al. 595 
 

35 
 

19 46 ileum 
 2 colon 

McInerney et al. 596  50 44  
Bramble 786 15 13 13 colon  

 2 ileum  
Sethia et al.598 11  9 ileum  

 Mundy and Stephenson 599
 40 30 ileum  

Leng et al. 592  2 2  
Edlund et al. 600  25 19  

Blaivas et al. 627  9 9 Ileocaecal segment and ileum  
 
Total 

 
187 

 
145   (78%) 
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Bilharzial contracted bladder is a problem that is 
primarily limited to endemic areas in Africa and the 
Middle East. Schistosoma haematobium migrates 
to the veins of the vesical and pelvic plexuses, 
where the female begins to lay eggs, promoting a 
initial	 inlammatory	response.	As	a	result,	granulo-
matous lesions form in the lamina propria. Mucosal 
reactions vary from hyperplasia to polypoid cystitis. 
A	contracted	bladder	occurs	 in	2%	of	cases	 [602].	
Bladder augmentation seems to offer reasonable 
results in these cases. 

Similarly,	small	ibrotic	bladders	due	to	other	etiolo-
gies can be treated successfully with enterocysto-
plasty.	The	results	of	this	surgery	are	presented	in	
Table 17 	[603-631].	The	results	are	similar	in	all	eti-
ologies	except	for	radiation.	The	poorer	results	after	
radiation may be due to other tissue damage in the 
surgical area. New conformal techniques for radio-
therapy may improve results in the future, so that 
the need for augmentation cystoplasty decreases. 

Almost all of these studies do not distinguish bowel 
segments or separate males from females in report-
ing	results.	Therefore,	it	is	not	possible	to	correlate	
any particular aspect with the chance of success or 
failure. However, overall the results seem reason-
ably good with the exception of patients who have 
undergone radiation. (Level of evidence 3; Grade 
of recommendation C)

Urethrocutaneous	or	 rectourethral	 istula	may	have	
congenital,	inlammatory,	neoplastic	or	traumatic	ori-
gins. It is important to recognize the varying etiolo-
gies because each type may require a different surgi-
cal strategy. All reports except one are retrospective 
case	series.	The	report	by	Shakespeare	et	al.	[632]	is	
from a prospectively collected data base of patients 
treated with radiotherapy for prostate cancer. (Level 
of evidence 3; grade of recommendation C).

1. URETHROCUTANEOUS FISTULA (UCF)

a) Acquired UCF

Hidden foreign bodies have been described as a 
rare cause of both strangulation of the glans penis 
and	 urethrocutaneous	 istula.	 Tash	 and	 Eid	 [633]	
presented	 the	case	of	a	30-year-old	man	who	de-
veloped	a	urethrocutaneous	istula	and	penile	shaft	
necrosis after a condom broke during intercourse. 
Neither the patient nor several physicians could 
identify the retained ring of condom, which had 
been buried under newly epithelialized skin. He un-
derwent removal of the foreign body under general 
anaesthesia, followed 5 months later by a formal 
urethrocutaneous	istula	repair.

Urethroperineal	 istula,	 as	 a	 complication	 of	 open	
perineal prostate cryosurgery, occurs as an imme-

diate	 perioperative	 complication	 in	 10.7%	 [634].	
Thomas	 et	 al.	 [635]	 retrospectively	 evaluated	 250	
patients after radical perineal prostatectomy and 
revealed	only	1	 (0.4%)	urethroperineal	 istula.	Fa-
hal	et	al.	 [636]	published	an	unusual	 complication	
of	mycetoma.	The	patient	had	an	infection	with	Ac-
tinomadura madurae that involved abdominal wall, 
perineum	and	urethra.	This	 resulted	 in	urinary	ex-
travasation	with	a	urethrocutaneous	istula.	

b) Management of UCF

The	 diagnosis	 of	UCF	 is	made	 by	 physical	 exami-
nation,	 retrograde	 urethrography	 (Figure 3 ),	 ure-
throscopy,	istulography,	urethral	ultrasound	or	color	
Doppler	 imaging.	Urethral	sonography	provides	ad-
ditional information about any involvement of the sur-
rounding tissue, location of vessels and associated 
abnormalities	such	as	a	periurethral	abscess	[637].

Treatment	 of	 UCF	 usually	 requires	 urethroplasty	
techniques	with	modiications	involving	istula	exci-
sion	and	multiple	layer	closure	[638]. (Level of evi -
dence 3; Grade of recommendation C)

2. RECTOURETHRAL FISTULAS (RUF)

Culp	 and	 Calhoon	 described	 ive	 basic	 groups	 of	
RUF	 according	 to	 the	 etiology	 [639]:	 congenital,	
iatrogenic,	traumatic,	neoplastic,	and	inlammatory.

X. URETHROCUTANEOUS AND
RECTOURETHRAL FISTULAE

Figure 3. Voiding cystourethrogram after incision 
of the paraurethral abscess
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Authors Bilharziasis cystitis  Tuberculous cystitis Radiation cystitis  Unknown cause
 Total  Success  Total Success Total Success  Total Success 
Smith et al.603 - - 7 4 9 3 12 7 

Kerr et al. 604 - - 12 12 - - - - 
Zinman and Libertino 605 - - 2 2 1 ? 1 1 

Dounis et al. 606 - - 31 27 - - 1 1 

Lunghi et al. 607 - - 15 15 4 4 3 3 

Shawket and Muhsen 608 8 8 - - - - - - 

Whitmore and Gittes 609 - - 7 7 - - 2 1 

Chan et al. 610 - - - - - - 10 9 

Shirley et al. 611 - - 10 10 4 2 - - 

Goodwin et al. 612 - - 3 2 - - 3 3 

Winter and Goodwin 613 - - 1 1 3 1 - - 

Fall and Nilsson 614 - - 1 1 - - 1 1 

Goldwasser and Webster 
615

 
- - - - - - 7 7 

Weinberg et al. 616 - - 2 2 1 1 1 1 

Novak 617 - - 11 11 - - - - 

Sayegh and Dimmette 618  2 0 - - - - - - 

Beduk et al. 619 - - - - - - 1 1 

Kuo 620 - - - - 1 1 - - 

Kawamura et al. 621 - - - - - - 1 1 

Hradec 622 - - - - 27 23 - - 

El Otmany et al. 624 - - 1 1 - - - - 

Yamada et al. 625              - - 1 1 - - - - 

Miyano et al. 626 - - - - - - 1 1 

Blaivas et al. 627 - - - - 3 2 3 3 

de Figueiredo et al. 628
 

-
 

-
 

25
 

20
 

- - - - 

Yashi et al. 629 - - - - 1 1 - - 
Lima et al. 630 - - 7 7 - - - - 

Singh et al. 631 
                  
 TOTAL 

-
  

10 

-
 

 
8 (80%) 

28
 

 
164 

28
 

 
151 (92%) 

-
 

 
54 

-
 

 
39  (72%)  

-
  

48 

-
 

 
40 (85%) 

Table 17. Enterocystoplasty results for reduced bladder capacity

a) Congenital RUF

Endo	et	al.	 [640]	described	the	results	of	 the	Japa-
nese	Study	Group	of	Anorectal	Anomalies	(JSGA)	to	
determine	the	relative	incidence	of	speciic	types	of	
these	anomalies	in	Japan.	They	included	discussion	
of	RUF	regarding	the	relationship	between	the	istula	
levels and the blind end of the rectum, low type defor-
mity, rare types, and associated anomalies. A total of 
1,992	patients	(1,183	boys	and	809	girls)	registered	
from	1976	 to	1995	were	analysed	according	 to	 the	
pathogenesis	 of	 anorectal	malformation	 in	 the	 ield	
of	molecular	genetics.	They	reported	that	more	than	
20%	of	RUF	should	be	categorized	as	intermediate	
or low deformity from the position of the rectal pouch. 
A	signiicant	preponderance	of	Down´s	syndrome	in	

the	deformities	without	istulae	suggests	that	 inves-
tigation of associated anomalies and congenital dis-
eases may provide further insights.

The	purpose	of	Rintala’s	study	was	to	compare	the	
long-term outcome of sacroperineal-sacroabdomi-
noperineal	pull-through	 (SP-SAP)	 to	 that	of	poste-
rior	 sagittal	 anorectoplasty	 (PSARP).	 In	 boys	with	
high anorectal anomalies, PSARP was superior to 
SP-SAP pullthrough in terms of long-term bowel 
function	and	faecal	continence	[641].	

b) Acquired RUF

Acquired	RUF	may	occur	after	pelvic	trauma,	sur-
gery of the prostate or rectum, pelvic cancer, ra-
diation	 (either	 external	 beam	 or	 brachytherapy),	
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cryosurgery, prostatic hyperthermia, prostatic 
high	intensity	focussed	ultrasound	(HIFU),	inflam-
matory bowel disease affecting rectum, or rarely 
prostatic inflammation.

Benchekroun	 and	 co-workers	 [642]	 report	 a	 se-
ries	 of	 11	 RUF	 observed	 over	 a	 25-year	 period.	
The	 etiologies	 were	 surgical	 trauma	 (5	 cases),	
fracture	 of	 the	 pelvis	 (2	 cases),	 inflammatory	 le-
sions	 (3	 cases),	 and	 one	 fistula	 was	 congenital.	
Colostomy	was	 performed	 in	 2	 patients,	 surgical	
closure	of	the	fistula	was	performed	in	7	patients:	
abdominoperineal	 (3	 cases),	 perineal	 (2	 cases),	
transperitoneal	(1	case)	or	by	transanosphincteric	
incision	(1	case).

In	1972	Smith	and	Veenema	 [643]	 reported	 their	
20-year	experience	with	160	patients	undergoing	
radical	retropubic	prostatectomy	(RRP)	with	an	in-
cidence	of	15	rectal	injuries.	Only	4	fistulas	devel-
oped in this group. 

Roberts	et	al.	[644]	published	a	series	of	11,452	men	
who	underwent	open	(RRP)	or	laparoscopic	(LRP)	
radical	prostatectomy.	Rectal	 injury	occurred	 in	18	
men	-12	in	the	RRP	group	(0.12%)	and	6	in	the	LRP	
group	 (0.47%).	 When	 recognized	 intraoperatively	
and	primarily	repaired,	rectourethral	istula	was	pre-
vented	in	87.5%	of	men.	Primary	repair	performed	
with vascularized tissue interposition prevented rec-
tourethral	 istula	 development.	 In	men	with	 unrec-
ognized	rectal	injury,	the	rectourethral	istula	tended	
to persist and eventually required delayed surgi-
cal	 repair.	Thomas	et	al.	 [645]	 reported	 that	 recto-
urethral	 istulas	developed	 in	 13	of	 2,447	patients	
(0.53%)	after	RP.	In	7	of	13	patients	(54%)	a	rectal	
lesion was primarily closed at radical prostatectomy. 
With	conservative	management	 in	3	patients,	all	3	
healed spontaneously. None of these patients had 
fecaluria.	 Three	 of	 the	 9	 patients	 3	 (33%)	 experi-
enced	spontaneous	istula	closure	after	 temporary	
colostomy and transurethral catheterization. In this 
group	6	patients	(67%)	required	additional	surgical	
istula	closure,	which	was	successful	in	all.	Surgical	
istula	closure	(1)	without	colostomy	in	presence	of	
fecaluria failed.

The	most	common	single	cause	of	RUF	in	the	series	
of	23	male	patients	published	by	Tiptaft	et	al.	 [646]	
was a fracture of the pelvis and iatrogenic causes 
(two	cases	after	transurethral	prostatic	surgery,	two	
cases after open prostatectomy, and three cases 
after	 urethral	 instrumentation.	 Noldus	 et	 al.	 [647]	
reported	 23	 (3.9%)	 rectal	 injuries	 during	 589	 RRP	
and cystoprostatectomy procedures. Eastham and 
Scardino	 [648]	 summarized	 the	 incidence	 of	 rectal	
injury	during	RRP	in	3834	patients	with	an	average	of	
0.7%	(range	0.2-2.9%).	The	incidence	of	RUF,	as	an	
immediate perioperative complication of open peri-
neal	prostate	surgery,	is	1.4	%.	

Nyam	et	al.	[649]	reviewed	records	of	all	patients	
who	were	diagnosed	with	RUF	between	January	

1981	 and	 December	 1995	 and	 16	 males	 were	
identified. All patients were interviewed by tele-
phone for follow-up.	The	mean	age	was	68	years	
and	 the	mean	 follow-up	was	 80	months.	Adeno-
carcinoma of the prostate in 15 patients and re-
current transitional cell carcinoma of the bladder 
in one patient were the underlying malignant dis-
eases. Nine patients had had a RRP with 2 fistulas 
after	radiation,	2	after	brachytherapy,	and	3	after	a	
combination	of	 radiation	and	brachytherapy.	One	
patient formed a fistula after cystectomy and di-
lation	 of	 a	 stricture.	 This	 heterogenous	 group	 of	
patients received multiple therapies including 
initial	 colostomy	 (7	 patients),	 transanal	 repair	 (2	
patients),	parasacral	repair	(2	patients),	transperi-
neal	 repair	 (2	patients),	 coloanal	anastomosis	 (3	
patients),	 and	 muscle	 transposition	 (3	 patients).	
Four	of	the	patients	required	a	permanent	stoma.

Badalament	 et	 al.	 [650]	 managed	 one	 patient	
(0.4%)	with	a	urethrorectal	 fistula	after	 cryoabla-
tion	 therapy	 for	 prostate	 cancer.	 Zippe	 [651]	 re-
viewed preliminary results of prostate cryosurgery 
and	reported	a	2	 to	5%	 incidence	of	RUF.	Porter	
634	found	a	2.5%	rate	of	RUF	in	210	patients	after	
TRUS-guided	 prostate	 cryosurgery	 and	 no	 ure-
throperineal	 fistulae.	 Ismail	 et	 al.	 [652]	 reported	
the experience of using salvage targeted cryoab-
lation	 of	 the	 prostate	 (TCAP)	 in	 100	 patients	 for	
the	 recurrence	 after	 radiotherapy.	The	mean	 fol-
low-up	was	33.5	months	and	RUF	occurred	in	1%.

Montorsi	 et	 al.	 [653]	 reported	 a	 RUF	 after	 tran-
srectal	prostatic	hyperthermia	(43	degree	C)	in	pa-
tients with advanced prostatic cancer after multi-
ple	treatment	sessions.	The	fistula	was	cured	after	
a urethral catheter was left in place for one month. 

Kleinberg	 et	 al.	 [654]	 summarized	 results	 of	 31	
patients	with	 stage	T1	or	T2	prostatic	 carcinoma	
following	 CT	 guided	 transperineal	 I125 implants 
and reported that only one patient developed a 
prostatorectal fistula that was managed with an 
ileal conduit.

Fengler	 and	Abcarian	 [655]	 published	 their	 expe-
rience	of	 eight	 patients	with	RUF	 in	 the	 course	of	
treatment	of	prostate	cancer	(3	istulae	after	radia-
tion	therapy	alone,	3	after	prostatectomy	and	2	af-
ter	 both	 surgery	 and	 radiation	 therapy).	 Larson	 et	
al.	[656]	evaluated	5719	patients	after	radiation	for	
prostate	cancer.	Ten	had	documented	RUF.	Lane	et	
al.	[657]	treated	21	men	with	RUF	following	primary	
external beam radiotherapy and one after adjuvant 
external beam radiation therapy for prostate cancer. 
Time	from	the	last	radiation	treatment	to	istula	pre-
sentation	was	6	months	to	20	years.	Four	patients	
underwent proctectomy with permanent fecal and 
urinary	 diversion.	 Successful	 istula	 closure	 was	
achieved in the 9 patients who underwent urethral 
reconstruction.	Chrouser	et	al.	[658]	identiied	a	to-
tal of 51 patients with a history of external beam 
radiation for prostate cancer that subsequently had 
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a	 urinary	 istula.	 Of	 20	 patients	meeting	 inclusion	
criteria,	30%	received	external	beam	RT	alone,	30%	
received	brachytherapy	and	40%	had	received	com-
bined external	beam	RT/brachytherapy.	Most	istu-
las	(80%)	were	from	the	rectum	to	the	urinary	tract	
with	an	average	diameter	of	3.2	cm.	Of	patients	with	
rectal	istulas	81%	had	a	history	of	rectal	stricture,	
urethral stricture, rectal biopsy, rectal argon beam 
therapy or transurethral prostate resection after ra-
diation.	All	 patients	with	 rectourethral	 istulas	who	
achieved symptomatic resolution required urinary 
and fecal diversion. 

Shakespeare	 et	 al.	 [632]	 reviewed	 the	 potential	
factors in fistula development and identified three 
cases	(0.2%)	of	RUF	among	1455	patients	treated	
with	 prostate	 brachytherapy	 (BT),	 occurring	 at	
19-27	months	following	BT.	All	these	patients	had	
BT	monotherapy	and	had	been	 investigated	with	
endoscopy	and	low	rectal	biopsy.	They	concluded	
that gastrointestinal specialists should not perform 
biopsy of the anterior rectum in patients who have 
had	BT	unless	there	 is	a	very	high	clinical	suspi-
cion	of	malignancy.	Marguet	et	al.	[659]	described	
6	cases	of	RUF	in	patients	treated	with	brachyther-
apy plus external beam radiotherapy for localized 
prostate cancer and subsequent rectal biopsies 
or	rectal	surgery.	Four	patients	underwent	hyper-
baric	oxygen	therapy,	which	failed.	Three	patients	
underwent fecal diversion with gracilis interposi-
tion flaps, and two underwent pelvic exenteration. 
They	 also	 concluded	 that	 biopsy	 of	 rectal	 ulcers	
in the clinical setting of combined radiotherapy 
should not be performed.

Chang	et	al.	[660]	published	a	case	of	prostatic	mal-
akoplakia masquerading as a rectal tumor due to 
formation	of	a	istulous	tract	to	the	rectal	muscular	
layers.	 Cools	 et	 al.	 [661]	 reported	 a	 very	 uncom-
mon	type	of	istula	between	the	large	bowel	and	the	
prostatic	urethra	due	 to	Crohn’s	disease.	Felipetto	
et	al.	[662]	described	a	prostatocutaneous	istula	as	
a complication of pseudomonas prostatitis.

Transrectal	 high-intensity	 focused	 ultrasound	
(HIFU)	destroys	prostate	cells	by	coagulative	necro-
sis	of	the	tissue.	Recent	reports	of	eficacy	also	in-
clude	morbidity.	Rebillard	et	al.	[372]	reported	RUF	
in	0-3%	in	a	review	involving	37	articles/abstracts.	

Buckley	et	al.	[663]	concluded	that	there	has	been	a	
major	shift	in	the	cause	of	RUF	from	primarily	surgi-
cal	 to	 approximately	 50%	 resulting	 from	 radiation/
ablation	therapy.	Surgically	induced	RUFs	typically	
are small, located in bladder neck/trigonal region 
and can be closed primarily. Radiation/ablation in-
duced	istula	are	large	(>2	cm),	involve	the	prostatic	
urethra	and	are	ibrotic	often	 requiring	a	combina-
tion	of	onlay	grafting	and	 interposition	muscle	lap	
for	closure.	The	anterior,	perineal	sphincter-sparing	
approach may be the optimal approach for closure 
of	most	RUF	(simple	or	complex).	Lacarriere	et	al.	

[664]	noted	that	the	use	of	radiotherapy	had	a	major	
impact	on	its	prognosis.	The	lap,	which	seemed	to	
have	the	best	results,	was	the	gracilis	muscle	lap.

c) Diagnosis of RUF

RUF	may	be	strongly	suspected	from	the	patient’s	
history	 (fecaluria,	 abnormal	 urethral	 discharge,	
pneumaturia, leakage of urine from the rectum 
during	 micturition).	 Rectal	 examination,	 proctos-
copy, careful urethroscopy, intraurethral injection 
of methylene blue dye, radiopaque contrast agent 
placed into the bladder and then voided usually 
appears in the rectum on X-ray, are the most im-
portant	diagnostic	steps	[637,665]	(Figure 4 ).

d) Therapy of RUF

Small fistulae may resolve spontaneously with uri-
nary	 and/or	 fecal	 diversion.	 Therefore,	 an	 initial	
trial of conservative therapy is reasonable. Select-
ed patients with chronic fistulas who are poor sur-
gical candidates may also be managed conserva-
tively with antibiotics, pads and symptomatic care. 
Timing	of	repair	is	often	individualized,	mainly	ac-
cording to the etiology, delay in diagnosis, size of 
fistula, whether it is the first or subsequent repairs, 
and the general condition of patient.

Diversion	of	urine	(suprapubic	cystostomy)	is	gen-
erally recommended as well as correction of any 
urethral	stricture	distal	 to	 the	 fistula.	Fecal	diver-
sion, with colostomy is used by some as a man-
datory part of double diversion or selectively by 
others	[645].	Gibbons	666	stressed	the	need	for	a	
diverting	colostomy	for	3-4	months.

Figure 4. Cystogram demonstrates a rectoure-
thral fistula that occurred after a laparoscopic 
radical prostatectomy
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However, as surgeons obtained more experience, 
bowel preparations became standardized, and 
effective antibiotics were developed, and the en-
thusiasm	for	colostomy	diminished.	Currently,	co-
lostomy is recommended in circumstances where 
antibiotics alone cannot control the inflammation 
and infection associated with the fistula or when 
the fistula involves radiated tissue. Low residue 
diet is also useful for healing. Suitable drainage 
(perineal	and	urethral	splinting)	is	stressed.

e) Surgical Approaches 

Surgical	 management	 for	 rectourinary	 istulas	 re-
mains	 a	 reconstructive	 challenge.	 Two-layer	 clo-
sure of the urethra and rectum with suture lines at 
right	angles	and	with	interposition	of	soft	tissue	(eg.	
omentum	[667],	gracilis	muscle	[668],	or	scrotal	lap	
[669])	has	been	described.	Surgical	approaches	in-
clude transabdominal, transvesical, or direct expo-
sure	of	the	RUF.

There	are	only	a	 few	guidelines	 to	direct	 the	sur-
geon to the most successful and least morbid tech-
nique.	Rivera	et	al.	[670]	staged	RUF	as:	stage	I,	
low	(less	 than	4	cm	from	anal	verge	and	nonirra-
diated);	stage	 II,	high	 (more	 than	4	cm	 from	anal	
verge	and	nonirradiated);	stage	III,	small	(less	than	
2	cm	irradiated	istula);	stage	IV,	large	(more	than	
2	cm	irradiated	istula);	and	stage	V,	large	(ischial	
decubitus	 istula).	 Diverting	 colostomy	 was	 per-
formed	 for	 stages	 III	 to	 V	 6	weeks	 before	 deini-
tive therapy. Some of the patients in addition to the 
RUF	will	also	have	urethral	strictures	that	have	to	

managed. Reconstruction of both aspects to re-
store functional anatomy is possible with complex 
reconstructions.	[671]

The	surgical	approaches	 including	 the	numbers	of	
reported patients are listed in Table 18 [639,	642,	
643,	646,	647,	655,	665,	669,	672	-	688]

1. PERINEAL APPROACH

In	 1926,	 Young	 [672]	 dissected	 the	 rectum	 away	
from	sphincters,	divided	the	istula,	closed	the	ure-
thra, and mobilized the rectum further cephalad in 
such a fashion as to pull the affected rectum cau-
dally out of the anus where it was then transected 
and discarded, suturing the proximal rectum to the 
anal	 skin.	Subsequently	 Lewis,	 in	 1947	 [673],	 de-
scribed	suturing	 the	 levator	muscle	ibers	 together	
in the anterior midline when possible.

Goodwin	 et	 al.	 [674]	 reported	 a	 series	 of	 22	RUF	
approached	perineally.	They	extensively	mobilized	
the rectum posteriorly and the bladder anteriorly 
through wide perineal exposure allowing interposi-
tion of the levator ani muscles between the urinary 
tract	 and	 rectum.	Singh	 et	 al.	 [689]	 described	 the	
management	of	a	delayed	post-traumatic	RUF	 re-
paired via transperineal access without rectal or 
sphincteric transgression. An example of a preop-
erative and postoperative urethrogram is in Figure 
5.	Pratap	et	al.	[690]	described	a	simultaneous	peri-
neal	and	abdominal	approach	 in	a	series	of	8	pa-
tients with traumatic perineal injuries who had both 
complex	urethral	disruptions	and	RUF.	

Figure 5A. Cystogram demonstrates RUF caused by a TURP. Negative shadow from Foley catheter is seen 
in the bladder.
Figure 5B. Retrograde urethrogram after transperineal closure of RUF

A B
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APPROACH  AUTHOR, YEAR No. PTS  

PERINEAL Young, 1926 672 
Lewis, 1947 673 
Goodwin, 1958 674 
Culp and Calhoon, 1964 639 
Smith and Veenema,1972 643 
Youssef,1999 675(perineal dartos lap)  
Benchekroun,1999 642 
Ng, 2004 676(buccal graft) 
Pratap, 2006 690 
Samplaski 2011 691 

11 
13 
22 
20 
  4 
12 
11 
27 
  8 
13 

POSTERIOR - SAGITTAL  Kilpatrick and Thompson, 1962 677   6 

POSTERIOR – TRANSSPHINCTERIC Stephenson,1996 678 
Kilpatrick and Mason, 1969 679 
Culp, 1964  
Fengler,1997 655 
Fournier, 1996 680 
Bukowski,1995 681 
Dal Moro, 2006 693 
Erickson, 2006 694 
Lorente, 2011695 
Pera, 2008 696 

15 
 7 
20 
  8 
  1 
  7 
  7 
  1 
10 
  5 

TRANSANAL Vose,1949 682 
Parks and Motson, 1983 683 
Tiptaft,1983 646 
Noldus,1997 647 
Culkin, 2003 684 

  4 
  1 
  3 
  5 
  5 

COMBINED(posterior transsphincteric 
anterior rectal wall advancement) 

Al-Ali,1997 665 16 

ANTERIOR TRANSANORECTAL Geceleter,1973 685 
Venable,1989 669 
Zinman, 2003 686 

19 
  1 
22 

ENDOSCOPIC Wilbert, 1996 687 
Bardari, 2001688 
Pigalarga, 2011701 

  2 
  1 
  1 

Table 18. Surgical approaches to rectourethral istulas

Samplaski	et	al.	[691]	reported	transperineal	repair	
with	gracilis	muscle	interposition	in	13	patients	with	
complex	 RUFs	 of	 varying	 etiologies.	 One	 patient	
developed	recurrence.	They	demonstrated	low	mor-
bidity, high success rates, and reasonable bowel 
and bladder function postoperatively.

2. POSTERIOR SAGITTAL  APPROACH

Kraske	in	1885	[692]	described	a	posterior	midline	
incision extending to the left paramedian aspect 
of the coccyx and sacrum that involved partial re-
moval of the sacrum in addition to coccygectomy. 
His method did not involve division of the sphinc-
ters, but rather sweeping the rectum laterally to ul-
timately facilitate resection and reanastomosis of a 
tumour-bearing rectal segment, thereby preserving 

fecal	 continence.	 In	 1962,	 Kilpatrick	 and	 Thomp-
son	[677]	used	this	approach	when	the	rectum	was	
completely mobilized circumferentially proximal and 
distal	to	the	istula.	The	RUF	was	then	divided,	spar-
ing	as	much	as	possible	on	the	urethral	aspect.	The	
rectal	part	of	the	istula	was	excised	and	closed	in	
two layers, and the urethra was repaired and stent-
ed with a catheter.

3.  POSTERIOR (PARASACROCOCCYGEAL ) TRANSSPHINCTERIC 
APPROACH

In	 1969	 Kilpatrick	 and	Mason	 [679]	 updated	 this	
method and advocated a more radical method of 
dividing the rectal sphincters to give direct access 
to	 the	 RUF.	 The	 procedure	 (the	 York-Mason	 ap-
proach)	 is	 simpler	 than	 some	 complicated	 trans-
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abdominal	or	 transperineal	approaches	to	RUF.	It	
is still used because it allows direct visualization 
of	the	istula	via	parasacrococcygeal	(transsphinc-
teric)	 incision	 especially	 to	 istulae	 in	 the	 mid	 to	
lower	rectum	[655].	After	the	skin	incision	the	mu-
cocutaneous junction is marked with sutures and 
the internal sphincter is exposed. Division of the 
sphincter mechanism and posterior rectal wall al-
lows	exposure	of	 the	istula.	Each	sphincter	mus-
cle	 is	 tagged	 with	 color-coded	 sutures.	 The	 next	
step	of	this	procedure	is	the	incision	around	istula,	
followed	by	excision	of	the	istulous	tract	exposing	
the	 catheter	 in	 the	 prostatic	 urethra.	 The	 under-
mining	of	rectal	wall	allows	suficient	mobilization.	
After closure of the prostatic urethra it is recom-
mended	that	the	full-thickness	rectal	wall	laps	are	
close	in	a	“vest	over	pants”	technique	(Figure 6 ).	
It is important to make sure that the suture lines do 
not	overlie	each	other.	The	procedure	is	complet-
ed by suture of the rectal wall and approximation 
of	 the	sphincter	muscles	 (Figure 7 ).	Fengler	and	
Abcarian	[655]	reported	healing	of	RUF	in	all	of	8	
patients	with	the	York-Mason	approach.	Bukowski	
et	al.	[681]	managed	7	acquired	recurrent	RUF	(3	
after	prostatectomy,	3	after	trauma	and	1	after	peri-
neal	abscess)	using	York-Mason	technique	and	a	
similar	experience	was	described	by	Fournier	et	al.	
[680]	in	the	management	of	a	case	of	the	urethro-
prostato-rectal	istula	after	a	gunshot	wound.

Stephenson	and	Middleton	[678]	modiied	the	York-
Mason repair and reported their experience with 
posterior sagittal, transanal, transrectal repair of 
RUF	in	15	patients.	The	transsphincteric,	transanal	
surgical approach provides many advantages, in-

cluding	easy	access	and	identiication	of	the	istula	
tract, good surgical exposure, adequate resection 
back to well vascularized tissue, and access to sev-
eral	vascularized	laps	for	interposition	between	the	
repaired urinary and gastrointestinal tracts. 

Culkin	 [684]	 reported	preliminary	experience	with	
the transsphincteric, transanal surgical approach 
to	correct	acquired	urethrorectal	istula	in	ive	men.	
Mean	patient	age	was	56.6	years	(range	37	to	72).	
The	etiology	was	surgical	 (radical	prostatectomy)	
in	3	cases,	 traumatic	 in	1	and	 idiopathic	 in	1.The	
time	 from	 the	diagnosis	 of	 urethrorectal	 istula	 to	
surgery	was	4	weeks	to	4	years.	Five	men	under-
went	excision	and	closure	of	a	urethrorectal	istula	
with	 diverting	 colostomy.	 In	 4	men	 (80%)	 urinary	
continence subsequently returned with adequate 
sphincter	tone,	while	in	1	(20%)	with	perineal	trau-
ma	and	active	proctitis	the	istula	recurred	6	weeks	
after surgery.

Dal	Moro	et	al.	[693]	reviewed	a	15-year	experience	
using	 the	York-Mason	posterior	sagittal	 transrectal	
approach	 to	 iatrogenic	 RUF	 in	 7	 patients.	 In	 one	
patient	 with	 Crohn’s	 disease	 the	 istula	 recurred	
11	 years	after	 the	 irst	 surgery.	The	 colostomy	 re-
mained	 in	 place	 only	 in	 one	 patient	 with	 Crohn’s	
disease and in another with ulcerative rectocolitis. 

Erickson	et	al.	[694]	reported	a	novel	surgical	tech-
nique	used	to	repair	a	rectourethral	istula	associ-
ated with two short-segment urethral strictures lo-
cated in the anterior and posterior segments of the 
urethra in a patient with prior unsuccessful repairs. 
The	 anterior	 urethral	 stricture	 was	 reconstructed	
with a ventral onlay of buccal mucosa in the ex-

Figure 6. Rectourethral istula repair. Full thick-
ness rectal wall is mobilized to close in a “vest 
over pants” technique to close the istula.

Figure 7. York-Mason approach to a rectourethral 
istula via a parasacrococcygeal (transsphincteric) 
incision. Sutures are used to mark the sphincters. 
The speculum has been placed at the bottom of the 
incision and the anterior rectal wall is visible.
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aggerated	 lithotomy	position.	 In	a	modiied	prone	
position,	the	rectourethral	istula	was	repaired	us-
ing	 the	 transrectal	 transsphincteric	 (York-Mason)	
technique and the posterior urethral stricture with 
a	 radial	 forearm	 fasciocutaneous	 free	 lap	 which	
was anastomosed to the inferior gluteal artery and 
vein.	The	coexistence	of	a	rectourethral	istula	and	
distal urethral stricture requires simultaneous re-
pair, because the urethral pressure from the distal 
obstruction	may	compromise	istula	closure.	

Lorente	 et	 al.	 [695]	 reported	 early	 successful	
closure in 10 patients with the posterior trans-
sphincteric	 York-Mason	 technique,	 with	 good	
recovery of urinary and fecal continence. Pera 
et	 al.	 [696]	 reported	 on	 5	 patients	 successfully	
treated	after	RP	with	the	York	Mason	technique.	
They	 reported	 minor	 morbidity	 and	 no	 impair-
ment of continence.

4. TRANSANAL  APPROACH

Parks	 and	Motson	 [683]	 popularized	 the	 addition	
of	a	 full	 thickness	 local	lap	of	anterior	 rectal	wall	
as	 an	 adjunct	 to	 istula	 repair	 through	 the	 intact	
anal canal (Figures 8 [697]	and	9).	They	modiied	
the transanal technique by denuding the rectal mu-

Figure 8. Transanal repair of rectourethral istula. 
A.   Elliptical incision of the rectal mucosa 

around the istula. 
B.  Denudation of the rectal mucosa. 
C.  Fistula closed with absorbable suture. 
D.   Rectal mucosal lap sutured with absorb-

able suture.

D

Figure 9.
A.    Retrograde urethrogram of a 55 year-old man who underwent a radical prostatectomy. He com-

plained of fecaluria and urine per rectum. This shows urethral contrast in the rectum through a 
rectourethral istula (Black arrow). 

B.  Intraoperative photograph of transanal rectourethral istula repair. The anus is held open by the 
ring retractor to permit direct access to the istula.

C. Intraoperative view of the rectal mucosal sutures in the rectourethral istula repair.
D.  Retrograde urethrogram 3 months after transanal rectourethral istula repair. There is no contrast 

entering the rectum from the urethra. The patient’s suprapubic tube was removed and his colos-
tomy was reversed.



1274

A B C
cosa	lateral	and	distal	to	the	istula,	and	mobilized	
the	 rectal	 wall	 away	 from	 Denonvilliers´	 fascia	
proximal	 to	 the	istula	 for	 four	centimeters.	Tiptaft	
et	 al.	 [646]	 also	 used	a	 special	 anal	 retractor	 for	
this surgery.

With	 the	 Latzko	 procedure	 the	RUF	 is	 closed	 in	
three layers with absorbable suture. A transure-
thral	 catheter	 is	 placed	 for	 3	 weeks.	 Noldus	 et	
al.	 [647]	 reported	 23	 patients	 (3.9%)	 with	 rectal	
injury	 during	 589	 RP	 and	 cystoprostatectomies.	
Of	 these	23	patients,	12	developed	a	RUF.	Sev-
en fistulas closed spontaneously with prolonged 
catheter	drainage.	The	remaining	5	fistulas	were	
all successfully closed with the transanal Latzko 
procedure.

Al-Ali	et	al.	[665]	treated	30	men	with	RUF	caused	
by war wounds. He used the method of posterior 
transsphincteric anterior rectal wall advancement 
as	the	treatment	of	choice.	Double	diversion	(end	
sigmoid	colostomy	and	suprapubic	cystostomy)	for	
one month was performed in all patients. Double 
diversion	 alone	 resulted	 in	 ‘spontaneous’	 RUF	
healing	 in	 47%	 of	 patients	 but	 53%	 required	 re-
construction. Early repair was recommended for 
large	ibrous	istulas.	Undiversion	was	done	after	
two months when the urethra and anorectal canals 
were normal.

5.  ANTERIOR TRANSPHINCTERIC, TRANSANAL  SURGICAL 
APPROACH (ASTRA)

In	1973	Gecelter	[685]	performed	a	midline	per-
ineal incision to gain access to the urinary tract 
after placing the patient in exaggerated lithot-
omy	 position.	 The	 anal	 sphincter	 was	 incised	
anteriorly, tag sutures carefully placed, and 
the rectal incision was carried to the fistulous 
tract, which was excised and repaired in mul-
tiple layers with transposition of tissue as avail-
able.	Castillo	et	al.	[698]	reviewed	their	first	110	
consecutive laparoscopic extraperitoneal radi-
cal	 prostatectomies	 and	 reported	 3	 RUF.	 Only	
one was cured with conservative management. 
The	other	 2	 patients	were	 repaired	by	 anterior	
transphincteric, transanal surgical approach 
(ASTRA).

6. ENDOSCOPIC APPROACH

Wilbert	et	al.	[687]	reported	two	patients	with	RUF	
who	were	repaired	endoscopically	transanally.	The	
patients were positioned prone and the rectoscope 
mounted to the operating table was inserted into 
the	 rectum	 .The	 istula	 was	 visualized	 and	 the	
opening excised to the level of the perirectal tis-
sues	 with	 cautery.	 The	 rectal	 wall	 was	mobilized	
full thickness with scissors and closed primarily in 
two	layers	with	a	microscope.	The	patient	was	then	
placed in lithotomy position and the urethral side of 
the	istula	was	coagulated	and	injected	with	ibrin.

Bardari	 et	 al.	 [688]	 used	 cyanoacrilic	 biological	

glue	to	close	one	prostato-perineal	istula	compli-
cating an abdominoperineal resection of rectum 
and	 one	 persistent	 neobladder-ileal	 istula.	 The	
biologic sealant was administrated endoscopically 
through	 an	 open-end	 6F	 ureteral	 catheter.	 Quin-
lan	et	al.	[699]	presented	the	case	of	an	iatrogenic	
istula	in	a	71-year-old	man	treated	by	a	transanal	
endoscopic	 microsurgical	 (TEM)	 approach,	 with-
out	 recourse	 to	 a	 stoma.	Bochove-Overgaauw	et	
al.	 [700]	reported	successful	repair	of	1	of	2	RUF	
with	 transanal	 endoscopic	 microsurgery	 (TEM):	
the	RUF	occurred	after	laparoscopic	radical	pros-
tatectomy.	Pigalarga	et	al.	[701]	described	a	case	
of	 successful	 repair	 of	 iatrogenic	 RUF	 through	 a	
multidisciplinary approach consisting of cystos-
copy, urethral stent placement, colonoscopy, and 
transanal endoscopic microsurgery assisted rectal 
advancement	lap.

7. OTHER MODIFICATIONS

Youssef	et	al.	[675]	successfully	treated	12	male	
patients	 who	 presented	 with	 RUF	 from	 1990	 to	
1997	using	the	perineal	subcutaneous	dartos	flap	
procedure.	 The	 RUF	 resulted	 from	 crush	 pelvic	
injury	in	6	cases,	gunshot	wounds	in	2,	and	post	
prostatectomy	 in	 4.	 The	 fistula	 was	 associated	
with	a	urethral	stricture	in	4	cases.	A	perineal	ap-
proach was used and combined with a transsym-
physeal	approach	in	the	4	patients	with	posterior	
urethral	 stricture.	 They	 interposed	 a	 subcutane-
ous dartos flap as a tissue flap between the re-
paired rectum and urethra. No leakage or perineal 
collection developed and there was no fistula re-
currence.	Follow-up	ranged	from	9	to	42	months.	
This	technique	of	a	perineal	subcutaneous	dartos	
flap may fulfill the principles for successful repair 
of	 RUF.	 Varma	 et	 al.	 [702]	 also	 concluded	 that	
dartos muscle interposition is a straightforward 
technique that can result in successful fistula re-
pair. but should not be used in immune-compro-
mised patients or after radiation therapy.

Felipetto	 et	 al.	 [662]	 used	 human	 fibrin	 sealant	
(Tissucol)	 to	 close	 a	 prostato-cutaneous	 fistula	
(as	 a	 complication	 of	 pseudomonas	 prostatitis).	
Venkatesh	 and	 Ramanujam	 [703]	 prospectively	
studied the efficacy of autologous fibrin glue for 
closure	 of	 recurrent	 anorectal	 fistulas.	 Overall	
success	 rate	 was	 60%	 however	 patients	 with	
acquired immunodeficiency syndrome who had 
fistulas associated with the urinary tract failed to 
respond.	Verriello	et	al.	 [704]	used	 fibrin	sealant	
(Quixil)	to	inject	it	into	the	fistula	tract	and	a	rec-
tal mucosal flap was used to close the internal 
opening.	 The	 fistula	 healed	 in	 few	 weeks,	 and	
the patient remained symptom free after 1 year 
of follow-up.

Chirica	 et	 al.	 [705]	 reported	 their	 experience	
with	 coloanal	 sleeve	 anastomosis	 (Soave	 pro-
cedure)	 as	 a	 salvage	 procedure	 for	 complex	
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rectourinary fistulas after radical prostatectomy 
or following anterior resection for rectal cancer 
after radiochemotherapy. All eight patients had 
a temporary ileostomy, which was successfully 
reversed	 in	 7.	 Lesser	 et	 al.	 [706]	 reported	 a	
case of radiation and salvage cryoablation in-
duced	 RUF	 after	 treatment	 of	 prostate	 cancer	
which was successfully repaired with a com-
bined endorectal advancement flap with an Al-
loderm graft.

f) Summary

A review of recent literature shows an increasing 
number of papers describing treatment. All avail-
able studies are retrospective cases and case se-
ries	 (level	3	evidence).	There	are	many	causes	of	
these	 istulas	 described	 in	 the	 literature	 but	 there	
is a lack of valid epidemiologic data about the inci-
dence	 of	UCF	and	RUF.	The	 diagnostic	 algorithm	
has not changed in many years.

The	aim	of	 the	surgical	approach	 is	 the	closure	of	
all	types	of	istulas.	While	spontaneous	closure	and	
success with a one-stage procedure has been re-
ported,	most	cases	to	date	involve	3	stages	(double	
diversion,	 closure	 technique,	and	undiversion).	An	
endoscopic approach using biological sealants is 
promising.	Only	 a	 few	 urologists	 and	 general	 sur-
geons have gained wide experience in the manage-
ment	of	UCF	or	RUF,	and	the	management	of	these	
dificult	conditions	should	remain	in	the	hands	of	ex-
perts working in tertiary referral centres. No single 
procedure has yet proved to be best or universally 
applicable.	Conservative	treatment	is	generally	inef-
fective	 in	 the	management	 of	 large	RUF.	Surgical	
intervention offers symptomatic relief and improved 
quality of life in most patients. 

All reports are still only retrospective case se-
ries (Level of evidence 3; grade of recom -
mendation C).

Different devices designed to control urinary incon-
tinence in the male began to appear in the middle 
of	the	18th	century	[707].	The	gold	standard	today	
is	the	artiicial	urinary	sphincter	(AUS)	designed	by	
F.B.	 Scott,	W.E.	 Bradley,	 and	G.W.	Timm	 in	 1973	
[708].	 The	 original	 model	 underwent	 a	 number	 of	
modiications,	but	 the	basic	principle	remained	the	
same.	 It	 consists	 of	 a	 luid	 illed	 hydraulic	 system	
with a cuff around the urethra, a pressure regulating 
balloon and an activating device, the pump, placed 
in the scrotum. 

1. AVAILABILITY AND COST

The	 use	 of	 the	 AUS	 has	 increased	 dramatically	
since	its	introduction	in	1975	when	90	AUS	devices	
were	implanted	until	2008	when	4818	procedures	

were	done,	with	61%	implanted	for	PPI.	[709,	710]	
In	 2005,	 just	 over	 10%	 of	 US	 urologists	 perform	
AUS	surgery	with	the	vast	majority	(92%)	perform-
ing 5 or fewer surgeries a year and there were only 
8	surgeons	who	implanted	21	or	more	AUS	devic-
es	per	year.	[710]

The	 results	 of	 an	 e-mail	 survey	 among	 urologists	
and gynecologists were previously published in the 
3rd	ICI,	whereby	members	of	the	International	Con-
tinence	Society	were	 asked	 if	 the	AUS	was	 avail-
able in their country; and if so, what was the price of 
the	device	(in	US	dollars).	About	10%	of	the	mem-
bers	 responded	 by	 email	 from	 31	 countries.	 The	
high	price	 in	some	countries	at	 the	 time	 (Georgia,	
Hong-Kong,	Romania	and	Saudi	Arabia)	precluded	
its	 use.	 Very	 few	 gynecologists	 implant	 the	AUS,	
probably since the majority of patients receiving the 
device are male. 

2. INDICATIONS

The	indication	for	AUS	placement	is	for	the	treat-
ment	 of	 SUI	 that	 is	 persistently	 bothersome	 de-
spite	 6-12	 months	 of	 active	 conservative	 man-
agement.	As	 the	most	 common	 cause	 of	 SUI	 in	
men is iatrogenic injury during prostate cancer 
surgery, it follows that the most common indica-
tion	 for	AUS	 is	 post-prostatectomy	 incontinence	
(PPI).	The	use	of	the	AUS	for	the	treatment	of	PPI	
varies	 regionally.	For	example,	within	 the	United	
States,	state-by-state	use	of	the	AUS	ranges	from	
1%	 to	10%	of	all	RRP	patients,	with	an	average	
of	6%	of	RRP	patients	ultimately	undergoing	AUS	
implantation.[711]

Previous radiotherapy to the pelvis is not a con-
traindication	 for	 AUS	 placement	 in	 males,712	 as	
the ultimate outcome seems to be similar in men 
whether or not they have received radiation therapy 
[713],	although	a	higher	 incidence	of	urethral	atro-
phy, erosion and infection requiring surgical revision 
has been reported in irradiated patients compared 
to	 those	not	 irradiated	 (41%	vs	11%).	Despite	 this	
observation, long term continence and patient sat-
isfaction appear not to be adversely affected in the 
irradiated	male	patient	[713].	

The	compressive	effect	of	the	AUS	is	temporarily	re-
lieved when the patient squeezes the scrotal pump, 
transferring	luid	from	the	urethral	cuff	 to	the	pres-
sure-regulating balloon. Subsequently, the bladder 
can then empty either by bladder contraction and/or 
by abdominal straining. Accordingly, patients void-
ing with the Valsalva maneuver because of an un-
deractive or neurologically acontractile bladder, do 
not seem to be at an increased risk of complications 
[714].	It	should	also	be	noted	that	patients	with	pre-
vious	anti-incontinence	procedures	 show	a	 signii-
cantly	higher	explantation	rate	[715].	

Clinical	experience	suggests	 that	enterocystoplasty	
or gastrocystoplasty can be done simultaneously 

XI. THE ARTIFICIAL URINARY 
SPHINCTER (AUS)
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with	the	implantation	of	the	AUS	[716,717].	However,	
AUS	placement	at	the	time	of	cystoplasty	is	associ-
ated	with	earlier	infections,	especially	during	the	irst	
3	years	post-operatively	[718].	In	the	long-term	(>	3	
years)	the	infection	rate	is	the	same	whether	the	AUS	
is	implanted	after	or	at	the	time	of	cystoplasty.	AUS	
can also be successfully implanted in patients after 
bladder	substitution	 [387],	and	 in	 those	with	 locally	
recurrent prostate cancer with a relatively good prog-
nosis	 [719],	or	 those	with	severe	post-radical	pros-
tatectomy anastomotic stricture in whom a stent has 
been	placed	previously	[398].	

Finally,	 advanced	 age	 is	 not	 a	 contraindication	
to	 AUS	 placement.	 A	 retrospective	 analysis	 by	
O’Connor	and	colleagues	of	a	cohort	of	men	over	
age	75,	 revealed	excellent	 success	 rates,	with	 21	
of	29	men	(72%)	achieving	successful	continence.	
Revision	 rate	 was	 14%	 at	 an	 average	 of	 5	 years	
follow-up,	with	14%	requiring	explantation,	and	21%	
requiring device deactivation due to deterioration in 
overall	health	precluding	proper	use	of	the	AUS	at	
an	average	of	47	months	after	placement	[720].	

3. SURGICAL TECHNIQUES

The	original	technique	of	 implantation	is	 illustrated	
in Figure 10 .	 The	 cuff	 of	 the	 sphincter	 is	 placed	
around the bulbar urethra via a midline perineal in-
cision, while the pressure regulating balloon and the 
scrotal pump are inserted via a separate inguinal 
incision.	The	inguinal	incision	is	carried	through	the	
fascia, above the level of the ligament and an area 
in	the	prevesical	space	is	bluntly	cleared.	The	pres-
sure-regulating	 balloon	 is	 placed	 there	 and	 illed	
with	23	cc	of	saline	or	contrast	after	which	the	fas-
cia is closed. A tunnel is made under Scarpas fascia 
into the scrotum deep to the dartos fascia where a 
pocket	for	the	pump	is	developed.	The	cuff	tubing	is	
transferred from the perineum to the inguinal inci-
sion after which the excess tubing is cut off and the 
appropriate connections are made with the quick 
connect system. 

Another surgical approach has been described us-
ing a single, upper transverse scrotal incision which 
allows	 the	 placement	 of	 all	 3	 components	 of	 the	
system, the cuff, the pump in a scrotal pouch, and 
the	 reservoir	 behind	 the	 fascia	 transversalis	 [304].	
Alternatively, the pressure-regulating balloon may 
be placed through a separate inguinal incision, 
with the cuff and control pump placed via a single 
trans-scrotal incision, with the connections among 
scrotal pump, balloon reservoir, and urethral cuff 
tubing made in the usual inguinal incision. While the 
trans-scrotal approach potentially minimizes the in-
vasiveness	of	the	AUS	surgery,	by	limiting	the	surgi-
cal	approach	to	a	single	incision	[304],	a	few	reports	
have revealed that surgical success might be dimin-
ished compared with perineal cuff placement and 
abdominal	 balloon	 reservoir	 placement	 [721,722].	
A multicenter retrospective study by Henry et al of 
158	patients	operated	on	at	4	centers	noted	that	 in	

patients treated with a perineal versus trans-scrotal 
AUS	the	perineal	group	had	a	completely	dry	rate	of	
44%,	versus	28%	in	the	scrotal	group	(p<0.03)	and	
had much higher rates of “social continence” as well. 
Thus	the	perineal	approach	for	initial	artiicial	urinary	
sphincter implantation appears to control male stress 
incontinence better than the trans-scrotal approach.

The	 trans-scrotal	 approach	 appears	 particularly	
useful	 for	 simultaneous	placement	of	an	AUS	and	
inlatable	 penile	 prosthesis	 through	 a	 single	 inci-
sion,	with	Kendirci	and	colleagues	[723]	reporting	a	
urethral	erosion	rate	of	9%,	an	overall	revision	rate	
of	14%,	and	a	social	continence	rate	of	100%	in	22	
patients	 at	 17	 months	 average	 follow-up.	 Sellers,	
et	 al.	 [724]	 recommend	 the	 simultaneous	 surgery	
for	cost-eficacy.	They	demonstrated	a	$7,000	cost	
savings when both devices were implanted simul-
taneously through a scrotal approach, compared to 
staged implantation with 2 separate surgeries. 

Recent	 experience	with	 the	 relatively	 new	 3.5	 cm	
cuff	 has	 demonstrated	 signiicant	 eficacy	 with	 no	
increase	in	complications	during	14	months	of	study	
at	one	site	[725].	The	3.5	cm	cuff	has	become	the	
predominant size used for primary and revision sur-
gery at that center.

4. COMPLICATIONS

Complications	following	implantation	of	the	AUS	can	
be divided into the categories of incontinence, ero-
sion and/or infection, and unusual complications. 
While	 the	 number	 of	 AUS	 procedures	 performed	
varies	geographically	 throughout	 the	world.	Certain	
“centers of excellence” perform substantially more 
procedures	than	do	community	hospitals	[711].	How-
ever, the total number of procedures done in a given 
center does not seem to be a determining risk fac-
tor	 for	 complications.	 Comparable	 erosion/infection	
rates have been reported from centers with fewer 
than	50	or	more	than	100	cases	[282].	This	suggests	
that erosion and infection may be more closely relat-
ed to the physiologic state of the patient rather than 
the experience of the surgical team, provided stan-
dard precautions are strictly applied. Nevertheless, 
as	 experience	with	 the	AUS	has	 grown	 the	 overall	
revision	rate	has	reportedly	decreased	[710].

a) Incontinence

Incontinence	following	 implantation	of	an	AUS	can	
result	from	(1)	alteration	in	bladder	function,	(2)	at-
rophy	of	the	urethra,	or	(3)	mechanical	failure	of	the	
device.	These	causes	may	co-exist.

1. ALTERATION IN BLADDER  FUNCTION

Lai and Boone noted that based on postoperative 
patient symptoms and the need for anticholinergic 
medication	up	 to	23%	of	men	undergoing	AUS	for	
PPI	 can	 develop	 denovo	 OAB	 [268].	 UDS	 were	
not	 repeated	postoperatively	 to	deine	 the	bladder	
changes associated with this.
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A.   With the patient in lithotomy position, a perineal incision is made behind the scrotum to 
expose the bulbar urethra.

B.   The urethra is mobilized circumferentially within the bulbospongiosus muscle and the 
measuring tape is used to obtain the cuff size.

C.   The belt-like cuff is positioned around the urethra.

D.   A right lower quadrant (RLQ) abdominal incision is 
made and the extraperitoneal space is entered later-
al to the rectus muscle for insertion of the reservoir.

H.   Connectors are placed to join the tubes from the 
cuff and reservoir to the corresponding tubes 
from the pump in the RLQ incision.

Figure 10. Artiicial Sphincter Technique
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Alteration in bladder function has been reported prin-
cipally in patients with neurogenic bladder dysfunc-
tion,	especially	in	children	[726-731].	These	changes	
include de novo involuntary detrusor contractions, 
decrease in bladder compliance, and the develop-
ment of a high-pressure system, causing inconti-
nence, hydronephrosis and ultimately renal failure. 
Modiications	in	detrusor	behavior	(including	its	con-
sequences	on	the	upper	urinary	tract)	occur	in	up	to	
57%	of	such	cases	 [726-737].	 It	 should	be	pointed	
out, however, that there has never been a published 
report of hydronephrosis following implantation of 
an	AUS	 for	 incontinence	after	 prostatectomy	 [738].	
While the ideal candidates for sphincter implantation 
are those with an incompetent urethral sphincter, and 
a	low	pressure,	relaxed,	and	compliant	bladder	[735],	
data described earlier demonstrated that even those 
with “unfavourable” urodynamic factors may have a 
good	outcome	after	AUS	placement	[58].

2. ATROPHY OF THE URETHRA

Urethral	atrophy	may	occur	at	 the	cuff	site	second-
ary to long-term mechanical compression of the 
periurethral and urethral tissues. However, some 
authors do not mention it as a possible cause of 
AUS	 failure	 [336,738,739].	About	 4	months	 follow-
ing	implantation,	cuff	eficiency	diminishes,	presum-
ably because pressure atrophy occurs in every pa-
tient	 to	some	extent	740.	The	 incidence	of	urethral	
atrophy	 leading	 to	 revision	varies	 from	3%	to	9.3%		
[253,259,262,423,736,741-743].	 Atrophy	 can	 be	
lessened	with	nocturnal	deactivation	of	the	cuff	[744].

b) Mechanical failure

The	causes	include	perforation:	of	one	of	the	compo-
nents	with	loss	of	luid	from	the	system,	air	bubbles	or	
organic debris within the system causing inadequate 
function of the pump, disconnection of one of the 
tubes, or kinking of a tube. Introduction of “kink-free” 
tubing has virtually eliminated this last complication. 
The	 incidence	of	 these	complications	varies	widely	
and	 ranges	 from	0%	 [741]	 to	52.5%	 [269]	with	 the	
longest follow-up. In this latter study, the cuff seemed 
to	be	the	most	vulnerable	part	of	the	system	(22	cuff	
failures	in	18	patients,	most	of	them	occurring	during	
the	irst	2	to	3	years	following	implantation),	followed	
by	pump	failure	(6	times	in	4	patients).	Blockage	is	an	
exceptional	event,	occurring	only	once	in	61	patients	
followed	from	10	to	15	years	[269].	 In	a	publication	
from	Baylor	 [262],	chronicling	a	13-year	experience	
with	the	AUS,	mechanical	failure	occurred	at	an	av-
erage	 of	 68.1	 months	 postoperatively.	 An	 unusual	
mechanical	 complication	 has	 been	 reported.	 The	
locking tab became displaced distally into the cycling 
portion	of	 the	 cuff	 preventing	 the	 luid	 from	lowing	
into	the	cuff	surrounding	the	urethra.[745]

c) Erosion and/or infection

Erosion and infection are two major complications 
that almost invariably necessitate removal of the 

prosthesis.	 Their	 incidence	may	 be	 reported	 sepa-
rately, or more commonly together as a single com-
plication.	The	incidence	of	these	complications	varies	
from	 0%	 to	 24.6%	 [253,336,423,729,735,736,741-
743,746,747].	Most	recent	large	series	report	an	in-
cidence of infection and erosion generally less than 
8%	[56,261,262,274,738,739,748,749].	As	would	be	
expected, the highest incidence has been reported 
with	 the	 longest	 follow-up	 (10-15	 years)	 [253].	 Lai	
and	colleagues	[262]	from	Baylor	reported	that	ero-
sion	 occurred	 at	 an	 average	 of	 19.8	months	 post-
operatively rather than in the peri-operative period. 
Previous	surgery	[750]	at	the	site	of	cuff	placement	
increases	the	risk	of	erosion.	This,	however,	may	be	
decreased	by	delayed	cuff	activation	[751].	A	recent	
study	by	Lai	et	al.	[752]	noted	that	patients	undergo-
ing	 a	 “secondary”	 implant	 (after	 a	 prior	 explant	 for	
erosion	 or	 infection)	 had	 a	 four-fold	 higher	 erosion	
rate compared to “virgin” cases. Some authors, how-
ever,	did	not	ind	an	increased	incidence	of	complica-
tions when a new cuff was implanted at the site where 
several months before, a cuff has been removed for 
infection	or	erosion	[753].	Other	risk	factors	include	
urethral catheterization and urethral endoscopic ma-
nipulations	with	an	activated	sphincter	in	place	[754].	
This	point	 is	 important	and	it	 is	crucial	that	patients	
with	 an	AUS	understand	 that	 if	 they	 are	 to	 have	 a	
catheter placed they should ask their physician to 
have	a	urologist	deactivate	the	AUS	irst.

A likely etiology of early erosion is intra-operative 
laceration of the urethra when dissecting it from the 
corpora	cavernosa,	where	a	dificult	anatomical	plane	
exists. Intraoperative recognition of urethral injury can 
be facilitated by retrograde perfusion sphincterometry 
using	a	lexible	cystoscope35.	While	recognition	of	a	
urethral injury may alert the surgeon to the necessary 
termination of the procedure, urethral erosion may still 
occur	without	a	known	urethral	laceration	[755].

As mentioned above, while the majority of authors 
consider previous radiotherapy a risk factor for in-
creased infection and erosion, it is not a contraindi-
cation	to	implantation	of	an	AUS	in	the	male	patient	
with	PPI	[252,254,276,332,713,739,756].	Overall	pa-
tient satisfaction is similar in those who have been 
irradiated, compared to those who have not been 
[252,263,713].	Furthermore,	 the	degree	of	satisfac-
tion does not diminish with an increased number of 
surgical	revisions	[267,757].	

d) Rare complications

Several unusual and rare complications have been 
reported in the literature, such as the intravesical mi-
gration of the reservoir with secondary stone forma-
tion	in	the	bladder	[758],	or	a	giant	urethral	diverticu-
lum at the site of a previously removed cuff because 
of	erosion	and	urinary	extravasation	[759].

5. DURABILITY OF AUS COMPONENTS

When	deining	durability	of	one	of	the	components	
or	 the	 AUS	 as	 a	 whole,	 one	 should	 distinguish	



1279

between explantation of the device due to device 
malfunction	 (e.g.	 leak	 in	 one	 of	 the	 components)	
or complications caused by an otherwise properly 
functioning	sphincter	unit	(e.g.	cuff	erosion,	infec-
tion	at	 the	site	of	 implantation,	etc.).	This	distinc-
tion is rarely made in the literature. Durability of a 
device	is	deined	as	time	elapsed	during	which	no	
mechanical problem alters the normal function of 
the	device.	This	should	exclude	the	second	group	
from further analysis. 

There	are	very	few	references	in	the	literature	per-
taining to the length of time a device functioned 
normally before its removal due to mechanical fail-
ure. In a multicenter trial, for neurogenic bladders, 
conducted	 in	 France	 [736],	 the	 authors	 mention	
that the “mean operational life” of the sphincter was 
56	months	(range	3-118	months).	Haab	et	al	[259]	
analyzed	68	patients	and	noted	that	the	mechani-
cal	failure	rate	dropped	from	44.4%	to	12.4%	since	
modiications	were	made	to	the	device,	mainly	the	
cuff component. Survival time of these compo-
nents was not provided. Similar conclusions can 
be	drawn	from	a	series	from	the	Mayo	Clinic	[265]	
where	the	modiication	of	the	cuff	design	(narrower	
back)	 resulted	 in	 a	 substantial	 drop	 of	 the	 reop-
eration rate at 5 years. In the “narrow back” group 
17%	(31/184)	required	reoperation.	In	that	cohort,	
non-mechanical	failure	decreased	from	17%	to	9%	
and	 mechanical	 failure	 decreased	 from	 21%	 to	
8%	 following	 introduction	of	 the	narrow	back	cuff	
[265].	Mean	time	to	reoperation	was	26.2	months	
(mean	2-68	months).	Using	Kaplan-Meier	statisti-
cal analysis for this group of patients, the overall 
5-year	expected	product	survival	was	75%.	In	Lai’s	
report	regarding	Baylor’s	13-year	experience	with	
the	AUS,	only	6%	of	devices	 failed	mechanically,	
at	 an	 average	 of	 68.1	 months,	 with	 75%	 of	 pa-
tients	requiring	no	revisions	at	5	years	[262].	In	a	
review,	Venn	et	al.	[336]	analysed	the	outcome	of	
100	patients	in	whom	an	artiicial	urinary	sphincter	
was	 implanted	 for	more	 than	 10	 years.	Thirty-six	
percent of them still had the original sphincter and 
were continent at a median follow-up of 11 years. 
The	bulbar	cuff,	as	compared	to	the	bladder	neck	
cuff provided a slightly better continence rate at 
10	years,	92%	and	84%,	respectively.	The	lowest	
erosion rate occurred with the bulbar cuff. Device 
survival	rate	at	10	years	was	66%	in	this	series.

In	 a	 series	 of	 30	 boys	 with	 spina	 bifida	 Spiess	
et	 al.	 [760]	 found	 that	 the	 mean	 lifetime	 of	 all	
AUS	was	 4.7	 years,	with	 no	 statistically	 signifi-
cant difference in sphincter survival of those in-
serted at the bladder neck or the bulbous urethra 
(4.6	 and	 4.9	 years,	 respectively).	A	 sharp	 drop	
was	 observed	at	 100	months	with	 only	 8.3%	of	
the original sphincters still functioning beyond 
this	 point.	 In	 a	 series	 of	 35	 adolescents	 with	
neurogenic voiding dysfunction implanted with a 
bladder neck cuff over an 11-year period, with 
an average follow-up of 5.5 years, Lopez Pereira 
and	colleagues	[761]	reported	a	20%	mechanical	

failure	rate,	with	an	additional	8.6%	erosion	rate.	
Adverse bladder storage changes developed in 
31.8%	 of	 patients,	 who	 thereby	 required	 aug-
mentation cystoplasty. However, continence was 
achieved	in	91.4%	of	individuals.	

In	 other	 series,	 the	 global	 long-term	 (2	 to	 7.7	
years)	 revision	 rate,	 for	 any	 of	 the	 above	men-
tioned	 reasons	 varies	 between	 16%	 and	 50%	
[261,262,266,267,424,757,761-763].	 In	 Web-
ster’s	 report	 [757]	 of	 554	 implantations	 over	 a	
10	 year	 period,	 (i.e.	 performed	 since	 the	 1987	
device	modification),	he	noted	a	mechanical	fail-
ure	rate	of	only	31/554	(5.5%).	Non-mechanical	
failure	was	88/554	(15.9%),	with	63/554	(11.3%)	
due	 to	 urethral	 atrophy	 and	 21/554	 (3.8%)	 due	
to	 cuff	 erosion.	 Of	 the	 total	 cohort,	 21.4%	 re-
quired	at	least	one	revision	surgery,	while	78.6%	
did	not.	Of	 those	119	patients	who	 required	 re-
operation,	 76.5%	 required	 no	 further	 treatment	
(similar	 to	 the	non-reoperation	 rate	of	 the	 initial	
cohort),	 while	 23.5%	 required	 re-operation	 for	
either mechanical or non-mechanical failure. 
Five-year	durability	of	the	AUS	following	primary	
or secondary implantation was comparable, with 
80%	 for	 the	 initial	 placement,	 and	 88%	 follow-
ing revision surgery. Similarly, continence status 
was	comparable,	with	90%	of	primary	and	82%	of	
revision patients achieving 0-1 pad per day uri-
nary control. Patients with neurological deficits 
seem to have a higher risk of non-mechanical 
failure and the overall continence rate may be 
lower	compared	to	non-neurologic	patients	[32].	

6.  DIAGNOSTIC PROCEDURES RELATED TO 
ARTIFICIAL SPHINCTER FAILURE

The	diagnostic	evaluation	of	urinary	incontinence	
after	the	placement	of	the	AUS	is	critical	for	the	
management of these patients and represents 
a challenging problem for the urologist. Several 
diagnostic and management algorithms have 
been proposed, some relatively simple, others 
more	complex	[32,	33,	276,	282,	737,	764-766].	
Figure 11 shows an algorithm to investigate and 
treat the male patient with a previously function-
ing	AUS	who	becomes	incontinent.

Physical examination should exclude infection at 
the site of the cuff or the scrotal/labial pump. Dif-
ficulty compressing the pump suggests tube kink-
ing, fluid loss or an obstructed system. Loss of 
fluid from the system may be suggested by the 
inability of the pump to appropriately refill after 
just one or two pumps.

Plain X-rays of the abdomen or pelvis may 
show fluid loss, if the system is filled with radio-
opaque	solution	[767,	768]	(Figure 1 ).	Alterna-
tively, sonography of the pressure-regulating 
balloon	 may	 show	 volume	 loss.	 One	 should	
obtain a baseline plain film after the primary 
implantation when the reservoir is filled with 
contrast for subsequent comparison as radio-
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Figure 12. Endoscopic view of AUS cuff erosion into the bulbar urethra. The patient had undergone radia-
tion after radical prostatectomy.

Figure 11. Algorithm for managing incontinence after AUS placement.
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graphic imaging of the balloon does not detect 
changes	 until	 at	 least	 50%	 of	 its	 volume	 has	
been	 lost	 [15].	 Cystometrogram	 or	 complete	
urodynamic study will demonstrate changes in 
bladder	behavior	following	insertion	of	the	AUS	
as	described	above.	Cystourethrography	could	
eventually demonstrate a urethral diverticulum 
at	 the	site	of	previous	cuff	erosion	(Figure 2 ).	
Endoscopy will disclose any urethral erosion 
by	the	cuff	(Figure 12 ).

Retrograde perfusion sphincterometry has been 
reported to diagnose the loss of compressive pres-
sure	 in	 the	 urethral	 cuff	 [32].	 It	 is	 done	 by	 infus-
ing	luid	from	the	meatus	in	a	retrograde	fashion.	If	
the	AUS	cuff	is	functional	and	the	urethral	is	intact	
there	should	be	no	low	when	the	pressure	equals	
the	AUS	balloon	pressure.	This	technique	can	also	
be used intraoperatively to detect urethral perfora-
tion	or	to	adjust	the	pressure	in	the	cuff	[35].	This	
seems to be more useful than urethral pressure 
proile	(UPP)	[733].

Intraoperative electrical testing, using an ohm-
meter	[747,765]	has	been	described	to	determine	
the	 site	 of	 fluid	 leakage	 from	 the	 system.	 This	
test can be helpful to avoid the need to change 
the whole system, and allow replacement of the 
leaking part only.

7. TREATMENT OF COMPLICATIONS

As outlined above, complications directly related 
to the presence of an artificial sphincter can be 
divided	 into	 categories:	 de	 novo	 OAB	 (which	 is	
typically	 treated	 as	OAB),	 urethral	 atrophy,	 and/
or	mechanical	 failure,	and	 infection/erosion.	The	
treatment of these complications deserves com-
ment, as no detailed reference can be found in 
the literature dealing exclusively with the treat-
ment of these complications.

a) Atrophy of the urethra

Several therapeutic options exist to increase 
cuff	pressure	around	the	atrophied	urethral	wall:	
changing the balloon reservoir for one generat-
ing a higher pressure, downsizing the cuff diam-
eter	 [15,	254,	769],	or	 increasing	 the	amount	of	
fluid	in	the	system.	The	most	common	approach	
is downsizing of the cuff. Another approach con-
sists of placing the cuff inside the corporal tunica 
albuginea on the dorsal aspect of the urethra 
(transcorporal).	This	allows	a	safer	mobilization	
of the urethra and adds some supplementary 
bulk of tissue to the circumference of the urethra, 
possibly	 decreasing	 the	 risk	 of	 erosion	 [272].	 It	
should be mentioned, however, that there is a 
risk of reduced erectile function with this tech-
nique.	The	 vast	majority	 of	 such	 patients,	 how-
ever, already suffer from erectile dysfunction 
secondary to the prostate cancer surgery. 

The	implantation	of	a	double-cuff	AMS	800	had	a	
recent period of increased popularity, as a prima-
ry procedure in the totally or severely incontinent 
patient	[273,770],	or	as	a	salvage	procedure,	by	
adding a second cuff, following a failed previous 
single	cuff	[270,271,770].	Dimarco’s	group	[271]	
and others showed excellent results with the ad-
dition of a second urethral cuff, placed 1.5–2.0 
cm distal to the primary cuff. Alternatively, a cir-
cumurethral wrap of an organic bulking agent 
can be fitted, with subsequent placement of the 
AUS	cuff	over	the	biologic	external	urethral	bulk-
ing	agent	 [771].	Early	 reports	of	primary	double	
cuff placement did not demonstrate any signifi-
cant increase in morbidity with the double-cuff 
as	 compared	with	 the	 single	 cuff	 system	 [273],	
and patient satisfaction also seemed to be high-
er	 [274]	 at	 an	 average	 of	 21-41	months	 follow-
up.	 However,	 O’Connor	 et	 al.	 [275]	 recently	
described	their	experience	with	28	men	who	un-
derwent double cuff placement and in contrast to 
an earlier report of theirs found that with longer 
follow-up there was no difference in continence 
between	 those	men	and	28	who	underwent	sin-
gle cuff placement. In addition those who had the 
double cuff placement had a higher rate of ad-
ditional surgery due to complications.

b) Mechanical failure

As with any device, mechanical failure can be 
expected	with	the	AMS	800	AUS.	The	treatment	
involves surgical replacement of the failed com-
ponent and reconnecting the system.

c) Infection

With overt infection the accepted treatment 
option is removal of the entire device and ap-
propriate antibiotics. A second system can be 
subsequently implanted with equally good re-
sults	[751].	It	has	been	demonstrated,	however,	
that	immediate	reimplantation	of	a	new	AUS	af-
ter the removal of an infected, but not eroded, 
prosthesis can be a valid option with an overall 
success	rate	of	87%	[772].	In	2007,	AMS	intro-
duced the InhibiZone-coated artificial urinary 
sphincter	 (rifampin	and	minocycline	hydrochlo-
ride	coating)	[773].	

d) Erosion

In cases of urethral cuff erosion, the “offend-
ing” cuff must be removed. No clear guidelines 
exist whether removal of the whole system 
is superior to removal of the cuff alone but it 
must be assessed for infection and if present 
the whole device should be removed. When 
in doubt remove the entire system. Reservoir 
erosion into the bladder has been described 
following	 the	 removal	 of	 an	eroded	 cuff	 [758].	
Furthermore,	it	 is	not	known	whether	it	 is	nec-
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essary to allow the urethra to heal over a cath-
eter versus surgical repair. Most though would 
leave a catheter to allow for spontaneous heal-
ing	 and	wait	 at	 least	 4-6	months	 before	 plac-
ing another cuff. When a new cuff is placed 
it should be positioned away from the erosion 
site. In case of the erosion of one of the cuffs 
of a double system removal of the eroded cuff 
can successfully convert a double-cuff system 
into	a	single	cuff	system	[774].	It	is	logical	that	
intra-operative urethral injury may precipitate 
cuff erosion if unrecognized. 

8.  CONSENSUS PROTOCOL FOR FOLLOW-
UP OF PATIENTS WITH AUS

As complications continue to be seen for years af-
ter	implantation	[775],	it	is	helpful	to	have	a	struc-
tured follow-up plan. However, no standardized 
recommendations are available in the literature.

The	consensus	upon	which	 the	members	of	 this	
subcommittee agreed and which is based on ex-
pert	opinion	are	as	follows:

1.		Perioperative	 antibiotics	 are	 required.	 Gram-
negative enteric bacteria and Staphylococcus 
epidermidis are the most frequently encoun-
tered microorganisms in infected prostheses 
[754].

2. Hospital stay should be kept to a minimum.

3.		Urethral	catheters,	 if	 inserted,	should	be	with-
drawn	 within	 24-48	 hours	 of	 surgery	 and	 the	
preoperative continence management contin-
ued. 

4.		The	 sphincter	 device	 should	 not	 be	 activated	
immediately postoperatively. In the initial pe-
riod scrotal edema and pain prevent patients 
from manipulating the pump adequately. When 
this	subsides	after	6	to	8	weeks	the	device	can	
be activated. Earlier activation may also be ac-
ceptable. Irradiated patients may benefit from 
a longer initial period of deactivation, up to 12 
weeks	[254].	Nocturnal	deactivation	should	be	
considered	in	high-risk	patients	[253].

5.		Patients	are	reviewed	at	3	months	after	activa-
tion to ensure the device is working adequately, 
and to assess the continence status.

6.		Long-term	 follow-up	 is	 different	 in	 the	 neuro-
genic and non-neurogenic patient. With time, 
alteration in bladder function may jeopardize 
renal function in the neurogenic patients. Peri-
odic ultrasound evaluation of the upper urinary 
tract and monitoring of renal function is es-
sential. If changes occur, urodynamic studies 
should be done to rule out detrusor overactiv-
ity. In non-neurogenic patients, periodic ultra-
sound may not be necessary.

7.		When	changes	 in	 the	continence	status	occur	
diagnostic procedures depicted in Figure 11  
should be considered.

(Level of evidence 3; Grade of recommenda -
tion B-C)

1.  EVALUATION OF MALE INCONTINENT
    PATIENTS

Prior to surgery a basic patient evaluation should 
consist of history and physical examination, uri-
nalysis	and	postvoid	residual	urine	(Level of evi -
dence 1-2: grade of recommendation A ).	

•		A	voiding	diary	is	helpful	to	assess	functional	ca-
pacity	and	total	urine	output	(Level of evidence 
1-2: grade of recommendation B ).	

•		Pad	tests	may	be	useful	in	certain	circumstanc-
es	 (Level of evidence 1-2: grade of recom -
mendation B ).	

•		Blood	 testing	 (BUN,	 creatinine,	 glucose)	 is	
recommended if compromised renal function 
is suspected or if polyuria or poor urinary con-
centrating	ability	(in	the	absence	of	diuretics)	is	
documented. 

•		Additional	testing	with	cystoscopy	and	appropri-
ate imaging of the urinary tract may be helpful in 
guiding therapy (Level of evidence 2-3: grade 
of recommendation B). 

•		The	committee	felt	that	multichannel	urodynam-
ics may be useful prior to invasive treatment for 
incontinence. (Level of evidence 3: grade of 
recommendation C)

2.  INCONTINENCE POST-PROSTATECTOMY 
FOR BPO AND POST-RADICAL PROSTA -
TECTOMY FOR PROSTATE CANCER

After a period of conservative management, 
which	may	 also	 be	 from	 6	 to	 12	months (Level 
of evidence 3-4; grade of recommendation C): 

•		The	artiicial	 sphincter	 is	 the	 preferred	 treatment	
for properly selected men who have stress inconti-
nence after radical prostatectomy with the longest 
record	of	safety	and	eficacy.	The	AUS	has	been	
reported extensively for men with moderate to se-
vere incontinence. (Level of evidence 2-3; grade 
of recommendation B)

•		Male	slings	are	an	alternative	approach	with	inter-
mediate	data	supporting	 their	safety	and	eficacy	
in men with more moderate degrees of PPI. Long-
term data are beginning to accumulate. However, 

XII. SUMMARY AND
RECOMMENDATIONS
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the literature contains results on many different 
kinds of slings. (Level of evidence 3; grade of 
recommendation C) 

•		Injectable	agents	are	an	inferior	option.	(Level of 
evidence 3-4; grade of recommendation C) 

•		Adjustable	 balloons	 have	 also	 been	 reported.	
(Level of evidence 3; grade of recommendation 
D (no recommendation possible))

3.  INCONTINENCE FOLLOWING OTHER 
TREATMENTS FOR PROSTATE CANCER

•		The	 artiicial	 sphincter	 is	 most	 widely	 used	 but	
ra§diation may be a risk factor for an increase in 
complications. (Level of evidence 3; grade of 
recommendation B)

•		Slings	have	variable	results	after	radiation.	(Level 
of evidence 3; grade of recommendation C) 

•		Injectable	agents	(Level of evidence 3-4; grade 
of recommendation C)

•		Adjustable	 balloons	have	not	 been	 successful	 in	
this setting. (Level of evidence 3; grade of rec -
ommendation D (not recommended))

4.  INCONTINENCE FOLLOWING PELVIC 
TRAUMA (Level of evidence 3; grade of 
recommendation C )

•	The	artificial	sphincter	is	most	widely	reported.	

•		Lower	urinary	tract	reconstruction	has	also	been	
reported on a limited basis. 

5.  INCONTINENCE IN ADULT EPISPADIAS-
EXSTROPHY COMPLEX (level of evidence 
3; grade of recommendation C)

•		Patients	 should	 be	 treated	 in	 centres	 of	 excel-
lence. 

•		A	patient-directed	approach	should	be	taken.	

•		The	choices	include	further	bladder	neck	recon-
structive surgery, bladder neck closure, bladder 
reconstruction or diversion with bowel.

•		The	 data	 are	 insufficient	 for	 a	 specific	 recom-
mendation.

•		Transition	 is	 important	 between	 the	 pediatric	
and adult urologist. 

•		Life-long	follow-up	is	mandatory	in	terms	of	con-
tinence, voiding efficiency, upper tract status 
and other urological complications

6.  REFRACTORY URGENCY INCONTINENCE 
AND DETRUSOR OVERACTIVITY

•		Botulinum	toxin-A	bladder	injection	is	a	minimally	
invasive	 treatment	 with	 eficacy	 (Level of evi -
dence 1-2; grade of recommendation B).

•		Neuromodulation	is	a	treatment	option	with	success	
reported in a limited number of male patients. (Lev-
el of evidence 3; grade of recommendation C)

•		Detrusor	myectomy	 has	 also	 been	 reported	 to	 be	
successful in a small number of male patients. (Lev-
el of evidence 3; grade of recommendation C) 

•		Augmentation	 cystoplasty	 is	 potentially	 success-
ful in controlling symptoms but may be associated 
with unacceptable side effects. (Level of evi -
dence 3; grade of recommendation C) 

•		Urinary	diversion	 is	a	inal	option.	 (Level of evi -
dence 3; grade of recommendation C)

7. REDUCED CAPACITY BLADDER

•		Augmentation	cystoplasty	has	been	successful	in	
most etiologies. (Level of evidence 3; grade of 
recommendation C)

8.  URETHROCUTANEOUS FISTULA AND 
RECTOURETHRAL FISTULA (Level of evi -
dence 3; grade of recommendation C)

•		Etiologic	 factors	causing	acquired	urethrocutane-
ous	 istulae	 are	 demonstrated	 by	 clinical,	 endo-
scopic and imaging studies. 

•		Similar	diagnostic	maneuvers	are	applied	to	recto-
urethral	istulae.	

•		Surgical	reconstruction	is	applied	as	required.	

•		In	those	that	do	not	close	with	or	without	temporary	
urinary and fecal diversion, surgical reconstruction 
may be carried out. 

•		Most	repairs	are	now	carried	out	after	prior	fecal	
diversion. 

•		Various	 techniques	 are	 available	 for	 clo-
sure and can be done in collaboration with 
colorectal surgeons.

9.  MANAGEMENT OF AUS COMPLICATIONS 
(Level of evidence 3; grade of recommen -
dation C)

•		Incontinence	may	result	from	alteration	in	bladder	
function, urethral atrophy, or mechanical malfunc-
tion. 

•		Infection	 and/or	 erosion	 of	 components	 demand	
surgical removal of all or part of the prosthesis. 

•		A	treatment	algorithm	is	presented	to	aid	in	man-
agement and in follow-up of patients. 
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10.  NEW TECHNOLOGIES (Level of evidence 
C; grade of recommendation D)

•		Tissue	engineering	has	not	been	widely	reported	
in males apart from isolated reports of preliminary 
studies.	[776,	777]	

•		A	new	one-piece	adjustable	artiicial	sphincter	has	
been	 reported	 with	 social	 continence	 (0-1	 pads/
day)	in	28/36	men	at	6	months	after	device	activa-
tion.	[778]	The	removal	rate	was	11%	for	erosion/
infection.

FUTURE RESEARCH DIRECTIONS

•		New	technologies,	bulking	agents,	sling	materials,	
prosthetic devices should continue to be evaluated

•		Accuracy	 in	 reporting	of	early	 research	results	 is	
mandatory

•		Mechanisms	 of	 post-prostatectomy	 incontinence	
and device effects need further research

CLINICAL TRIAL RECOMMENDATIONS

•		Randomized	trials	(AUS	and	slings)

•		Standardized	workup	and	outcome	measures	 in-
cluding	QoL

•		Evaluation	of	the	role	of	urodynamics	in	the	workup

•		Complete	 reporting	 of	 complications	 and	 out-
comes especially those of slings 

•		Standardised	 deinitions	 of	 cure/improved/un-
changed/worse 

•		Reporting	of	procedures	to	salvage	failures

•		Long-term	results	(>2	years)	

•	Standardized	reporting	of	durability
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I. SURGERY FOR STRESS
 INCONTINENCE (INCLUDING 

COMPLICATIONS)

Surgery for Urinary Incontinence 
in Women

ROGER DMOCHOWSKI

STAVROS ATHANASIOU, FIONA REID, STEVEN KRAUS, VICTOR NITTI, ALEX GOMELSKY, DUDLEY 
ROBINSON, A.R.B. SMITH 

This chapter is intended to present a further as-
sessment of surgical interventions for urinary in-
continence in women. The intent of this chapter is 
to build upon data that were previously collated for 
the ICUD Report of 2009. This chapter updates the 
current status of surgical interventions for stress 
urinary incontinence and includes additional data 
that have been forthcoming regarding new inter-
ventions (such as transobturator tapes and single 
incision slings). 

The further enhancement on sections related to clini-
cal	research	and	speciic	outcomes	reporting	on	clin-
ical trial design has been updated with experience 
from recently reported multi-institutional trials which 
assess surgical interventions for incontinence. 

SEARCH STRATEGY

Material collected for this chapter was based on 
electronic searches of Medline, EMBASE, Cinhai, 
Cochrane Database of Systematic Reviews and the 
NICE website (www.nice.org.uk). Review papers 
were separately searched for additional references 
not	 identiied	by	 initial	database	search.	 Individual	
papers where then selected from April, 2008 to pres-
ent in European, UK and North American journals 
of Urology, Gynecology, and Urogynaecology. Ad-
ditionally, conference preceedings from 2008 were 
also reviewed inclusive of ICS, IUGA, AUA, AUGS. 
Hence, some more recent abstracts are included in 
the following reviews based upon time to press and 
non-identiication	 of	 associated	 publications	 with	
those abstracts. Approximately 454 articles were 
identiied	for	inclusion	in	addition	to	the	original	762	
which were included in the 2009 chapter. Search 
terms included; Urinary incontinence: stress, mixed, 
urge. Surgical procedures; minimally invasive, uro-
genital, gynaecologic, urologic, urinary tract, ure-
thra, vagina, bladder, ligaments; colposuspension, 
vesicosuspension, urethrosuspension; vesicoure-
thral or urethrovesical; colpourethrosuspension; 
colpoixation;	 Burch;	 Marshalls,	 Marchetti,	 Krantz;	
paravaginal, pubococcygeal, obturator; bladder, 

A. Introduction
neck	needle;	ligament	ixation;	colporraphy;	anterior	
or vagina; Surgical mesh; sling, bladder, surgical or 
synthetic, or biological or autologous; tape; urethra, 
suburethra, midurethra, transurethra, pubovesical; 
retropubic, suprapubic; pubovaginal, implant: Bolo-
gna, Ingelman, Sundberg; Prostheses: injections; 
bulking agents, Contigen; collagen; Macroplastique, 
silicones; microparticulate; hyaluronic acid; carbon 
particles;	 polytetraluoroethylene;	 biocompatible	
materials;	urinary	sphincter,	artiicial.

Since the last review more high quality evidence 
is available based upon randomised controlled tri-
als at multi-institutional programs. Level I, Level 
II and Level III evidence are included in the cur-
rent publication. Additionally, systematic reviews 
where appropriate have also been included to up-
date those referenced in the 2009 chapter. Addi-
tionally, national and international guidelines such 
as the National Institute for Health and Clinical 
Excellence (NICE) in the UK were also included 
where appropriate for complete summation of 
current status of interventions for stress urinary 
incontinence in women. It is to be noted that tran-
sobturator tape data are now of sufficient maturity 
to be included at length in addition to other mid-
urethral data, both regarding standard retropubic 
as well as single incision approaches.

1. URETHRAL BULKING AGENTS

Since the last International Consultation, bovine 
collagen (Contigen®) has become obsolete due 
to manufacturing cessation. Currently available 
agents include; calcium hydroxyl apatite (Coap-
tite®), carbon coated Zirconium (Durasphere®), 
polydimethylsiloxane elastomer (Macroplastique®) 
and polyacrylamide hydrogel (Bulkamid®) . Addi-
tionally limited data has been published regarding 
non-animal	 stabilized	 hyaluronic	 acid/dextranomer	
NASHA-dx (Zuidex®). Recent experience has also 
been reported with adult stem cells for the indication 
of stress urinary incontinence. 
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Urethral bulking agents may be injected either 
transurethrally or periurethrally in a retrograde 
manner, using either ultrasonographic, direct cys-
toscopic or implacer-guided device implantation. 
Device implantation optimally occurs in the proxi-
mal urethra, either single or multiple injections with 
strategic planning for reinjection at some point after 
initial	 injection.	Clinical	 trials	have	deined	speciic	
injection schedules (usually three injections) as 
part of trial therapeutic algorithms. Optimal injection 
technique	 has	 yet	 to	 be	 standardized,	 although	 it	
does	 appear	 that	 urethral	mucosa	 visualization	 at	
procedure	completion	 is	not	predictive	of	inal	out-
come. Prior systematic reviews have formed the ba-
sis of NICE guidance [National Collaborative Center 
for	Women’s	and	Children’s	Health,	2006,	National	
institute	for	Health	and	Clinical	Excellence,	2006b].	
Methodologic problems with most non-regulatory 
trials	 limit	 the	 ability	 to	 generalize	 the	 results	 of	
those trials to clinical experience. 

Ghoniem, et al	 [2009][1]	 reported	 a	 randomized	
controlled trial of polydimethylsiloxane elastomer 
versus	 Contigen	 in	 247	 women.	 Repeat	 injection	
was allowed at three months after initial delivery for 
persistent	 incontinence.	 Eficacy	 was	 determined	
at one year post last injection using Stamey Grade 
scoring, pad weight change and quality of life as-
sessment.	122	patients	received	polydimethylsilox-
ane	 elastomer.	Additionally,	 125	 patients	 received	
Contigen.	At	one	year	post	treatment,	61.5%	of	pa-
tients who received polydimethylsiloxane elastomer 
had improved by one Stamey Grade as compared 
to	48%	of	controls.	The	cure	rate	at	one	year	was	
36.9%	 of	 the	Macroplastique	 group	 and	 24.8%	 in	
the	Contigen	group,	which	was	statistically	 signii-
cant. Pad weight changes (one hour pad weight) 
were 25.4 mL from baseline in the polydimethylsi-
loxane elastomer group and 28 mL in the Contigen 
group. Both groups had improvement in quality of 
life	assessments	(28.7%	and	26.4%	respectively).	

Ghoniem, et al recently reviewed clinical outcomes 
associated with the use of polydimethylsiloxane 
elastomer as a bulking agent for stress inconti-
nence.	 They	 identiied	 a	 total	 of	 958	 patients	 in	
23 cohorts in their review. Overall, short term (de-
ined	as	 less	than	six	months)	 improvement	rates	
were	75%	with	64%	improvement	rates	 long-term	
(greater	 than	 18	 months).	 Cure	 rates	 were	 43%	
at	 less	 than	 six	months	and	36%	at	 greater	 than	
18	months	using	a	variety	of	deinitions	 including	
pad weight, number of pads used and subjective 
reporting. The authors noted that as re-injection 
rates increased, there was improvement in long-
term stress incontinence outcomes. Safety events 
associated with injection included retention, irrita-
tive voiding symptoms, dysuria, and urinary tract 
infection.	[Ghoniem,	2012]	[2]

The same study population was assessed at 24 
months from last injection in subsequent publication. 

At	that	time,	67	patients	in	the	polydimethylsiloxane	
elastomer arm were available for follow-up of whom 
45	 or	 67%	 were	 continent.	 Of	 those	 patients	 who	
were	 dry	 at	 12	months	 [38],	 33	 remained	 cured	 at	
12	months.	Additionally,	12	of	29	patients	 improved	
at	 12	months,	 progressed	 to	 urinary	 continence	 at	
24 months. Global quality of life scores and sub-
scales all were statistically improved from baseline. 
Pad weight changes decreased from 24 grams at 
baseline	to	4	grams	at	12	and	24	months.	There	was	
no long-term complication noted in this population. 
[Ghoniem,	2010].[3]

Polyacrylamide hydrogel has also been report-
ed as a potential agent for bulking. Lose, et al 
[2010],[4]	 reported	 on	 the	 use	 of	 polyacrylamide	
hydrogel	 in	135	women	with	urinary	 incontinence	
(either stress or mixed) who were followed-up for 
12	months	after	injection.	Of	that	group,	47	(35%)	
required repeat injection. At one year, overall sub-
jective	response	rate	was	66%.	 Incontinence	epi-
sodes per 24 hours decreased from baseline of 3 
to	0.7	at	one	year.	Additionally,	overall	urine	leak-
age by pad gram weight decreased from 29 grams 
at baseline to 4 grams at end of trial. Overall ICIQ 
demonstrated improvement in quality of life. The 
most frequent adverse event in this trial was uri-
nary	tract	infection	(10	patients).	

Toozs-Hobson,	et	al,	 [2011][5]	reported	a	two	year	
follow-up	of	polyacrylamide	hydrogel	in	135	women.	
At	twenty	four	months,	64%	of	patients	remained	re-
sponders	(as	compared	to	67%	at	twelve	months).	
Responder	 was	 deined	 as	 subjective	 improve-
ment. Overall decreases in urinary incontinence 
episodes and volume of urine incontinence (pad 
weight) were stable as compared to twelve months 
evaluation, as were other objective outcomes and 
quality of life data.

Gopinath	[2011][6]	reported	a	periurethral	abscess	
associated with the use of this agent which required 
surgical drainage.

Non-animal	stabilized	hyaluronic	acid/dextranomer	
has been compared to bovine collagen by Lightner, 
et	al	[2009].[7]	This	trial	utilized	an	implacing	device	
for	non-animal	stabilized	hyaluronic	acid/dextrano-
mer injection. Bovine collagen was delivered en-
doscopically under direct vision. This trial failed to 
demonstrate	 equivalence	 of	 non-animal	 stabilized	
hyaluronic	acid/dextranomer	 to	direct	vision	 inject-
ed bovine collagen in all primary and secondary out-
come	variables.	84%	of	women	who	were	injected	
with	bovine	collagen	experienced	a	50%	reduction	
in urinary incontinence in provocative testing versus 
65%	 in	 the	 non-animal	 stabilized	 hyaluronic	 acid/
dextranomer	group.	Of	note,	non-animal	stabilized	
hyaluronic	 acid/dextranomer	 was	 associated	 with	
injection	site	sterile	abscesses	in	8.4%	of	patients,	
injection	site	mass	in	4.4%	of	patients	and	pseudo	
cyst	formation	in	2.2%	of	patients.	Irritative	voiding	
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symptoms and injection site pain were more com-
mon	with	non-animal	stabilized	hyaluronic	acid/dex-
tranomer than with bovine collagen. 

Lightner,	 et	 al	 [2010][8]	 reported	 a	 single	 institu-
tional	review	of	56	patients	who	underwent	implan-
tation	 with	 non-animal	 stabilized	 hyaluronic	 acid/
dextranomer.	 This	 trial	 included	 35	 women	 and	 6	
men. Of the women, 4 developed pseudo abscess 
formation requiring multiple operative interventions 
also associated with a high rate of failure amongst 
all women with ISD. 

Mohr,	et	al	[2012][9]	reported	a	large	series	of	514	
women treated with bulking therapy with either col-
lagen, hyaluronic acid, ethylene vinyl alcohol (no 
longer marketed,) or polyacrylamide hydrogel. Out-
comes	were	reported	using	standardized	pad	tests,	
visual analogue score for severity of incontinence 
and	Kings	Health	Questionnaire.	61	patients	in	the	
entire study were lost to follow-up. Overall pad test-
ing	was	negative	 in	73.2%	of	women	after	bulking	
therapy with statistical improvement in both pad 
weight and visual analogue score changes for each 
of the agents used at one year post implantation. 
Re-injection was permitted six weeks after initial in-
jection in this study. 

The role of bulking agents as salvage therapy for 
women who undergone prior mid-urethral sling pro-
cedures	 and	 were	 no	 satisied	 with	 postoperative	
results	was	assessed	by	Lee,	et	al	[2009].[10]	The	
authors reported 23 women who had undergone 
mid-urethral slings who then received therapy with 
polydimethylsiloxane elastomer or carbon coated 
zirconium	beads.	They	noted	a	cure	rate	of	34.8%	
at a median follow-up of ten months and improve-
ment	 in	secondary	outcomes.	Overall,	 92%	of	pa-
tients	reported	beneit	from	therapy	and	the	authors	
reported no complications.

Isolated reports of bladder masses or urethral out-
let obstruction continue to emerge in the literature. 
Crites,	 et	 al	 [2010][11]	 reported	 a	 single	 case	 of	
bladder mass post bovine collagen injection which 
required transurethral resection for improvement of 
symptoms.	Kumar,	et	al	[2011][12]	reported	a	pseu-
do-diverticulum of the urethra due to an encysted 
collagen implant. 

Recently an update to the Cochrane Analysis of 
Urethral injection therapy has been published 
[Kirchin,	2012].	 [13]	This	analysis	 identiied	14	fur-
ther trials for non-injectable agents. The Cochrane 
Analysis concluded there was no difference in man-
ner of delivery (peri- versus trans-urethral injection) 
method, although there was a trend towards higher 
early complications with peri-urethral injection. Ad-
ditionally, weak evidence supports mid-urethral 
injection resulting in improved patient satisfaction 
compared to bladder neck injection. The Cochrane 
analysis also concluded that all bulking agents ap-
peared to provide similar overall improvements as 

compared	to	bovine	collagen.	Non-animal	stabilized	
hyaluronic	 acid/	 dextranomer	 appeared	 to	 be	 as-
sociated with higher rates of injection site compli-
cations	(16%	with	non-animal	stabilized	hyaluronic	
acid/	dextranomer	as	compared	to	none	with	bovine	
collagen). In the few trials that have compared in-
jection therapy with surgical management, better 
overall objective cure was obtained in surgical as 
compared to the injection groups. 

The overall conclusion of the Cochrane analysis 
was	that	the	evidence	base	remained	insuficient	to	
guide	practice,	speciically	regarding	optimal	choice	
regarding bulking device, mechanism delivery, or 
identiication	of	the	optimal	patient	for	bulking.	

Research in autologous stem cell based urethral 
bulking continues. To date, no large scale random-
ized	trials	have	been	published,	although,	abstracts	
have been presented at various meetings. Dura-
bility and length of follow-up will be critical to as-
sess the contribution of this possible bulking option. 
[Du,2012][14]

Recommendation

Bulking agents provide an option in the manage-
ment	of	women	with	stress	incontinence.	Optimiza-
tion of results is dependent upon repeat injections 
to	achieve	and	sustain	eficacy.	Additionally,	eficacy	
with at least some bulking agents appears to dimin-
ish with time and may be inferior to surgical inter-
ventions. Overall complication rates associated with 
bulking agents appear to be relatively low (Grade 
B). Continued development of new materials for in-
jection should be under strict regulatory guidance 
and evaluation using RCT design construct and 
long-term	 follow-up	 (at	 least	 12	 months	 after	 last	
injection) (Grade D ) (Evidence level II/III ).

2. RETROPUBIC MID-URETHRAL SLINGS (MUS)

The tension-free vaginal tape (TVT) procedure for 
treatment of female stress urinary incontinence was 
irst	introduced	by	Ulmsten	et	al.	 in	1996.	[15]	The	
development of the TVT operation was an attempt 
to support the middle portion of the urethra, instead 
of restoring anatomy and correcting urethral hyper-
mobility at the bladder neck. The idea of supporting 
the “mid-urethra” has been derived from the results 
of several research projects conducted during the 
last	thirty	years.	The	work	of	Zaccharin	in	1968	and	
DeLancey	in	1994	had	already	shown	that	the	pu-
bourethral ligaments inserted at the mid-urethra and 
that the urogenital diaphragm also was closer to the 
middle portion of the urethra than the bladder neck.
[16,	17]	In	1978,	Owman	et	al.	found	that	the	most	
densely innervated portion of the urethra was the 
middle	part	and	Huisman	in	1983	showed	in	histo-
logical studies that the mid-urethra had the most 
abundant	vascularisation.	[18]	Additionally,	Westby	
et	al.	 in	1982	showed	 in	 radiographic	studies	how	
the urine stream was interrupted at the mid-urethra 
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on holding in continent women and Asmussen et 
al.	 in	 1983	 showed	 that	 the	maximal	 urethral	 clo-
sure	 pressure	 was	 situated	 at	 the	midurethra.[19,	
20]	It	quickly	became	apparent	that	focusing	on	the	
mid-urethra might bring improvement in the perfor-
mance of incontinence surgery.

Prospective observational cohort studies revealed 
that	placing	a	macroporous,	monoilament	polypro-
pylene tape at the mid urethra resulted in cure rates 
between	80-90	%	in	primary	cases	of	SUI	[Ulmsten	
et	 al.,	 1996;	 Ulmsten	 et	 al.,	 1998;	 Nilsson,	 1998;	
Ulmsten	 et	 al.,	 1999;	 Nilsson	 et	 al.,	 2001],	 [15,	
21-24]	 in	 recurrent	cases	 [Rezapour	and	Ulmsten,	
2001;	Kuuva	and	Nilsson,	 2003],[25,	 26]	 in	mixed	
incontinence	cases	[Rezapour	and	Ulmsten,	2001],	
[25]	and	 in	an	unselected	group	of	women	 includ-
ing primary, recurrent and mixed incontinence as 
well	 as	 women	 with	 intrinsic	 sphincter	 deiciency	
[Nilsson	and	Kuuva,	2001].	 [24]	Since	 those	 initial	
reports of success, several groups have reported 
long-term outcomes exceeding 5 years [Ankar-
dal	 et	 al.,	 2006;	 Doo	 et	 al.,	 2006;	 Defieux	 et	 al.,	
2007;	Chene	et	al.,	2007;	Song	et	al.,	2009]	and	10	
years after the TVT procedure [Nilsson et al., 2008; 
Olsson	et	 al.,	 2010][27]	 [28]	A	variety	of	 follow-up	
regimens	and	deinitions	of	success	reveal	that	the	
effects of the TVT on resolution of SUI are durable 
over the long-term.

Since the last ICI review was conducted, the litera-
ture regarding the TVT and other retropubic MUS 
procedures has expanded at an almost exponen-
tial	pace.	As	an	example,	only	12	RCTs	comparing	
MUS to other procedures were available for review 
and most of these were small (<50 patients in each 
arm) and underpowered. The number of RCTs and 
large	cohort	studies	available	today	signiicantly	ex-
ceeds the previous review, and, unless otherwise 
mentioned, only fully-published studies have been 
included herein.

a) Retropubic MUS vs. no treatment  ( table 1 )

A multicentre, prospective RCT performed by 
Campeau	 et	 al.	 enrolled	 69	 elderly	 who	 initially	
consented to be randomised to either undergo 
immediate	 TVT	 surgery	 or	 to	 wait	 for	 6	 months	
before submitting to the same surgery (control 
group).	[29]	The	main	outcomes	measured	at	ev-
ery	 visit	 (pre-randomisation,	 8-12	 weeks	 and	 6	
months) consisted of the Incontinence-Quality of 
Life (I-QOL) Questionnaire, the Patient Satisfac-
tion Questionnaire and the Urinary Problems Self-
assessment Questionnaire. The analysis included 
31	 patients	 in	 the	 immediate	 surgery	 group	 and	
27	 subjects	 in	 the	 control	 group.	 Perioperative	
complications in the immediate surgery group 
were	 bladder	 perforation	 (22.6%),	 urinary	 reten-
tion	 (12.9%),	 urinary	 tract	 infection	 (3.2%)	 and	
de novo	urgency	 (3.2%).	At	6	months,	 the	mean	
scores on each questionnaire were significantly in 
favour	of	the	TVT	group.	[EL=1/2]

b)  Retropubic MUS vs. open colposuspension 
(table 1 ) 

Since the ICI-4 review, only 3 additional studies have 
published comparing TVT and open colposuspen-
sion	[McCracken	et	al.,	2007;	Tellez	Martinez-Fornes	
et	 al.,	 2009;	Wu	et	 al.,	 2010].	 [30-32]	 In	a	nonran-
domised	 trial	 with	 signiicant	 failed-to-complete-	
follow-up, McCracken et al. found no difference in 
subjective success rates via questionnaire between 
colposuspension	and	TVT	at	5	to	10	years.	[30]	In	an	
RCT randomising 49 women to TVT or colposuspen-
sion,	Tellez	Martinez-Fornes	found	no	signiicant	dif-
ference	in	subjective	success	rates	(cured/improved)	
between	the	2	procedures	at	follow-up	periods	of	6,	
12,	and	36	months.	[31]	In	a	retrospective,	nonran-
domised	trial	comparing	105	women	who	underwent	
TVT	with	81	women	who	underwent	MMK,	 the	au-
thors found that while the short-term success rate of 
the	MMK	was	89%,	the	rate	fell	to	68.2%	at	5	years	
and	32%	at	10	years.	[32]	In	comparison,	the	short-
term success rate of the TVT was statistically similar 
to	the	MMK	(90%)	but	decreased	only	to	84.3%	at	5	
years. Women who underwent TVT also experienced 
shorter operative time, less blood loss, and shorter 
hospital	stay.	[EL=3/4]

Four	of	the	studies	from	ICI-4	comparing	TVT	with	
open colposuspension used objective outcome 
measures	 for	deining	cure:	1	hour	pad	test	 [Ward	
et al., 2002; Liapis et al., 2002; Wang et al., 2003; 
Ward	 et	 al.,	 2004;	Ward	 et	 al.,	 2008],	 [33-37]cys-
tometry	[Ward	et	al.,	2002],	[33]	and	a	cough-stress	
test [Ward et al., 2002; Ward et al., 2004; Bai et 
al.,	2005].[33,	36,	38]	One	study	only	used	subjec-
tive	outcome	measures	[El-Barky	et	al.,	2005].	[39]	
None of these studies found any statistical differ-
ences in objective cure rates between the two op-
erations.	The	cure	rate	ranged	between	63	and	87	
%	in	the	TVT	groups	and	between	51%	and	90	%	in	
the open colposuspension groups. The time period 
of	follow-up	was	between	3	and	24	months	in	all	ive	
trials except the 5-year extension of the U.K. & Ire-
land	TVT	Trial	Group	[Ward	et	al.,	2008].	[37]	These	
5-year	outcome	data	are	hampered	by	a	signiicant	
lost	 to	 follow-up	 rate	 (58%	 in	 the	 TVT	 group	 and	
67	%	in	the	colposuspension	group).	The	criteria	of	
subjective cure were for the most part poorly de-
ined	and	validated	QOL	questionnaires	were	only	
used	in	the	2002	study.[33]	There	was	no	difference	
in subjective cure between the TVT and the colpo-
suspension	groups.	[EL=1/2]

As	 in	 the	 study	 by	 Tellez	 Martinez-Fornes,	 op-
erative time, hospital stay and time for resum-
ing normal activity was significantly shorter in 
the TVT groups [Ward et al., 2002; Liapis et al., 
2002;	 El	 Barky	 et	 al.,	 2005].[33,	 34,	 39]	 Ward	
et	al.	 [2002]	 found	 that	 the	percentage	of	 intra-
operative bladder perforations was significantly 
greater	 in	 the	 TVT	 group	 (9%)	 than	 in	 the	 col-
posuspension	group	 (3%),	while	El	Barky	et	 al.	
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Author
 

RPMUS
 

Comparator
 

No. Patients
 

F/U
 

Power calculation
 

# Lost to F/U
 

% Cure
 

Significance
 

LE Notes
 

Campeau, 2007* [29] TVT - 31/27 6m Yes 0/20 N/A 0.0001 1 Favors TVT 

Ward, 2002*† [[33] TVT OC 175/169 6m Yes N/A 66/57 (o) No 1  

Ward, 2004*^† [36] 24m 19/26 63/51 (o) No 1  

Ward, 2008*^† [37] 60m 103/120 81/90 (o) 

91/90 (s) 

No 1/2  >50% lost to F/U 

Liapis, 2002*^† [34] TVT OC 36/35 24m No N/A 84/86 (o) No 2  

Wang, 2003*† [35] TVT OC 49/49 22m No N/A 82/76 (o) 

92/93 (s) 

No 2 

 

Bai, 2005*^† [38] TVT OC 31/33 12m No 0/0 87/87.4 (s) No 2 

El-Barky, 2005*^† [39] TVT OC 25/25 3-6m No 0/0 72/72 (s) No 2  

McCracken, 2007 [30] TVT OC 40/45 1.5-3m No 8/14 88.5/92 (s) No 3/4  

 
60-120m 17/22 77/70 (s) 

Tellez Martinez-
Fornes, 2009 [31] 

TVT OC 24/25 6m No 3/1 76.2/87.5 (s) No 2 Success=cure + improved  

12m 1/1 78.3/87.5 (s) 

36m 3/2 77.3/91.3 (s) 

Wu, 2010 [32] TVT OC 105/81 12m No 0/0 90/89.5 (o) - 3 No statistical comparison performed 

60m 84.3/68.2 (o) 

120m -/32 (o) 

Persson, 2002*^† [43] TVT LC 28/32 12m Yes 2/2 89/87 (o) 

57/52 (s) 

No 1 

 

Ustun, 2003*^† [166] TVT LC 23/23 3m No 0/0 82.6/82.6 (o) 

82.6/82.6 (s) 

No 2 

 

Paraiso, 2004*^† [41] 

Jelovsek, 2008^ [46] 

TVT LC 36/36 12m Yes 8/6 97/81 (o) 0.056 1 Trends to TVT 

12-88m 
(Median 65m) 

74% had F/U 
48-96m 

52/42 (s) No 2 Cure=no reported incontinence 

Valpas, 2004*^† [47] TVT LC 70/51 12m Yes 6/4 85.7/56.9 (o) 

82/58 (s) 

0.001 1 Favors TVT 

Foote, 2006*† [44] SPARC LC 49/48 27m Yes 10/10 77.4/81.4 (s) No 2  

RP MUS vs. No treatment

RP MUS vs. Open Colposuspension (OC)

RP MUS vs. Laparoscopic Colposuspension (LC)

Table 1: Studies comparing retropubic midurethral slings with other interventions
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Table 1: Studies comparing retropubic midurethral slings with other interventions (continued)

Tong, 2008 [45] TVT LC 67/30 9m (Mean) No 0/0 95.5/86.5 (s) No 3 

 
RP MUS vs. RP MUS 

Rechberger, 2003* [57] TVT IVS 50/50 4-18m No 0/0 88/80 (s+o) No 2 

Dietz, 2004 [56] TVT SPARC 69/37 1-18m No 0/0 94.2/78.4 (o) 0.019 3 Favors TVT  

Andonian, 2005* [50] TVT SPARC 43/41 12m Yes 0/0 95/83 (o) 

IIQ (s) 

No 1 
 

Lim, 2005* [58] TVT IVS/SPARC 65/65/65 1.5-3m No 4/5/4 87.9/81.5/72.4 (o) 

78.5/67.7/64.6 (o; ITT) 

No 1/2 
 

Tseng, 2005* [52] TVT SPARC 31/31 24-30m 
(Median 25m) 

Yes 0/0 87.1/80.7 (o) 
No 

2 0% vs. 12.9% bladder puncture 
(p=0.112) 

Gandhi, 2006 [55] TVT SPARC 73/49 >1.5m 
(Median ~4m) No 

0/0 86/60 (s) 

95/70 (o) 

0.001 3 Favors TVT; short F/U  

Kim, 2006 [54] TVT SPARC 62/62 12m No 20/14 91.7/100 (o) No 2/3 Satisfaction rate similar  

Lord, 2006* [51] TVT SPARC 147/154 1.5m Yes 0/0 97.3/97.4 (o) No 1 Short F/U  

87.1/76.5 (s) 0.03 Favors TVT  

Meschia, 2006* [59] TVT IVS 95/95 24m Yes 
3/8 

85/72 (o) 

87/78 (s) 

No 1 

 

Yoon, 2007 [65] TVT IRIS 32/34 
12m

 No 0/0 
96.9/88.2 (s+o)

 No 2/3 

 36m 90.6/85.3 (s+o) 

Agarwala, 2008 [64] TVT Lynx 48/48 - No 0/0 94/92 (s) 

96/94 (o) 

No 2 Consecutively assigned to sling  

Paick, 2008 [53] TVT SPARC 72/22 6m No 0/0 95.8/90 (s+o; SUI) 
81.9/86.4 (s+o; MUI) 

No 3/4 
 

Prien-Larsen, [60] TVT IVS 103/213 3m No 

 
98/86 (o) 

82/79 (s) 

<0.03 (o) 

No (s) 

3 
Objective cure favors TVT; 0% vs. 11.8% 
vaginal extrusion 

 

12m 95/86 (o) 
79/81 (s) 

60m 94/80 (o) 

74/71 (s) 

Author RPMUS  Comparator No. Patients  F/U Power calculation # Lost to F/U  % Cure Significance  LE Notes 

*: Included in ICI-4
^: Included in Systematic Review (Novara, 2010)
†: Included in Cochrane Review (Ogah, 2011)

Key: RP MUS=retropubic midurethral sling; F/U=follow-up (months); LE=level of evidence; TVT=tension-free vaginal tape; o=objective; s=subjective; N/A=not available; 
OC=open colposuspension; LC=laparoscopic colposuspension; ITT=intention to treat
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reported no perforations in the colposuspension 
group and two in the TVT group (p< 0.05). [33, 
37]	Wound	infections	were	more	common	in	the	
colposuspension group (p<0.05). Significantly 
more patients experienced delayed voiding in 
the colposuspension group in the Ward et al. 
[2002]	study	and	 in	 the	2	years	follow-up	report	
of the same study there were significantly more 
patients in the colposuspension group needing 
intermittent self catheterisation (p<0.0045) and 
surgery for pelvic organ prolapse (p<0.0042). 
[33,	36]	[EL=1/2]

The Cochrane review comparing the outcomes of 
minimally-invasive suburethral sling operations with 
open colposuspension included 9 trials, and included 
5 of the trials mentioned above [Ward et al., 2002; 
Liapis et al., 2002; Wang et al., 2003; Bai et al., 
2005;	 El	 Barky	 et	 al.,	 2005].[40]	 The	 remainder	 of	
the studies were either in abstract form or provided 
a comparison between transobturator MUS and col-
posuspension.	A	 total	of	729	women	studied	within	
the	irst	12	months	after	surgery	showed	subjective	
cure	rates	of	79%	with	MUS	and	82%	after	open	col-
posuspension. This difference was not statistically 
signiicant	(RR	096,	95%	CI	0.90	to	1.03).	In	2	trials	
[including	Ward	et	al.,	2004]	follow-up	at	2	years	also	
failed	to	show	a	statistically	signiicant	difference	(RR	
1.11,	95%	CI	0.91	to	1.34).	In	the	3	trials	evaluating	
objective cure rates [including Liapis et al., 2002, and 
Wang	 et	 al.,	 2003],	 there	was	 no	 signiicant	 differ-
ence	at	12	months	(RR	1.04,	95%	CI	0.94	to	1.14),	
after	2	years	(RR	1.01,	95%	CI	0.92	to	1.11)	and	after	
5	years	(RR	0.90,	95%	CI	0.77	to	1.04).	[EL=1/2]

A limitation to the conclusions that can be drawn 
from the aforementioned study results is the fact 
that most of the trials include fewer than 50 patients 
in each arm and lacked any mention of power cal-
culations. The trials by Ward et al. enrolled a greater 
number of patients and included power calculations, 
but did not reach the required number of patients. 
[33,	36,	37]

c)  Retropubic MUS vs. laparoscopic colpo -
suspension ( table 1 )

Four	of	 the	12	RCTs	 in	 ICI-4	 comparing	 retropubic	
MUS with traditional incontinence procedures com-
pare TVT with laparoscopic colposuspension [Pers-
son et al., 2000; Ustun et al., 2003; Paraiso et al., 
2004;	Valpas	et	al.,	2004].	[41]	[40]	[39]	[38]	[37]	[36]	
[35]	[34]	[33]	[32]	[31]	[30]	[29]	[28]	[27]	[26]	[42,	43]	
Two additional trials have been published since that 
review	[Foote	et	al.,	2006;	Tong	et	al.,	2008]	as	well	
as an update of the Paraiso et al. study [Jelovsek 
et	al.,	2008].	[44-46]	The	Cochrane	review	included	
5 fully-published manuscripts [Persson et al., 2000; 
Ustun et al., 2003; Paraiso et al., 2004; Valpas et al., 
2004;	Foote	et	al.,	2006]	along	with	2	abstracts.	[40]

In the studies comparing TVT or Supra Pubic Arc 
Sling	(SPARC;	a	monoilament	polypropylene	MUS	

placed through a top-down approach) with lapa-
roscopic colposuspension objective cure was as-
sessed	by	a	pad	test	in	2	of	the	6	studies	[Persson	
et	al.,	2000;	Valpas	et	al.,	2004],	[43,	47]	and	by	a	
cough-stress test in 3 of the studies [Ustun et al., 
2003;	Paraiso	et	al.,	2004;	Valpas	et	al.,	2004].	[41,	
42,	 47]	The	 criteria	 for	 cure	or	 improvement	were	
unclear	in	the	study	by	Foote	et	al.	[44].	The	trial	by	
Valpas et al. with the greatest number of patients 
enrolled	showed	a	signiicantly	higher	objective	and	
subjective cure rate in the TVT group than in the 
laparoscopic colposuspension group (p<0.0001),	
[47]	 while	 the	 other	 studies	 showed	 similar	 cure	
rates	 for	 both	procedures	 ranging	between	72.9%	
and	96.8%	in	the	TVT	groups	and	between	58.8%	
and	 87%	 in	 the	 laparoscopic	 colposuspension	
groups. It was thought that the Valpas et al. trial may 
have	shown	a	signiicant	difference	in	outcomes	in	
favour of TVT due to a difference in laparoscopic 
technique (using mesh rather than sutures to per-
form	 colposuspension).	 [40]	 In	 their	 trial,	 Paraiso	
et al. performed postoperative multichannel urody-
namic studies in 32 laparoscopic Burch colposus-
pension	and	31	TVT	patients	showed	a	higher	rate	
of	urodynamic	stress	 incontinence	at	1	year	 in	the	
laparoscopic	Burch	colposuspension	group,	18.8%	
versus	3.2%	(p=0.056).[41]	There	was	a	signiicant	
improvement in the number of incontinent episodes 
per week and in UDI and IIQ scores in both groups 
at	1	and	2	years	after	surgery	(p<0.001).	However,	
postoperative subjective symptoms of incontinence 
(stress, urge, and any urinary incontinence) were 
reported	signiicantly	more	often	in	the	laparoscopic	
Burch colposuspension group than in the TVT group 
(p<0.04 for each category). At long-term follow-up 
of	the	previous	study,	Jelovsek	et	al.	conirmed	that	
the	 TVT	 has	 similar	 eficacy	 to	 the	 laparoscopic	
Burch	for	 the	treatment	of	SUI.	 [100]	While	not	al-
ways bothersome, the authors cited a substantial 
number of women in either group who had some 
degree of incontinence 4 to 8 years after surgery. 
Although laparoscopically-performed colposuspen-
sion is regarded as a less-invasive operation than 
the open colposuspension the MUS procedures had 
signiicantly	 shorter	 operating	 time,	 hospital	 stay,	
and time for resuming normal activity than the lapa-
roscopic	colposuspension.	[40]	[EL=2]

As with the studies comparing open colposuspen-
sion with MUS, the conclusions of studies com-
paring MUS with laparoscopic colposuspension 
may be limited due to underpowering. Dean et al. 
performed a systematic review of laparoscopic 
colposuspension	(n=264)	and	TVT	(n=290)	which	
included	 7	 trials.	 [101]	 There	was	 no	 statistically	
signiicant	 difference	 in	 the	 reported	 subjective	
cure rate between laparoscopic colposuspension 
and	TVT	within	18	months	(RR	1.12,	95%	CI	0.98	
to	 1.29).	 However,	 within	 the	 same	 time	 period,	
the overall objective cure rate was statistically sig-
niicantly	 higher	 for	 TVT	 (RR	 1.16,	 95%	 CI	 1.07	
to	1.25).	There	were	no	signiicant	differences	be-
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tween the two procedures with regards to periop-
erative complications, de novo detrusor overactiv-
ity, voiding dysfunction, procedural costs and QoL 
scores.	The	authors	conirmed	that	the	TVT	proce-
dure was quicker to perform and was associated 
with	a	shorter	hospital	stay.	[EL=1/2]

A systematic review by Novara et al. evaluated 
open and laparoscopic colposuspensions together 
with	 retropubic	 MUS.	 [48]	Women	 receiving	MUS	
had	 signiicantly	 higher	 overall	 (OR	 0.61;	 95%	CI	
0.46	 to	 0.82,	p=0.00009) and objective (OR 0.38; 
95%	 CI	 0.25	 to	 0.57,	 p<0.0001)	 cure	 rates	 than	
those receiving colposuspension. A clinical and 
economic subanalysis of the Valpas et al. study 
suggested	that	over	a	follow-up	period	of	1	year	the	
TVT is more cost-effective than laparoscopic mesh 
colposuspension as a primary treatment for female 
SUI.	[103]	[49][EL=1/2]

d) Retropubic MUS vs. traditional sling 

This comparison will be addressed in the section on 
traditional pubovaginal slings.

e)  Retropubic MUS vs. retropubic MUS ( table1 )

The favorable results obtained with the TVT opera-
tion	 have	 resulted	 in	 several	modiications	 of	 the	
procedure and the use of different tape materials. 
These	 retropubic	modiications	 have	 been	 poorly	
clinically	 evaluated	 and	 only	 6	 randomised	 stud-
ies comparing these with the TVT have been pub-
lished. The meta-analysis by Novara et al. did not 
evaluate the comparison between different types 
of	 retropubic	 MUS	 procedures.	 [48]	 In	 ICI-4,	 3	
RCTs compare the TVT with the SPARC [Andonian 
et	al.,	2005;	Tseng	et	al.,	2005;	Lord	et	al.,	2006].	
[50-52]	The	study	by	Lord	et	al.	included	147	TVT	
and	 154	 SPARC	 cases	 and	 showed	 no	 statisti-
cal	difference	in	estimated	blood	loss	of	>100	mL	
(TVT,	21.8%	vs.	SPARC,	18.2%),	de novo urgency 
(TVT,	 40.5%	 vs.	 SPARC,	 42.4%),	 objective	 cure	
(TVT,	97.3%	vs.	SPARC,	97.4%)	or	vaginal	mesh	
extrusion	 (TVT,	 4.8%	 vs.	 SPARC,	 10.5%).	 [51]	
Acute	urinary	retention	(TVT,	0%	vs.	SPARC	6.5%;	
OR	∞,	95%	CI	2.2-∞;	p=0.002) and subjective cure 
(TVT	87.1%	vs.	SPARC	76.5%;	OR	2.07,	95%	CI	
1.13-3.81;	 p=0.03)	 were	 statistically	 signiicantly	
different.	Tseng	et	 al.	 reported	 a	 12.9	%	of	 blad-
der perforation in the SPARC group with none in 
the	 TVT	 group.	 [52]	While	 the	 difference	 did	 not	
reach	statistical	signiicance	in	this	small	study	(31	
patients in each group), the authors felt it to be 
clinically	signiicant.	[EL=1/2]

Four	additional	non-randomised	studies	compared	
TVT	with	SPARC	[Dietz	et	al.,	2004;	Gandhi	et	al.,	
2006;	Kim	et	 al.,	 2006;	Paick	 et	 al.,	 2008].[53-56]	
In	 the	Dietz	 et	 al.	 study,	 there	were	no	 signiicant	
differences	for	subjective	cure/improvement,	patient	
satisfaction,	or	symptoms	of	incontinence.	[56]	The	
cough-stress	 test	 was	 positive	 in	 8	 of	 37	 women	

who	underwent	SPARC	compared	 to	4	of	69	TVT	
patients ( p=0.019).	The	TVT	had	a	more	negative	
effect (p=0.001)	 on	 postoperative	 voiding.	 In	 the	
Gandhi	et	al.	study,	107	of	122	women	returned	for	
objective postoperative evaluation after surgery. 
[55]	The	TVT	procedure	was	associated	with	higher	
subjective	 (86%	 vs.	 60%,	p=0.001)	 and	 objective	
(95%	vs.	70%,	p<0.001)	SUI	cure	rates,	while	there	
was no difference between the TVT and SPARC 
groups in the resolution of subjective and objec-
tive UUI. Kim et al. found no difference in objective 
cure	rates	at	1	year	of	 follow-up	and	complication	
rates	were	similarly	low.	[54]	Paick	et	al.	found	no	
signiicant	difference	in	cure	of	SUI	or	cure	of	all	in-
continence	between	TVT	and	SPARC	at	6	months.
[53]	[EL=3/4]

In ICI-4, 3 RCTs compared TVT with the intra-
vaginal slingplasty (IVS) procedure, which uti-
lises a multifilament, miniporous polypropylene 
tape material [Rechberger et al., 2003; Lim et 
al.,	2005;	Meschia	et	al.,	2006].	[57-59]	Only	the	
study by Lim et al. was included in the Cochrane 
analysis.	[40]	In	the	study	by	Meschia	et	al.	that	
included 95 patients in each group, the objective 
cure	rate	was	85%	for	 the	TVT	and	72%	for	 the	
IVS	 and	 the	 subjective	 cure	 rate	 was	 87%	 and	
78%,	 respectively,	 with	 no	 difference	 between	
groups.	 [58]	 There	was	 a	 9%	 vaginal	 extrusion	
rate during the 2 years of follow-up in the IVS 
group,	and	0%	extrusion	 in	 the	TVT	group.	Re-
chberger et al. found no significant difference 
in cure rates between the groups at a mean of 
13	months	of	follow-up.[57]	Lim	et	al.	compared	
TVT	with	both	IVS	and	SPARC,	with	65	patients	
in	each	group.	[58]	The	subjective	cure	rates	be-
tween	6	and	12	weeks	of	 follow-up	were	87.9%	
in	 the	 TVT	 group,	 81.5%	 in	 the	 IVS	 group	 and	
72.4%	 in	 the	SPARC	group,	 the	differences	not	
being significant. Interestingly, the authors found 
a significantly greater rate of tape extrusion in 
the SPARC group compared to both TVT and IVS 
(p<0.04). An additional retrospective study found 
a significant difference in favour of TVT in objec-
tive	SUI	cure	rate	at	3,	12,	and	60	months	com-
pared with IVS, while the subjective cure rates 
did not differ significantly at any of those time 
intervals	 (Prien-Larsen	 &	 Hemmingsen,	 2009].	
[60]	 Vaginal	 extrusions	 were	 found	 in	 11.8%	 of	
the	women	 in	 the	 IVS	group	compared	with	0%	
in	the	TVT	group.	[EL=1/2]

Most concerning is the report by Balakrishnan et 
al. in which they followed the subgroup of IVS pa-
tients of the Lim et al. study for up to 30 months 
and	 found	 that	13%	had	sling	extrusions	 requiring	
sling	 removal.	 [61]	Additionally,	 of	 the	 29	 patients	
(47%)	of	the	initial	IVS	group	who	were	seen	12	to	
34	months	post-operatively,	24%	experienced	sling	
erosion with sinus formation requiring sling remov-
al.	Further	 infectious	complications,	 like	 retropubic	
abscess and pyogenic granuloma associated with 
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vaginal extrusion, indicate that the IVS may behave 
clinically like microporous synthetic materials rather 
than	other	polypropylene	slings.[62,	63]	[EL=3/4]

Two additional studies compared TVT against other 
retropubic midurethral MUS procedures. Agar-
wala	 found	 no	 difference	 in	 subjective	 (94%	 vs.	
92%)	and	objective	(96%	vs.	94%)	cure	rates	in	96	
women consecutively assigned to TVT or to Lynx 
mid-urethral	 sling	 (Boston	Scientiic;	monoilament	
polypropylene),	 respectively.	 [64]	Yoon	et	al.	 com-
pared TVT to the IRIS (innovative replacement of 
incontinence surgery) with a follow-up of 3 years. 
[65]	The	instrument	of	the	IRIS	system	is	comprised	
of a nondisposable metal handle to which two met-
al needles can be attached. The needles have an 
outer	diameter	of	5-6	mm	and	the	non-absorbable	
polypropylene	tape,	which	 is	11	mm	wide	and	450	
mm	long	with	a	plastic	sheath	cover,	is	ixed	to	the	
needles. The tape of the IRIS system is polypropyl-
ene	monoilament	mesh	(Trelex;	Meadox	Medicals,	
Oakland,	 NJ/Boston	 Scientiic,	 NJ,	 U.S.A.),	 and	
the	diameter	of	the	pore	size	is	greater	than	75	µm	
such as the tape of TVT. Success rate encompass-
ing both objective and subjective criteria were not 
statistically different between the 2 procedures at 
12	and	36	months.	Likewise,	the	incidence	of	peri-
operative complications and postoperative voiding 
dysfunction	was	not	statistically	different.	[EL=3]

The Cochrane review encompassing 4 aforemen-
tioned RCTs [Andonian et al., 2005; Lim et al., 
2005;	Tseng	et	al.,	2005;	Lord	et	al.,	2006]	and	an	
abstract, found that, in 492 women studied within 
the	irst	12	months	after	surgery,	women	were	sig-
niicantly	more	often	subjectively	dry	with	 the	TVT	
than	SPARC	(85%	vs.	77%;	RR	1.10,	95%	CI	1.01	
to	1.20).	 [40]	In	a	total	of	636	participants,	women	
were	statistically	signiicantly	more	 likely	 to	be	ob-
jectively cured with the TVT than SPARC or IVS 
(92%	vs.	87%;	RR	1.06,	95%	CI	1.01	to	1.11).	There	
were	signiicantly	 fewer	women	experiencing	blad-
der punctures during trocar passage after TVT com-
pared	with	SPARC	(4.7%	vs.	8.5%;	RR	0.55,	95%	
CI	0.31	to	0.98),	as	well	as	fewer	vaginal	extrusions	
(RR	0.27,	95%	CI	0.08	to	0.95).	No	statistically	sig-
niicant	 difference	 was	 seen	 in	 overall	 periopera-
tive	complications,	but	 the	conidence	 interval	was	
wide	 (RR	0.98,	95%	CI	0.53	 to	1.84).	There	were	
no	 statistically	 signiicant	 differences	 between	 the	
2 groups with respect to postoperative de novo ur-
gency symptoms and UUI, as well as urodynamic 
detrusor	overactivity.	Finally,	there	were	no	statisti-
cal differences in QoL indices between the 2 proce-
dure	groups.	[EL=1/2]

The Cochrane review also evaluated 3 of the afore-
mentioned RCTs [Rechberger et al., 2003; Lim et 
al.,	2005;	Meschia	et	al.,	2006]	that	compared	TVT	
to	IVS.[40]	At	12	months,	the	higher	subjective	cure	
rates seen with TVT did not reach statistical sig-
niicance	 (83%	vs.	77%;	RR	1.08,	95%	CI	0.98	 to	

1.19).	Objective	cure	 for	 the	TVT	was	signiicantly	
higher	than	for	the	IVS	(83%	vs.	72%;	RR	1.15,	95%	
CI	1.02	to	1.30).	There	were	few	perioperative	com-
plications and the combined results from 2 small tri-
als	did	not	show	a	statistically	signiicant	difference	
(RR	1.16,	95%	CI	0.36	to	3.69).	However,	the	con-
idence	intervals	were	wide.	There	were	no	statisti-
cally	signiicant	differences	in	the	rates	of	de novo 
urgency symptoms and UUI, detrusor overactivity, 
and	postoperative	voiding	dysfunction.	[EL=1/2]

f)  Retropubic MUS vs. transobturator mus ( table 2 )

A unique complication of the retropubic MUS proce-
dures has been inadvertent puncture of retropubic 
and, on occasion, intra-abdominal viscera or neuro-
vascular structures. The most common organ punc-
tured is the bladder and the rates of puncture have 
varied	between	0.8%	and	21	%	in	different	reports	
[Wang	et	al.,	2004;	Andonian	et	al.,	2005].	[50,	66]	
Two systematic registries on the rates of complica-
tions associated with the TVT operation have been 
published,	one	from	Finland	including	the	irst	1455	
operations performed nation-wide and one from 
Austria	including	2795	operations	[Kuuva	and	Nils-
son,	 2002;	 Tamussino	 et	 al.,	 2001].	 [26,	 67]	 The	
rates	 of	 bladder	 perforation	were	3.8%	and	2.7%,	
respectively. In an effort to minimise the incidence 
and	morbidity	of	bladder	 injuries,	Delorme	in	2001	
introduced	a	modiied	tape	procedure	 in	which	the	
tape was brought to support the mid-urethra from 
inside the thighs through the obturator foramina on 
both	 sides.[68]	 De	 Leval	 further	modiied	 the	 out-
side-in transobturator tape procedure (TOT) proce-
dure to be an inside-out procedure, now called the 
tension-free	vaginal	tape-obturator	(TVT-O).	[69]

The comparison between the retropubic and tran-
sobturator MUS procedure has become the most-
documented topic in sling surgery over the last 5 
years. ICI-4 reported on a total of 9 RCTs comparing 
RP with TO midurethral slings. TVT was compared 
with	the	inside-out	TVT-O	in	6	randomized	trials	[Li-
apis	et	al.,	2006;	Laurikainen	et	al.,	2007;	Meschia	
et	al.,	2007;	Zullo	et	al.,	2007;	Araco	et	al.,	2008;	
Rinne	et	al.,	2008],	[70-75]	and	with	the	outside-in	
TOT	in	2	trials	[Andonian	et	al.,	2007;	Porena	et	al.,	
2007].	[76,	77]	Wang	et	al.	compared	the	TOT	with	
SPARC and found no difference in cure rate or rates 
of	complications	between	the	group	of	31	TOT	pa-
tients	and	29	SPARC	patients.[78]	

The studies evaluated in ICI-4 were quite heteroge-
neous.	Five	of	the	studies	comparing	TVT	with	TVT-
O included power calculations either for detection 
of differences in cure rates and complication rates 
[Meschia	et	al.,	2006;	Laurikainen	et	al.,	2007;	Rinne	
et	al.,	2008],	[70,	71,	75]	or	only	for	detection	of	differ-
ences	in	complications	[73].	The	study	by	Liapis	et	al.	
reported	no	power	calculations.	 [70]	No	differences	
in the overall objective or subjective cure rates were 
seen between the TVT and the TVT-O procedures 
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Author RP MUS Comparator No. 
Patients 

F/U Power 
calculation  

# Lost  
to F/U 

% Cure Significance LE Notes 

RP MUS vs. TO MUS 

Ansquer, 2004 [100] TVT TOT? 25/24 1m No  0/0 80/83 (s) No 3/4 
 

Mellier, 2004 [101] TVT Monarc 90/85 6w No 0/0 91/95 (s) No 3  

Enzelsberger, 2005^† [80] TVT TOT 52/53 12m No 0/0 86/84 (o) No 1/2  

Kim, 2005^† [81] 
Sparc 

Monarc 22/21 6m No 0/0 81.8/80.9 (s+o) No 2  

Wang A, 2006*^† [78] Sparc Monarc 31/31 6-14m (Median 9m)  Yes 2/0 Significant improvement 
in pad weight for both 

No 2 Cure rate never mentioned 

Liapis, 2006*^† [79] TVT TVT-O 46/43 12m No 0/0 89/90 (o) 

73.9/76.7 (s) 

No 1/2 

 

Morey, 2006 [102] TVT, Sparc Monarc, ObTape 350/154 6m No 0/0 85.6/89.4 (o) No 3  

Andonian, 2007^† [76] TVT TOT 80/78 12m Yes 0/0 86/83 (o) No 1  

Darai, 2007†[82] I-Stop I-Stop 42/46 3m Yes 0/0 90.5/89.1 (s+o) No 2 

 
6-12m 88.5/86.5 (s+o) 

Falkert, 2007 [103] TVT TOT 56/49 12m No 0/0 90/96 (o) No 3  

Laurikainen, 2007*^ [70]Rinne, 
2008*^† [[75]Palva, 2010 [91] 

TVT TVT-O 136/131 2m Yes 0/0 98.5/95.4 (o) No 1 ITT analysis not significantly different 

12m 2/0 95.5/93.1 (o) 

90/93 (s) 

36m 5/5 94.6/89.5 (o) 

Lee, 2007† [83] 
TVT 

TVT-O 60/60 12m No 0/0 86.8/86.8 (s+o) No 2 Quasi-RCT (alternation) 

Meschia, 2007*^† [71] TVT TVT-O 114/117 6m (Median) Yes 6/7 92/89 (o) 

92/87 (s) 

No 1 

 

Neuman, 2007 [104] TVT TVT-O 75/75 6m No 0/0 97.3/98.7 (s) No 3  

Paick, 2007 [105] TVT TOT 252/212 6m Yes 0/0 92.1/84.9 (s+o) 0.015 2 Favors TVT 

Porena, 2007*^† [77] TVT ObTape 73/75 12m Yes 3/0 71.4/77.3 (o) No 1  

Sola, 2007 [106] TVT TVT-O 76/98 3m No 0/0 96/100 (s) No 3 ~80% each group additional surgery 

Zhu, 2007^† [84] TVT TVT-O 28/27 22m No 0/0 92.6/92.9 (s) No 2 All had concomitant prolapse surgery 

Zullo, 2007*^† [73] TVT TVT-O 35/37 12m Yes 0/0 91/89 (o) No 1/2 
 

Table 2: Studies comparing retropubic midurethral slings with transobturator midurethral slings
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Table 2: Studies comparing retropubic midurethral slings with transobturator midurethral slings (continued)

Araco, 2008*^† [74] TVT TVT-O 120/120 12m Yes 12/20 100/66 (o) (severe SUI) 0.001 1 Favors TVT for severe SUI 

100/100 (o) (mild SUI) No 

Barber, 2008^† [97] TVT Monarc 88/82 12m Yes 2/6 58.8/62.3 (s) 0.006 1 Monarc not inferior to TVT 

Barry, 2008^† [86] TVT Monarc 107/80 3m Yes 25/22 86.6/72.4 (s) 
79.3/84.5 (o) 

No 1/2 Short F/U 

Charalambous, 2008 [107] TVT TVT-O 
265/50 

12m No 0/0 87/94 (not stated) No 3 

 
Jeon, 2008 [108] TVT Iris 61/60 3m No 0/0 96.7/95 (s+o) No 3 

 
6m 90.2/91.7 (s+o) 
12m 

88.5/88.3 (s+o) 

Long, 2008 [109] TVT TVT-O 53/29 36m/14m No 0/0 92.5/79.3 (s) 

94.3/86.2 (o) 

No 3/4 
 

Paick, 2008[53] TVT TOT 72/50 6m No 0/0 95.8/94 (SUI) 
81.9/82 (all 
incontinence) 

No 3/4 
 

Paick, 2008 [53] 
Sparc 

TOT 22/50 6m No 0/0 90/94 (SUI) 
86.4/82 (all 
incontinence) 

No 3/4 
 

Schierlitz, 2008^† [87] TVT Monarc
 

82/82 6m Yes 15/11 79/55 (o) 0.004 1 Favors TVT; all women w/ISD 

Wang W, 2008 [110] TVT TVT-O 35/34 14.5m (Mean) No 0/0 88.6/85.3 (s) No 2 
 

Aniuliene, 2009^ [93] TVT TVT-O 114/150 12m No 0/0 94.6/94.6 (s) No 2 Vague criteria for “effectiveness”  

Gungorduk, 2009 [111] TVT Safyre-t 180/120 12m No 0/0 93.9/82.5 (s+o) 
0.0002 

3 Favors TVT 

48m - 78.3/52.5 (s+o) 0.0001 

Houwert, 2009 [112] TVT TVT-O 
Monarc 

214/173 12m Yes 0/0 82/75 (s) No 2/3 

 

Hsiao, 2009 [167] TVT Monarc 61/60 12m No 0/0 82/78.3 (s+o) No 3  

Karateke, 2009^ [94] TVT TVT-O 81/83 12-16m Yes 2/1 88.9/86.7 (s+o) No 1  

Rapp, 2009 [113] Sparc Monarc 107/43 12m No 10/4 29/41 (s; dry) 
76/77 (s; success) 

No 3 

 

Rechberger, 2009^ [88](Rechberger, 
2007† abstract only) 

IVS-02 IVS-04 269/268 18m Yes 68/71 75.1/74.1 (s)
 

No 1 

 

Reich, 2009 [114] TVT TVT-O 120/120 3m No 0/0 85/77 (s+o) No 2/3  

Ross, 2009^ [168] TVT Obtryx 105/94 12m Yes 18/10 77/81 (o) No 1 TOT palpable in 80% (vs. 27% TVT group) 

Author RP MUS Comparator No. 
Patients 

F/U Power 
calculation  

# Lost  
to F/U 

% Cure  Significance LE Notes 
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Table 2: Studies comparing retropubic midurethral slings with transobturator midurethral slings (continued)

Wang W, 2009^ [95] 

Wang W, 2011 [96] 

TVT TVT-O 160/155 6m No 6/9 93.5/91.1 (o) No 1/2 

 
12m 45/37 89.6/89.8 (o) 

24m 82/68 
87.2/86.2 (o) 

36m 125/125 82.9/83.3 (o) 

Castillo-Pino, 2010 [115] TVT Safyre-t 55/49 12m No 0/0 74.5/77.6 (o) No 3 

 
24m 81.8/83.7 (s+o) 

Deffieux, 2010; [89](Deffieux, 
2007^† abstract only)[169] 

TVT TVT-O 75/74 6m Yes 3/3 88/91 (s+o) No 1 

 
12m 6/5 89/88 (s+o) 

24m 8/9 83/83 (s+o) 

Duckett, 2010 [116] TVT TOT 34/34 6w/6m/ 12m No 0/0 100/70.6 (no         
repeat surgery) 

Yes 3 All had DO; OR 10.1, 95% CI 2.6 to 38.2 
for TOT to have additional surgery 

George, 2010 [117] TVT Uretex-TO 76/73 24m No 0/0 97.3/94.5 (s+o) No 3  

Krofta, 2010^ [92] TVT TVT-O 141/147 12m No 0/0 90.1/88.4 (o) 

84.7/80.9 (s) 

No 1 

 

Richter, 2010 [170] TVT TVT-O 

Monarc 

298/299 12m Yes 17/15 80.8/77.7 (o) 

62.2/55.8 (s) 

No 1 Per protocol analysis 

Tanuri, 2010 [118] Safyre-rp Safyre-t 10/20 12m No 1/1 88.8/84.2 (o) 

88.8/85 (s) 

No 2 

 

Wang F, 2010^ [99] TVT TOT 70/70 12m No 0/0 90/91.4 (s) 

92.8/91.4 (o) 

No 1/2 

 

Teo, 2011 [90] 

(Teo, 2007^† abstract only) 
TVT TVT-O 66/61 6m Yes 7/8 78/83 (o) 

81.4/77.4 (s) 

No 1 ITT analysis NS at both F/U intervals; trial 
stopped early (leg pain w/TVT-O) 

12m 25/32 80.5/86.2 (o) 

85.4/89.7 (s) 

Author RP MUS Comparator No. 
Patients 

F/U Power 
calculation  

# Lost  
to F/U 

% Cure Significance LE Notes 

*: Included in ICI-4
^: Included in Systematic Review (Novara, 2010)
†: Included in Cochrane Review (Ogah, 2011)

Key: RP=retropubic; MUS=midurethral sling; F/U=follow-up; LE=level of evidence; TVT=tension-free vaginal tape; 
TOT=transobturator tape; m=months; s=subjective; o=objective; TVT-O=tension-free vaginal tape obturator; ITT=intention to 
treat; RCT=randomized controlled trial; SUI=stress urinary incontinence; ISD=intrinsic sphincter deiciency; IVS=intravaginal 
slingplasty; DO=detrusor overactivity; OR=odds ratio; CI=conidence interval; NS=not signiicant.
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during	follow-up	periods	of	6	to	12	months.	The	only	
statistically	 signiicant	 difference	 in	 objective	 cure	
rate	was	seen	in	the	Araco	et	al.	report	where	stratii-
cation between mild and severe stress incontinence 
had	been	made.[74]	They	found	a	signiicantly	higher	
cure rate in the TVT patients with severe SUI than in 
the	TVT-O	patients	with	 the	 same	condition:	 100%	
versus	66	%	cure	respectively	(p<0.001).	[EL=1/2]

The trials presented contradictory results concern-
ing postoperative complications. The reports by Me-
schia	et	al.	[71]	and	Laurikainen	et	al.,	[70]	including	
3-4 times more patients than the reports by Zullo et 
al.	 [73]	and	Liapis	et	al.	 [79]	show	either	no	differ-
ences in the overall number of complications or a 
signiicantly	higher	 rate	of	overall	 complications	 in	
the TVT-O group (Laurikainen et al.). It is not clear 
from the Zullo et al. study, which showed a higher 
complication rate for the TVT, how the overall com-
plication rate was calculated. The two trials compar-
ing	TVT	with	TOT	[Andonian	et	al.,	2007;	Porena	et	
al.,	2007]	found	no	difference	in	cure	rates	between	
the	procedures.	[76,	77]	There	were	no	differences	
in complication rates between the procedures in the 
Porena et al. study, while Andonian et al. reported 
signiicantly	 greater	 rates	 of	 complications	 in	 the	
TOT	than	in	the	TVT	group.	[EL=1/2]

As an example of the continued and exponential-
ly-increasing interest in these procedures, the Co-
chrane	systematic	review	evaluated	16	fully-pub-
lished	RCTs	and	7	 additional	meeting	 abstracts.	
[40]	The	published	studies	included	the	following:	
Enzelsberger	et	al.,	2005;	Kim	et	al.,	2005;	Wang	
A	et	al.,	2006;	Liapis	et	al.,	2006;	Andonian	et	al.,	
2007;	Darai	et	al.,	2007;	Lee	et	al.,	2007;	Meschia	
et	al.,	2007;	Porena	et	al.,	2007;	Zhu	et	al.,	2007;	
Zullo	 et	 al.,	 2007;	Araco	 et	 al.,	 2008;	 Barber	 et	
al., 2008; Barry et al, 2008; Rinne et al., 2008; 
Schierlitz	 et	 al.,	 2008.	 [71,	 73-87].	 Three	 of	 the	
abstracts included in the Cochrane review have 
since been published as full manuscripts [Rech-
berger	et	al.,	 2009;	Deffieux	et	al.,	 2010;	Teo	et	
al.,	2011],[88-90]	while	the	population	in	the	study	
by Rinne et al. has recently been updated with 
long-term	outcomes.	[91]

The Cochrane review reported subjective cure 
within	 12	months	 in	 10	 trials	with	 a	 total	 of	 1281	
participants.	[43]	Assessment	of	cure	was	self-re-
ported by participants and by responses to symp-
tom based questionnaires. The combined results 
from	the	10	trials	showed	no	statistically	signiicant	
difference in the subjective cure rates between 
the	RP	and	TO	 routes	 (RR	1.00,	 95%	CI	0.96	 to	
1.05).	Subjective	cure	rate	in	each	group	was	ap-
proximately	83%.	 In	 this	 instance,	 the	conidence	
interval is narrow and may not include a clinically 
signiicant	 difference.	 The	 conidence	 interval	 is	
compatible with the cure rate for the transobturator 
route	being	6%	better,	or	being	3%	better	 for	 the	
retropubic	route.	[EL=1/2]

Objective	 cure	 was	 assessed	 by	 17	 studies	 with	
2434 participants using a variety of measures such 
as urodynamic assessment, negative cough-stress 
test,	1-hour	pad	test	of	≤	2	g,	1-hour	pad	test	of	≤	1	
g,	and	24-hour	pad	test	of	≤	5	g.	[40]	The	cure	rate	
using	the	obturator	route	was	signiicantly	lower	at	
84%	versus	88%	for	the	retropubic	route	(RR	0.96,	
95%	CI	0.93	to	0.99).	However,	 the	conidence	in-
terval was narrow and the difference between the 
groups	 (4%)	may	not	 represent	 a	 clinically	 signii-
cant difference in the short term. There was no sig-
niicant	 difference	 in	 women	 whose	 improvement	
and cure rates were demonstrated objectively (RR 
0.96,	95%	CI	0.91	to	1.02).	[EL=1/2]

In	14	trials,	there	were	no	statistically	signiicant	dif-
ferences	in	the	rates	of	tape	erosions	(RR	1.58,	95%	
CI 0.83 to 3.00) or, in 5 trials, the need for repeat in-
continence	surgery	(RR	1.52,	95%	CI	0.90	to	2.59).	
[40]	However,	once	again,	the	conidence	intervals	
in	 both	 cases	 could	 include	 a	 clinically	 signiicant	
difference favouring the RP approach. There was 
signiicantly	higher	occurrence	of	groin	pain	(12%)	
in women with a TO approach compared with supra-
pubic	pain	in	women	with	a	retropubic	sling	(1.7%,	
RR	6,	 95%	CI	 3	 to	 11).	There	was	no	 statistically	
signiicant	difference	between	 the	groups	 in	 terms	
of	 detrusor	 overactivity	 (RR	 1.22,	 95%	CI	 0.56	 to	
2.63)	in	3	trials,	or	de novo urgency and urgency in-
continence	(7%	with	the	TO	route	versus	6%	via	the	
RP	route	(RR	1.08,	95%	CI	0.75	to	1.56)	 in	14	tri-
als,	but	the	conidence	intervals	were	wide	because	
these were relatively rare events and clinically sig-
niicant	differences	could	not	be	ruled	out.	However,	
postoperative	 voiding	 dysfunction	 occurred	 signii-
cantly	 less	 frequently	 in	 the	 TO	 route	 group	 (4%	
versus	7%,	RR	0.63,	95%	CI	0.44	to	0.89).	[EL=1/2]

The	systematic	review	by	Novara	et	al.	included	13	
RCTs that compared classic TVT with inside-out 
TOT:	TVT-O	in	10	studies	[71-75,	84,	89,	90,	92-96]	
and a less invasive free tape in a single study [Nau-
mann	et	al.,	2006	(abstract	only)].[48]	Nine	studies	
compared TVT to outside-in TOT: ObTape in 3 stud-
ies,	 [76,	77,	80]	Monarc	 in	4	studies,	 [86,	87,	97],	
Freeman	et	al.,	2008	(abstract	only)]	 Iris-TOT	 in	a	
single	study,	 [Kim	et	al.,	2004	 (abstract	only)]	and	
Obtryx	in	a	single	study.	[98]	The	implanted	devices	
were	not	speciied	in	a	single	study.[99]	A	single	trial	
compared TVT to both TVT-O and Monarc, [Schein-
er	 et	 al.,	 2009	 (abstract	 only)]	 a	 single	 trial	 com-
pared	 retropubic	 IVS	 to	outside-in	 IVS,	 [142],	 and	
2	trials	compared	SPARC	sling	to	Monarc.[78,	81]

Overall	 (OR:	1.02;	95%	CI	OR:	0.78	 to	1.33;	p = 
0.90),	and	subjective	(OR:	0.97;	95%	CI	OR:	0.75	
to	1.24;	p = 0.80) continence rates were overlap-
ping	 in	 the	 two	procedures.	 [48]	Among	 the	stud-
ies providing subjective outcomes using validated 
questionnaires,	postoperative	UDI-6	 (WMD:	0.07;	
95%	CI:	-0.39	to	0.53;	p	=	0.76)	and	IIQ-7	(WMD:	
0.01;	95%	CI:	-0.22	to	0.24;	p = 0.95) scores were 
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similar. Notably, retropubic MUS were followed 
by	 signiicantly	 higher	 objective	 continence	 rates	
(OR:	 0.80;	 95%	 CI	 OR:	 0.65	 to	 0.99;	 p = 0.04). 
Moreover,	a	statistically	signiicant	difference	in	fa-
vour of TVT was shown when comparing objective 
continence rates between TVT and inside-out TOT 
(OR:	 0.71;	 95%	 CI	 OR:	 0.52	 to	 0.96;	 p = 0.03), 
whereas no difference was found comparing TVT 
to	 outside-in	TOT	 (OR:	 0.90;	 95%	CI	OR:	 0.66to	
1.22;	p	=	0.51).	Sensitivity	analyses	limited	to	stud-
ies of higher methodological quality showed only a 
nonstatistically	 signiicant	 trend	 in	 favour	 of	 TVT	
with	regard	to	objective	cure	rate	(OR:	0.74;	95%	
CI	OR:	0.54	 to	1.01;	p = 0.05). No differences in 
subjective and overall continence rates were found 
in	the	other	sensitivity	analyses.	[EL=1/2]

With regard to complications, bladder or vaginal 
perforations	(OR:	2.5;	95%	CI	OR:	1.75	to	3.57;	p < 
0.0001)	were	signiicantly	more	common	 following	
retropubic	MUS,	without	 any	 signiicant	 difference	
between	 inside-out	and	outside-in	TOT.[48]	Again,	
as expected, the prevalence of postoperative hae-
matoma	was	 signiicantly	more	 common	 following	
placement	 of	 retropubic	 MUS	 (OR:	 2.62;	 95%	 CI	
OR:	 1.35to	 5.08;	 p = 0.005). In fact, the rates of 
vaginal extrusion were slightly higher following TOT 
(OR:	0.64;	95%	CI	OR:	0.41to	0.97;	p = 0.04), due 
to the studies using ObTape, a device removed from 
the market due to a high risk of erosion and extru-
sion.	Finally,	the	risk	of	urinary	tract	infections	(OR:	
0.95;	95%	CI	OR:	0.69	to	1.31;	p	=	0.74),	the	need	
for clean intermittent catheterisation or re-cathe-
terization	 (OR:	 1.16;	 95%	CI	 OR:	 0.84	 to	 1.59;	 p 
=	0.37),	and	the	reoperation	rate	(OR:	1.1;	95%	CI	
OR:	0.75	to	1.59;	p	=	0.62)	were	not	signiicantly	dif-
ferent between retropubic and transobturator MUS. 
Interestingly, the prevalence of storage LUTS was 
signiicantly	higher	in	those	patients	randomised	to	
RT	(OR:	1.35;	95%	CI	OR:	1.05to	1.72;	p = 0.02), 
without	 any	 signiicant	 difference	 between	 inside-
out	and	outside-in	TOT.	A	nonstatistically	signiicant	
difference in favour of TOT was found for voiding 
LUTS	(OR:	1.56;	95%	CI	OR:	0.97	to	2.5;	p	=	0.07).	
In sensitivity analyses limited to studies of higher 
methodological quality, only a nonstatistically sig-
niicant	 trend	 in	 favour	of	TOT	was	 found	 for	stor-
age	LUTS	(OR:	1.44;	95%	CI	OR:	0.99	 to	2.09;	p 
=	0.06)	and	voiding	LUTS	(OR:	1.59;	95%	CI	OR:	
0.85	to	2.97;	p	=	0.15).	Similarly,	with	regard	to	the	
risk of all the other complications and reoperation, 
no	differences	were	identiied	in	the	other	sensitivity	
analyses.	[EL=1/2]

The largest RCT to date comparing retropubic 
and transobturator MUS was recently published 
by	Richter	 et	 al.[37]	This	was	 a	multicentre,	 ran-
domised equivalence trial with the primary out-
come being objective (a negative stress test, a 
negative pad test, and no retreatment) and sub-
jective (self-reported absence of symptoms, no 
leakage episodes recorded, and no retreatment) 

success	at	12	months.	The	predetermined	equiva-
lence	margin	was	±12%	points.	A	total	of	597	wom-
en were randomly assigned to a study group and 
565	(94.6%)	completed	the	12-month	assessment.	
The rates of objectively assessed treatment suc-
cess	were	80.8%	in	the	RP	group	and	77.7%	in	the	
TO	group	(3.0%-point	difference;	95%	CI:	−3.6	to	
9.6).	The	 rates	 of	 subjectively	 assessed	 success	
were	 62.2%	 and	 55.8%,	 respectively	 (6.4%-point	
difference;	 95%	 CI,	 −1.6	 to	 14.3).	 The	 rates	 of	
voiding	dysfunction	requiring	surgery	were	2.7%	in	
the	RP	group	and	0%	in	the	TO	group	(P	=	0.004),	
and the respective rates of neurological symptoms 
were	 4.0%	 and	 9.4%	 (P	 =	 0.01).	 There	 were	 no	
signiicant	 differences	between	groups	 in	postop-
erative urgency incontinence, satisfaction with the 
results of the procedure, or quality of life. Thus, the 
success rates met the predetermined criteria for 
equivalence	of	the	2	procedures.	[EL=1]

There have been numerous additional, non-ran-
domised trials published in peer-reviewed literature.
[100-118]	The	majority	of	these	concluded	that	there	
is	no	statistically	signiicant	difference	in	subjective	
or objective outcome measures between retropubic 
and transobturator MUS procedures. As concluded 
in the RCTs, postoperative complications are more 
common	in	the	retropubic	MUS	group.	[EL=3/4]

g) Other studies

Two	additional	topics	deserve	mention.	Pelvic	loor	
muscle	training	(PFMT)	with	or	without	biofeedback	
is a recognised and effective treatment for various 
pelvic	loor	conditions,	including	SUI,	UUI,	and	pel-
vic pain. While a trial comparing MUS procedures 
and	PFMT	has	not	been	published,	there	is	a	design	
for a prospective RCT in place to address this ques-
tion	[Labrie	et	al.,	2009].	[58]	This	multi-centre	RCT	
will be include women between 35 - 80 years old 
with moderate to severe, predominantly SUI, who 
have	 not	 received	 specialised	 PFMT	 or	 previous	
anti-incontinence surgery. Women will be assigned 
to	either	PFMT	for	a	standard	of	9-18	sessions	in	a	
6-month	 period	 or	 TVT-O	 surgery.	 The	main	 end-
point of the study is the subjective improvement of 
urinary incontinence. Objective cure, a secondary 
outcome, will be assessed from history and clinical 
parameters. Subjective improvement in QoL will be 
measured by generic (EQ-5D) and disease-specif-
ic (UDI & IIQ) QoL instruments. The economical 
endpoint	 is	 short	 term	 (1	 year)	 incremental	 cost-
effectiveness in terms of costs per additional year 
free of urinary incontinence and costs per Quality 
Adjusted	Life	Years	gained.	Finally,	treatment	strat-
egy and patient characteristics will be combined in 
a prediction model, to allow for individual treatment 
decisions	 in	 future	 patients.	 Four	 hundred	 female	
patients will be recruited from over 30 hospitals in 
the Netherlands.

Finally,	 single-incision	 mini-slings	 (SIMS)	 have	
emerged as an additional option for the woman 
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with SUI. These procedures theoretically require 
minimal anesthesia and may be performed entirely 
under local anesthestic. While most outcomes and 
comparisons between SIMS and traditional MUS 
procedures have not yet reached medium-term fol-
low-up,	a	 recent	abstract	at	 the	2011	 International	
Continence Society Annual Meeting presented a 
systematic review and meta-analysis of SIMS and 
MUS	 procedures	 [Abdel-Fattah	 et	 al.,	 2011].[59]	
Nine studies were included, comparing TVT-Secur 
(6	studies;	n=548),	Mini-arc	(2	studies;	n=160)	and	
Ophira (one study; n=50) to traditional MUS. A total 
of	758	women	were	 included	and	60	women	were	
lost	 to	 follow-up	(MUS	n=23,	vs.	SIMS	n=37).	The	
meta-analyses	showed	a	signiicantly	lower	patient-
reported cure rate with SIMS when compared to 
MUS,	speciically	TVT-O	(RR	0.84,	95%	CI	0.71	to	
0.99),	however	a	non-signiicant	difference	in	favour	
of	TVT	was	seen	(RR	0.79,	95%	CI	0.37	 to	1.67).	
These results were supported on sensitivity analy-
sis when studies of unclear quality were excluded. 
SIMS	were	associated	with	signiicantly	lower	objec-
tive	cure	rates	when	compared	to	MUS,	speciically	
TVT-O	(RR	0.88,	95%	CI	0.77	to	0.99).	In	addition	
there	was	a	signiicant	difference	 in	 favour	of	TVT	
when	compared	to	SIMS.	This	was	also	conirmed	
on sensitivity analysis when studies of unclear qual-
ity were excluded. A shorter operation time was 
associated	 with	 SIMS	 (WMD	 -8.67	 minutes,	 95%	
CI	-17.32	to	-0.02),	and	this	was	due	to	the	signii-
cant difference in operation time in the single TVT 
comparison.	There	were	signiicantly	lower	day-one	
pain	scores	in	the	SIMS	group	(WMD	-1.74,	95%	CI	
-2.58 to -0.09). Repeat continence surgery was sig-
niicantly	higher	in	the	SIMS	group	(RR	6.72,	95%	CI	
2.39	to	18.89).	Tape	erosion	and	de-novo	urgency	
incontinence	were	signiicantly	higher	 in	 the	SIMS	
group	(RR	3.86,	95%	CI	1.45	to	10.28	and	RR	2.08,	
95%	CI	1.01	to	4.28,	respectively).	There	were	non-
signiicant	 differences	 between	 both	 groups	 in	 re-
spect	to	post-operative	voiding	dificulties	(RR	1.47,	
95%	CI	0.78	to	2.74)	and	other	minor	(postoperative	
wound infection, haematoma, UTI, and haematuria) 
post-operative	complications	(RR	1.59,	95%	CI	0.74	
to	3.45).	There	was	no	signiicant	difference	in	the	
QoL	scores	between	the	groups	(WMD	-33.46,	95%	
CI	 -87.55	 to	 20.62).	 Statistical	 heterogeneity	 was	
found throughout the analysis and was highest in 
patient reported cure rate, QoL scores, and opera-
tive	time.	[EL=1/2]

h) CONCLUSIONS / RECOMMENDATIONS

There is evidence that the retropubic TVT is more 
effective than colposuspension and is equally ef-
fective as traditional autologous fascial sling opera-
tions. [EL=1/2]  Operation time, hospital stay, and 
time to resume normal daily activity is shorter with 
the TVT than with colposuspension. Post-operative 
voiding problems and need for urogenital prolapse 
surgery are more commonly associated with colpo-
suspension, while bladder perforation is more com-

monly associated with TVT. [EL=1/2]  TVT is more 
effective than the IVS and the SPARC procedure; 
however, the studies are heterogeneous. Inadver-
tent bladder puncture during SPARC (top-down) 
placement is more common than bladder puncture 
during TVT (bottom-up). [EL=1/2]  Overall, retropu-
bic and transobturator MUS procedures perform 
equally	at	a	short	term	follow-up	of	6	to	12	months.	
(Level	1/2)	The	rate	of	complications,	including	blad-
der puncture, vaginal extrusion, and hematoma for-
mation are higher for the retropubic MUS. [EL=1/2]

Retropubic MUS is recommended as an effective 
treatment for stress urinary incontinence, which has 
longevity. [Grade A]  Outcomes using subjective 
and objective criteria indicate that the retropubic 
MUS is at least equivalent, and usually superior, to 
other anti-incontinence procedures. [Grade B]

3.  TRANSOBTURATOR MID-URETHRAL SLINGS

a)  Evolution of the TOT including proposed 
advantages

The introduction of the tension-free vaginal tape 
(TVT)	 in	 1995	 [171]	 as	 well	 as	 the[172]	 devel-
opment of other retropubic mid urethral slings, 
changed the way stress urinary incontinence (SUI) 
is treated. These procedures, although effective, 
were not without complications. Beyond voiding 
phase dysfunction, complications including blad-
der perforation, bowel perforation and vascular 
injury	were	described.	[26,	173,	174]	[175]The	ma-
jority of serious complications reported from these 
procedures were thought to be related to penetra-
tion	of	the	retropubic	space.	[176]	

In	 2001,	 Delorme	 irst	 described	 placement	 of	 a	
synthetic sling avoiding the retropubic space by 
placing	the	sling	through	the	obturator	foramina.[68]	
Thus	 the	 irst	 alternative	 to	 the	 retropubic	 tapes,	
the transobturator tape (TOT) was born. By avoid-
ing the retropubic space, the major complications 
associated with retropubic passage of trocars were 
theoretically avoided. Another potential advantage 
of the transobturator method was the potential elim-
ination of intraoperative cystoscopy. This point is 
still	debated	today.[177]	Delorme’s	original	descrip-
tion of the TOT required passage of the trocar from 
“outside-in”. In 2003, de Leval aimed to further re-
duce the chance of bladder and urethral injury and 
described placing the trocar of the vaginal tape from 
“inside-out”.[69]	These	two	methods	remain	the	ma-
jor division of transobturator slings and are both still 
widely used today. 

Further	efforts	have	been	recently	made	to	modify	
the inside-out method. In an attempt to minimise 
post-surgical leg pain, the length of mesh used has 
been shortened and surgeons have tried to mini-
mise the number of punctures to the obturator mem-
brane	[172,	178]	Initial	results	have	shown	improve-
ment in leg pain in the immediate post-operative 
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period,	without	sacriicing	eficacy	(at	1	year).	Fur-
ther	conirmatory	studies	are	needed	to	strengthen	
these	indings.	

b) Initial prospective cohort trials

The original TOT procedure was performed in 40 
women,	16	of	whom	had	isolated	SUI.	The	authors	
reported	15/16	were	 “totally	continent”	and	 the	 re-
maining patients improved with short term follow 
up	(3-12	months).	[68]There	were	no	intraoperative	
complications. Post-operatively, the only complica-
tion	was	1	episode	of	sepsis.	Following	this	study,	
Delorme et al. published a series of 32 patients 
treated with the transobturator tape with at least 
one year follow-up (UraTape® Mentor-Porge`s, a 
non-woven, non-knitted thermally-bonded poly-
propylene)	[179,	180]	With	a	mean	follow-up	of	17	
months,	 and	 a	 rigorous	 deinition	 of	 cure	 (deined	
by patients reporting no protection and no SUI, 
along with a negative cough test with a full bladder) 
22/29	patients	(90.6%)	were	cured	and	3/32	(9.4%)	
were	improved.	Preoperatively,	43.7%	(14	patients)	
had	pure	SUI,	and	56.3%	(18	patients)	had	mixed	
incontinence. Of note, 4 patients had prior anti-in-
continence	procedures	(3	TVT,	1	Burch	and	1	with	
multiple	 procedures)	 and	 5/32	 had	 preoperative	
urethral closure pressures of <20cm H20. Again, no 
intraoperative complications were recorded. There 
was one patient who required self-catheterisation 
but retention resolved in this patient by 4 weeks. 
There were 5 patients with voiding disorders sug-
gestive	of	bladder	outlow	obstruction.	Two	patients	
developed de novo urgency incontinence and one 
had worsening of her preoperative urgency.

Short	 term	safety	and	eficacy	data	are	also	avail-
able from a prospective multicentre cohort study. 
[176]	 In	 this	study,	183	women	received	the	UraT-
ape (outside-in TOT) and follow up data were ob-
tained	 at	 a	 mean	 of	 7	 months	 (1-21	 months).	All	
women	had	SUI	associated	with	hypermobility,	 26	
had	 mixed	 incontinence	 and	 26	 had	 concomitant	
(POP) surgery performed at the time of their TOT. 
Intraoperatively, there was a complication rate of 
2.2%	 including	 1	 bladder	 perforation,	 2	 urethral	
perforations	 and	 1	 lateral	 vaginal	 sulcus	 perfora-
tion. Seventeen patients were not cured of stress 
incontinence including 5 patients that had the sling 
removed for vaginal extrusion (3) and urethral ero-
sion (2). 4 patients reported post-operative de novo 
urgency, 2 of which also complained of urinary leak-
age.	At	6	months	83%	(of	130	patients)	were	cured	
and	5.4%	were	improved.	

Based on data from the prospective series from 
Costa et al. and other case reports, extrusions 
and infections were linked to the silicon part of the 
UraTape	and	the	tape	was	modiied	to	the	Obtape®.	
[176,	181,	182]	This	modiication	was	introduced	in	
2003.	This	newer	 tape	was	made	of	monoilament	
strands	 of	 nonwoven	 polypropylene	 ibre	 with	 in-

terlacing	 monoilaments	 forming	 pores	 of	 50	 mcg	
(smaller	than	the	75	mcg	needed	to	allow	for	the	mi-
gration of macrophages and leukocytes). The mate-
rials used for transobturator slings have continued 
to	be	modiied	to	decrease	risk	of	erosion,	extrusion	
and infection. Today, all commercially available syn-
thetic transobturator slings (as well as retropubic 
slings) are made of Amid type I polypropylene mesh 
and have an extrusion and erosion rate well below 
5%.	This	is	much	lower	when	compared	to	the	tran-
sobturator Obtape® with vaginal erosion rates as 
high	as	13%.[183]	[184]

The	 irst	 description	 of	 the	 “inside-out”	 modiica-
tion	by	de	Leval	also	included	feasibility/safety	data	
from	 107	 patients.[69]	 Of	 these,	 74	 suffered	 from	
isolated SUI, and the remaining 33 women had 
POP,	15	had	associated	SUI,	and	the	remaining	18	
had prophylactic slings for occult SUI. There were 
no intraoperative complications or perioperative 
complications reported. At one month, one patient 
had	a	minor	 vaginal	 erosion	and	2.8%	of	 patients	
had urinary retention (2 of the 3 had concomitant 
prolapse	 surgery).	 15.9%	 of	 patients	 complained	
that they had moderate pain or discomfort in the 
thigh fold. All pain had resolved by one month. 

After the original inside-out cohort was described, 
patients from the same institution were then of-
fered participation in a prospective observational 
study (TVT-obturator or TVT-O, Ethicon, Sommer-
ville	 NJ,	 USA).	 [185]102	 patients	 out	 of	 253	 con-
secutive	patients	 fulilled	 the	 inclusion	 criteria	and	
agreed	 to	 participate	 in	 the	 trial.	 4.9%	 (5/102)	 of	
this group did not complain of SUI but had occult 
SUI. There were no urethral or bladder perforations 
and one patient had a vaginal sulcus laceration 
noted intra-operatively. No patients presented with 
vaginal or urethral erosion at follow-up. After cath-
eter removal, 2 patients had an “important PVR” of 
>400ml. This voiding dysfunction resolved (after 
CIC in one and SPT What’s SPT in the other) by the 
last reported follow-up. There were 99 women with 
least	 12	month	 follow-up	 (mean	 follow-up	 of	 14.9	
months)	and	the	complete	cure	rate	was	91%	while	
SUI	symptoms	improved	in	5%	of	patients.	Worsen-
ing or de novo urgency symptoms or urgency uri-
nary incontinence (UUI) were reported by less than 
10%	 of	 the	 patients.	Approximately	 75%	 of	 those	
with	preoperative	urgency	and/or	UUI	experienced	
disappearance or improvement of these symptoms 
postoperatively.	Voiding	dificulties	developed	in	7%	
of the patients.

This	same	group	of	102	women,	who	underwent	
a transobturator inside-out sling, were followed 
for a minimum of 3 years (median 40 months) 
and	complete	data	were	available	for	91	(89.2%).	
[185]	 Issues	 of	 erosion	 or	 persistent	 pain	 were	
not	found	with	this	medium	term	follow-up.	Four	
patients required tape release or tape incision, 
all within the first year. Disappearance and im-
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provement	 of	 SUI	were	 observed	 in	 88.4%	and	
9.3%	 of	 the	 patients	 respectively.	 These	 cure	
rates	 were	 similar	 to	 those	 obtained	 1	 year	 af-
ter	the	operation.	[185]	Cure	of	SUI	was	defined	
as the disappearance of subjective SUI, as as-
sessed by a SUI symptom scale score equal to 
zero.	One	patient	developed	a	vesicovaginal	fis-
tula 2 years after sling placement. The authors 
did not believe that this was secondary to the 
TVT-obturator, but rather was due to a prior his-
tory of pelvic radiation. An additional 2 patients 
developed symptomatic POP between the first 
and second year and each went on to have an 
uncomplicated laparoscopic repair.

There are several large, multicentre European 
studies that examined the safety of the original TVT. 
[67,	186,	187]	Similarly,	a	study	was	performed	to	
address the safety of the inside-out transobturator 
approach.	 [188]	This	study	compiled	a	 registry	of	
984	women	from	86	centers	in	France.	There	was	
an	overall	perioperative	complication	rate	of	2.2%,	
with	vaginal	wall	perforation	(1.3%)	and	hematoma	
(0.7%)	 being	 the	most	 common.	The	 post-opera-
tive	complication	rate	was	5.2%,	with	residual	 leg	
pain	being	the	most	common	complication	(2.7%).	
Reintervention, urinary retention, vaginal erosion, 
and paravesicle hematoma were all reported with 
percentages	of	less	than	1	(0.9%,	0.8%,	0.6%	and	
0.1%	 respectively).	 Although	 the	 design	 of	 this	
study was aimed at safety, the paper does report 
eficacy	 at	 4-12	weeks.	 Surgeons	 assessed	 90%	
of	 patients	 as	 completely	 cured	and	8.7%	as	 im-
proved,	 with	 only	 1.2%	 of	 patients	 being	 similar	
to their preoperative status. Of those 303 patients 
with preoperative overactive bladder (OAB), cure 
was	 reported	 in	 54.5%,	 improvement	 in	 40.25%,	
and	5.3%	noting	no	change.	Other	large	single	in-
stitution studies have also looked at safety of the 
inside-out	transobturator	sling.	[189]	

c) Transobturator Outside-in versus Inside-out 

It was suggested by Delorme et al. that there is a 
greater risk of nerve injury (dorsal nerve of the clito-
ris)	with	the	inside-out	passage	of	the	trocar.	[180]	A	
cadaveric study suggested that the inside-out tech-
nique required the trocar to pass closer to the obtu-
rator canal and was more likely to injure the obtura-
tor	nerve	(or	vessels)	that	travel	in	this	space.	[190]	

The association between inside-out obturator slings 
and an increased risk of complications compared to 
outside-in obturator slings has not been supported 
in clinical studies. Latthe et al. used a meta-analysis 
with direct and indirect comparisons of randomised 
trials to assess the effectiveness and complications 
for the inside-out (TVT-O) and outside-in (TOT) 
transobturator	 slings.[191]	 The	 conclusion	 was	
that there was equivalent short-term effectiveness 
between the two methods. By indirect comparison, 
fewer	bladder	 injuries	and	voiding	dificulties	were	
seen in the inside-out tapes. 

In 2009, a Cochrane Review of minimally invasive 
synthetic sub-urethral sling operations for SUI con-
tained an analysis of the inside-out outside-in ap-
proaches (comparison #5) and concluded that there 
were	no	statistically	signiicant	differences	in	any	of	
the	 outcomes	measured.[40]	 However,	 the	 review	
acknowledged that the four trials randomised trials 
that this conclusion was based on were all small in 
size.	[192-195]

Houwert et al. presented medium term follow up 
from their prospective comparative randomised 
trial.[196]	They	did	not	 find	any	statistical	signifi-
cant difference, but it is not clear that the study 
was powered appropriately to show a difference. 
Abdel-fattah et al. published a study that was pow-
ered	 to	 show	 a	 10%	 difference	 in	 success	 rates	
between the two methods of obturator sling place-
ments.	[197]	They	enrolled	107	inside-out	and	171	
outside-in patients. This prospective single blind-
ed study did not show any differences in objective 
cure	rates	(87.6%	inside-out	vs.	83.2%	outside-in,	
p = 0.2) or patient reported success rates as report-
ed by Patient Global Impression of Improvement 
(83%	 inside-out	 vs.	 77%	outside-in,	 respectively,	
p	=	0.138)	at	6	months	follow-up.[197]	There	were	
statistically more vaginal angle perforations with 
the outside-in approach compared the inside-out 
method	(17	vs.	3,	respectively,	p=0.001).	Women	
in the inside-out group more commonly reported 
severe post-operative thigh pain, but this was not 
statistically	significant	(6.7%	vs.	3.5%,	p=0.19).	

d)  Comparator Trials: Transobturator versus 
Retropubic MUS in the Index Patient 

Once	 cohort	 studies	 had	 conirmed	 the	 feasibility	
of transobturator mid-urethral slings, a number of 
small RCTs and quasi-RCTs were performed com-
paring transobturator to the then gold standard, ret-
ropubic	mid-urethral	sling.	A	Cochrane	 review	 [40]	
and	 two	recently	updated	meta-analyses	 [48,	191]	
use the pooled data of these RCTs to compare the 
outcomes of retropubic and transobturator MUSS.

In a Cochrane Review, Ogah et al. found 24 tri-
als comparing outcomes between retropubic and 
transobturator	MUSS.[40]	Subjective	 cure	or	 im-
provement	 rates	 were	 reported	 in	 10	 of	 these	
trials and meta-analysis revealed no statistically 
significant	 difference	 between	 approaches	 (83%	
subjective	cure	in	each	group,	RR	1.00,	95%	CI:	
0.96-1.05).	Objective	cure	was	measured	by	uro-
dynamic evaluation, cough-stress test, one hour 
pad	test	of	≤	2	g,	one	hour	pad	test	of	≤	1	g,	or	24	
hour	pad	test	of	≤	5	g	various	means	in	17	stud-
ies. The transobturator route was found to have 
a significantly lower cure rate than the retropubic 
route	(84%	vs.	88%,	RR	0.96,	95%	CI	0.93-0.99).	
The	 clinical	 significance	 of	 this	 4%	difference	 in	
objective cure versus no difference in subjective 
cure has been questioned.
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In a recent systematic review and meta-analysis, 
Latthe	et	al.	found	12	RCTs	that	compared	TOT	with	
TVT,	 and	 15	 that	 compared	 TVT-O	 with	 TVT.[191]	
When	compared	at	1–44	months,	the	subjective	(OR	
1.16;	95%	CI	0.83–1.6)	and	objective	(OR	0.94;	95%	
CI	0.66–1.32)	cure	of	TOT	was	similar	 to	TVT.	For	
TVT-O,	the	subjective	(OR	1.06,	95%	CI	0.85–1.33)	
and	 objective	 cure	 (OR	1.03,	 95%	0.77–1.39)	was	
also similar to TVT.

Novara	et	al	examined	11	RCTs	comparing	TVT	with	
inside-out TOT and 9 RCTs comparing TVT with 
outside-in	TOT.[48]	Meta	analysis	revealed	that	con-
tinence	rate	according	to	any	deinition	of	cure	(OR:	
1.02;	95%	CI:	0.78–1.33;	p = 0.90), and subjective 
continence	 rates	 (OR:	 0.97;	 95%	 CI:	 0.75–1.24;	 p 
= 0.80) were similar between the two procedures. 
Overall,	retropubic	tapes	had	signiicantly	higher	ob-
jective continence rates when compared to the tran-
sobturator	tape	group	(OR:	0.80;	95%	CI:	0.65–0.99;	
p	=	0.04).	Interesting,	a	statistically	signiicant	differ-
ence in favour of TVT was shown when comparing 
objective continence rates between TVT and inside-
out	TOT	(OR:	0.71;	95%	CI:	0.52–0.96;	p = 0.03) but 
no difference was found comparing TVT to outside-in 
TOT	(OR:	0.90;	95%	CI:	0.66–1.22;	p	=	0.51).	How-
ever, when studies of lower methodological qual-
ity	were	excluded	only	a	non-statistically	signiicant	
trend	in	favour	of	TVT	was	found.	(OR:	0.74;	95%	CI:	
0.54–	1.01;	p = 0.05). 

The majority of RCTs used in the aforementioned 
Cochrane review and meta-analyses were small, 
had short- to medium term follow-up and were de-
signed only to detect superiority. This has precluded 
robust conclusions regarding long-term success and 
equivalence	eficacy	with	this	data.	

Angioli et al. provide long-term data regarding the 
success rates of TVT and TVT-O in a multicentre 
RCT.	 [198]	At	5	years	 follow-up,	objective	cure,	de-
ined	as	a	negative	cough	stress	test,	was	similar	be-
tween	TVT	and	TVT-O	(71.4%	vs.	72.9%;	p=1).	After	
5 years, patients in this trial were asked to describe 
their	overall	satisfaction.	60%	and	62%	of	women	re-
ported	that	they	were	satisied	or	very	satisied	with	
the results of their TVT and TVT-O respectively (p=1).

TOMUS (Trial of Mid-Urethral Slings) is a large mul-
ticentre, equivalence RCT designed to compare the 
eficacy	and	safety	of	 retropubic	and	transobturator	
mid-urethral	slings.	[170]	The	12-month	outcomes	of	
565	women	were	recently	 reported.	The	criteria	 re-
quired for objective treatment success were a nega-
tive provocative stress test, a negative 24-hour pad 
test, and no retreatment (behavioural, pharmacologi-
cal, or surgical) for SUI. The unadjusted rates of ob-
jective	 treatment	 success	met	 the	predeined	 crite-
ria	for	equivalence,	less	than	a	12	percentage-point	
difference.	(80.8%	in	the	retropubic	sling	group	and	
77.7%	in	the	transobturator	sling	group;	3.0	percent-
age-point	difference;	95%	CI:	3.5to	9.6).	The	subjec-
tive treatment success criteria were the absence of 

self-reported SUI symptoms as assessed with the 
use of the Medical, Epidemiological and Social As-
pects of Aging questionnaire, no leakage recorded 
in a 3-day voiding diary, and no retreatment for SUI. 
The unadjusted rates of subjective treatment suc-
cess	did	not	signiicantly	differ	between	groups	but	
the predetermined criteria for equivalence was not 
met	(62.2%	in	the	retropubic	sling	group	and	55.8%	
in	the	transobturator	group,	6.4	percentage	point	dif-
ference;	95%	CI,	−1.6	to	14.3).	

e)  Comparator Trials: Transobturator versus Ret -
ropubic MUS in patients with Intrinsic Sphinc -
ter Deiciency (ISD)

The diagnosis of ISD in the literature has traditionally 
been	based	on	the	urodynamic	inding	of	a	Valsalva	
leak-point	pressure	(VLPP)	<	60	cmH20	or	a	mean	
urethral closure pressure (MUCP) < 20 cm H20. A 
retrospective study of 300 women with SUI and ISD 
found	an	overall	cure	rate	for	TVT	to	be	signiicantly	
higher	than	TOT	(78.3%	vs.	52.5%;	p<0.0001).	[111]	
Jeon et al. retrospectively compared 253 patients 
with ISD and found that after 2 years cure rates were 
86.94%	and	 34.89%	 for	TVT	 and	TOT	 respectfully	
(p<0.0001).	 [156]	 Schielitz	 et	 al.	 [87]	 randomised	
184	 women	 with	 urodynamic	 evidence	 of	 SUI	 and	
ISD	to	receive	TVT	or	TOT.	At	6	months,	urodynamic	
SUI	was	present	in	21%	in	the	TVT	group	compared	
to	 45%	 in	 the	TOT	group.	 [87]	Similarly,	 in	 a	 large	
RCT,	a	VLPP	<	60	cmH20	was	a	predictor	of	poor	
outcome in the transobturator sling group but not in 
the	retropubic	sling	group.[88]	 In	 these	studies	 ISD	
was	deined	by	a	low	VLPP	or	MUCP,	but	there	is	no	
mention of urethral mobility. Contradictory to these 
indings,	 Rapp	 et	 al.	 retrospectively	 reviewed	 their	
results	 and	 found	no	 signiicant	 differences	 in	 con-
tinence rates across different preoperative VLPPs. 
[113]	In	a	large	observational	study,	women	with	SUI	
were	stratiied	according	to	preoperative	MUCP	and	
VLPP and followed for 5 years after TOT. The objec-
tive overall cure rates were similar across all strata 
indicating that MUCP and VLPP may not be predic-
tive	 of	 outcome	 in	 TOT.	 [199]	 In	 the	 TOMUS	 trial,	
there was no material change in the rates of treat-
ment success according to objective or subjective 
criteria when the analyses were adjusted for VLPP 
and	MUCP.	[170]	

The data comparing retropubic and transobturator 
MUSS outcomes in patients with ISD appears equiv-
ocal. Recent studies suggest that evaluation of ure-
thral mobility in ISD patients can be more informative. 
A	cohort	of	107	women	with	SUI	had	 their	urethral	
mobility	measured	prior	TOT	and	at	10	months	sub-
jective cure was assessed. Women with preoperative 
urethral mobility < 45 degrees were at least 4 times 
more likely to report postoperative incontinence com-
pared to women with preoperative urethral mobility > 
or	=	45	degrees	(29.4%	vs	6.9%,	RR	4.29,	95%	CI	
1.59-11.60,	p=0.005).[200]	Haliloglu	et	al.	divided	65	
women with SUI into three groups prior to receiving 
TOT:	I)	patients	with	ISD	with	a	VLPP	<	or	=	60	cm	
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H2O and a Q-tip test > 30 degrees (ISD and hyper-
mobile urethra), II) patients with ISD who have VLPP 
<	or	=	60	cm	H2O	and	Q-tip	test	<	or	=	30	degrees	
(ISD without hypermobile urethra), and III) patients 
without	ISD	who	had	VLPP	>	60	cm	H2O	and	Q-tip	
test > 30 degrees (hypermobile urethra without ISD). 
[201]	All	 cure	 and	 improvement	 rates	were	 statisti-
cally	lower	in	group	II	at	6,	12,	and	24	months	leading	
authors to conclude that lack of urethral hypermobil-
ity may be an important risk factor for TOT failure in 
patients with ISD.

f) Complications of Obturator Slings

Complications of MUS are categorised as intraop-
erative complications (bladder, urethral, visceral and 
vessel injury), immediate postoperative complica-
tions (voiding dysfunction, groin pain, infection) and 
chronic	 problems	 (de	 novo	 urgency,	 sling	 erosion/	
extrusion). Placement through the obturator foramen 
avoids	 the	space	of	Retzius,	decreasing	more	seri-
ous intraoperative trocar complications. In 2008 No-
vara et al. conducted a systematic review and meta- 
analysis of complication rates in mid-urethral slings. 
[202]	When	comparing	retropubic	vs.	transobturator	
approach,	 bladder	 perforations	 (OR	 2.33;	 95%	 CI:	
1.26–4.32;	p	 =	0.007),	 pelvic	hematoma	 (OR	4.83;	
95%	CI:	1.22–19.15;	p = 0.03) and storage lower uri-
nary	 tract	symptoms	(OR	1.81;	95%	CI:	1.13–2.91;	
p	=	0.01)	were	less	frequent	in	women	who	had	un-
dergone a transobturator sling. Rates of vaginal ero-
sions, urinary tract infections and reoperation rates 
were similar amongst groups. The 2009 Cochrane 
review by Ogah et al. on mid-urethral slings found 
that the transobturator approach was associated 
with a shorter operating time, less blood loss, less 
postoperative voiding dysfunction, and fewer blad-
der	perforations,	but	more	groin	pain	(12%	vs.	1.7%,	
RR	6,	95%	CI:	3–11)	 than	 the	 retropubic	 route.[40]	
In	2010	Latthe	et	al.	updated	their	systematic	review	
which assessed the effectiveness and complications 
of	transobturator	slings.[191]	Adverse	events	such	as	
bladder	 injuries	 (TOT,	OR	0.11,	95%	CI	0.05–0.25;	
TVTO,	OR	0.15,	95%	CI	0.06–0.35)	and	hematomas	
(OR	0.06,	95%	CI	0.01–0.30)	were	less	in	the	TOT	
than	 TVT.	 Voiding	 dificulties	 (TOT,	 OR	 0.61,	 95%	
CI	0.35–1.07);	TVTO,	OR	0.81,	95%	CI	0.48–1.31)	
were slightly lower in TOT but this was not statisti-
cally	signiicant.	Groin/thigh	pain	 (TVT-O,	OR	8.05,	
95%	CI	3.78–17.16)	and	vaginal	 injuries	 (TOT,	OR	
5.82,	 95%	CI	 1.85–18.3;	 TVTO,	OR	 1.69,	 95%	CI	
0.73–3.91)	were	more	 common	 in	 the	 transobtura-
tor	tapes.	Mesh	erosion	in	TVT-O	(OR	0.77,	95%	CI	
0.22–2.72)	 and	TOT	 (OR	1.11,	 95%	CI	 0.54–2.28)	
was similar to TVT.

A recent publication by Brubaker et al. reported on 2 
year adverse events in patients enrolled in the TO-
MUS trial who were undergoing retropubic or tran-
sobturator	 midurethral	 slings.	 [203]	 UTIs	 were	 the	
most common adverse events in both groups with 
a	 higher	 incidence	 in	 the	 retropubic	 group	 (16.7%	
vs.	 9.1%,	p =.02). Patients in the retropubic group 

had	higher	rates	of	bladder	perforation	(5%	vs.	0%,	
p	 <.0001),	 voiding	 dysfunction	 requiring	 surgery	 or	
catheter	use	(3%	vs.	0%,	p =.002) and postoperative 
bleeding	 (2%	 vs.	 0%,	 p =.02). Neurological symp-
toms,	deined	as	new	paresthesias	or	alterations	 in	
motor	function	in	the	irst	6	weeks	after	surgery,	were	
more frequent in the transobturator group than in 
the	retropubic	group	(9.7%	vs.	5.4%,	p =.04). Mesh 
complications	were	reported	in	3-5	%	of	women	and	
these rates were similar in both groups.

But	and	Fagenelj	randomised	120	patients	to	Monarc	
(inside-out transobturator sling) or to TVT-O (outside-
in).	 [193]	 There	 was	 a	 higher	 incidence	 of	 vaginal	
wall	perforations	and	lacerations	in	the	Monarc	(0%	
vs.	15%),	and	the	TVT-O	was	more	painful	than	the	
Monarc (p	=.00015).	Liapis	et	al.	evaluated	114	pa-
tients	randomised	to	TVT-O	and	Monarc,	inding	no	
statistically	 signiicant	 differences	 between	 the	 two	
procedures.	 [195]	 In	 patients	 that	 have	 undergone	
the Obtape, there have been reports of higher rates 
of vaginal erosion, ischiorectal abscesses, adductor 
myositis	with	symptoms	of	leg	pain,	dificulty	ambu-
lating and cellulitis. The newer polypropylene slings 
have been associated with a lower incidence of com-
plications. However, the true incidence of major com-
plications is probably limited by the heterogeneity of 
the outcome measures and the short-term follow-up 
of	most	of	the	studies.	Future	studies	with	validated	
outcomes and long-term follow-up are needed. 

g) Transobturator Slings in Special Populations

1. MIXED URINARY INCONTINENCE

Mixed	urinary	 incontinence	 (MUI)	 is	 deined	as	 the	
complaint of involuntary leakage from the urethra, 
associated with urgency, and also with exertion, ef-
fort,	sneezing	or	coughing.	How	mid-urethral	slings	
affect patients with MUI is less apparent. Many stud-
ies have demonstrated an improvement or cure in 
OAB symptoms and UUI in those patients undergo-
ing sling procedures for the stress component of MUI 
with	 cure	 rates	 ranging	 from	 50-74%.	 [204]	 Other	
studies have reported a decrease in subjective and 
objective cure rates but still quality of life improve-
ment	after	 treatment	 in	women	with	MUI	 [53,	205].	
Two studies by Paick et al reported on patients with 
MUI.[53,	205]	The	irst,	which	reported	on	73/274	with	
MUI who underwent TVT with more than six months 
follow-up, showed that the mixed UI group had the 
same cure rate for stress urinary incontinence (SUI) 
as	the	SUI-only	group.	They	also	found	that	16.4%	
of the mixed UI group had persistent UUI, so that 
the overall UI cure rate was lower for the mixed UI 
than	the	SUI	group,	but	still	quite	favourable	(78.1%	
vs.	 95.5%).	 In	 their	 second	 study,	 they	 evaluated	
144	women	with	mixed	UI	who	had	undergone	TVT,	
Sparc	or	TOT	slings.	There	were	no	signiicant	dif-
ferences in the three groups in terms of the cure 
rate	for	SUI	(SUI;	TVT,	95.8%;	SPARC,	90.0%;	TOT,	
94.0%;	p	=	0.625)	and	 for	 total	cure	 (TVT,	81.9%;	
SPARC,	 86.4%;	 TOT,	 82.0%;	 p	 =	 0.965).	 There	
were no risk factors for cure of SUI, except detru-
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sor overactivity (DO) on urodynamic studies. There 
was one difference between groups preoperatively; 
the TOT patients had less severe UUI than those 
patients who underwent the SPARC or TVT.

In 2008 Gamble et al. evaluated 305 women with 
MUI	and	 found	31.5%	of	women	had	postoperative	
resolution	 of	 detrusor	 overactivity	 (DO).	 [204]	 Sling	
type was strongly related to persistence of DO with 
a	53%	persistence	of	DO	in	 the	 transobturator	 tape	
group,	 followed	 by	 retropubic	 (64%	after	TVT,	 66%	
after	 SPARC),	 and	 86%	 after	 bladder	 neck	 slings	
(p	<	.001).	Botros	et	al.	evaluated	276	patients	with	
MUI who underwent retropubic slings (TVT, N = 99; 
SPARC, N = 52) or transobturator slings (Monarc, N 
=	125).[206]	Patients	who	underwent	 transobturator	
sling	placement	 (8%)	had	signiicantly	 less	de	novo	
subjective UUI compared to the patients who had 
TVT	(33%)	and	SPARC	(17%)	(p = 0.04). In patients 
with	preoperative	UUI,	14-16%	who	underwent	TVT	
or SPARC had worsening of their UUI symptoms 
while	only	6%	of	the	transobturator	sling	group	did	(p 
= 0.02). There was no difference in rates of resolution 
of DO or de novo DO among the three groups. Ballert 
et	al.	evaluated	83	women	who	underwent	TVT	[203]
and	TOT-O	?	TVT-O?	[87]using	pre-	and	post-opera-
tive AUASI (American Urologic Association Symptom 
Index) scores to evaluate lower urinary tract symp-
toms.[207]	Patients	with	SUI	had	lower	postoperative	
AUASI scores than patients with MUI. There were no 
differences between patients who underwent TVT or 
TVT-O	in	any	category.	In	2011	Lee	et	al.	performed	
an observational cohort study evaluating risk factors 
for persistence of urgency or UUI after midurethral 
slings.	[208]	Out	of	1112	women	who	completed	the	
questionnaire,	754	patients	had	preoperative	urgency	
or urgency urinary incontinence. 955 patients under-
went	 retropubic	 slings	 and	 270	 patients	 underwent	
transobturator slings. The overall subjective rate for 
persistent	 urgency	 and	UUI	was	 40.3%	and	 32.3%	
respectively.	 Age	 (OR	 1.03,	 95%	 CI:	 1.02-1.04),	
baseline	symptoms	severity	(OR	1.41,	95%	CI:	1.10-
1.78)	 and	 coexistent	 DO	 (OR	 2.04,	 95%	 CI:	 1.39-
3.01),	were	 risk	 factors	 for	persistent	urgency	while	
concomitant	 prolapse	 surgery	 (OR	 0.54,	 95%	 CI:	
0.38-0.75)	and	transobturator	sling	surgery	(OR	0.61,	
95%	CI:	0.39-0.94)	decreased	the	risk.	There	was	no	
difference in type of sling surgery and persistence of 
UUI. These studies are consistent with results pub-
lished by Novara et al. who performed a meta- analy-
sis of randomised controlled trials comparing tran-
sobturator vs. retropubic MUSS.(33) Results showed 
a higher prevalence of storage lower urinary tract 
symptoms	in	patients	randomized	to	retropubic	slings	
than	 in	patients	 randomized	 to	 transobturator	slings	
(OR	1.35;	95%	CI	OR:	1.05–1.72;	p = 0.02).

In conclusion, women with mixed urinary inconti-
nence	 beneit	 from	 sling	 surgery.	 It	 appears	 that	
placement of a transobturator sling provides the 
greatest improvement in OAB and UUI symptoms 
and seems to have the lowest rates of de novo ur-
gency and UUI; it also appears to have the greatest 

resolution of DO. However, women with mixed uri-
nary incontinence should be carefully counseled pre-
operatively as persistence or worsening of symptoms 
may have a negative impact on quality of life and 
may lead to poor overall satisfaction after surgery. 

2. RECURRENT SUI

There have been multiple studies reporting on out-
comes after repeat anti-incontinence surgery, how-
ever the appropriate choice of a secondary conti-
nence procedure for women with recurrent SUI is 
poorly studied and the available studies are limited 
by their small numbers. Two studies of repeated 
mid-urethral	slings	report	cure	rates	of	74–76%	at	18	
months, which is lower than cure rates for primary 
surgery.[209,	210]	Lee	et	al.	performed	a	retrospec-
tive	study	on	repeat	midurethral	slings.[209]	13	pa-
tients	 underwent	 retropubic	 and	16	patients	 under-
went	 transobturator	slings.	Overall	cure	was	75.9%	
and	overall	improvement	was	6.9%.	Cure	rates	were	
92.3%	for	the	retropubic	approach	and	62.5%	for	the	
transobturator approach, however this was not sta-
tistically	signiicant	(p = 0.089). Stav et al. evaluated 
1,225	 women	 with	 SUI,	 among	 these	 77	 patients	
had	 repeat	mid-urethral	 slings.[211]	 The	 subjective	
stress	incontinence	rate	was	62%	in	the	repeat	group	
compared	 to	86%	 in	 the	primary	group	 (p	<0.001).	
A	repeat	retropubic	approach	was	signiicantly	more	
successful than a repeat transobturator approach 
(71%	vs.	48%,	p= 0.04). These results could be due 
to	a	higher	incidence	of	intrinsic	sphincter	deiciency	
or lack of urethral mobility in patients undergoing a 
repeat	mid-urethral	 sling	 (31%	vs.	13%,	p	<0.001).	
A	 recently	 published	 study	 by	 Abdel-Fattah	 et	 al.	
reported	on	outcomes	on	a	 total	of	46	women	with	
recurrent SUI after previous failed continence sur-
gery.[212]	18	patients	underwent	“outside-in”	and	28	
underwent “inside-out” procedure. Overall subjective 
and	objective	success	rates	in	this	group	were	70%	
and	77%	but	it	should	be	noted	that	these	numbers	
included	 10	 women	 with	 failed	 colposuspension.	
Higher success rates were seen in women who un-
derwent the inside-out TVT-O compared to the ‘out-
side-in’ TOT but this study was not adequately pow-
ered to make this comparison. Biggs et al. evaluated 
27	patients	who	underwent	TVT-O	after	a	previous	
anti-incontinence	procedure.[213]	There	was	an	80%	
success rate assessed by PGI-I (“very much better” 
or	“much	better)	at	a	mean	follow-up	of	25.7	months.

A repeat synthetic mid-urethral sling procedure has 
signiicantly	lower	cure	rates	than	a	primary	sling	pro-
cedure. Although the data are limited, it seems that in 
patients who failed a primary anti-incontinence sur-
gery, a repeat retropubic approach has a higher suc-
cess rate than the repeat transobturator approach 
especially	in	cases	with	intrinsic	sphincter	deiciency.

3. ELDERLY

Thirty-seven	 million	 people	 are	 aged	 >	 65	 years	
(12%	of	 the	 total	US	population)	and	5.3	million	of	
these are aged > 85 years. With the national life span 
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increasing,	it	is	estimated	that	by	2030,	1	in	5	people	
in	the	United	States	will	be	aged	>	65	years,	and	1	
in 4 elderly individuals will be aged > 85 years. Ad-
vanced age is related to increased prevalence of uri-
nary incontinence and there is evidence of a higher 
rate of DO and ISD in the elderly population. Surgical 
intervention	is	considered	the	most	eficient	and	du-
rable approach to treat SUI and mid urethral slings 
have become the treatment of choice in the major-
ity of patients. The effect of age on outcomes of mid 
urethral	slings	is	still	scarce	and	the	deinition	of	el-
derly varies across studies. There are some studies 
that	evaluate	the	eficacy	of	retropubic	slings	in	the	
older population but there are limited data assess-
ing	 safety	 and	 eficacy	 of	 the	 transobturator	 slings	
in elderly vs. younger patients. Sevestre et al. ana-
lysed	a	series	of	76	patients	with	a	mean	age	of	76	
years	who	underwent	TVT.[214]	There	were	no	major	
postoperative	complications,	however,	13.7%	of	the	
patients	had	postoperative	persistent	SUI	and	18.4%	
had urgency incontinence. De novo urgency without 
incontinence	was	detected	in	21%	of	the	patients.	In	
another study, pre- and postoperative quality of life 
parameters	were	compared	 in	a	small	 series	of	21	
elderly	 and	 46	 younger	 stress-incontinent	 patients	
that	 underwent	 TVTs.[215]	At	 postoperative	 follow-
up	of	3-24	months,	SUI	was	improved	in	91%	of	the	
younger	and	80%	of	the	elderly	patients	and	all	qual-
ity	of	life	parameters	were	signiicantly	improved	in	all	
age groups. Perioperative morbidity and complica-
tions are also a consideration in older patients. In the 
study of Gordon et al. the incidence of early postop-
erative morbidity was similar in both age groups who 
underwent	 TVTs.	 [216]	 However,	 several	 cases	 of	
signiicant	age-related	morbidity	were	noted	among	
elderly patients: two cases of pulmonary embolism, 
two cases of cardiac arrhythmia, one case of severe 
pneumonia, and one case of deep vein thrombosis. 
All major complications occurred in elderly patients 
who were undergoing concomitant prolapse surgery. 
The	 risk	of	de	novo	urgency	was	18%	at	one	year	
in	 older	 vs.	 4%	 in	 the	 younger	 patients.	 Barber	 et	
al.	 identiied	 predictors	 of	 recurrent	 urinary	 inconti-
nence one year after treatment with retropubic and 
transobturator	slings.	[85]	They	found	that	increasing	
age	was	 the	only	 identiied	 variable	 that	was	 inde-
pendently associated with recurrent SUI (adjusted 
OR	 1.7;	 95%	CI:	 1.1-2.6	 per	 decade).	 Chen	 et	 al.	
found that surgical failure after inside-out transobtu-
rator	sling	was	signiicantly	greater	 in	women	aged	
60	years	old	or	older,	compared	with	those	younger	
than	 60	 years	 (adjusted	OR	 11.7,	 95%	CI:	 1.8-76)	
in	 a	 small	 series	 of	 54	women.	 [217]	Groutz	 et	 al.	
evaluated	patients	aged	70	or	older	(n=97)	and	com-
pared	them	to	patients	younger	than	70	(n=256)	who	
underwent	TVT-O.[218]	The	mean	follow	up	was	30	
months	 ±	 17	 months.	 The	 incidence	 of	 persistent,	
urodynamically	 conirmed,	 SUI	 was	 similar	 in	 both	
age	 groups	 (5%).	 However,	 asymptomatic	 urody-
namic	 SUI	 was	 signiicantly	 more	 common	 among	
elderly	 patients	 (19%	vs.	 3.7%,	p <0.05). The inci-
dence of persistent OAB was similar in elderly and 

younger	patients	(68%	and	62%,	respectively),	while	
de	novo	OAB	was	signiicantly	more	common	in	el-
derly	patients	(11.9%	vs.	4.7%,	p <0.05). Postopera-
tive morbidity was similar in both groups except the 
elderly group had a higher incidence of recurrent 
UTI’s	(13.7%	vs.	6.2).	Even	though	there	are	limited	
data and further studies are needed, it appears that 
transobturator	 slings	 are	 both	 safe	 and	 eficient	 in	
elderly patients and women should not be excluded 
from mid-urethral slings based on their age. 

4. CONCOMITANT PROLAPSE SURGERY

Approximately	40%	of	women	with	pelvic	organ	pro-
lapse	 (POP)	 also	 report	 SUI.[219]	 Asymptomatic	
women	 who	 undergo	 prolapse	 surgery	 have	 a	 11-
20%	risk	of	developing	de	novo	stress	incontinence.
[220]	Patients	who	 leak	during	preoperative	 testing	
after reduction of their prolapse have a risk of up to 
80%	 of	 developing	 de	 novo	 SUI.[221]	 The	 role	 of	
concomitant slings in patients undergoing POP re-
pair has been debated, with some studies showing 
differences in cure rates or complications and others 
inding	no	differences.	In	a	prospective	observational	
study, Liang et al. evaluated 49 patients with stage 
3	or	4	prolapse	and	occult	stress	incontinence.[222]	
In	32	(65.3%)	patients	a	concomitant	TVT	procedure	
was	 performed	 and	 the	 remaining	 17	 (34.7%)	 pa-
tients had a prolapse repair only. The rate of postop-
erative	SUI	was	signiicantly	lower	in	those	who	had	
a	TVT	placed	(9%	vs.	65%)	and	the	rate	of	detrusor	
overactivity was lower in patients who had prolapse 
repair	alone	after	surgery	(6%	vs.	16%).	Casiano	et	
al. compared outcomes after retropubic mid-urethral 
slings with and without concomitant prolapse repair.
[223]	After	 2.7	 years	 survival	 free	 of	 “any”	 inconti-
nence (Incontinence Severity Index score, >0) was 
similar	 in	both	groups	 (adjusted	hazard	 ratio,	 1.07;	
p=0.77).	 Women	 with	 concomitant	 repair	 for	 ad-
vanced prolapse tended to be more bothered by 
frequent	 urination	 (adjusted	 OR	 1.78;	 p=0.08) and 
more	likely	to	require	urethrolysis	(OR	6.11;	p=0.04) 
than those without prolapse repair. There is only one 
study that reports on transobturator slings and pro-
lapse	surgery.	Wang	et	al	evaluated	140	women	who	
underwent	TVT	(n	=	70)	and	TOT	(n	=	70)	with	SUI	
with	or	without	POP.[224]	 In	 the	TVT	group	30	pa-
tients and in the TOT group 22 patients had concomi-
tant prolapse surgery. Surgical results were similar 
in both groups and concomitant pelvic reconstruc-
tive procedures had no effect on surgical results. At 
1-year	follow-up,	the	objective	cure	rates	for	patients	
with	 isolated	SUI	were	 95%	 in	 the	TVT	 group	 and	
93.75%	 in	 the	 TOT	 group.	 For	 patients	 with	 con-
comitant	POP,	 the	cure	rates	were	90%	in	 the	TVT	
group	and	86.36%	in	 the	TOT	group.	There	are	no	
randomised trials in patients undergoing pelvic organ 
prolapse surgery and obturator slings but with the 
currently available literature, it would appear that it 
is	beneicial	to	treat	concomitant	SUI	and	prolapse.	
There are no current studies on the role of transobtu-
rator slings in occult SUI.
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5. OBESITY

Obesity is gradually increasing worldwide and epide-
miological studies have found a link between obesity 
and urinary incontinence with odds ratio for the pres-
ence	of	urinary	incontinence	as	high	as	1.6	to	5	with	
each unit increase in body mass index (BMI). [225, 
226]The	role	of	mid-urethral	slings	in	obese	women	
has been debated due to concerns for higher failures 
and a potential increase in intraoperative and post-
operative complications. Numerous studies have 
been carried out evaluating obesity as an indepen-
dent predictor in patients that have undergone TVTs. 
[227,	228]	[229]	[230]	[231-234]

Hellberg	et	al.	reported	a	decrease	in	cure	of	52.1%	
in patients with a BMI higher than 35 compared to 
81.2%	in	those	with	a	BMI	less	than	25.	Six	other	
studies have shown overall cure rates that ap-
proach	90%	with	no	difference	in	the	obese	vs.	the	
non	 obese	 patient.[231]	 However	 Greer	 et	 al.	 in	
their meta-analysis included these seven studies 
and	 did	 ind	 a	 signiicant	 difference	 in	 cure	 rates	
between	the	two	groups	with	cure	rates	being	81%	
and	85%,	respectively	(p=	0.001;	OR	0.576,	95%	
CI:	0.426–0.779).[227]	There	are	very	limited	data	
evaluating outcomes for transobturator slings in 
obese women. Liu et al did a retrospective review 
evaluating the TVT-O procedure in overweight 
and	 obese	 and	 women.	 [235]They	 retrospec-
tively	evaluated	129	patients	who	had	undergone	
TVT-O	and	 they	were	stratiied	according	 to	 their	
BMI,	 normal	 weight	 (n=29),	 overweight	 (n = 58),	
and	obese	(n = 32)	groups.	The	median	 follow	up	
was 24 months and there were no statistically sig-
niicant	differences	 in	between	groups	comparing	
objective or subjective surgical outcomes, in the 
incidence of de novo DO, in quality of life scores 
or postoperative complications. Another study un-
dertaken	by	Rechberger	et	al.	found	no	signiicant	
association between BMI and surgical outcome 
at	 18	 months	 of	 follow-up	 among	 normal	 weight	
(n = 43),	 overweight	 (n = 81),	 and	 obese	 (n = 73)	
women	 who	 underwent	 transobturator	 slings.[88]	
However, they did notice a trend towards worse 
outcomes in overweight patients. Haverkorn 
et al. conducted a retrospective study evaluat-
ing patients that had undergone a transobturator 
sling (Monarc) in women with a BMI higher than 
30	 (n = 117)	 and	 BMI	 less	 than	 30	 (n = 161)	 with	
a	minimum	follow	up	of	12	months.	[236]	The	per-
centage of women achieving global cure and SUI 
cure	was	signiicantly	higher	in	non-obese	women	
(83.9%	and	91.9%)	than	 in	obese	women	(70.9%	
and	81.2%)	 (p	 <	0.001).	Obese	women	achieved	
improvement in quality of life similar to those of 
non-obese women. Although the results from these 
studies	are	conlicting,	it	seems	that	regardless	of	
BMI, transobturator slings may be an acceptable 
method	of	treatment	for	SUI	in	obese	patients.	Fol-
low up in these studies is limited and larger studies 
are	needed	to	conirm	these	indings	and	to	evalu-
ate the long terms effects of the procedure.

h) Conclusion and recommendation
Suficient	Level I /II  evidence exists which evaluate 
mid-urethral tapes (retropubic). Current series include 
retrospective cohort studies and high level RCTs . 
There is a need for further prospective randomised 
assessment	of	this	intervention	–	especially	from	the	
durability standpoint. Quality of evidence is A / B .

4. SINGLE INCISION MINI SLINGS (SIS) (TABLE 3)

The single incision mini slings have been developed 
in an attempt to further reduce the morbidity associ-
ated with continence surgery and to provide an outpa-
tient	or	ofice	procedure	to	treat	stress	urinary	inconti-
nence. The blind passage of needles, during TVT and 
TOT procedures, through the retropubic space or the 
obturator foramen respectively is associated with a 
small	risk	of	vascular	,	nerve	or	visceral	injury	[202].	
The shorter SIMS will theoretically minimise this risk. 

The concept of the single incision sling is not 
novel. Smith presented a small series of SIMS in 
1987[237],	however	this	was	a	porcine	dermis	sling	
which in vivo probably degrades and hence long 
term cure rates were poor. 

The	 irst	 commercially	 available	mid-urethral	 single	
incision sling , TVT-Secur (Gynaecare), was launched 
in	2006	with	no	published	human	trial	data.	The	last	
6	years	have	seen	a	increase	in	the	number	of	com-
mercially available single incision slings. There are 
currently 9 different products available. All are made 
of type I polypropylene mesh however the length & 
anchoring mechanisms are variable. (Figure 1 )

The method of insertion is either U shaped, inserted 
in the same manner as the TVT or the H “hammock” 
insertion of the TOT. There is currently very little good 
quality RCT data to support the use of these slings. 

Ten	trials	have	been	published	including	1072	wom-
en.	6	of	the	RCTs	published	compared	TVT-	Secur	to	
MUS,	2	compared	MiniArc	to	MUS,	1	compared	TVT-
Secur to MiniArc and to MUS, and one compared 
Contasure to TVT-O. The numbers in each trial are 
relatively	small	(60-	194).

Five	of	the	seven	trials	of	TVT-secur	found	it	to	be	infe-
rior to TVT or TVT-O. Several different outcome mea-
sures	were	report	 in	 these	7	 trials	 ,	making	 it	dificult	
to compare the trials directly. Two of these trials were 
stopped prematurely following an interim analysis which 
demonstrated	TVT-secur	results	to	be	signiicantly	less	
effective	than	the	comparator	MUS.	Hamer	et	al	[245]
also reported concerns about the morbidity associated 
with	TVT-secur.	They	 reported	 three	 signiicant	 com-
plications	 in	67	cases,	one	hemorrhage	1000ml,	one	
urethral perforation and one perforation of the bladder. 

Three trials compared MiniArc to MUS , two found 
no	signiicant	difference	between	MiniArc	and	obtu-
rator	tapes	however	the	third	trial	by	Basu	et	al[240]	
reported a considerably worse outcome for MiniArc 
compared	to	TVT,	9	out	of	 the	37	patients	who	un-
derwent the MiniArc subsequently had a TVT. Table 
3 summarises the data currently available. 
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In	2011	Abdel-Fattah	et	 al[247]	published	a	meta-
analysis of RCT comparing SIMS to standard MUS, 
the review included both full text publications and 
conference	abstracts.	A	total	of	758	women	in	nine	
RCTs with a mean follow-up of 9.5 months were 
included.	 SIMS	 were	 associated	 with	 signiicantly	
lower patient-reported and objective cure rates 
compared	with	MUS	(risk	ratio	[RR]:	0.83;	95%	con-
idence	interval	[CI],	0.70–0.99,	and	RR:	0.85;	95%	
CI,	0.74–0.97,	respectively).	

One of the reasons for the development of SIMS 
is to reduce the morbidity of continence surgery. 
Hence trial design should include an assessment 
of morbidity, including perforation, hemorrhage, 
chronic	 pain	and	 voiding	dificulty.	The	meta-anal-
ysis	demonstrated	that	there	was	no	signiicant	dif-
ference in the perforation rate between SIMS and 
MUS,	the	conidence	intervals	(CI)	for	these	param-
eters were however extremely wide. There was also 
a	 trend	 toward	 more	 voiding	 dificulties	 following	
SIS but again the CI were very wide. 

Proponents of SIMS have speculated that the initial 
poor	results	relect	an	incorrect	insertion	technique	
used in early trials. SIMS were initially inserted in 
the tension free manner by which TVT are inserted, 
however SIMS insertion has evolved and the cur-
rent insertion technique is in closer proximity to the 
urethra and with greater tension than TVT. 

Jeffery	 et	 al[248]	 have	published	 the	protocol	Co-
chrane review of SIMS which will enable ongoing 
assessment of data.

Due to the considerable variation in the anchoring 
mechanism of each type of SIMS, data from one 
device cannot be extrapolated to another. There is 
a need for further RCT. Currently the recommenda-
tion is that SIMS should only be performed in the 
context of research. 

All reports are Level I - III in terms of evidence 
and there continues to be a lack of durable 
outcomes reporting for this technique. Cur -
rent series suggest that some eficacy may be 
inherent to these interventions, however, com -
parable eficacy to either retropubic or mid-
urethral tapes has yet to be proven. Grade of 
recommendation is –B/ C. 

5. TRADITIONAL SLING PROCEDURES

As in the previous ICI4 review, the term ‘traditional’ 
sling procedure is used here, in line with the ter-
minology	used	in	the	latest	Cochrane	review.	[249]	
This is done mainly to distinguish open sling proce-
dures typically placed at the region of the bladder 
neck from the newer, minimally-invasive mid-ure-
thral sling (MUS) procedures. 

Sling procedures came into prominence in the be-
ginning	of	the	twentieth	century.	In	1907,	Giordano	
transplanted gracilis muscle and wrapped it around 
the	 urethra.	 [250]	 Soon	 thereafter,	 other	 autolo-
gous tissues were transplanted under the urethra to 
provide	additional	support:	pyramidalis	[251],	 leva-
tor	ani	 [252],	 rectus	 fascia	 [253],	gracili	 [254],	and	
bulbocavernosus	muscle	and	fat	[255].	While	it	was	

Figure 1. Variation in anchorage of SIS

Author Year Comparison Patients FU (m) 
power 
calculation % lost FU Primary outcome  objective cure  subjective cure EL Note 

Tardiu [238] 2011 Contasure v TVT-O 158 12 yes 16.4 CST 87.5 v 90.0%  75.4 v 87.3%  2 
Quasi Randomised  
Non-inferiority design 

Enzelsberger [239] 2010 MiniArc v TOT (Monarc) 90 24 no 0 Subjective UI NR 82 v 85%  * 2 Quasi Randomised 

Basu [240] 2010 MiniArc v TVT 71 6 yes 0 SUI (KHQ) USI OR 7.58 (CI 2.7–24.7) OR  8.14( 2.7–24.7) 2  

Oliveira [241] 2011 MiniArc v TVT-S v TVT-O 90 12 yes 0 CST+ no pad+ no leak 87 v 67 v 83% 2  

Tommaselli 2010 TVT -S v TVT-O 84 12 no 10.7 USI 83.8 v 81.6% * ICI-Q SF* 2  

Hinoul [ ] 2011 TVT -S v TVT-O 194 12 yes 17.5 CST 84 v  98% p <0.05 76 < 92 % p< 0.05 1  

Hota[243] 2011 TVT -S v TVT-O 142 (86) 3 yes NR CST 52.8 v97.4% PFIQ PFID * 2 Stopped at 86 

Abdelwahab [244]  2010 TVT-S v TVT 60 9 no 0 NR NR 93 V 90% * 2  

Hamer[ 245 ] 2011 TVT-S v TVT 308(133) 2 yes  1.6 Subjective UI NR 72 v 92%  p=0.01 2 Stopped at 133 

Wang [246] 2011 TVT-S v TVT-O v TVT 106 12 yes 3.7 CST + Subjective UI 67.6 v 91.7 v 93.8%  2  

242

Table 3 Summarises the data on SIS currently available.
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hypothesised that the transplanted muscle would 
retain its contractility and act as a neo-sphincter 
to prevent SUI, these procedures compressed the 
urethra and created a partial obstruction. Complica-
tions such as recurrent cystitis, urethral sloughing, 
and	istula	formation	were	common.	

The modern autologous bladder neck sling exists 
mainly	 due	 to	 the	work	 of	Aldridge	 in	 the	 1940’s	
and McGuire and Blaivas in the latter part of the 
twentieth	 century.	 [256-258]	The	majority	 of	 sling	
procedures have involved a combined abdomino-
vaginal approach, although procedures performed 
entirely through an abdominal approach have been 
described. Suspended, or ‘sling on a string,’ meth-
ods have been developed in order to reduce the 
invasiveness of the procedure and to shorten the 
length of sling material. These shorter slings can 
also	 vary	 in	 length,	 from	 a	 “mid-length”	 sling	 (7-
10	cm)	to	a	“patch”	sling	(2-4	cm).	As	with	needle	
suspension procedures, bone anchoring has been 
used as an alternative form of sling suspension, 
although	the	beneit	of	this	additional	step	has	not	
been adequately studied. 

Sling materials may vary widely and individual 
materials may have only a modest effect on ini-
tial sling efficacy. However, these materials may 
considerably affect the long-term outcomes of 
sling procedures and the associated morbidity. 
Materials may be synthetic or biological. The lat-
ter include autografts (rectus fascia, fascia lata, 
round ligament, dermis, vaginal skin, and gracilis, 
levator, and rectus muscles), cadaveric allografts 
(fascia, dermis, and dura mater) and xenografts 
(porcine dermis and small intestinal submucosa, 
bovine dermis and pericardium). Case series of 
autologous	 rectus	 fascial	 (ARF)	 sling	 were	 re-
viewed within the systematic review underlying 
the	NICE	guidance	on	urinary	incontinence.	[259]	
Ten	series	including	a	total	of	1280	women	were	
considered. Studies had a mean or median dura-
tion	of	follow-up	between	2	and	6	years,	while	in	
three	studies,	maximum	follow-up	of	15–18	years	
was reported. Subjective cure rates ranged from 
26%	to	97%	(median	81%);	and	cure	rates	that	in-
cluded subjective and objective elements ranged 
from	73%	to	95%.	Satisfaction	rates	of	86%	and	
92%	were	reported	in	two	studies.

Synthetic sling materials have included nylon, 
polyethylene,	polytetraluoroethylene	(PTFE),	and	
polypropylene. On occasion, these polymers have 
been ‘enhanced’ with synthetic or biologic coatings 
in an attempt to improve their biocompatibility pro-
iles.	 Many	 additional	 variations	 in	 the	 technique	
have been described, although it is unclear which 
of	these	materially	inluence	the	outcome.	Several	
case series have published outcomes for polyeth-
ylene	and	PTFE	slings	with	short-term	cure	 rates	
typically	 in	 the	 80-90%	 range,	 depending	 on	 the	
deinition	 [EL=3].	 Vaginal	 extrusion,	 erosion,	 and	

sinus formation have been common with these ma-
terials. Since the last ICI review, there have been 
no additional studies published and the number 
of these procedures performed appears to have 
waned	signiicantly	 in	favour	of	polypropylene	mi-
durethral slings.

Both biological and synthetic sling materials are 
analysed together in the Cochrane review [Rehm-
an	 et	 al.,	 2011],	 although	 these	were	 considered	
separately in the systematic review underlying the 
NICE	guidance	on	urinary	incontinence.	[249,	259]
NICE has also published a non-systematic review 
of biological sling procedures under its Interven-
tional	 Procedures	 Programme.	 [260]The	 most	
recent	 Cochrane	 review	 included	 26	 RCTs	 (or	
quasi-randomised trials) describing a total of 2284 
women	 of	 whom	 1287	were	 treated	with	 subure-
thral	 traditional	 slings.	Sample	sizes	 ranged	 from	
20	 to	655	participants.	Several	of	 these	 trials	are	
available only in abstract form and remain unpub-
lished as full peer-reviewed papers. Owing to the 
signiicant	 number	 of	 recent	 meeting	 abstracts	
about surgical procedures for SUI, only full pub-
lications have been included in this section. Addi-
tional studies have been included, but the majority 
of these are case-control studies and have a rela-
tively low level of evidence.

There have been no trials identified that compared 
traditional suburethral sling operation vs. no treat-
ment, sham operation, conservative manage-
ment (e.g. pelvic floor muscle training, electrical 
stimulation, cones, biofeedback), anterior repair, 
laparoscopic retropubic suspension, or artificial 
urinary	 sphincter	 [Rehman	 et	 al.,	 2011].	 [249]	
One trial studied patients with MUI treated with 
oxybutynin	 or	 surgery	 [Osman,	 2003].	 [261]	The	
type of surgery was selected according to Valsal-
va leak point pressure (VLPP): those women with 
VLPP	?>	90	cm	H2O	underwent	an	ARF	sling	and	
those with VLPP ?> 90cm H2O underwent Burch 
colposuspension. The results for the total surgi-
cally managed group were similar to those for the 
subgroup having slings. The study suggested that 
slings are significantly better for treating MUI than 
oxybutynin. Results were analysed in terms of pa-
tient reported incontinence within one year (RR 
0.18;	 95%	 CI	 0.08	 to	 0.43).	 Fewer	 women	 had	
persistent UUI after the sling surgery (RR 0.29; 
95%	CI	0.09	to	0.94).

a)  Traditional sling vs. bulking agent ( table 4E )

One	RCT	compared	ARF	sling	with	periurethral	sili-
cone injection in women with SUI secondary to ISD 
in whom conservative treatment had failed [Maher 
et	al.,	2005].	[165]	At	6	months,	no	signiicant	differ-
ences were seen between groups in subjective cure 
(1-hour	pad	test)	or	satisfaction,	QOL	(UDI-6,	IIQ).	
Signiicantly	more	women	undergoing	sling	surgery	
were objectively cured on the basis of urodynamic 
assessment	 (81%	vs.	9%;	p=0.0001),	but	duration	



1333

Author RCT Sling Comparator N/N  
(n1/n2) 

F/U Cure; effect size EL Comments 

Table 4A: Traditi onal Sling vs. Col posuspension 
Henriksson, 1978*^ [119]  Quasi Zoedler, Vaginal MMK 30/30 

(15:15) 
3m 100% vs. 100% (o) 2 Quasi-RCT: by alternation; No ss calculation; analysis not clear if ITT

 
Hilton, 1989*^† [120] Yes Porcine Dermis Stamey 20/20 

(10/10) 
3m 90% vs. 80% (o) 2 Included only SUI w/vaginal narrowing unsuitable for colposuspension

 24m 90% vs. 70% (s) 
Enzelsberger, 1996*^† 
[121] 

Yes Dura Mater Colpo 72/72 
(36:36) 

32-48m 92% vs. 86% (s) 2 All patients had recurrent SUI after failed incontinence surgery; no ss calculation;
 

Sand, 2000*^† [122] Yes Gore-Tex Colpo 36/37 
(17:19) 

3m 100% vs. 90% (o); p=ns 2  

Culligan, 2003*† [123] 28 
(13:15) 

33-116m (Mean 
72.6m) 

100% vs. 85% (o); p=ns 
84% vs. 93% (s); p=ns 

Demirci, 2001*^ [124] Quasi ARF Colpo 34/46  
(17:17) 

12m 94% vs. 88% (o); RR 2.0; 95% CI 0.20, 
20.04  

2 Quasi RCT by alternation; no ss calculation; analysis not clear if ITT
 

Bai, 2005*^† [38] Yes ARF Burch 61/61 
(28:33) 

6m 92.8% vs. 90.9% (s+o); p=ns 2 No ss calculation; minimal details about randomization; some disparities  
between text and tables  12m 92.8% vs. 87.8% (s+o); p=sig 

Albo, 2007;* ^ [125] 
Chai, 2009 [126] 

Yes ARF Colpo 520/655 
(326:329) 

24m SUI cure: 47% vs. 38% (s+o); p=sig 
Overall cure: 66% vs. 49% (s+o); p=sig  

1 50% concomitant surgery for POP; 79% outcome 
assessment at 24m (265:255); postoperative UTIs, voiding 
and storage symptoms higher in ARF group 

Table 4 B: Traditi onal Sling vs. Traditi onal Sling 

Kaplan, 1996† [127] No ARF Vaginal Wall 79 
(43:39) 

6-51m (Mean 21.4m) 84% vs. 89% (s+o) 3 89% vs. 94% satisied or very satisied 

Barbalias, 1997*^† [128] Yes ARF Gore-Tex 48/48 
(32:16) 

6m & 30m 81% vs. 88% (s-6m) 
65% vs. 88% (s-12m) 

2 No baseline data reported per treatment group, no analysis of results
 

Wright, 1998† [129] No AFL CFL 92 
(33:59) 

1-28m 
(Mean 11.5m) 

SEAPI improvement; p=ns 3/4  

Brown, 2000† [130] 
O’Reilly, 2002† [131] 

No AFL CFL 167 
(46:121) 

44m:12m (Mean) 90% vs. 85% (s) 3 High satisfaction rates in both groups; an additional 8 
women experienced failure at 4-13m F/U 

Choe, 2000*† [132] Quasi PTFE 
MycroMesh 

Vaginal  
Wall 

40/40 
(20:20) 

12-27m 95% vs. 75% (s+o; mean 22m) 2  

Lucas, 2000*^† [133] 
Guerrero, 2007*^† [134] 

Yes ARF 
(20cm) 

ARF  
(8-10cm) 

165/168 
(81:84) 

12m  
25-60m (Mean 42m) 
61-89m (Mean 74m) 

68-84% vs. 70-80% on sensitivity 
analysis (s); p=ns 
47-60% vs. 49-64% (s); p=ns 
29-62% vs. 44-57% (s); p=sig on ITT 
analysis only 

1 ss calculated; cure ranges relect ITT, per protocol, and best possible % cure 
 

Kuo, 2001† [135] Quasi ARF Prolene 50 
(24:26) 

Median 23-24m 91.6% vs. 92.3 (s); p=ns 2 ss not calculated 

Maher, 2001† [136] No ARF ARF & Vicryl 
Mesh 

51 
(24:27) 

Mean 8m:5m 58% vs. 85% (s); p=sig 
50% vs. 52% (o); p=ns 

3  

Soergel, 2001† [137] No ARF CFL 45:50  
(33:12) 

3-6m 69.7% vs. 16.7% (o); p=sig 3/4  

Flynn, 2002† [138] No ARF/AFL CFL 134/140 
(71/63) 

24m 77% vs. 71% (o-pad test); p=ns 3  

Viseshsindh, 2003*^† 
[139] 

Yes ARF Vaginal  
Wall 

26/26 
(15:11) 

3-12m 93% vs. 100%; p=ns 2 Lack of details regarding randomization, analysis of results 

Almeida, 2004† [140] No AFL CFL 60 
(30:30) 

22-44m (Mean 33-
36m) 

40% vs. 70%; p=sig 3/4  

Rodrigues, 2004† [141] No ARF Vaginal  
Wall 

232 
(128:104) 

Mean 70.3m: 
44.9m 

93.7% vs. 79.8% (s; SUI cure rate) 
73.4% vs. 61.5% (s; no SUI + no 
storage/ voiding dysfunction) 

3 No statistical comparison between cures 

McBride, 2005† [142] No AFL CFL 47/71 
(39:32) 

24m 100% vs. 58.3% (o-CST); p=sig 3/4 Subjective indices criteria similar 

Simsiman, 2005† [143] No ARF Porcine 
Dermis 

241 
(78:83:80) 

12m 87% vs. 54% vs. 64% (o); p=sig for 
ARF 

3  

CFL 
Giri, 2006 [144] No ARF Porcine 

Dermis 
94/101 
(46/48) 

36m 80.4% vs. 54% (s; cure + improved); 
p=sig 

3  

Morgan, 2007 [145] No ARF Porcine  
Dermis 

111 
(81:30) 

Mean 24m:25m Symptom severity higher for Porcine 
Dermis; p=sig 

3  

Onur, 2008 [146] No ARF Cadaver  
Dermis 

49  
(25:24) 

Mean 18m:13m 84% vs. 79% (s; cure+ improved); p=ns 3/4  

Wilson, 2008 [147] No ARF Bovine 
Dermis 

85 
(48:37) 

12m 81.3% vs. 83.8% (s+o; SUI cure); p=ns 
60.4% vs. 54.1% (s; global cure); p=ns 

3/4  

Winckler, 2010 [148] No ARF Marlex 474 
(158:316) 

12m; 
Mean (44m:43m) 

81% vs. 88.9% (s); p=ns 3  

 analysis not clear if ITT

Table 4: Published evidence relating to traditional sling procedures for the treatment of SUI.
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Author RCT Sling Comparator N/N  
(n1/n2) 

F/U Cure; effect size EL Comments 

Table 4C: Tr aditi ona l Sling  vs . Retropub ic  Midurethra l Sling  

Arunkalaivanan, 2003*^† 
[149] 

Yes Porcine Dermis TVT 128/142 
(74:68) 

Median 12m  89% vs. 85% (s); p=ns 2 No ss calculation 

Abdel-Fattah, 2004*† 
[150] 

(68:60) Median 36m 82.4% vs. 88.3% (s); p=ns 90.1% response rate to questionnaire at 36m  

Hung, 2004 [[151] No Prolene TVT 80 
(57:23) 

Mean 20m:23m 93% vs. 91.3% (o); p=ns 
68.8% vs. 77.4% (s); p=ns 

3 TVT better than prolene at BMI<27.3 kg/m2 

Bai, 2005*^† [38] Yes ARF TVT 59/59 
(28:31) 

6m 
 

92.8% vs. 90.3% (s+o); p=ns 2 No ss calculation; minimal details about randomization; 
some disparities between text and tables 

12m 92.8% vs. 87.0% (s+o); p=sig 
Wadie, 2005*^† [152] Yes ARF TVT 53/53 

(25:28) 
6m 92% vs. 92.9% (o-1 week); p=ns  2 No ss calculation; may be underpowered; cure determined 

at	irst F/U visit because of results of interim analysis; UDI-
6, IIQ-7 signiicantly decreased at 24m Wadie, 2010 [153] 63/75 

(39:24) 
24m (median 54m) 93.7% vs. 95.2% (s+o); p=ns 

Kondo, 2006^ [154] Yes ARF TVT 60/63 
(29:31) 

24m 66.7% vs. 82.6% (s); p=ns 
47.6% vs. 69.6% (o); p=ns 

2 Subjects for analysis reduced to 21 in ARF group & 23 in 
TVT group 

Morgan, 2007 [145] No ARF TVT 
 

143 
(81:62) 

Mean 24m: 18m Similar symptom severity; p=ns 3  

Basok, 2008^ [155] Yes CFL IVS 139 
(67:72) 

12m 79% vs. 70.8% (o); p=ns 
82% vs. 87.5% (s); p=ns 

2 Method of randomization not stated; 67% had MUI; 
signiicantly higher persistent UUI and de novo DO for CFL 

Jeon, 2008 [156] No PVS TVT 181 
(87:94) 

24m 87.3% vs. 86.9% (s+o); p=ns 3 Retrospective; complication rates similar at 24m 
84m 59.1% vs. 55.1% (s+o); p=ns 

Shariiaghdas, 2008^ 
[157] 

Yes ARF TVT 61/100 
(36:25) 

12m (mean 39m) 75% vs. 76% (o-pad weight); p=ns 2 No ss calculation; 39% dropped out by 12m; no details 
about randomization; subjective cure (IIQ) similar 

Amaro, 2009^ [158] Yes ARF TVT 41/41 
(21/20) 

12m  57% vs. 65% (s); p=ns 2 No statistical difference in satisfaction, KHQ domains, de 
novo urgency; op time shorter for TVT 

36m 55% vs. 63% (s); p=ns 
Trabuco, 2009 [159] No ARF Uretex 242/290 

(79:163) 
36m Survival rate free of SUI: 73.8% vs. 

87.9% (s); p=ns 
2 RR for SUI after ARF=1.8x higher that Uretex at 36m; 

satisfaction lower in ARF group, voiding dysfunction higher 

Guerrero, 2010^ [160] 
(Lucas, 2004*^ in 
abstract form) [[161] 

Yes ARF  Porcine 
Dermis 

TVT 189/201 
(73/45/71) 

6m 95% vs. 73% vs. 92% (s; improved); 
p=sig, PD vs. others 

2 ss performed, but porcine dermis arm suspended following 
interim analysis at 12m 

182 
(67/46/69) 

12m 48% vs. 22% vs. 55% (s; dry); p=sig, 
PD vs. others 

Table 4D: Traditi ona l Sling  vs . Transob turator Mi durethral Sing  
Silva-Filho, 2006^ [162] Yes ARF Safyre-t 20 

(10:10) 
6m 39g vs. 8.4g (o; pad weight); p=sig 2 Mean operating time & hospital stay signiicantly shorter in 

Safyre group 
Jeon, 2008 [156] No PVS TOT 159 

(87:72) 
24m 87.3% vs. 34.9% (s+o); p=sig 3 Retrospective; complication rates similar at 24m; RR 

treatment failure of TOT=4.6x higher than ARF 
Tcherniakovsky, 2009^ 
[163] 

Yes ARF Safyre-t 41/41 
(20:21) 

12m 95% vs. 90.5% (s+o); p=ns 2 Randomization technique not stated; no ss calculation 

Table 4E: Traditi ona l Sling  vs . Bulki ng Agent  
Corcos, 2005† [164] Yes ARF/Colpo Bovine 

Collagen 
133 
(67:66) 

12m 55% vs. 52% ; p=ns 2 ITT analysis  

72% vs. 53% ; p=sig  

Maher, 2005*^† [165] Yes ARF Macro-
plastique 

45/45 
(22:23) 

6m 81% vs. 9%; p=sig 2 Silicone injected transurethrally 

Table 4: Published evidence relating to traditional sling procedures for the treatment of SUI.(continued)

*: Included in ICI-4
^: Included in Systematic Review (Novara, 2010)
†: Included in Cochrane Review (Ogah, 2011)

Key: RP MUS=retropubic midurethral sling; F/U=follow-up (months); LE=level of evidence; TVT=tension-free vaginal tape; 
o=objective; s=subjective; N/A=not available; OC=open colposuspension; LC=laparoscopic colposuspension; ITT=intention to treat
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of the procedure, catheterisation, inpatient stay, and 
time	to	return	to	normal	activities	were	signiicantly	
longer in the sling group. A survey of two-thirds of 
the	women	at	5	years	found	no	statistically	signii-
cant differences between groups in urinary symp-
toms or in satisfaction with surgery, although fewer 
women	in	the	silicone	bulking	group	were	satisied	
(29%	vs.	69%)	(n=45).	[EL=2]	.

Open continence surgery (a suspension procedure 
in	46%	and	ARF	sling	 in	54%)	was	compared	with	
periurethral collagen in women with SUI or MUI in 
an	 additional	 RCT	 [Corcos	 et	 al.,	 2005].	 [164]	 As	
in	 the	previous	study,	 there	were	no	signiicant	dif-
ferences	 in	patient	satisfaction	or	QOL	(SF-36,	 IIQ)	
between	groups	at	1	year.	Using	ITT	analysis,	there	
was	no	signiicant	difference	in	continence	rates	at	1	
year	(52%	collagen,	55%	surgery).	If	only	the	89%	of	
women who underwent the randomised intervention 
were considered, the continence rate with surgery 
was	signiicantly	higher	(72%	vs.	53%;	p=0.01).	The	
incidence	of	adverse	effects	was	signiicantly	higher	
in	the	surgery	group:	urinary	retention	13%	vs.	2%,	
transient	voiding	dificulty	36%	vs.	17%,	UTI	6%	vs.	
0%	(n	=	133).	[EL=2]

b)  Traditional sling vs. colposuspension ( Table 4A )

Nine randomised or quasi-randomised trials were 
identiied	from	the	literature.	Six	of	the	trials	com-
pared suburethral slings with open abdominal 
retropubic suspension [Henriksson & Ulmsten, 
1978,	Enzelsberger	et	al.,	1996,	Sand	et	al.,	2000,	
Demirci	&	Yucel,	2001,	Bai	et	al.,	2005,	Albo	et	al.,	
2007]	 while	 one	 trial	 reported	 the	 long-term	 out-
comes	[Culligan	et	al.,	2003]	and	another	reported	
the	complications	[Chai	et	al.,	2009]	of	aforemen-
tioned	 trials.	 [38,	 119,	 121-126]	 One	 additional	
trial compared sub urethral slings with the Stamey 
transvaginal	 needle	 suspension	 [Hilton,	 1989].	
[120]	The	Cochrane	review	systematically	evaluat-
ed the six trials comparing suburethral slings with 
open retropubic suspension and an additional trial 
that was only published in abstract form [Rehman 
et	al.,	2011].	[249]

One RCT compared dura mater sling with open col-
posuspension	in	72	women	with	recurrent	SUI	after	
hysterectomy	 [Enzelsberger	 et	 al.,	 1996].	 [121]	At	
a minimum follow-up of 32 months, the combined 
objective	and	subjective	cure	rates	were	92%	after	
dura	mater	 sling	 compared	 with	 86%	 after	 colpo-
suspension.	While	both	were	common,	signiicantly	
more women in the sling group developed postop-
erative	 voiding	 dificulty	 or	 urinary	 retention.	More	
women in the colposuspension group developed 
a postoperative rectocele. Bladder perforation and 
de novo urgency were common in both groups. The 
time	to	spontaneous	voiding	was	signiicantly	longer	
in	the	sling	group	(n	=	72).	[EL=1/2].	

Three	 trials	 compared	ARF	sling	with	open	colpo-
suspension.	In	a	small	trial	alternating	?17	women	

each	 to	ARF	 and	 colposuspension,	ARF	 was	 su-
perior	 to	 colposuspension	 at	 12	months	 follow	 up	
by	 objective	measures	 (94%	 vs.	 88%)	 [Demirci	 &	
Yucel,	 2001].	 [124]	 In	 a	 second	 trial	 randomising	
women	 to	 ARF,	 colposuspension,	 and	 TVT,	 ARF	
was	signiicantly	superior	to	colposuspension	at	12	
months	 (92.8%	vs.	87.8%)	using	a	subjective	and	
objective	 deinition	 of	 cure	 [Bai	 et	 al.,	 2005].	 [38]	
The	 signiicant	 difference	 in	 the	 two	 procedures	
was	not	evident	at	 6	months	 follow-up	 (92.8%	vs.	
90.9%).	Finally,	a	large	RCT	performed	by	the	Uri-
nary Incontinence Treatment Network revealed that 
ARF	was	signiicantly	superior	 to	colposuspension	
both	in	its	cure	of	SUI	(47%	vs.	38%)	and	overall	in-
continence	cure	(66%	vs.	49%)	at	24	months	[Albo	
et	al.,	2007].	 [125]	Fifty	percent	of	 the	women	un-
derwent concomitant surgery for pelvic organ pro-
lapse	(POP)	and	79%	(265:255)	were	available	for	
the 24-month outcome assessment. Women under-
going	ARF	sling	had	a	higher	percentage	of	postop-
erative	UTIs	within	the	irst	six	weeks	of	follow-up,	
voiding and storage urinary symptoms [Chai et al., 
2009].	[126][EL=1]

Two small RCTs evaluated an expanded polytetra-
luoroethylene	patch	sling	 (PTFE;	Gore-Tex®)	and	
open colposuspension, with the second trial provid-
ing long-term subjective and objective outcomes 
[Sand	et	al.,	2000;	Culligan	et	al.,	2003].	[122]	[123]	
Although the groups were different at baseline in 
terms of the proportion with detrusor overactivity 
(DO)	 (95%	 colposuspension	 vs.	 41%	 sling),	 cure	
rates	with	PTFE	were	not	signiicantly	different	from	
open	colposuspension	at	3	months	(objective	100%	
vs.	90%)	and	2.5	 years	 (objective	100%	vs.	85%;	
subjective	 84%	 vs.	 93%)	 (n	 =	 36).	 No	 signiicant	
differences were found between groups in hospital 
stay	or	time	to	catheter	removal.	[EL=2]	

In the Cochrane review, trials comparing rectus 
fascia with other materials heavily weighted the 
comparison of different types of sling [Rehman 
et	al.,	2011].	[249]	Furthermore,	the	results	of	the	
most recent, and by far the largest and most rigor-
ous	RCT	of	colposuspension	and	ARF	sling	heav-
ily weighted the results of the analysis [Albo et al., 
2007].	 [125]This	 trial	 randomised	 655	 women	 of	
whom 520 were assessed at 24 months, while the 
next	 largest	 trial	 randomised	 72	 women	 [Enzels-
berger	et	al.,	 1996].	 [121]	The	summary	statistic,	
combining urodynamic and symptom only diagno-
sis, showed a lower incontinence rate with sling 
procedures	 (RR	0.75;	 95%	CI	 0.62	 to	 0.90).	The	
data from the trials where women all had urody-
namic	SUI	showed	no	signiicant	difference	in	uri-
nary	 incontinence	 after	 one	 year	 (RR	 0.72,	 95%	
CI	 0.31	 to	 1.67).	 Data	 beyond	 ive	 years	 were	
provided	by	only	one	trial	[Sand	et	al.,	2000],	and	
there	was	no	statistically	signiicant	difference	be-
tween	 the	 groups,	 but	 with	 very	wide	 conidence	
intervals	 (RR	 2.31;	 95%	CI	 0.24	 to	 22.62).	 [122]	
Adverse	events	in	general	(47%	vs.63%	(p<0.001)	
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and	 voiding	 dificulty	 in	 particular	 (14%	 vs.	 2%,	
p<0.001)	were	more	common	in	sling	group	[Chai	
et	al.,	2009].	[126][EL=1].	

Only one small trial is available to allow comparison 
between sling (porcine dermis) and needle suspen-
sion (Stamey) in a group of women unsuitable for 
abdominal colposuspension because of vaginal 
narrowing secondary to either previous interven-
tions	 or	 atrophic	 change	 [Hilton,	 1989].	 [120].	Al-
though there were no differences in objective cure 
rates at 3 or 24 months, perioperative complications 
(RR	4.50;	95%	CI	1.28	to	15.81)	and	length	of	hos-
pital	stay	(RR	13.00;	95%	CI	5.00	to	21.00)	favored	
the	needle	suspension	procedure	(n=20).	[EL=2]	

c)  Traditional sling vs. traditional sling ( Table 4B )

Our	 review	 identiied	 3	 RCTs	 and	 2	 quasi-RCT	
comparing one type of traditional sling with an-
other	 [Barbalias	 et	 al.,	 1997;	 Lucas	 et	 al,	 2000;	
Viseshsindh et al., 2003; Choe et al., 2000; Kuo, 
2001],	with	an	additional	RCT	providing	long-term	
outcomes of one of the aforementioned studies 
[Guerrero	 et	 al.,	 2007].	 [128,	 132-135,	 139]	 The	
remainder were cohort and case control studies. 

ARF	and	vaginal	wall	slings	were	compared	in	one	
RCT and two non-randomised retrospective stud-
ies	[Viseshsindh	et	al.,	2003;	Kaplan	et	al.,	1996;	
Rodrigues	et	al.,	2004].	[127,	139,	141]All	of	these	
trials were considered to be of poor quality. The 
RCT reported high subjective cure, and satisfac-
tion	 rates	 (80–100%)	 for	 both	 procedures,	 with	
median	follow-up	of	7	months	and	minimum	follow-
up	of	only	3	months	 (n	=	26)	 [Viseshsindh	et	al.,	
2003]	 [139][EL=2].	 The	 non-randomised	 studies	
reported similar ‘success’ rates with both interven-
tions,	ranging	from	80%	to	97%,	with	follow-up	of	
21	months,	 and	 70	months	 versus	 45	months	 (n	
=	232,	n	=	79)	 [Kaplan	et	al.,	1996;	Rodrigues	et	
al.,	2004].	[EL=2/3].	Other	than	the	proportions	of	
patients requiring intermittent catheterisation af-
ter	 surgery	 (2%	 in	 the	ARF	group	 and	 0%	 in	 the	
vaginal wall group), no additional differences were 
noted in rates of other postoperative complications 
(e.g. voiding and storage dysfunction, wound in-
fection and seroma formation, and bladder or ure-
thral injury).

One RCT compared two techniques of fascial sling 
in	168	women	with	urodynamic	SUI	89%	of	whom	
had had prior continence surgery [Lucas et al., 
2000].	 [133]	Women	underwent	a	standard	 fascial	
sling procedure or a ‘sling on a string’ (a shorter 
sling mounted on each end with a nylon thread). At 
1	year,	subjective	cure	rates	were	84%	using	both	
techniques. Satisfaction and changes in IIQ scores 
were also similar in both groups, whereas improve-
ments in UDI scores were greater with the standard 
approach (adjusted for differences in baseline UDI 
data). A further evaluation of women in this study 

was	reported	at	5	to	7	years	of	follow-up	[Guerrero	
et	al.,	2007].	[134]	There	were	no	signiicant	differ-
ences in symptoms of SUI or UUI between groups, 
with	40%-53%	vs.	36%-51%	reporting	SUI	in	sensi-
tivity	analysis.	[EL=1]

Eight non-randomised studies compared the out-
comes of autologous and allograft slings in a total 
of	859	women	with	SUI	[Wright	et	al.,	1998,	Brown	
&	Govier,	2000,	Soergel	et	al.,	2001,	Flynn	&	Yap,	
2002, O’Reilly & Govier, 2002, Almeida et al., 2004, 
McBride	et	al.,	2005,	Onur	et	al.,	2008],	while	one	
additional study also compared both interventions 
with a xenograft material (porcine dermis) [Simsi-
man	 et	 al.,	 2005].	 [129-131,	 137,	 138,	 140,	 142,	
143,	146]All	were	retrospective	reviews,	each	with	
differences in duration of follow-up for the interven-
tions	evaluated	(between	1	month	and	3	years),	with	
dropout	 rates	of	4%	to	34%.	Additionally,	between	
16%	and	82%	in	different	studies	underwent	other	
concomitant surgeries, and all of these studies were 
considered	to	be	of	poor	quality.	[EL=3]	

Four	of	these	studies	compared	autologous	with	al-
lograft (cadaveric) fascia lata. Three reported simi-
lar results for all outcomes (subjective cure, satis-
faction,	and	UDI-6,	IIQ-7	and	SEAPI	scores)	[Wright	
et	al.,	1998,	Brown	&	Govier,	2000,	McBride	et	al.,	
2005],	while	 the	 fourth	 study	 reported	signiicantly	
higher cure rates in the autologous group [Almeida 
et	 al.,	 2004].	 [129,	 130,	 140,	 142]	 [EL=3]	 In	 three	
studies that compared autologous rectus fascia or 
fascia lata with allograft fascia lata, two found a sig-
niicantly	higher	cure	 rate	 in	 the	autologous	group	
[Soergel	et	al.,	2001,	Simsiman	et	al.,	2005];	[137,	
143]the	 other	 found	 no	 signiicant	 differences	 in	
cure rate, although satisfaction rates were higher in 
the	autologous	group	after	2	years	follow-up	[Flynn	
&	Yap,	2002].	[36]	In	the	study	with	a	xenograft	arm,	
cure	 rates	 were	 signiicantly	 higher	 with	 autograft	
material	 [Simsiman	 et	 al.,	 2005].	 [143]The	 study	
comparing	ARF	 to	cadaveric	dermis	 found	no	sig-
niicant	difference	in	subjective	cure	rates	at	a	mean	
follow-up	of	18	months	and	13	months,	respectively	
[Onur	et	al.,	2008].	[146]	[EL=3].

One RCT compared the porcine dermis sling vs. 
ARF	and	tension-free	vaginal	tape	(TVT),	a	retro-
pubic	MUS	 [Guerrero	et	al.,	2010].	 [160]It	 should	
be	noted	 that	 the	ARF	and	porcine	dermis	 slings	
were placed at the midurethra rather than the blad-
der neck, but suspended above the rectus fascia 
like traditional slings. The primary outcome was 
patient-reported	 improvement	 rates	 at	 6	 months	
and	1	year.	At	6	months,	 the	porcine	dermis	arm	
had	signiicantly	poorer	 improvement	 rates	 (73%)	
than	TVT	 (92%)	 and	ARF	 (95%),	 and,	 at	 1	 year,	
only	61%	of	the	porcine	dermis	slings	remained	as	
improved,	vs.	93%	and	90%	of	 the	TVT	and	ARF	
arms,	 respectively.	At	 1	 year,	women	undergoing	
porcine	 dermis	 slings	 had	 signiicantly	 lower	 dry	
rates	 (22%)	as	compared	 to	TVT	(55%)	and	ARF	
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slings	(48%), respectively. Subsequently, the por-
cine dermis arm was suspended following interim 
analysis. There was no difference in success rates 
between	the	TVT	and	ARF	arms.	[EL=1/2].

One non-randomised trial compared porcine dermis 
sling	vs.	ARF	[Giri	et	al.,	2006],	a	second	compared	
porcine	 dermis	 sling	 vs.	 both	ARF	 and	TVT	 [Mor-
gan	et	al.,	2007],	and	a	third	trial	mentioned	earlier	
compared	porcine	dermis	vs.	both	ARF	and	allograft	
slings	[Simsiman	et	al.,	2005].	[143-145]	At	a	follow-
up	of	36	months,	the	subjective	success	rate	(cure	
and	 improved)	 after	 ARF	 sling	 was	 signiicantly	
higher	 than	porcine	dermis	 sling	 (80.4%	vs.	 54%)	
[Giri	 et	 al.,	 2006].	 [144]	 Women	 undergoing	 por-
cine	dermis	slings	were	found	to	have	signiicantly	
higher postoperative symptom severity than women 
undergoing	either	ARF	sling	or	TVT	[Morgan	et	al.,	
2007].	[145]Objective	cure	rates	after	ARF	were	sig-
niicantly	 higher	 (87%)	 than	 either	 porcine	 dermis	
sling	(54%)	or	cadavercis	fascia	lata	(64%)	[Simsi-
man	et	al.,	2005].	[143][EL=2/3]

A	quasi-RCT	compared	an	ARF	sling	with	a	 self-
fashioned polypropylene mesh sling placed at the 
bladder	neck	[Kuo,	2001].	 [135,	148]	At	a	median	
follow-up of approximately 24 months, cure and 
satisfaction rates were similar but operating time 
and	hospital	stay	were	signiicantly	shorter	 in	 the	
prolene sling group. Delayed voiding occurred in 
more	women	in	the	ARF	sling	group.	No	other	sig-
niicant	differences	were	seen	between	groups	 in	
complications (e.g. haematoma, dysuria, de novo 
urgency	 or	 UUI)	 (n=50).	 [EL=2]	A	 second,	 retro-
spective,	non-randomised	trial	found	no	signiicant	
difference	in	subjective	cure	rate	(81%	vs.	88.9%)	
in	 women	 undergoing	 ARF	 and	 polypropylene	
mesh	 (Marlex)	 slings	 [Winckler	 et	 al.,	 2010].	 [45]	
It should be noted that both slings in this study 
were placed at the midurethral but tied without ten-
sion above the rectus fascia as in the traditional 
bladder neck sling. Interestingly, vaginal extrusion 
rates and rates of surgical intervention for extru-
sion	were	not	 signiicantly	 different	 between	ARF	
and	Marlex	slings.	[EL=3]

One	 RCT	 compared	 ARF	 and	 PTFE	 slings	 in	
women	with	SUI,	92%	of	whom	had	had	previous	
continence	 surgery	 [Barbalias	 et	 al.,	 1997].	 [128]	
Combined	objective	and	subjective	cure	rates	at	6	
months	follow-up	were	81%	and	88%,	respectively.	
No	 complications	 were	 reported	 in	 the	ARF	 sling	
group; however, urethral erosion, recurrent UTI 
and de novo	DO	were	very	common	with	PTFE	(n	
=	48).	 [EL	=	1]	A	quasi-randomised	comparison	of	
MycroMesh	 patch	 sling	 (PTFE	mesh	 impregnated	
with silver diacetate and chlorhexidine) with vagi-
nal wall sling gave no statistical analysis, but found 
combined	subjective	and	objective	cure	in	95%	vs.	
75%	at	mean	follow-up	of	22	months	[Choe	et	al.,	
2000].	[132][EL=2]	Again,	the	need	for	sling	removal	
was	common,	reported	in	up	to	31%	(median	8%)	in	

a review of case series within the systematic review 
underlying the NICE guidance on UI [National Col-
laborating Centre for Women’s & Children’s Health, 
2006,	National	Institute	for	Health	&	Clinical	Excel-
lence].	[259][EL=3].

A	retrospective	cohort	study	compared	an	ARF	sling	
with one reinforced with polyglactin mesh in women 
with urodynamic SUI, one-third of whom also had 
UUI	(n=51)	[Maher	et	al.,	2001].	[136]Follow-up	dif-
fered between groups and, overall, no clear differ-
ence was seen between groups in success rates. 
As	with	most	studies,	results	depended	on	the	dei-
nition	 of	 success	 used.	 No	 signiicant	 differences	
were noted between groups in terms of complica-
tions (e.g. wound infection, incisional hernia, void-
ing	dysfunction,	and	de	novo	DO).	[EL=3]

A	 small,	 non-randomised	 trial	 compared	 ARF	 to	
bovine	 dermis	 sling	 (n=85)	 [Wilson	 et	 al.,	 2008].	
[147]	Patients	were	allocated	to	material	by	institu-
tion	and	all	had	 ISD,	advanced	age,	and/or	 recur-
rent SUI after previous anti-incontinence surgery. 
At	12	months	follow-up,	the	SUI-speciic	cure	rates	
(consisting of subjective stress SEAPI domain and 
negative cough stress test) and global cure rates 
(consisting of SEAPI composite score and visual 
analog	 score)	 were	 not	 signiicantly	 different	 be-
tween	 the	 two	 slings.	 QOL	 indices	 (UDI-6,	 IIQ-7)	
were	 signiicantly	 improved	 in	 both	 groups.	 There	
were	signiicant	differences	in	several	preoperative	
demographic variables between the groups.

The Cochrane review included 4 published trials in 
their	statistical	comparison	 [Barbalias	et	al.,	1997;	
Lucas et al., 2000; Viseshsindh et al., 2003; Guer-
rero	et	al.,	2008],	as	well	as	2	trials	in	abstract	form	
[Rehman	et	 al.,	 2011].	 [249]A	 total	 of	 379	women	
studied	after	12	months	showed	no	statistically	sig-
niicant	 difference	 in	 incontinence	 rates	 (RR	 0.89;	
95%	CI	0.72	to	1.10).	However,	results	reported	im-
provement after one year in favour of the traditional 
ARF	sling	(RR	0.33;	95%	CI	0.17	to	0.64).	The	in-
continence	rate	after	ive	years	was	reported	in	only	
one	trial	[Lucas	et	al.,	2000]	and	showed	no	statisti-
cally	signiicant	difference	between	different	lengths	
of	the	autologous	material	used	(RR	1.17;	95%	CI	
0.86	 to	 1.59).	 There	 was	 signiicant	 heterogene-
ity in the incidence of perioperative complications 
between groups in two trials, which was attributed 
more to complications with the use of Gore-Tex in 
one	trial	(RR	0.05;	95%	CI	0.00	to	0.80,	Barbalias	et	
al.,	1997).	In	the	other	trial,	there	was	no	statistically	
signiicant	difference	between	two	biological	slings	
(RR1.14,	95%	CI	0.78	to	1.66,	Lucas	et	al.,	2000).	
No	 statistically	 signiicant	 difference	 was	 found	 in	
assessment of the following adverse events, re-
ported	in	only	one	trial	[Lucas	et	al.,	2000]:	bladder	
perforation	(RR	0.69;	95%	CI	0.12	to	4.03),	UTI	(RR	
1.73;	 95%	CI	 0.66	 to	 4.54),	 de	 novo	 DO	 or	 urge	
symptoms	 (RR	 3.11;	 95%	 CI	 0.65	 to	 14.97),	 and	
voiding	dysfunction	(RR	1.16;	95%	CI	0.65	to	2.07).	



1338

d)  Traditional sling vs. midurethral sling (Table 
4C and D)

Our	 review	 identiied	 17	 trials	 that	 addressed	 the	
comparison between traditional sling operations 
and MUS operations. Eight RCTs compared tradi-
tional slings placed at the bladder neck with the ret-
ropubic MUS [Arunkalaivanan & Barrington, 2003; 
Lucas et al., 2004; Bai et al., 2005; Wadie et al., 
2005;	Kondo	el	al.,	2006;	Basok	et	al.,	2008;	Shari-
iaghdas	&	Mortazavi,	2008;	Amaro	et	al.,	2009;]	and	
3 additional RCTs provided long-term outcomes of 
aforementioned	studies	 [Abdel-Fattah	et	al.,	2004;	
Guerrero	et	al.,	2010;	Wadie	et	al.,	2010].	[38,	149,	
150,	152,	154,	155,	158,	160,	161,	262]	One	of	the	
trials	[Lucas	et	al.,	2004]	was	only	available	as	an	
abstract and 3 studies were non-randomised case 
control or cohort studies (Hung et al., 2004; Morgan 
et	al.,	2007;	Trabuco	et	al.,	2009).	 [145,	151,	153]	
[159]	Two	RCTs	compared	a	traditional	ARF	sling	to	
a	transobturator	(TO)	MUS	(Safyre-t)	(Silva-Filho	et	
al.,	 2006;	Tcherniakovsky	et	 al.,	 2009).	 [162,	 163]	
Finally,	a	non-randomised	trial	compared	pubovagi-
nal slings (material not stated) with TVT and TOT 
(Jeon	et	al.,	2008).	[156]

Five	RCTs	 compared	ARF	 sling	with	TVT	 and	 re-
ported on a total of 403 patients (Lucas et al., 2004, 
Bai	et	al.,	2005,	Wadie	et	al.,	2005;	Shariiaghdas	&	
Mortazavi,	2008;	Amaro	et	al.,	2009).	[38,	152,	158,	
161,	262]Two	of	the	studies	were	recently	updated	
at	 a	 longer-term	 follow-up	 (Guerrero	 et	 al.,	 2010;	
Wadie	et	al.,	2010).	 [153,	160]Cure	rates	at	12-36	
months	(subjective	+/-	objective)	varied	widely	de-
pending	on	deinition	and	were	55%-95%	 for	both	
ARF	and	TVT.	Although	a	statistical	difference	was	
not	observed	at	6	months,	one	trial	(Bai	et	al.,	2005)	
showed	a	signiicant	difference	 in	subjective	+	ob-
jective	cure	rate	at	12	months	favoring	TVT	(92.8%	
vs.	87%).[38]	This	trial	also	had	a	colposuspension	
arm,	which	had	a	12	month	cure	rate	of	88%.	Anoth-
er trial had a porcine dermis sling arm with a cure 
rate	of	only	53%	(Lucas	et	al.,	2004;	Guerrero	et	al.,	
2010).	[160,	161]	The	remainder	of	the	RCTs	did	not	
reveal a statistical difference in cure rates between 
ARF	and	TVT.	[EL=1/2].	One	RCT	found	no	statisti-
cal difference in objective and subjective cure rates 
at	12	months	after	cadaveric	fascia	lata	slings	and	
the	 intravaginal	 slingplasty	 (IVS),	 a	 multiilament,	
polypropylene	MUS	(Basok	et	al.,	2008).	[155]	

One	non-randomized	trial	that	also	included	a	por-
cine dermis arm found no statistical difference be-
tween	ARF	slings	and	TVT	(Morgan	et	al.,	2007).	
[145]	Symptom	severity,	as	assessed	by	validated	
questionnaire,	 was	 not	 signiicantly	 different	 be-
tween	 the	 ARF	 sling	 and	 TVT	 groups.	 As	 men-
tioned in the previous section, symptom severity 
was	signiicantly	higher	in	the	porcine	dermis	group	
than	in	the	other	2	groups.	[EL=2/3]	A	second	ret-
rospective study compared traditional sling (mate-
rial not stated), TVT, and the transobturator tape 

(TOT)	 (Jeon	et	 al.,	 2008).	 [156]Overall	 complica-
tion	 rates	were	not	signiicantly	different	between	
the sling groups. At 2 years postoperatively, the 
cumulative cure rates of the traditional sling, TVT, 
and	TOT	groups	were	signiicantly	different	(87.3%	
vs.	86.7%	vs.	34.9%,	respectively;	p<0.0001).	The	
risk of treatment failure in women who received 
TOT	was	4.6	times	higher	than	in	women	who	un-
derwent	 traditional	 sling.	 The	 7-year	 cumulative	
cure rates of traditional sling and TVT groups were 
59.1%	and	55.1%,	respectively.	[EL=2/3]	One	trial	
each found no statistical difference in outcomes 
between traditional polypropylene sling and TVT 
(Hung	 et	 al.,	 2004)	 and	ARF	 sling	 and	Uretex,	 a	
monoilament	polypropylene	sling	(Trabuco	et	al.,	
2009).	[151,	159][EL=2/3]

One RCT comparing porcine dermis sling with TVT 
found	no	signiicant	differences	operating	time,	hos-
pital	stay,	complication	rates,	or	subjective	cure	at	1	
year	(85%	vs.	89%)	(Arunkalaivanan	&	Barrington,	
2003),	nor	in	cure	(88%	vs.	82%)	or	satisfaction	at	3	
years,	assessed	by	mailed	questionnaire	(77%	vs.	
80%)	 (Abdel-Fattah	 et	 al.,	 2004).	 [48,	 55]	 [EL=1].	
It is not clear why this study found comparable re-
sults between porcine dermis and TVT, whereas 
the	3-arm	trial	cited	above	found	such	signiicantly	
poorer results after porcine dermis to require the 
premature curtailment of recruitment (Lucas et al., 
2004;	Guerrero	et	al.,	2010).	[160,	161]

Two	 small	 RCTs	 compared	ARF	 sling	 to	 Safyre-t	
transobturator	MUS	(Silva-Filho	et	al.,	2006;	Tcher-
niakovsky	 et	 al.,	 2009).	 [59,	 60]	At	 a	 follow-up	 of	
12	months,	subjective	+	objective	cure	 rates	were	
not	 statistically	 different	 (95%	 vs.	 90.5%)	 in	 one	
trial (Tcherniakovsky et al., 2009), while higher pad 
weight	at	6	months	was	observed	for	the	ARF	group	
in	 another	 trial	 (39g	 vs.	 8.4g)	 (Silva-Filho	 et	 al.,	
2006).	[162,	163]	[EL=2]	

The	Cochrane	database	identiied	12	trials	that	ad-
dressed the comparison between traditional sling 
procedures and minimally invasive, MUS opera-
tions.	 [249]Ten	 of	 these	 studies	 have	 been	 sum-
marised in our assessment and 2 studies were only 
in	abstract	form.	[38,	149,	152,	154-156,	158,	160,	
163,	262]Data	on	 incontinence	after	 the	irst	year	
were available from four RCTs (Arunkalaivanan & 
Barrington, 2003; Bai et al., 2005; Kondo et al., 
2006;	Guerrero	et	al.,	2010).	[38,	149,	154,	160]In-
continence	was	reported	by	31.6%	of	those	wom-
en	in	the	traditional	sling	and	25.3%	of	those	in	the	
MUS	groups.	This	was	not	 statistically	 signiicant	
(RR	 1.23;	 95%	 CI	 0.91	 to	 1.66).	 This	 translates	
to	311	per	1000	women	being	 incontinent	after	a	
traditional	sling	compared	with	253	per	1000	after	
a MUS. Improvement after a year was addressed 
by two trials (Arunkalaivanan & Barrington, 2003; 
Guerrero	 et	 al.,	 2010)	 and	 there	 was	 no	 statisti-
cally	signiicant	difference	between	 the	 two	 types	
of	sling	(RR	1.30;	95%	CI	0.57	to	2.94).	[149,	160]
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Pooled data from 3 trials (Arunkalaivanan & Bar-
rington,	2003;	Kondo	et	al.,	2006;	Tcherniakovsky	
et al, 2009)	showed	a	statistically	signiicant	higher	
risk of perioperative complications after traditional 
sling	operations	 (RR	1.59;	 95%	CI	 1.03	 to	 2.44).	
[149,	 154,	 163]Seven	 RCTs	 (Arunkalaivanan	 &	
Barrington, 2003; Bai et al., 2005; Kondo et al., 
2006;	 Shariiaghdas	 &	 Mortazavi,	 2008;	 Song	 et	
al., 2004 (abstract only); Tcherniakovsky et al., 
2009; Wadie et al., 2005) reported bladder perfora-
tion.	[38,	149,	152,	154,	163,	262]There	were	more	
perforations after MUS procedures, but this did not 
reach	 statistical	 signiicance	 (RR	 0.62;	 95%	 CI	
0.34	to	1.11)	and	the	conidence	interval	was	wide.	
The combined results from 3 trials showed less 
de novo	 urgency	symptoms	after	MUS	 (RR	3.13;	
95%	CI	0.96	to	10.24)	but	this	did	not	reach	statis-
tical	 signiicance	and	 the	conidence	 interval	was	
wide. However, 3 trials showed that development 
of de novo	 DO	 was	 signiicantly	 less	 after	 MUS	
operations	 (RR	 3.21;	 95%	CI	 1.29	 to	 8.03).	 This	
was principally due to the higher weighting given 
to	 the	 largest	 trial	 (Basok	et	al.,	2008).	 [155]	The	
combined results from 5 trials showed that more 
women had postoperative voiding dysfunction after 
traditional	slings	than	after	MUS	(RR	1.60;	95%	CI	
0.94	to	2.71)	but	this	did	not	quite	reach	statistical	
signiicance	and	the	conidence	interval	was	wide.	
More women in the traditional sling group required 
release	 of	 sling	 (9%	versus	 2%),	 reported	 in	 two	
trials	 (RR	3.67;	 95%	CI	 0.95	 to	 14.22)	 but	 again	
this	was	not	statistically	signiicant.	There	was	no	
statistically	 signiicant	 difference	 in	 urinary	 reten-
tion	up	to	6	weeks	(RR	5.51;	95%	CI	0.68	to	44.63)	
from	one	trial	and	vaginal	erosion	(RR	0.35;	95%	
CI	0.02	to	8.10)	based	on	one	trial.

e) CONCLUSIONS / RECOMMENDATIONS

The conclusion of the Cochrane review was that 
data on traditional sling operations remain too few 
to adequately address the effects of this type of sur-
gical treatment. They highlight the fact that many 
studies fail to address appropriate outcome mea-
sures to address the broader effects of the surgery, 
such as general health status and health econom-
ics. They also emphasise that reliable evidence on 
which to judge whether or not traditional slings are 
better or worse than other surgical or conservative 
management is currently not available.

From	the	available	evidence,	ARF	sling	is	the	most	
widely evaluated biological sling and is an effective 
and durable treatment for SUI. [EL=1]  Limited data 
suggest that pubovaginal sling using porcine dermis 
is also effective, [EL=1]  although data relating to 
other biological slings are few, and generally of poor 
quality. The inclusion of the large trial on traditional 
slings	(Albo	et	al.,	2007)	strengthened	the	trend	to-
wards a better performance of the traditional slings 
in terms of patient reported incontinence rates, but 
higher early post-operative voiding dysfunction 

rates compared to open colposuspension. [EL=1]  
The limited data available suggest that the overall 
rates of late surgical complications are similar after 
sling and colposuspension; however, the pattern of 
complications may vary.

Meta-analysis	 showed	 a	 signiicantly	 greater	 pa-
tient-reported improvement of symptoms, using 
autologous	materials,	both	within	and	after	1	year.	
There is no high level evidence of a difference in ef-
icacy	between	biological	and	synthetic	sling	materi-
als, although adverse events may be more common 
following the use of synthetic materials for ‘tradition-
al’ sling procedures [EL=3] . Some synthetic slings, 
such as Gore-Tex, may have a higher incidence of 
erosion, infections and urgency symptoms. There is 
no	high	level	evidence	of	a	difference	in	eficacy	be-
tween different biological sling materials, although 
those	studies	that	ind	a	difference	all	favour	autolo-
gous materials [EL=2]  However trials were few in 
number, with short follow-up and small populations. 
More evidence is needed to compare slings made 
of autologous materials with synthetic or exogenous 
biological materials.

Minimally invasive MUS operations appeared to 
be as effective as traditional suburethral slings in 
the	short	 term	(RR	0.97;	95%	CI	0.78	to	1.20),	al-
though	the	conidence	interval	was	compatible	with	
minimally	invasive	slings	being	20%	better	or	12%	
worse. [EL=1]  The operating time and length of 
stay	 were	 also	 signiicantly	 shorter	 with	minimally	
invasive synthetic MUS operations, and women had 
less perioperative complications and DO. The main 
perioperative complication of minimally invasive 
sling procedures is bladder puncture, although this 
does not appear to have longer term implications.

Autologous fascial sling is recommended as an ef-
fective treatment for stress urinary incontinence, 
which has longevity. [Grade A] 	Further	high	quality	
research is required to clarify the place of ‘traditional’ 
sling procedures in relation to other procedures, and 
to establish the optimum sling materials. [Grade D]

6.  LAPAROSCOPIC COLPOSUSPENSION 
(TABLE 5)

a) Laparoscopic versus open colposuspension

The Cochrane review of laparoscopic colposuspen-
sion includes details of 22 RCTs that include lapa-
roscopic	colposuspension	[263],	14	more	than	their	
initial	review	[264].	Of	these	22	trials,	ten	compared	
laparoscopic colposuspension with open colposus-
pension	[265-274].

Eight of the ten studies comparing laparoscopic col-
posuspension with open colposuspension were in-
cluded along with eight retrospective cohort studies 
in	a	recently	published	meta-analysis	[275].	

We	 identiied	 two	 further	 RCTs	 on	 laparoscopic	
colposuspension	 [276,	 277];	 in	 addition	 one	 study	
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Table 5. Published level 1 & 2 evidence relating to laparoscopic colposuspension for the treatment of stress urinary incontinence

Notes: patient numbers are given as – total no. followed up or analysed /total no. recruited (no. in index group: no. in 
comparator group)
SS = sample size; ITT = intention to treat
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previously only in abstract form has recently been 
published	 [267],	and	 two	have	 further	publications	
with	 longer-term	 follow-up	 [278]	 or	 cost-effective-
ness	data	[279].	

Studies included in the Cochrane review had dif-
ferent lengths of follow-up, although eight stud-
ies	 had	 follow-up	 in	 the	 region	6	 to	 18	months.	
In comparison with open colposuspension they 
found	subjective	cure	rates	to	range	from	58%	to	
96%	in	the	open	and	62%	to	100%	in	the	laparo-
scopic	group	within	the	18	months	follow	up,	with	
a	 non-significant	 5%	 lower	 relative	 subjective	
cure rate for laparoscopic colposuspension (RR 
0.95,	95%	CI	0.90	to	1.00)	[263]	[EL=1].	The	two	
studies with follow-up at five years or beyond un-
fortunately remain unpublished and available in 
abstract form only. Both these studies were rela-
tively small, and their results are inconsistent, 
one finding better subjective outcome from the 
laparoscopic	 procedure	 [273],	 and	 one	 favour-
ing	 the	 open	 procedure	 [272];	 the	methodology	
of this latter study in particular has been ques-
tioned	[EL=2].	

Overall, the objective cure rate as judged by 
cough	stress	testing	or	pad	test	within	18	months	
was statistically significantly lower following lapa-
roscopic	colposuspension	(RR	0.91,	95%CI	0.86	
to	0.96)	[EL=1].	Between	18	months	and	five	years	
there	was	no	significant	difference	(RR	1.01,	95%	
CI	 0.88	 to	 1.16);	 again	 however,	 there	was	 het-
erogeneity with one small trial greatly favouring 
open	procedure	[272]	and	the	other	favouring	lap-
aroscopic	[273]	[EL=2].	When	objective	cure	was	
judged by urodynamic investigations there was a 
significantly higher success rate following open 
colposuspension	(RR	0.91,	95%CI	0.85	to	0.99).	

b)  Laparoscopic colposuspension versus other 
techniques

Eight trials have compared laparoscopic colposus-
pension with minimally invasive mid-urethral slings 
[166,	280-284].	

In comparison with minimally invasive mid-urethral 
slings	 there	 was	 no	 statistically	 signiicant	 differ-
ence	in	subjective	cure	rates	within	18	months	(RR	
0.91,	 95%	CI	 0.80	 to	 1.02)	 [EL=1].	 The	 deinition	
of objective cure varied widely between studies, al-
though overall the objective cure rate was higher for 
minimally invasive mid-urethral slings than laparo-
scopic	colposuspension	 (RR	0.92,	95%	CI	0.85	 to	
0.99)	[EL=1].

Although laparoscopic colposuspension is re-
garded as a less invasive operation than the 
open colposuspension the mid-urethra tape pro-
cedures had significantly shorter operating time 
(<0.001),	hospital	stay	(<0.001)	and	time	for	re-
suming	 normal	 activity	 (<0.01	 -0.001)	 than	 the	
laparoscopic colposuspension.

c)  Different techniques of laparoscopic col -
posuspension

Different aspects of the laparoscopic technique 
(one	vs.	two	sutures	[285],	sutures	vs.	Mesh	[266,	
286,	 287]	 and	 transperitoneal	 vs.	 extraperitoneal	
approach	to	laparoscopy	[288].	

Two sutures either side of the bladder neck resulted 
in	higher	subjective	(RR	1.37,	95%	CI	1.14	to	1.64)	
and	objective	(RR	1.42,	95%	CI	1.14	to	1.77)	cure	
rate	than	one	[285]	[EL=2].	

When comparing sutures and mesh to secure para-
urethral support, sutures resulted in higher subjec-
tive	 (RR	1.28,	95%	CI	1.11	 to	1.47)	and	objective	
(RR	1.20,	95%CI	1.07	to	1.35)	cure	rate	than	mesh	
[266,	276,	286,	287]	[EL=1].

The transperitoneal versus extraperitoneal study 
reported above employed different techniques (su-
tures vs mesh) and therefore gives little insight into 
the value of either approach given the superior re-
sults obtained with sutures.

The	use	of	glue	or	ibrin	sealants	has	not	been	re-
ported outside small case series.

d)  Cost effect iveness of  laparoscopic 
colposuspension

Cost effectiveness was assessed in only one trial 
[270,	 289].	 This	 study	 showed	 that	 whilst	 laparo-
scopic surgery produced greater quality adjusted life 
years	(QALYs),	 there	was	an	additional	cost	when	
compared to open surgery. The differential mean 
cost	 was	 GB	 £372	 (95%	 credibility	 interval	 [CrI]:	
274–471),	 and	 at	 6	 months	 QALYs	 were	 slightly	
higher in the laparoscopic arm relative to the open 
arm	 (0.005;	 95%	 CrI:	 –0.012	 to	 0.023).	 The	 cost	
of	each	additional	QALY	in	the	laparoscopic	group	
or incremental cost-effectiveness ratio (ICER) was 
£74,400	at	6	months,	but	reduced	to	£9,300	by	24	
months,	in	view	of	a	further	increase	in	QALYs,	but	
no	additional	costs	(assumed)	[289]	[EL=1].	

Earlier studies have shown TVT™ to be dominant in 
cost	effectiveness	terms	over	both	open	[290]	and	
laparoscopic colposuspension (albeit using a mesh 
technique)	[279]	[EL=1].

e) Complications of laparoscopic colposuspension 

Bladder, ureteric and vascular injuries are rec-
ognised complications of colposuspension. The 
Cochrane	 review	 reported	 21	 bladder	 injuries	
among	521	 laparoscopic	procedures	(compared	
with	 10	 among	 507	 open	 procedures)	 and	 two	
studies reported obturator vein lacerations. How-
ever, when compared with the traditional open 
colposuspension, the laparoscopic group was 
found to have significantly fewer postoperative 
complications	(RR	0.74,	95%	CI	0.58–0.96)	with	
lower estimated blood losses and shorter dura-
tion of catheterisation.
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Longer operating times are a significant disad-
vantage of the laparoscopic approach; however, 
women have reported significantly less pain, 
(Carey	et	al	2000,	Burton	1999)[272,	291]	shorter	
hospital admissions, faster recoveries and quick-
er return to normal activities. (Cheon et al 2003, 
Fatthy	et	al	2001,	Kitchener	et	al	2006	and	Su	et	
al	1997)[292-295].

f) Longevity of laparoscopic colposuspension

A long-term review of women who had undergone 
laparoscopic	colposuspension	more	 than	10	years	
previously	(Barr	et	al	2009)[296]	compared	the	re-
sults with a group of women who had open colpo-
suspension. Subjective cure rates deteriorated over 
time	 from	71%	and	67%	at	6	months	 to	52%	and	
36%	at	10	years	for	the	laparoscopic	and	open	pro-
cedures, respectively.

The conclusion from the Cochrane review was that 
the available evidence suggests that laparoscopic 
colposuspension may be as effective as open col-
posuspension	two	years	postoperatively	[263].	The	
systematic	 review	 speciic	 to	 laparoscopic	 colpo-
suspension and TVT™ concluded that the evidence 
so far appears to favour the latter as the minimal-
access	 technique	 of	 choice	 for	USI	 [297].	 In	 both	
cases however the authors indicated that the place 
of laparoscopic colposuspension in clinical practice 
could	 not	 be	 clearly	 deined	 without	 further	 long-
term results.

It should also be noted that much of the published 
research in this area is from individuals with enthu-
siasm and skill in laparoscopic surgery; their results 
should not necessarily be seen as being generalis-
able	 to	 the	 urogynecological/urological	 community	
at large. The NICE guidance includes amongst its 
recommendations that laparoscopic colposuspen-
sion is not recommended as a routine procedure for 
the treatment of SUI in women, but that the proce-
dure should be performed only by an experienced 
laparoscopic surgeon working in a multidisciplinary 
team with expertise in the assessment and treat-
ment	 of	 UI	 [298,	 299];	 this	 same	 point	 is	 empha-
sised in the meta-analysis from Tan and colleagues 
[275]	[EL=4].	

g) Summary:

Laparoscopic colposuspension shows comparable 
subjective and objective outcome to open colposus-
pension in the short to medium term; longer term 
outcomes are unknown [EL=2] . 

Limited evidence suggests that whilst the subjec-
tive outcome from laparoscopic colposuspension 
is similar to the TVT™ the objective outcome is 
poorer. (EL=2)

Laparoscopic colposuspension may not be good 
value for money when compared with open col-
posuspension	 in	 the	short	 term	(i.e.	irst	6	months	

following surgery), but it could be a cost-effective 
alternative over 24 months [EL=1] ; other compari-
sons however suggest that minimally invasive mid-
urethral tape procedures may be dominant in health 
economic terms. 

h) Recommendations: 

Laparoscopic colposuspension can only be rec-
ommended for the surgical treatment of SUI in 
women by surgeons with appropriate training and 
expertise. (Grade D)

Women should be advised about the limited evi-
dence available about the longevity of laparoscopic 
colposuspension. (Grade D)

Laparoscopic colposuspension might be consid-
ered for the treatment of SUI in women who also 
require concurrent laparoscopic surgery for other 
reasons. [Grade D]

Women who present with urinary incontinence as 
their primary symptom may often have symptomatic 
or asymptomatic pelvic organ prolapse (POP). In a 
patient with POP, SUI may be evident and overt or 
POP may be protective of, or mask, obvious urinary 
incontinence via urethral kinking. This is termed 
“occult” SUI and is elicited only during maneuvers 
to reduce the POP. SUI and POP are intimately re-
lated. Coexistent symptoms of SUI may be present 
in	 over	 60%	 of	 women	with	 POP,	 [38]	 and	 occult	
SUI	may	occur	 in	up	 to	80%	of	clinically	continent	
women	with	severe	POP.	[303-306]	Postmenopaus-
al women may have up to twice the risk of develop-
ing	occult	SUI.	Furthermore,	women	with	both	SUI	
and POP have more lower urinary tract symptoms 
and more functional impairment than women with 
POP	only.	[307]

There is some evidence from Medicare claims data 
that addressing POP at the time of SUI surgery may 
avoid an early repeat operation for either POP or 
SUI; however, the rates of postoperative outlet ob-
struction	are	higher.	[308]	As	such,	the	decision	to	
treat POP surgically at the same operation as the 
SUI should be determined by the symptoms and 
bother the POP produces to the patient and the 
inluence	 that	 the	 POP	 surgery	 may	 have	 on	 the	
outcome of the surgery for SUI. In instances where 
the prolapse is symptomatic, it will be a matter of 
subjective opinion whether the incontinence or the 
prolapse	is	more	signiicant	and	bothersome	(rather	
than a pathological diagnosis). If the treatment se-
lection is based on subjective assessment, it follows 
that the outcome from treatment must also be based 
on subjective rather than objective measures. As 
with	most	 issues	 in	pelvic	loor	 reconstruction,	 the	
decision to perform an anti-incontinence procedure 

II. STRESS INCONTINENCE AND 
PELVIC ORGAN PROLAPSE
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and the choice of the procedure itself is a source 
of great debate. The literature evaluating the fol-
lowing clinical scenarios will be evaluated: (a) overt 
SUI with POP; (b) occult SUI with POP reduction; 
(c) high grade POP in the absence of occult or overt 
SUI; and, (d) the status of preoperative urgency 
urinary incontinence (UUI) and overactive bladder 
symptoms (OAB) after POP repair.

1. OVERT SUI WITH POP

Women who present with SUI commonly have de-
icient	 support	 of	 the	 anterior	 vaginal	wall.	 Signii-
cant	POP	 is	generally	deined	anatomically	as	 the	
presenting part of the prolapse reaching to within 
a centimetre of the hymenal remnant. The pres-
ence of preoperative POP may have an impact on 
the	 eficacy	 of	 anti-incontinence	 surgery,	 and	 the	
outcomes of any surgery to correct SUI should be 
evaluated along with the incidence of de novo or 
worsened postoperative obstructive and storage 
urinary symptoms. 

Milani et al noted that the presence of preopera-
tive POP led to a lower cure rate of SUI after ei-
ther the Burch colposuspension or the MMK pro-
cedure, with greater degrees of POP associated 
with	lower	SUI	cure	rates.	[309]	(Level	3)	Addition-
ally, Colombo et al performed a RCT to compare 
Burch colposuspension with anterior colporrhaphy 
in women with SUI and Grade 2-3 anterior vaginal 
wall	prolapse.	 [310]	Level	1/2)	The	authors	 found	
that the Burch colposuspension was better in con-
trolling	SUI	but	 that	cystocele	 recurred	 in	34%	of	
patients. The cure rate for cystocele with anterior 
colporrhaphy	was	high	(97%)	but	cure	rate	of	SUI	
was very low. The authors concluded that neither 
operation was recommended for combined SUI 
and advanced cystocele.

In a recent RCT, Costantini et al revealed that Burch 
colposuspension	does	not	provide	a	signiicant	cure	
of SUI in incontinent women undergoing sacrocolpo-
pexy.	 [10]	 (Level	1/2	 )	Out	of	47	women	with	POP	
and SUI, 24 underwent sacrocolpopexy and Burch 
and 23 underwent sacrocolpopexy alone. The pri-
mary outcome measures were anatomical outcome 
and changes in incontinence status as indicated by 
a bladder diary, daily pad use, and CST, while sec-
ondary end points were changes in subjective symp-
toms and quality of life as measured by the UDI and 
IIQ.	 In	 the	Burch	 group,	 13	 of	 24	 patients	 (54.2%)	
were still incontinent after surgery compared with 9 
of	23	(39.1%)	 in	 the	non-Burch	group.	Two	women	
in	the	Burch	group	(8.3%)	and	one	in	the	non-Burch	
group	(4.3%)	complained	of	de novo urinary storage 
symptoms.	There	was	no	 signiicant	 intergroup	dif-
ference (p=0.459).	 No	 signiicant	 intergroup	 differ-
ence emerged in anatomical outcome and UDI and 
IIQ scores improved in both groups (p	=	0.0001)	and	
the	intergroup	difference	was	not	signiicant	in	either	
questionnaire (p	=	0.769	and	p	=	0.327,	respectively).

Moon et al compared the Burch colposuspension 
(n=49)	and	TOT	(n=60)	 in	consecutive	women	un-
dergoing	sacrocolpopexy	 for	POP	≥	Grade	 III	 and	
SUI.	 [311]	 (Level	 2)	 Mean	 hospital	 stay	 was	 lon-
ger	 in	 the	 Burch	 group	 (11.3	 days	 vs.	 7.8	 days,	
p<0.001),	as	were	the	rates	of	postoperative	urinary	
retention	(53.1%	vs.	11.7%,	p<0.001),	de novo ur-
gency	(18.4%	vs.	3.3%,	p=0.01),	and	recurrent	SUI	
(18.4%	vs.	1.7%,	p=0.003). The SUI cure rate was 
signiicantly	 higher	 in	 the	 TOT	 group	 than	 in	 the	
Burch	group	(98.3%	vs.	69.7%,	p	<0.001).

Gordon et al prospectively followed 30 patients 
short-term who underwent TVT at the same time as 
surgery	for	severe	POP.	[312]	(Level	III)	No	patients	
had postoperative symptoms of SUI despite three 
patients	(10%)	having	positive	postoperative	stress	
tests. De novo	detrusor	overactivity	occurred	in	13%	
of	subjects.	Yip	and	Pang	recruited	302	patients,	250	
(82.8%)	of	when	completed	1-year	follow-up.	[313]	
(Level	 II/III)	There	were	157	 (62.8%)	patients	who	
had	a	TVT	alone,	and	93	(37.2%)	had	TVT	and	con-
comitant POP surgery. All patients had urodynamic 
studies before and one year following surgery. The 
objective	cure	rate	 for	SUI	was	87.3%	for	patients	
with	TVT	alone	and	80.6%	for	TVT	with	concomitant	
procedures (p>0.05). The subjective SUI cure rates 
for TVT alone and TVT plus concomitant procedures 
were	89.2%	and	86.0%	at	4	months,	and	93.0%	and	
94.6%	 at	 1	 year,	 respectively	 (p>0.05). The most 
common complications were postoperative urinary 
retention	(15.2%),	de novo detrusor overactivity at 
one	 year	 (10%),	 and	 intraoperative	 bladder	 punc-
ture	(8%).	In	an	additional	prospective	cohort	study	
and a case series, the TVT combined with vaginal 
reconstruction	 resulted	 in	 85%	 to	 95%	 cure	 rates	
for	urodynamic	SUI.	[314,	315]	(Level	III)	The	rates	
of postoperative urinary urgency and voiding dys-
function	were	10%	and	11%,	 respectively.	Voiding	
dificulties	and	post	void	residuals	of	>	100	mL	were	
treated with urethral dilatation and the authors did 
not report any cases of long-term urinary retention.

Transobturator midurethral slings may also be ef-
fective in the setting of overt SUI and POP. The ad-
dition of TVT-O to anterior colporrhaphy in 50 wom-
en with SUI and high grade anterior POP resulted in 
1-year	objective	cure	rates	for	SUI	and	POP	of	92%	
and	91%,	respectively.	[316]	(Level	3)	Overall	early	
postoperative	complication	rate	was	16%,	although	
all	were	minor.	At	 12-month	 follow-up,	 tape	 extru-
sion requiring surgical removal developed in only 
one	patient.	The	 ICIQ-UI	SF	questionnaire	 scores	
were	13.4	+/-	6.8	and	3.5	+/-	3.2	(p	<0.01)	between	
preoperative	and	12-month	follow-up,	respectively.

In data from the National Hospital Discharge Sur-
vey, the addition of an anti-incontinence procedure 
did	not	signiicantly	increase	the	immediate	morbid-
ity	 in	 women	 who	 underwent	 POP	 surgery.	 [317]	
Of	 the	 1931	 women	 who	 underwent	 POP	 proce-
dures, concomitant anti-incontinence procedures 
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were	 performed	 in	 26.6%	and	 complications	were	
reported	 in	14.9%.	Complications	were	associated	
with	medical	 comorbidity	 (OR	 11.2)	 and	 concomi-
tant	hysterectomy	(OR	1.5),	while	concomitant	pro-
cedure for SUI was not.

2. OCCULT SUI WITH POP

Overall,	the	level	of	evidence	supporting	a	speciic	
anti-incontinence procedure in women with POP 
and occult SUI is low. Chaikin et al discovered oc-
cult SUI after reduction of prolapse with a pessa-
ry	 in	 14	 of	 24	women	 (58%).	 [304]	 (Level	 III)	Ten	
women with no urodynamic evidence of sphincteric 
incontinence underwent anterior colporrhaphy and 
no additional anti-incontinence procedure was per-
formed.	Mean	 follow-up	was	44	months	 (range	12	
to	96).	None	had	postoperative	SUI	but	one	(10%)	
had	a	recurrent	grade	2	cystocele.	The	14	remain-
ing women with urodynamic stress incontinence 
after POP reduction underwent anterior colporrha-
phy with a bladder neck pubovaginal sling proce-
dure.	Mean	follow-up	in	these	cases	was	47	months	
(range	12	to	108).	In	two	patients	(14%)	SUI	devel-
oped	postoperatively	and	one	(7%)	had	a	recurrent	
grade 3 cystocele. The incidence of UUI did not ap-
pear	to	be	signiicantly	inluenced	by	either	surgical	
intervention.	 Overall	 12	 patients	 had	 preoperative	
UUI,	of	whom	9	(75%)	had	persistent	UUI	postoper-
atively. De novo UUI developed in another woman. 
The	authors’	indings	suggest	that	patients	without	
occult SUI may be effectively treated with POP re-
pair alone, while women with occult SUI on urody-
namics should be offered anti-incontinence surgery.

Barnes et al reported on 34 women with grade 3-4 
POP and occult SUI who underwent a bladder neck 
pubovaginal sling as the anti-incontinence proce-
dure.	[318]	(Level	III)	Sling	materials	included	autol-
ogous rectus fascia, cadaveric fascia lata, or a free 
vaginal	wall	 graft.	Mean	 follow-up	was	15	months	
(range	 6	 to	 39).	 The	 mean	 time	 required	 before	
spontaneous voiding resumed without the need for 
catheterisation	was	11.8	days	 (range	2	 to	46)	and	
no patient developed permanent urinary retention. 
Two	(9.5%)	of	21	women	without	preoperative	UUI	
developed de novo UUI; however, preexisting UUI 
resolved	in	45%.	SUI	occurred	in	two	women	(7%)	
at	 four	and	19	months	postoperatively,	while	 clini-
cally	signiicant	uterine	prolapse	developed	 in	one	
woman two years after surgery.

Groutz	et al	reported	on	100	women	with	occult	SUI	
undergoing concomitant transvaginal POP surgery 
and	TVT.[319]	(Level	3)	The	mean	follow-up	period	
was	27	months	(range:	12-52	months).	Two	patients	
had postoperative urinary retention necessitating 
catheterisation for more than seven days, but neither 
required any surgical intervention. Vaginal extrusion 
was diagnosed in three patients, all of whom were 
successfully treated by partial TVT excision. Two 
(2%)	 patients	 developed	 urodynamically-conirmed	
SUI within one year postoperatively; however, 

postoperative urodynamics revealed asymptomatic 
urodynamic	stress	incontinence	in	15%	of	other	pa-
tients.	Thirteen	(72%)	of	18	patients	with	preoperative	
UUI had postoperative persistent UUI, while de novo 
UUI	developed	postoperatively	in	8	(8%)	of	patients.

A RCT compared concomitant endopelvic fascia 
plication at the urethrovesical junction vs. TVT in 
50	women	with	 severe	 POP	 and	 occult	 SUI.	 [320]	
(Level	1/2).	The	addition	of	a	TVT	resulted	in	a	high-
er 2-year objective continence rate than endopelvic 
fascia	plication	(92%	vs.	56%,	respectively;	p<0.01).	
The	 subjective	 cure	 rates	were	 96%	 for	TVT	 com-
pared	to	64%	for	plication	(p=0.01).	Time	for	resump-
tion of spontaneous voiding, rates of urinary reten-
tion, de novo UUI, and perioperative complications 
did not differ between the groups. Despite negative 
cystometrograms, de novo UUI symptoms were re-
ported	in	12%	of	the	TVT	group	compared	to	4%	of	
the suburethral plication group (p=0.66).

Karateke et al reported on the outcomes of TOT in 
the treatment of women with occult SUI and POP. 
[321]	(Level	3)	Urodynamic	evaluation	revealed	oc-
cult	SUI	in	25	of	79	patients	with	POP.	Post-operative	
OAB,	SUI,	and	MUI	were	found	in	three	(12%),	two	
(8%),	and	one	(4%)	patients	in	the	occult	SUI	group,	
respectively. The corresponding numbers were six 
(11%),	ive	(9%),	and	three	(6%)	in	the	preoperatively	
continent	group.	No	signiicant	difference	was	found	
between the groups in terms of post-operative OAB 
symptoms,	SUI,	and	MUI.	Groutz	et al also report-
ed on the outcomes of TVT-O in the management 
of	 occult	SUI	 in	women	with	 signiicant	POP.	 [322]	
(Level	 3)	Of	 the	 117	patients,	 6	 (5.1%)	 had	 imme-
diate	postoperative	voiding	dificulties	necessitating	
catheterisation for more than two days. Late postop-
erative	morbidity	was	assessed	in	110	patients	with	
≥3	months	of	follow-up	(mean	27.2	±	17.7).	Of	these	
110	patients,	7	(6.4%)	had	protracted	postoperative	
thigh	 pain	 with	 spontaneous	 resolution	 within	 1-3	
months	and	7	(6.4%)	had	developed	recurrent	UTIs.	
There were no cases of vaginal extrusion. The func-
tional outcome analysis was restricted to 92 patients 
with	≥12	months	follow-up.	Of	these,	13	(14%)	were	
found to have urodynamic stress incontinence; how-
ever,	 only	 two	 patients	 (2.2%)	 were	 symptomatic,	
amounting to a subjective and objective cure rate of 
97.8%	and	86%,	respectively.	Of	the	34	patients	who	
had had urinary storage symptoms preoperatively, 
22	(64.7%)	had	persistent	symptoms	postoperative-
ly.	An	additional	four	patients	(6.9%)	had	developed	
de novo urinary storage symptoms, and one patient 
developed bladder outlet obstruction.

3. NO OVERT OR OCCULT SUI AND POP

There has been a tremendous amount of debate 
on	 how	 to	 treat	 women	 with	 signiicant	 POP	 who	
have no complaints of SUI and occult SUI cannot be 
demonstrated on either cough-stress test or urody-
namic evaluation after prolapse reduction. The case 
for a concomitant anti-incontinence procedure is to 
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potentially prevent a second surgical intervention in 
a cohort at high risk for developing SUI. The case 
against performing anti-incontinence surgery in the 
same time hinges on the potential for developing 
de novo or worsened urinary storage and voiding 
symptoms in a population with minimal to no pre-
operative symptoms. The literature appears divided 
on the topic. As mentioned previously, Chaikin et 
al found	that	the	majority	of	women	with	signiicant	
POP who do not have overt or occult SUI will not de-
velop overt SUI after transvaginal POP repair alone. 
[304]	(Level	III)	

The decision to perform a concomitant colposus-
pension at the time of sacrocolpopexy has been 
passionately debated. In a well-publicised study 
by Brubaker et al as part of the Colpopexy and 
Urinary Reduction Efforts (CARE) trial, stress-
continent women undergoing sacrocolpopexy were 
randomised to receive or not to receive a con-
comitant	 Burch	 colposuspension.	 [323]	 (Level	 I)	
At two years, 302 of 322 randomised participants 
were available for analysis. Two years after sur-
gery,	32.0%	and	45.2%	of	women	in	the	Burch	and	
control groups, respectively, met the SUI endpoint 
(presence of SUI symptoms, positive CST, or in-
terval treatment for SUI, p=0.026).	The	apex	was	
well	supported	in	95%	of	women,	and	this	was	not	
affected by concomitant Burch. There was a trend 
toward fewer urgency symptoms in the Burch group 
(32.0%	 vs.	 44.5%	 no	 Burch,	 p=0.085). In a sub-
analysis of the CARE trial, Visco et al conirmed	
that women who demonstrated preoperative occult 
SUI were more likely to report postoperative SUI, 
regardless of concomitant Burch colposuspension 
(controls	 58%	 vs.	 38%,	 p=0.04;	 Burch	 32%	 vs.	
21%,	 p=0.19).	 [324]	 The	 authors	 also	 concluded	
that occult SUI detection rates varied widely based 
on the method of prolapse reduction. Interestingly 
enough,	 while	 only	 23%	 of	 the	 1134	members	 of	
the American Urogynecological Society (AUGS) re-
sponded to a survey about their practice patterns 
regarding	high-grade	POP,	57%	of	the	respondents	
stated that they would not perform a prophylactic 
Burch colposuspension at the time of sacrocolpo-
pexy	in	a	woman	without	symptoms	of	SUI.	[325]

Conversely, Costantini et al found that the Burch 
procedure	 did	 not	 confer	 a	 signiicant	 beneit	 in	
terms of SUI cure to women undergoing surgical 
prolapse	repair.[326]	(Level	I/II)	A	total	of	66	conti-
nent women with POP were randomly assigned to 
abdominal sacrocolpopexy and concomitant Burch 
in	 34	 (group	 1)	 or	 sacrocolpopexy	 alone	 in	 32	
(group	2).	Median	follow-up	was	97	months	(range	
72	to	134).	Nine	of	31	group	1	patients	(29%)	were	
incontinent	compared	with	5	of	31	(16%)	in	group	
2 (p=0.553).	In	group	1,	all	except	one	patient	were	
successfully treated for voiding dysfunction. Stor-
age symptoms had disappeared in one patient and 
de novo storage symptoms had developed in two 
since the previous follow-up. De novo incontinence 

developed in two group 2 patients after midterm 
outcomes	were	reported.	Median	UDI-6	and	IIQ-7	
scores were improved in all groups at last follow-
up (p<0.0001).

Ballert et al suggested a protocol to determine if 
MUS should be placed at the time of transvaginal 
POP	repair.	[327]	(Level	3)	A	total	of	50	women	re-
ported clinical (symptomatic) SUI preoperatively, 
while 55 did not. Regardless of clinical presentation, 
patients with urodynamic or occult SUI underwent 
simultaneous MUS, while those without urodynamic 
or occult SUI did not. The risk of intervention due 
to	obstruction	after	receiving	MUS	was	8.5%,	while	
the risk of intervention for de novo SUI in patients 
with no clinical, urodynamic, or occult SUI who did 
not	undergo	MUS	was	8.3%.	The	risk	of	intervention	
for SUI in patients with clinical SUI but no urody-
namic	or	occult	SUI	and	no	MUI	was	30%.	These	
data suggest that a prophylactic sling in women 
without clinical, urodynamic, or occult SUI may be 
as likely to cause postoperative urinary retention 
requiring reoperation as it is to prevent postopera-
tive de novo SUI requiring surgery. The evidence 
also suggests that MUS should be considered for 
women with clinical SUI (regardless of the presence 
or absence of urodynamic or occult SUI), as there 
is a much higher possibility for further intervention 
for SUI in this population. While this report lacks a 
control	group,	the	indings	of	this	study	underscore	
the importance of a detailed informed consent dis-
cussion between the patient and surgeon.

A study by Liang et al further supported the suggestion 
that urodynamic evidence be used to guide possible 
treatment	 of	 SUI	 during	 POP	 surgery.	 [222]	 (Level	
III)	Among	the	79	patients	evaluated	for	severe	POP	
without symptoms of SUI, 32 patients had a positive 
pessary test and underwent vaginal hysterectomy, 
anterior and posterior colporrhaphy, and TVT (Group 
1).	In	group	2,	47	patients	(17	of	whom	had	positive	
pessary tests and 30 of whom had negative pessary 
tests) underwent vaginal hysterectomy and anterior 
and	posterior	colporrhaphy	alone.	Eleven	(64.7%)	of	
17	patients	with	positive	pessary	 tests	who	did	not	
undergo TVT had urine leakage after their hysterec-
tomies. Conversely, none of the 30 patients who had 
negative pessary tests developed symptomatic SUI 
after vaginal hysterectomy. Among the 32 patients 
with positive pessary tests who had TVT with their 
hysterectomies, three developed urine leakage later 
for	a	cure	rate	of	90.6%.	Had	all	patients	with	high-
grade	POP	undergone	TVT,	35%	would	have	under-
gone an unnecessary anti-incontinence procedure. 
This study supports the notion that women without 
symptoms of overt or occult SUI are not likely to leak 
after undergoing POP surgery alone. Additionally, 
the Cochrane database recently evaluated the value 
of anti-incontinence surgery at the time of prolapse 
repair in continent women and concluded that this 
practice did not reduce the rate of postoperative SUI 
(RR	1.39,	95%	CI	0.53	to	3.70).	[328]
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Thus, the value of adding an anti-incontinence pro-
cedure to a POP repair in women who are dry before 
operation remains to be adequately assessed; how-
ever, available evidence suggests that the majority of 
women without occult or overt SUI may remain con-
tinent after POP repair alone. While the addition of 
a Burch colposuspension to a sacrocolpopexy may 
not	add	a	signiicant	amount	of	additional	morbidity,	
it	may	not	confer	a	beneit	in	terms	of	preventing	the	
development	of	overt	SUI.	Furthermore,	the	potential	
beneit	of	Burch	colposuspension	cannot	necessar-
ily be extrapolated to other prophylactic anti-inconti-
nence procedures. An urodynamic approach to deci-
sion making appears to be a prudent one. Adequately 
powered RCTs are urgently needed to answer these 
questions and high level evidence may be on the ho-
rizon.	The	 details	 of	multicentre,	 prospective	RCTs	
comparing POP and anti-incontinence surgery in 
women with overt SUI and those with occult SUI 
(CUPIDO) have recently been described and recruit-
ment	is	under	way.	[329]	A	second,	multicentre	RCT	
is in preparation to determine whether the preva-
lence of postoperative urinary incontinence differs 
between stress continent women receiving vaginal 
prolapse repair with concomitant TVT and those with 
only	sham	incisions	at	3	months	after	surgery.	[330]	
A second objective of the OPUS trial is to determine 
whether it is more cost-effective to place a TVT pro-
phylactically than to treat the SUI symptoms postop-
eratively	as	they	occur	over	a	12-month	period	after	
the index surgery.

4. UUI AND POP

Symptoms of OAB such as urinary urgency, fre-
quency, and UUI are often seen in women with POP 
and community-based, hospital-based, and cross-
sectional studies have shown that the prevalence of 
OAB is higher in women with POP vs. those without 
POP.	[331,	332]	The	prevalence	of	any	OAB	symp-
tom	approached	50%	and	increases	with	advancing	
age.	 [332]Symptoms	 of	POP	may	 be	 an	 indepen-
dent	risk	factor	for	symptomatic	OAB.[332]	As	such,	
the impact of POP repair on OAB symptoms and 
UUI is of great value in preoperative counseling of 
women with high-grade POP. 

The impact of anterior vaginal wall prolapse repair on 
bladder function has been much debated. Digesu et 
al reported	on	a	12-month	prospective	cohort	study	
of 93 women who had a standard anterior colporrha-
phy	 for	 cystocele.	 [333]	 (Level	 3)	 Post-operatively,	
urinary	frequency	resolved	in	60%,	urgency	resolved	
in	70%,	and	UUI	resolved	in	82%,	illustrating	that	an-
terior repair may lead to resolution of the majority of 
OAB	symptoms.	Similar	indings	were	reported	in	a	
prospective cohort study of prolapse repair in elderly 
women	by	Foster	et	al.	 [334]	(Level	3)	The	authors	
also noted that vaginal reconstructive or obliterative 
surgery produced a similar improvement in urinary 
symptoms	at	12	months	after	surgery.	Nguyen	and	
Bhatia noted that UUI resolved in 24 of 38 women 

(63%)	and	persisted	in	14	(37%)	after	surgical	repair	
of	uterine	and/or	vaginal	vault	POP.	 [335]	 (Level	3)	
The authors included both transvaginal and trans-
abdominal POP repairs in their analysis. Uninhibited 
bladder contractions < 25 cm H2O during cystometry 
(p=0.01)	 and	 bladder	 trabeculation	 (p=0.03) were 
each an independent predictor of UUI resolution after 
POP repair. In a review of MEDLINE and Embase lit-
erature, de Boer et al found no evidence for a distinct 
relationship between the compartment or stage of 
the	POP	and	the	presence	of	OAB	symptoms.	[331]	
The authors also concluded that all treatments for 
POP, including surgery and pessary management, 
resulted in an improvement of OAB symptoms. There 
is no consensus regarding the predictors for OAB 
symptom resolution and individual OAB symptoms 
had	different	predictors.	[331]	When	there	is	concom-
itant DO and POP, DO resolves in a proportion of the 
patients and bladder outlet obstruction appears to be 
the primary mechanism by which POP induces OAB 
symptoms and urodyanmics DO.

5. CONCLUSIONS
There is Level II/III  evidence to support a concomi-
tant anti-incontinence procedure at the same time as 
repair of POP in a woman with overt SUI. There is 
Level II/III evidence supporting pubovaginal sling, 
retropubic MUS, and transobturator MUS as effec-
tive anti-incontinence options in a woman with overt 
SUI and POP. Anterior colporrhaphy alone and pubo-
cervical fascia plication are not effective options for 
overt SUI in women undergoing POP repair. (Level 
I/II) Burch colposuspension may not be more effec-
tive than no additional surgery in curing overt SUI 
in women undergoing sacrocolpopexy. (Level I/II)  
There is Level III evidence that bladder neck pubo-
vaginal sling, retropubic MUS, and transobturator 
MUS are effective in resolving occult SUI during POP 
repair. There is controversy whether prophylactic 
Burch colposuspension is effective in improving the 
chances of developing overt SUI after sacrocolpo-
pexy. (Level I)  There is Level 3 evidence to support 
not performing a concomitant anti-incontinence pro-
cedure in a continent woman at time of POP repair. 
There is Level III  evidence that treatment of prolapse 
by reconstructive or obliterative surgery improves 
overactive bladder symptoms.

1. SACRAL NEUROMODULATION

a) Recent Cochrane review

A	 recent	 Cochrane	 review	 [336]	 examined,	 sys-
tematically the evidence of the effects of implant-
able stimulation devices in the treatment of urgen-
cy urinary incontinence, urgency or frequency, and 
urinary retention.

Eight RCTs were considered eligible and were in-
cluded in the analysis. 

III. NEUROMODULATION
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At	6	months	 follow	up	SNM	was	 found	 to	be	su-
perior to no treatment for all indications as there 
were highly significant changes in all the out-
comes measured (leakage episodes, number of 
voids, rating of urgency, having no leakages, re-
duction in number of voids, pad usage, volume 
at first contraction, and bladder capacity). Both 
the	 SF-36	 mental	 and	 physical	 scales	 favoured	
the immediate implant group but the results were 
not statistically significantly different between the 
treatment and no treatment groups

The quality of the studies included was rated poor. 
There were no studies comparing SNM with other 
treatment methods.

The	review	concluded	that	SNM	can	be	of	beneit	in	
selected patients with overactive bladder symptoms, 
retention without organic obstruction, and in those for 
whom other methods of treatment have failed. 

b) Long term results

1. REFRACTORY UUI

The long term results of SNM have been ad-
dressed by several case studies. There are 4 
studies reporting median or mean follow up of >5 
years. Two of the studies are presented in the last 
ICI report and these are the largest ones. Most of 
the long-term studies do not report the complete 
continence rates.

2.  LONG TERM RESULTS – EFFICACY OVER TIME

De	Groen	et	al	 [337]	evaluated	 the	 long-term	re-
sults	 of	 neuromodulation	 in	 60	 patients	 with	 re-
fractory idiopathic urgency urinary incontinence. 
All subjects recruited from a single institution and 
were assessed prospectively at regular intervals 
for at least 5 years after implantation. The success 
rate	gradually	decreased	 from	52	patients	 (87%)	
at	1	month	to	37	(62%)	at	5	years.	Complete	con-
tinence	 persisted	 in	 15%	 of	 patients.	 The	 analy-
sis	was	extended	 to	 the	41	patients	who	passed	
the	10-year	follow-up.	At	least	25	of	these	women	
(61%)	were	still	on	active	SNS.	The	10-year	suc-
cess rates did not appear to be different from the 
5-year results suggesting that a deterioration of 
the results is observed during the first 5 years 
which	 stabilised	 thereafter.	A	 total	 of	 57	 adverse	
events	occurred	in	32	(53%)	patients	the	majority	
of those being related to hardware failure and pain 
or discomfort at various sites. Pain was managed 
conservatively. A total of 23 reoperations, includ-
ing	the	2	explantations,	were	done	in	15	patients	
(25%).	(Level 3 evidence) 

3. URGENCY AND FREQUENCY 

There are no new studies examining the long term 
results of SNM in patients with urgency frequency. 
The largest study so far (van Kerrebroeck) has 
been presented in the last ICI report.

A	 more	 recent	 small	 case	 series	 [338]examined	
the long term efficacy of sacral neuromodulation 
in	patients	with	IC/PBS	not	responding	to	medical	
treatment. Overall 22 patients had a permanent 
generator implantation. Success with the device 
was	defined	as	greater	than	50%	improvement	in	
the chief complaint of urinary pain, urgency and 
frequency	 or	 urgency	 incontinence.	 For	 an	 aver-
age	 follow	 up	 of	 59.9	 months	 17	 of	 22	 patients	
(77%)	reported	long-term	cure	or	more	than	50%	
improvement	in	those	symptoms.	However	50%	of	
patients underwent explantation due to technical 
reasons, infection, battery depletion, or pain at the 
implantation site (Level 3 evidence).

Zabihi	et	al	[339]evaluated	the	efficacy	of	bilateral	
caudal epidural sacral neuromodulation for the 
treatment of refractory chronic pelvic pain (CPP), 
painful bladder syndrome, and interstitial cysti-
tis	 (IC).	 Thirty	 consecutive	 patients	 (21	 female,	
9 male) with severe refractory symptoms under-
went	bilateral	S2–S4	sacral	 neuromodulation	 for	
CPP/IC.	Patients	were	evaluated	with	the	O’Leary	
IC symptom and problem index (ICSI, ICPI), the 
short form of the Urogenital Distress Inventory 
(UDI-6),	 and	 the	 RAND	 36-item	 health	 survey	
(SF-36)	preoperatively	and	6	months	postopera-
tively.	The	mean	and	minimum	follow-up	were	15	
and	 6	 months,	 respectively.	 Of	 the	 30	 patients,	
23	 (77%)	 had	 a	 successful	 trial	 stimulation	 and	
were permanently implanted. Among these pa-
tients, the ICSI and ICPI scores improved by 35 
(p	=	0.005)	and	38%	(p	=	0.007),	respectively.	The	
pain	 score	 improved	 by	 40%	 (p = 0.04) and the 
UDI-6	score	by	26%	(p = 0.05). On average, pa-
tients	reported	a	42%	improvement	in	their	symp-
toms.	SF-36	scores	did	not	improve	significantly.	
(Level 3 evidence)  

4. NON OBSTRUCTIVE URINARY RETENTION (TABLE  6)

The effectiveness of SNM in women with urinary 
retention has been confirmed by previous RCT 
(Jonas	 2001)	 and	 hs	 been	 presented	 in	 the	 last	
ICI report. 

The long term efficacy of SNM for women with 
urinary retention particularly those with urethral 
hyperactivity	 (Fowler’s	 syndrome)	 has	 been	 pre-
sented	by	Datta	et	al	[340].

Thirty	 (50%)	had	a	one	stage	and	 the	 rest	a	 two	
stage	procedure.	Overall,	43	of	60	(72%)	women	
were voiding spontaneously, with a mean postvoid 
residual	 volume	 of	 100	 mL;	 30	 (50%)	 no	 longer	
needed to use CISC. The efficacy of the 2 stage 
compared to the one stage procedure was simi-
lar	(73%	vs	70%).	Women	with	a	normal	urethral	
sphincter electromyogram had worse outcomes 
than	women	with	an	abnormal	test	(43%	vs	76%).	
There	were	99	adverse	events	(AEs)	and	63	surgi-
cal	revisions	for	the	women	during	a	total	of	2878	
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months	 of	 SNS	 experience.	 In	 all,	 73%	 of	 the	
women had an AE during their treatment with SNS 
(Level 3 evidence).  

A	 recent	 retrospective	 single	 centre	 study	 [341]	
examined the long-term efficacy and durability of 
sacral nerve stimulation (SNS) for the treatment of 
refractory,	non-obstructive	urinary	retention.	Forty	
patients were included (29 with complete retention 
requiring	CISC)	and	11	with	 incomplete	 retention	
(high post -micturition residuals). Of the 40 pa-
tients	28	(70%)	responded	successfully	to	the	test	
stimulation and underwent a placement of an IPG. 
At	 a	mean	 follow-up	 of	 40.03	 +/-	 19.61	months,	
24	(85.7%)	of	28	patients	demonstrated	sustained	
improvement	 of	 greater	 than	 50%	 with	 signifi-
cantly reduced number and volumes of catheteri-
sations/day	 and	 improvement	 of	 post-micturition	
residuals. The Interstim device was removed in 4 
patients	(14.3%)	and	required	revision	in	further	6	
(21.4%)	(Level 3 evidence). 

5. EFFECT OF SNM ON SEXUAL  FUNCTION

The effect of SNM on the female sexual func-
tion was investigated by a small pilot prospective 
single	 centre	 study[342].	Overall	 36	women	with	
severe frequency, urgency, retention, and chronic 
pelvic pain refractory to medical and other treat-
ments were enrolled and were assessed by the 
Female	 Sexual	 Function	 Index	 (FSFI)	 question-
naire	preoperatively	and	6	months	postoperatively.	
Twenty-one patients had some form of pelvic pain 
component	to	their	symptoms,	and	15	had	voiding	
dysfunction without pain. The overall score on the 
FSFI	 improved	 by	 52%	 (p = 0.05). Results were 
better in patients who underwent the treatment for 
voiding	 dysfunction	 (n	 =	 15)	 compared	 to	 those	
who had pain as their primary complaint. In this 
group,	 the	 overall	 score	 improved	 by	 157%	 (p = 
0.004). Those who underwent the procedure for 

the	 indication	of	 IC/CPP	(n	=	21)	did	not	show	a	
statistically significant change in their scores.

Another	small	study	[342]	showed	that	in	sexually	
active women who had a permanent sacral neu-
romodulator implanted there was no difference in 
the	sexual	function	before	and	6	months	after	im-
plantation	as	assessed	by	the	FSFI.

6. PATIENT SATISFACTION

Long-term clinical efficacy of SNM has been as-
sessed and confirmed by many studies. However 
it is quite unclear how this can be translated to pa-
tient satisfaction and improvement of quality of life 
bearing in mind that there are technical problems 
and adverse effects needing constant medical at-
tention in a significant proportion of these patients.

The long term QOL data were assessed in 2 previ-
ous	reports.	[343]	[344]

Leong	et	al	[345]	examined	the	longterm	satisfac-
tion of patients with an implanted SNM for various 
medical indications such as overactive bladder 
syndrome, non-obstructive urinary retention, com-
bined overactive bladder and retention, and pelvic 
pain.	Overall	275	patients	received	a	postal	ques-
tionnaire regarding satisfaction and experiences 
with the system, such as side effects, complica-
tions, burden, impact on sexuality and defecation 
changes.	 The	 response	 rate	 was	 75%	 (207	 pa-
tients)	with	a	median	post-implantation	period	77	
months	(range	12	to	214).	The	patient	satisfaction	
rate	was	high	at	90%	and	significantly	 related	 to	
the	perceived	clinical	effect	and	85%	if	all	explant-
ed	 cases	 (13	 patients)	 were	 considered	 as	 fail-
ures. Satisfaction had no direct relationship with 
patient age, gender, duration of therapy or type of 
complaint for which SNM was offered, but was sig-
nificantly	lower	in	patients	with	more	than	1	pelvic	
floor comorbidity. The patient’s attitude towards 

Table 6 : Summarises the follow-up data for patients with non obstructive urinary retention who were 
treated with SNM (from 1. Bosch JL. An update on sacral neuromodulation: Where do we stand with this in 
the management of lower urinary tract dysfunction in 2010? BJU Int 2010, Nov;106(10):1432-42.)

NR, not reported.
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yearly follow-up and the ability to use the patients 
programmer was positively related to the degree 
of	satisfaction.	Overall	40%	reported	having	some	
limitations or concerns with SNM such as exclu-
sion from MRI and passing through metal detec-
tors after an INS was implanted, possible changes 
in future reimbursement. Most patients perceived 
regular	 pain	 (56%)	 and	 discomfort	 (40%)	 at	 the	
INS site. (Level 3 evidence)

7.  NEUROGENIC LOWER URINARY TRACT DYSFUNCTION 
(LUTD)

The efficacy and safety of the use of SNM for the 
treatment of neurogenic lower urinary tract dys-
function was examined in a recent meta-analysis 
[346].	This	 included	overall	 357	patients	 from	26	
independent studies (prospective and retrospec-
tive cohort studies and case reports) with level of 
evidence ranging from 2b to 4. There was no RCT 
available for analysis. The pooled success rate 
was	68%	and	92%	for	the	testing	and	the	perma-
nent phase of SNM respectively for a mean follow 
up	of	26	months.	With	regards	to	adverse	events	
the	 pooled	 rate	was	 0%	during	 the	 first	 stage	 to	
24%	 for	 the	 chronic	phase	of	 the	 treatment.	The	
most frequent adverse events were lead migration 
and pain at the site of permanent neuromodula-
tor further surgery was performed in 45 of 224 
patients. The available evidence from this meta-
analysis suggest that SNM may be effective and 
safe for the treatment of patients with neurogenic 
LUTD (level of evidence 2) but further well de-
signed adequately powered studies are needed 
before SNM is routinely recommended for the 
treatment of neurogenic LUTD.

The use of SNM in patients with neurogenic LUTD 
is limited by the fact that quite often they need to 
be investigated by magnetic resonance imaging 
studies.

The progressive nature of the neurologic disease 
in some patients could be a limiting factor in the 
effectiveness of the SNM.

8. SELECTION OF PATIENTS 

• Testing procedure

The application of the two-stage procedure using 
the permanent tined lead appears to be superior 
to the percutaneous PNE technique 

A	study	by	Bannowsky	et	al.[347],	in	a	retrospec-
tive case control study examined urodynamic 
and clinical outcomes of the two different testing 
techniques and found that permanent quadripo-
lar electrodes led to significant differences in the 
overall	 response	 rate	 (81.8%	versus	47.6%)	and	
urodynamic parameters (max detrusor pressure, 
bladder capacity) compared to the PNE.

This has to be balanced against the cost implica-

tions: the permanent electrodes are several times 
the cost of the cheaper PNE wires.

In	a	recent	study	[348]	41	of	76	(54%)	who	failed	
to respond to PNE were subsequently tested 
with tined lead procedure permanent stimulators. 
Of	 those	 18(44%)	were	 implanted	with	 a	 neuro-
stimulator after a successful response suggest-
ing that the tined lead procedure is more sensi-
tive	 screening	 tool.	At	 53-month	 follow-up	 12	 of	
these	patients	 (67%)	had	a	successful	outcome,	
which was not statistically different from the suc-
cess rate in patients with a positive response to 
an initial PNE or TLP test.

The	response	rate	to	PNE	as	compared	to	the	1st	
stage	 tined-lead	 placement	 test	 (	 (FSTLP)	 were	
directly compared in a prospective single centre 
study[349].

One hundred patients with refractory idiopathic 
overactive bladder syndrome (OAB) or non-ob-
structive urinary retention, screened with both 
PNE	 and	 FSTLP.	 The	 positive	 response	 rate	 on	
PNE	was	47%.	FSTLP	showed	a	69%	positive	re-
sponse rate, which was negatively related to age. 
The	22%	gain	in	positive	response	was	statistical-
ly significant (p	<	0.001)	and	positively	associated	
with female gender and younger age. This study 
also	suggests	that	the	FSTLP	may	be	a	more	sen-
sitive screening method than PNE. (Level of evi-
dence 2)

•		Unilateral versus Bilateral lead placement at 
screening phase 

A	 retrospective	 study	 by	 Pham	 et	 al.	 [350]	 com-
pared the success of the bilateral to unilateral 
neuromodulator	 lead	 placement	 in	 124	 patients	
undergoing screening for permanent placement of 
sacral	 neuromodulation.	 Fifty-five	 (44%)	 patients	
underwent unilateral stage I lead placement and 
69	 (56%)	 received	bilateral	S3	 leads.	Successful	
stage	 I	 trials	 were	 reported	 in	 32/55	 (58%)	 and	
53/69	(76%)	of	unilateral	and	bilateral	cohorts,	re-
spectively (P = 0.03). There was no difference in 
wound infection or other complications. (Level of 
evidence 3)

• Pre-treatment psychological problems

Psychiatric comorbidity has previously been pro-
posed as a negative predictor by some authors.

In a recent single centre prospective study the 
relationship between psychiatric history and 
the outcome of chronic SNM treatment was as-
sessed.	Fifty	four	patients	with	symptoms	of	OAB	
or chronic non-obstructive problems completed 
the Amsterdam Biographic Questionnaire (ABQ), 
which measures the personality traits of the pa-
tient, and the Symptom Check-List-90-Revised 
(SCL-90-R), which is a screening instrument for 
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neuroticism, and for current level of complaints. 
Of	 those	15(28%)	 reported	a	history	of	psychiat-
ric disorder in their medical history. The authors 
found that a history of psychiatric disease was not 
related to the outcome of test stimulation, but was 
shown to be a positive predictor for the occurrence 
of AEs with permanent SNM treatment.(Level of 
evidence 4)

• Urodynamics

A	 recent	 study	 [351]	examined	urodynamic	diag-
nosis	as	a	predictor	of	outcome.	111	patients	un-
dergoing permanent SNM after a successful PNE 
test	were	divided	into	those	with	DO	(67)	on	uro-
dynamics and those without DO (44). Both groups 
showed a statistically significant improvement in 
bladder	volumes	at	 first	sensation	of	 filling	(FSF)	
and	at	maximum	fill	volume	(MFV)	before	voiding	
for both UI subgroups, compared with baseline. 
Resolution	of	DO	post	treatment	occurred	in	51%	
of patients, however the success in those patients 
was not significantly different from those with per-
sistent DO. Interestingly patients with UI and no 
DO	 had	 a	 higher	 rate	 of	 clinical	 success	 (73%)	
than	 those	 with	 UI	 and	 DO	 (61%)	 although	 this	
did not reach to statistical significance. (Level of 
evidence 3)

• Comparison to the botulinum toxin-A (BTX-A)

The efficacy rates reported for both SNM and 
BTX-A in patients with refractory OAB appear to 
be similar.

The use of BTX-A has recently been approved by 
the	FDA	for	use	in	patients	with	OAB	due	to	neu-
rological conditions such as spinal cord injury 
and multiple sclerosis. SNM is more invasive but 
offers long term efficacy whereas treatment with 
BTX-A injections is less invasive but needs to 
be repeated on a less-than a year basis in order 
to provide sustained efficacy. In addition it has 
been	 reported	 that	20%	of	patients	 treated	with	
BTX-A injections need to enhance treatment effi-
cacy with anticholinergics and a small proportion 
report reversible voiding difficulties and need to 
self catheterisation.

At present there is no RCT published to compare 
the efficacy and safety of the two methods. 

However there are published studies examining 
the cost-effectiveness of these 2 methods.

Siddiqui	 et	 al	 [352]	 suggested	 that	 BTX-A	would	
be a cost-effective therapeutic option for refrac-
tory urgency incontinence in the first 2 years of 
therapy. Costs were analysed from the societal 
perspective and in relation to effectiveness. All di-
rect costs related to the treatment modalities as 
well as the costs of incontinence were calculated 
but not the indirect costs (lost productivity second-

ary to incontinence) due to the limited data avail-
able. Two years is a short duration for a chronic 
condition. The prolonged effect of SNS and the 
cost and time needed for repeat BTX-A injections 
might change significantly the comparison of cost 
effectiveness for a longer duration of treatment.

In	another	 study	Leong	et	al	 [353]	by	comparing	
the costs and effects value of the two methods in 
patients with refractory OAB concluded that start-
ing with SNM, treatment is cost-effective after 5 
years compared to BTX. However, when different 
scenarios were examined, such as the use of local 
anaesthesia for BTX treatment and SNM periph-
eral nerve evaluation or bilateral test, SNM was 
not cost-effective.

It is also acknowledged that the costs for surgery and 
for	the	devices	may	vary	signiicantly	between	coun-
tries and even between hospitals within one country.

c) Conclusion and Recommendations

Sufficient Level II /III  evidence exists evaluat-
ing implantable neuromodulation. Current series 
include retrospective cohort studies and no high 
level RCTs. There is a need for further prospective 
randomised	assessment	of	this	intervention	–	es-
pecially from the durability standpoint. Grade of 
recommendation is A / B

2.   PERCUTANEOUS TIBIAL NERVE STIMU -
LATION (PTNS) 

a) Efficacy

Several case series have shown a reduction of 
frequency, urgency, urgency urinary incontinence 
in	 60-80%	 of	 patients	 with	 no	 serious	 adverse	
events. Recent research provides level I evidence 
that PTNS is efficacious in the treatment of refrac-
tory OAB.

b) PTNS vs Placebo (sham device)

A	 multicentre,	 double-blind,	 RCT	 (SUmiT)	 [354]
compared the efficacy of PTNS to sham through 
12	 weeks	 of	 therapy.	 A	 total	 of	 220	 adults	 with	
overactive bladder symptoms were randomised 
1:1	 to	 12	weeks	of	 treatment	with	weekly	 percu-
taneous tibial nerve stimulation or sham therapy. 
In the sham group a Streitberger placebo needle 
was used to simulate the location and sensation 
of PTNS needle electrode insertion without ac-
tually puncturing the skin. In addition two active 
TENS surface electrodes were placed, one under 
the little toe and one on the top of the foot. Sham 
stimulation parameters were determined based on 
subject first sensory level of localised stimulation 
through a TENS unit.

Patients were evaluated by overactive bladder 
and quality of life questionnaires as well as 3-day 
voiding	diaries	before	treatment	and	at	week	13.
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At	 13	 weeks	 follow-up	 there	 was	 moderate	 or	
marked improvement in overall bladder symptoms 
in	54.5%(60/110)	and	20.9%	(23/110)	of	subjects	re-
spectively (p<0.001).	All	 individual	symptoms	such	
as frequency, nighttime voids, voids with moderate 
to severe urgency and uregency urinary inconti-
nence	 episodes	 demonstrated	 statistically	 signii-
cant	improvement	from	baseline	to	13	weeks	for	the	
PTNS group compared to the sham group (Table 7 ). 
This	was	also	conirmed	on	voiding	diaries.	

There	 were	 no	 serious	 adverse	 effects	 with	 4%	
(5/110)	 reporting	 bleeding	 and	 discomfort	 at	 the	
needle site and one case of ankle bruising and a 
further one with leg tingling.

In	 a	 further	 RCT[355],	 35	 patients	 not	 respond-
ing to anticholinergics were randomised to PTNS 
or	control	group.	The	control	group	 (17	patients)	
received an original placebo treatment using a 34 
gauge needle placed in the medial part of the gas-
trocnemius muscle. Patients were considered to 
be responders if they had a reduction in urgency 
incontinence	episodes	greater	than	50%.	After	12	
weeks	 of	 weekly	 treatments	 71%	 (12/17)	 in	 the	
PTNS	group	and	0%	(0/12)	 in	 the	placebo	group	
were considered responders (p	 <	 0.001).	 (Level 
of evidence I - II)  ?

All reports are Level III in terms of evidence and 
there continues to be a lack of comparative re-
ports assessing different techniques. All current 
series are retrospective in nature and there is a 
need for prospective randomised assessment of 
management	 of	 these	 patients.	 Functional	 as-
sessment across all domains of pelvic floor activ-
ity (pain, continence, urinary storage, and sexual 
function) are critical to the complete assessment 
of response to this intervention

c) PTNS vs tolterodine ER

Another	 multicentre	 RCT	 showed	 comparable	 efi-
cacy	of	PTNS	to	medical	treatment	(OrBIT	trial)[356].	

A	 total	 of	 100	 adults	with	 urinary	 frequency	 (>	 8	
times/day)	 were	 randomised	 1:1	 to	 12	 weeks	 of	

treatment with weekly PTNS or to 4 mg daily ex-
tended-release tolterodine. Voiding diaries and an 
overactive bladder questionnaire were completed 
at baseline and at the end of therapy. Global re-
sponse assessments were completed by subjects 
and	 investigators	after	12	weeks	of	 therapy.	The	
two groups were comparable for baseline charac-
teristics and OAB symptoms.

At	12	weeks	79.5%(	35/44)	of	the	PTNS	and	54.8%	
(23/42)	 of	 the	 tolterodine	 patients	 considered	
themselves to be cured or improved (p	=	0.01).

Urinary frequency, urgency urinary incontinence epi-
sodes, urgency severity and nighttime voids, voided 
volume	and	QoL	improved	signiicantly	in	both	groups	
but there was no difference between the PTNS and 
the tolterodine patients. (Level of evidence I)

d) Long term data

A long-term follow-up of the OrBIT Trial evaluated 
the	durability	of	PTNS	benefits[357].

Patients who were randomised to weekly PTNS in 
the OrBIT trial were offered an additional 9 months 
of	treatment	with	assessments	at	6	and	12	months	
from baseline. Outcome measures included void-
ing diary data, overactive bladder questionnaires, 
global response assessments and safety assess-
ments. A total of 33 percutaneous tibial nerve 
stimulation responders continued therapy with 32 
and	 25	 subjects	 completing	 6	 and	 12	months	 of	
therapy, respectively. Subjects received a mean 
of	 12.1	 treatments	 at	 various	 intervals	 during	 an	
average	of	263	days,	with	a	mean	of	21	days	(me-
dian	17)	between	treatments.

Sustained	 improvement	 was	 shown	 with	 94%	
(30/32)	 of	 patients	 continuing	periodic	 treatment	
considering themselves to be cured or improved 
at	 6	months	 and	 96%	 (24/25)	 at	 12	months	 fol-
low-up. Overactive bladder questionnaire symp-
tom	 severity	 was	 significantly	 improved	 from	 12	
weeks	to	12	months	(p	<0.01)	as	well	as	from	6	to	
12	months	(p	<0.01).	No	serious	adverse	events	
were reported.

Table 7:  PTNS: Improvement of  global response assessment at 13 weeks compared to baseline 
(Level of evidence I)
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e) Mode of action

The exact mechanism of PTNS on bladder func-
tion is unclear but it is thought that this is mediated 
through the retrograde stimulation of the sacral 
nerve plexus. The posterior tibial nerve is a periph-
eral	nerve	with	mixed	sensory	and	motor	ibres.	 It	
originates from spinal roots L4 through S3, which 
also contribute directly to sensory and motor con-
trol	of	the	urinary	bladder	and	pelvic	loor.	A	recent	
study suggests that a plastic reorganisation of cor-
tical network triggered by peripheral neuromodula-
tion	could	be	a	mechanism	of	action	of	PTNS[358].

f) Neurogenic DO

The	eficacy	and	safety	of	PTNS	was	evaluated	by	a	
prospective	multicentre	study	 in	16	women	with	MS	
and	 LUTS	 unresponsive	 to	 anticholinergics.[359]	
Patients	were	offered	12	sessions	of	PTNS.	Assess-
ment of LUTS was by validated, self-administered 
chart and questionnaires, testing the subjective and 
objective relevance of LUTS for patients and their im-
pact on QoL before and after treatment. There was 
a	signiicant	reduction	in	daytime	frequency,	nocturia	
and the mean post-micturition residual and there was 
an increase of the mean voided volume. Eighty-nine 
percent of patients reported treatment satisfaction of 
70%.	 Signiicant	 improvement	 in	 QoL	 was	 seen	 in	
most domains of the King’s Health Questionnaire. No 
adverse events were reported. (Level of evidence III)

Kabay	 et	 al.[360]	 suggested	 that	 PTNS	 can	 be	
acutely effective to suppress detrusor overactivity in 
patients with neurogenic detrusor overactivity due 
to Multiple Sclerosis. The researchers performed 
urodynamics before and during PTNS treatment 
and	found	that	there	was	a	signiicant	improvement	
of	mean	volume	of	irst	involuntary	detrusor	contrac-
tion	from	145.2	ml,	to	244.7	ml	and	of	the	maximum	
cystometric	capacity	from	204.8	ml,	to	301.2	ml	dur-
ing the stimulation period. The results have been 
criticised	as	the	PTNS	was	applied	after	a	2nd	illing	
of the bladder and this repeat cystometry during the 
stimulation could have affected the urodynamic pa-
rameters. (Level of evidence III)

In	a	further	study	[361]	the	same	group	of	researcher	
found similar results of an acute effect of PTNS on 
detrusor contraction in patients with neurogenic DO 
due to Parkinson’s Disease. (Level of evidence III)

g) CONCLUSION AND RECOMMENDATIONS

Reports are Level I - III  in terms of evidence 
and there are few comparative reports assess-
ing different techniques. Most current series are 
retrospective in nature however recent prospec-
tive randomised (against sham) assessment of 
management of these patients has improved the 
overall quality of reporting. Current recommen -
dations range from A – C.

Vesical enlargement, or augmentation cysto-
plasty (AC), has been used for many years with 
varying degrees of success for refractory detru-
sor overactivity (DO) and related incontinence. 
Other than idiopathic detrusor overactivity (IDO), 
indications for enterocystoplasty include small 
capacity bladders due to fibrosis, tuberculosis, 
radiation, or chronic infection, neurogenic de-
trusor overactivity (NDO), poor bladder compli-
ance,	 as	 well	 as	 others	 [362-365]	 AC	 typically	
involves a segment of the bowel that is removed 
from continuity with the fecal stream, detubu-
larised, and patched into the bisected bladder. 
This method increases bladder capacity and de-
creases bladder pressure caused by uninhibited 
detrusor contractions. Additionally, incorporation 
of bowel into the bladder results in decreased 
bladder contractility and an increased interval in 
the volume to first involuntary bladder contrac-
tion during cystometric evaluation.

Virtually any portion of the GI tract can be utilised 
for enterocystoplasty, and each segment has its 
own unique favourable properties as well as in-
herent	complications	[365,	366]	There	is	no	ideal	
segment for all cases. Technically, the surgeon 
must be aware that the selected bowel segment 
should contain a suitable length of mesentery 
to reach into the deep pelvis for a tension free 
anastomosis between bowel and bladder. There 
has been no general agreement on whether it is 
more favourable to bivalve the bladder sagittally 
or transversely during enterocystoplasty; how-
ever, it is considered ideal to create the broad-
est possible opening in the bladder and thereby 
create the widest possible anastomosis between 
bladder and bowel resulting in the most spherical 
configuration possible. The bowel is divided and 
detubularised on its antimesenteric side prior to 
anastomosis to maximally reduce peristaltic con-
tractions. Again, the goal of enterocystoplasty is 
to create a high capacity, low-pressure reservoir 
during	 the	 filling/storage	phase	of	 the	micturition	
cycle. When successful, and properly combined 
with other concomitant reconstructive procedures 
(i.e. ureteroneocystostomy, slings, artificial uri-
nary sphincters, continent catheterisable chan-
nels, etc.), enterocystoplasty can protect the 
upper urinary tract from pressure-related injury, 
infection, and vesicoureteric reflux while ideally 
providing complete urinary continence.

Apart from the inherent risks of open abdominal 
surgery associated with bowel and bladder anas-
tomoses, AC carries several distinct long-term 
risks. The risks of this surgery include kidney or 
bladder infections, new-onset recurrent UTIs, 
metabolic derangements, mucus production, and, 

IV. ENTEROCYSTOPLASTY
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in rare cases, bladder tumours. As a segment of 
bowel is used for AC, the available absorptive 
surface area of the bowel is reduced, and the 
incorporation of bowel segments into the urinary 
tract	 may	 have	 metabolic	 consequences	 [367].	
Hyperchloraemic metabolic acidosis can occur if 
ileal	and/or	colon	segments	are	used,	as	well	as	
malabsorption	 of	 vitamin	 B12	 and	 bile	 acid	 after	
the use of ileal segments. Blackburn et al demon-
strated	 a	 reduction	 in	 serum	B12	 level	with	 time	
following	 ileocystoplasty	 in	 44%	 of	 their	 patients	
at	7-year	 follow-up	and	 recommended	 that	 these	
patients	should	have	their	B12	levels	measured	in	
the	long	term	[368].	

There has been concern about the incidence of 
secondary malignancies that may develop as a 
long-term consequence of bladder augmentation. 
Using colonic segments, tumours are most likely 
to occur at the ureteral implantation site. To pre-
vent metabolic complications, careful patient se-
lection and meticulous and lifelong follow up, as 
well as prophylactic treatment, are mandatory. En-
doscopy for early detection has been recommend-
ed,	 starting	10	 years	postoperatively	 for	 patients	
who underwent surgery for a benign condition. Of 
interest, Higuchi et al retrospectively review their 
registry	 of	 153	 patients	 with	 an	 ileal/colonic	 AC	
and a matched control population and found that 
AC does not appear to increase the risk of blad-
der malignancy over the inherent cancer risk as-
sociated with the patient’s underlying congenital 
abnormality	 [369].	 Immunosuppression	 irrespec-
tive of bladder treatment was an independent risk 
factor for malignancy in their patient population.

Conclusion and Recommendtions

Level I Evidence: 

There have been no randomised controlled trials, 
double blind or sham-controlled trials or cohort stud-
ies which have examined the effects of enterocysto-
plasty for the treatment of NDO or directly compared 
it to another therapy for the same indication, (Rec-
ommendation grade C) . Also the role of entero-
cystoplasty	is	not	deined	in	subjects	with	idiopathic	
detrusor overactivity. (Recommendation grade D)

Other Evidence: 

The conclusions of several recent reviews on the 
role of AC indicate that the overwhelming predomi-
nance of literature is dedicated to AC in patients with 
a	neurogenic	bladder	[370,	371].	By	some	estimates,	
approximately	10%	of	 reports	 in	 the	 literature	have	
examined the results of AC in adults with IDO. These 
include only case series (LOE=4). Since the publica-
tion of the 4th International Consultation on Incon-
tinence, there have been few additions to the AC 
literature for IDO (See Table). The studies differ in 
several ways. Most include both males and females, 
and some include a varying number of patients with 

NDO. Additionally, length of follow-up differs widely 
and the criteria for success may be considerably dif-
ferent	 and	 inconsistently	 reported	 [372].	 Outcome	
measures have included mostly non-validated ques-
tionnaires	and	subjective	patient	assessments.	Fur-
thermore, continence rates must also be considered 
with caution, as many AC procedures are combined 
with	bladder	outlet	procedures	 [364].	Overall,	 there	
does not appear to be a consensus whether patients 
with	IDO	or	NDO	achieve	better	outcomes	[364,	373,	
374]	The	 reasons	 for	 the	 inconsistencies	 in	patient	
satisfaction in neuropathic patients and non-neuro-
pathic patients remain unclear.

Several variations on the standard AC have 
been recently described. Novel bowel options 
include urothelium lined seromuscular colocys-
toplasty and an appendicular-based caecal flap 
[375-377].	 The	 recent	 incorporation	 of	 robotic-
assisted laparoscopic surgery (RALS) and lap-
aroendoscopic single site (LESS) procedures 
has further added to the surgical options for AC 
[34-40].	While	the	initial	results	are	encouraging,	
long-term outcomes are uniformly absent. Over-
all, due to its invasive nature and potential for 
long-term adverse effects, AC is considered to 
be one of the last choices of treatment in refrac-
tory	IDO	cases	[378].

Initially described by Cartwright and Snow, auto 
augmentation of the bladder was described as 
an alternative option to AC, especially in children 
with	 neuropathic	 bladder	 [379,	 380].	 Auto	 aug-
mentation may be performed by incision (detrusor 
myotomy) or excision (detrusor myectomy) of a 
portion of the detrusor muscle. Either technique 
aims to create an iatrogenic bladder mucosal 
“bulge” or pseudodiverticulum and an increase in 
the storage capacity of the bladder with a con-
comitant decrease in storage pressures. The 
reported advantages of detrusor auto augmenta-
tion over enterocystoplasty is the avoidance of 
complications related to the use of bowel in the 
urinary tract including malignancy, mucous forma-
tion, stones, surgical morbidity related to opening 
and reanastomosis of the GI tract, and metabolic 
acidosis	[364,	381,	382].

Level I Evidence: 

There have been no randomised controlled trials, 
double blind trials or cohort studies which have 
examined the effects of auto-augmentation as a 
treatment for non-neurogenic detrusor overactivity 
incontinence. (Recommendation grade D)

Other evidence: 

There are few studies on auto-augmentation in 
the adult non-neurogenic population and there 

V. AUTO AUGMENTATION
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have been no additions to the literature since 
the publication of the 4th International Consul-
tation on Incontinence (See Table 8 ). One small 
study of 5 patients with urgency incontinence 
showed promising results in all patients at the 
initial postoperative visit, but clinical deteriora-
tion and failure occurred in 4 of the 5 patients 
at	three	months	follow-up	[383].	(LOE=4) Mean 
bladder capacity increased but mean volume to 
first involuntary bladder contraction decreased. 
Four	 of	 the	 5	 patients	 continued	 to	 have	 in-
voluntary bladder contractions on cystometry. 
One	additional	retrospective	study	including	61	
patients with NDO and IDO compared detru-
sor	myectomy	to	AC	[384].	Comparable	clinical	
success was reported for the two procedures; 
however,	there	was	a	22%	incidence	of	serious	
complications	in	the	27	patients	undergoing	AC,	
compared	 to	only	3%	of	 the	33	patients	under-
going detrusor myectomy. 

Long term follow-up of auto augmentation in 
children with neurogenic bladder have for the 
most part demonstrated disappointing results, 
which have been attributed to eventual fibro-
sis	of	 the	pseudodiverticulum	 [382,	385,	386].	
Recently,	 Chrzan	 et	 al	 reported	 promising	 re-
sults on 49 detrusorectomies performed for 
neuropathic bladder at a mean follow-up ap-
proaching	 10	 years	 [387].	 Bladder	 behaviour	
was assessed as good, fair or poor depend-
ing on the volume and intravesical pressure. 
In 24 patients, good bladder compliance and 
capacity were seen before detrusorectomy. 
Good and fair outcomes were observed in 
35	 (71%)	 patients	 at	 1	 year	 and	 in	 39	 (79%)	
patients	 6	 years	 after	 detrusorectomy.	 In	 30	
(60%)	 patients,	 there	 was	 hardly	 any	 differ-
ence between the first and second follow-up. 
In	9	(18%)	patients,	formal	AC	was	necessary.	
Seven patients improved during follow-up, 5 of 
them	after	resuming	oxybutynin.	In	11	patients,	
oxybutynin could be stopped, and in 2 the dos-
age could be reduced to once daily.

In an attempt to improve long-term outcomes 
with this procedure and create a biological 
“backing” and blood supply for the pseudodi-
verticulum, a number of variations of this pro-
cedure have been described. These variations 
have included the use of demucosalised bowel 
segments, stomach, peritoneum and rectus ab-
dominis	muscle	[382,	388-392].	Additionally,	the	
use of an inflatable balloon placed in the bladder 
for 2 weeks after auto-augmentation improved 
long-term	capacity	and	compliance	[393].	Long-
term follow-up demonstrating favourable clini-
cal results with these variations is lacking. This 
technique is no longer considered as an option 
for surgical management of detrusor overactiivty. 
(Recommendation grade F).

1. PREOPERATIVE STAGING

Since	 the	 last	 consultation,	 relatively	 insigniicant	
data have emerged on the treatment and surgi-
cal management urethral diverticula. No new data 
have	 been	 published	 regarding	 classiication	 sys-
tems and many are now characterised on the basis 
of	MRI,	presentation	and	size.	A	variety	of	 imaging	
techniques need to be investigated for urethral diver-
ticula. The MRI is widely used for evaluation. Dwar-
kasing,	et	al.,	 in	2011	 [408]	 reported	a	study	of	60	
women undergoing evaluation of urethral diverticula. 
They	emphasized	the	importance	of	T2-weighted	se-
quences and the use of endoluminal coil placement 
in the vagina to produce best overall results. Using a 
combination	of	techniques,	they	had	100%	sensitiv-
ity	and	speciicity	for	diagnostic	tests.	Some	groups,	
however, have found MRI to be nonconsistent with 
indings	 at	 surgery.	 Chung,	 et	 al.,	 [409]	 [2010]	 as-
sessed	a	case	series	of	76	women	who	underwent	
diverticulectomy	 (41	 actually	 ?	 had	 pre-operative	
MRI scanning. In ten of those patients the discrep-
ancy	between	MRI	imaging	and	surgical	indings	was	
noted. MRI mis-diagnosed one diverticulum as a Bar-
tholin’s cyst. In another case a sterile abscess was 
diagnosed as urethral diverticulum. In two cases MRI 
was not sensitive enough to determine a malignancy 
within	the	diverticulum.	Porten	et	al.,	[2011]	[410]	as-
sessed MRI evaluation and other imaging modalities 
including VCUG and CT scan. MRI was felt by these 
authors to be a useful adjunct for determining the ex-
tent of surgical dissection and any other complicating 
factors	related	 to	 the	diverticulum	size	or	presenta-
tion.	 Han,	 et	 al.,	 [411]	 [2007]	 analysed	 30	 women	
undergoing diverticulectomy with pre-operative MRI. 
They found the MRI useful for surgical planning es-
pecially in cases of large, complicated or circumfer-
ential diverticula. 

Foster	 et	 al.,	 [412]	 [2007])	 also	 identiied	 the	utility	
of MRI imaging in diagnosis and surgical planning in 
women.	In	a	study	of	27	women,	15%	of	the	patients	
had altered surgical management based upon pre-
operative staging with MRI scanning.

Additional staging studies continue to be utilised in-
cluding VCUG. Double blend retrograde urethrogra-
phy is not considered of historic interest only. Recent 
data regarding transvaginal ultrasonographic evalu-
ation also demonstrated the utility of this technqiue 
Wu,et	 al.,	 [413]	 (2009)	 reported	 the	utility	 of	 trans-
vaginal	ultrasound	for	determination	of	size,	content	
and location of the diverticulum and had good cor-
relation	with	operative	indings.	

2. TREATMENT

Since the last report, various management op-
tions	have	been	reported.	Ljungqvist,	et	al.,	[414]	

VI. URETHRAL DIVERTICULUM
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Author Yr Dx No. 

Pts 

Pop Mean 

F/U (m) 

Type of 

Augment 

% Complete 

Continence 

>50% 

Continence 

% Subjective 

Success 

Bramble [394] ‘82 I 15 Adult 30 Ileum 

Sigmoid 

- - 87 (C+I) 

Mundy [395] ‘85 I 

N 

32 

8 

Adult 12 Ileum - - 90 

Kockelbergh [396] ‘91 I 

N 

42 

3 

Adult 20 Ileum (40) 

Colon (5) 

- - 71 (C+I) 

George [397] ‘91 I 31 Adult 48 Ileum - - 74 

Kennelly [398] ‘94 I 

N 

2 

3 

Adult 9 Detrusor 
Myectomy 

- 100 (C+I) - 

Hasan [373] ‘95 I 

N 

35 

13 

Adult 38 Ileum (46) 

Colon (2) 

- - 58 (C+I) 

Kelly [399] ‘97 I 

N 

19 

8 

Adult 18 Ileum - - 72 (C+I) 

ter Meulen [383] ‘97 I 

N 

1 

4 

Adult 3 Detrusor 
Myotomy 

20 - - 

Awad [400] ‘98 I 51 Adult 75 Ileum - - 78 (C+I) 

53 (happy) 

Venn[401] ‘98 
I 

N 
(267) Adult 36 min Ileum 93 (for IDO) - - 

Swami [402] ‘98 I 

N 

17 

10 

Adult 27 Detrusor 

Myectomy 

- - 63 (C+I) 

Leng [384] ‘99 I 

N 

37 Adult N/A Detrusor 

Myectomy 

- 73 (C+I) - 

Edlund [403] 
‘01 

I 

N 

25 

5 

Adult 60 Ileum - - 78-90 

Ivil [404] ‘02 I 

N 

17 

1 

Adult 11 Ileum (17) 

Sigmoid (1) 

83 - - 

Kumar [405] ‘05 I 

N 

24 

6 

Ped+ 
Adult 

79 med Detrusor 
Myectomy 

- 70 (C+I) 
- 

Blaivas [406] ‘05 I 

N 

9 

41 

Adult 107 Ileum (65) 

[11 supravesical 
diversion] 

- 100 (IDO 
only) 

- 

O 26 

Barrington [407] ‘06 I 12 Adult 12 Porcine Dermis - - 83 (improved) 

 

Table 8: Outcomes of AC for non-neurogenic detrusor overactivity

Key: Dx: diagnosis; N: neurogenic; I: idiopathic; O: other; C+I: cured and improved.
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(2007)	 reported	 a	 long	 follow-up	 series	 of	 68	
women who underwent standard urethral divertic-
ulectomy.	They	noticed	over	a	26	year	follow-up,	
that	11	of	 the	68	women	experienced	diverticula	
recurrence and urinary incontinence of varying 
degrees. Dyspareunia was also noted in these 
patients	with	recurrence.	Despite	this,	92%	of	the	
patients would recommend surgery, in their study. 
One small fistula was also identified over long-
term follow-up in their patients. Recent analysis 
of surgical procedures performed in the United 
States of America over a twenty year period, 
(Burrows,	et	al,	2005)	 [415]	assessed	 frequency	
of interventions for diverticulectomy in the United 
States	at	6.7	per	1	million	women	per	year.	Rates	
of intervention were three-fold higher for Afri-
can American as opposed to Caucasian women. 
Overall frequency of surgical intervention for di-
verticula has decreased over time. 

Several authors have described standard resec-
tion techniques and these appear to be the most 
commonly and now currently reported (open di-
verticulectomy, transvaginal resection with peri-
urethral dissection and layered closure being the 
most common technique). This technique now is 
the most commonly performed, (Rovner, et al, 
2007)	 [416].	 Lee	 et	 al	 (2009)	 [417]	 reported	 the	
use of SIS graft and noted good response in a 
single	 patient	 where	 this	 was	 utilized.	 Addition-
ally, bovine pericardium has also been used for 
this	purpose	(Tolosa	Eizaguirre,	et	al,	2012)	[418].	
Native tissue appears to be best for this purpose. 
Additionally, pericardium has recently been de-
scribed as another type of interpositional graft 
with good results in a single case study (Gunas-
ekaran	et	al,	 2011)	 [419]	Recent	urologic	guide-
lines,	Dmochowski	 et	 al.,	 [420]	 stressed	 the	 im-
portance of not placing synthetic materials over a 
fresh urethrotomy at the time of diverticular repair 
due to concerns regarding erosion.

Recently, increased reports of diverticula formation 
related to midurethral tape formation have been 
identiied.	 The	 irst	 report	 in	 the	 English	 literature	
occurred	in	2007	(Hammad)	[421],	since	then	Mah-
dy,	 et	 al,	 2008,	 [422]	 and	 Athanasopoulos,	 2008	
[423]	have	both	described	diverticula	occurring	after	
implantation of transvaginal tape presumably due to 
excess tension placed on the midurethral tape. 

The importance of differential diagnosis continues 
to be critical as women with chronic pelvic pain are 
sometimes found to have a urethral diverticulum 
(Fletcher,	et	al	2009)	[424].	Foley	et	al,2011,[425]	
identified the importance of critical evaluation in 
differential diagnosis and accurate assessment 
of these individuals. Another important aspect in 
consideration of surgical management of urethral 
diverticula is potential risk of malignant chane 
within	 these.	 Thomas	 et	 al.	 2008	 [426],	 Ninety	
women going through diverticulectomy at a single 

institution. Neoplastic changes were identified in 
five patients of whom all were glandular carcino-
mas. The potential for metaplasia occurring in 
these lesions is needs to be stressed. Reopera-
tion for diverticulum has recently been assessed. 
(Ockrim,	 et	 al	 2009)[427]	 evaluated	 a	 group	 of	
women who had undergone previous intervention 
for diverticulum requiring repeat resection. The 
resection was secondary either to incomplete 
resection	 and/or	 recurrence	 of	 the	 diverticulum.	
The authors found that a standard approach 
utilising a sling or Martius fat pad labial graft in-
terposition provided the best results in their com-
plicated series. 

3. RECOMMENDATIONS 

All reports are Level III in terms of evidence and 
there continues to be a lack of comparative reports 
assessing different techniques. All current series 
are retrospective in nature there is a need for pro-
spective randomised assessment of management 
of	these	patients.	Functional	assessment	across	all	
domains	 of	 pelvic	 loor	 activity	 (pain,	 continence,	
urinary storage, and sexual function) are critical to 
the complete assessment of urethral diverticulae. 
(Grade of recommendation B/C) 

The	artiicial	urinary	sphincter	continues	to	be	used	
as a surgical option for sphincter dysfunction in 
women solely a salvage procedure (after multiple 
failed previous procedures or special circumstanc-
es). There is limited but now some long term experi-
ence with the sphincter as a primary intervention.

Since the last publication, there have been sev-
eral longer term follow-up studieswhich will be ref-
erenced below. The device may be placed either 
transvaginally, trans-abdominally or recently de-
scribed as being placed laparoscopically. Success 
(cure or improvement of stress incontinence) rates 
overall	range	between	76	and	89	per	cent.	

More recent results have been reported in small 
groups	(Hoda,et	al)	[428]	reported	experience	with	
two women who underwent open implantation of 
a sphincter(endoscopic extraperitoneal approach, 
laparoscopic) . The overall operating time for these 
cases	was	120	minutes.	Both	women	were	reported	
as being continent after the device implantation A 
slightly larger experience with laparoscopic inser-
tion	of	artiicial	urinary	sphincter	reported	has	been	
reported	by	Roupret	et	al	[429]	.	Twelve	women	un-
derwent laparoscopic insertion of a sphincter over 
a two year period, eleven of whom had undergone 
previous procedures. After a variable period of ac-
tivation ranging from four to fourteen weeks, with 
a	mean	 follow-up	of	12.1	month	 (range	5.2	 to	27)	
incontinence	was	cured	in	88%	of	the	women.	Com-

VII.  ARTIFICIAL URINARY SPHINCTER 
IN WOMEN
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plications included the need for open conversion in 
two patients, two bladder injuries, two vaginal inju-
ries	with	an	overall	complication	rate	of	25%.

Mandron,	et	al,	 [430]	contemporaneously	 report-
ed their experience with 25 patients undergoing 
laparoscopic AUS implantation over a four year 
timeframe. No cases required open conversion 
and the authors reported only an intraoperative 
complication,	 Of	 vaginal	 perforation.	 Five	 of	 the	
patients developed urinary retention which re-
quired re-catheterisation for a short period (no 
longer than four weeks). At a mean follow-up of 
26.1	 months,	 two	 patients	 failed	 due	 to	 vaginal	
erosion and required removal of the AUS, how-
ever, 23 patients reported continence, either total 
[19]	or	social	(minimal	pad	use)	[4].	

Longer term follow-up has been reported by sev-
eral	 groups	 recently.	 Chung	 et	 al	 [431]	 reported	
twenty-ive	year	a	single	institution	experience	with	
sphincter	 implantation	 in	 47	 consecutive	 women,	
of whom 35 had failed previous anti-incontinence 
surgery.	 Two	wound	 infections	 were	 identiied	 af-
ter	 insertion.	Of	 the	47	patients	83%	still	 retained	
a	 functional	 sphincter	 at	 follow-up.	 Eight	 (17%)	
required removal due to erosion or infection. Ad-
ditionally 20 revisions were required; the majority 
due	 to	 mechanical	 complications.	 Kaplan–Meier	
analysis	revealed	slightly	over	80%	of	devices	still	
working	after	100	months.	Continence	rate	(no	pad	
use)	at	the	time	of	follow-up	was	59%.	

Vayleux,	et	al.,	 [432]	 reported	an	analysis	of	215	
women undergoing sphincter implantation over 
a	22	year	period.	 88%	of	women	had	undergone	
previous	treatment	for	 incontinence.	73.5%	of	the	
patients	 were	 considered	 continent	 (0	 to	 1	 pad	
use)	at	follow-up.	170	(or	79%)	were	satisied.	The	
revision	rate	in	this	group	was	15.3%	after	a	mean	
interval	of	8.47	years.	15	explantations	(7%	of	to-
tal) were performed. The major risk factor for intra-
operative complications was a history of smoking 
(10.7%).	Multivariate	analysis	 revealed	age	 to	be	
the	major	 risk	 factor	 for	 failure	 (odds	 ratio	 2.46),	
which	occurred	 in	23.7%	of	 the	subjects.	 In	addi-
tion, pelvic radiotherapy was also associated with 
failure	 (	 4.37	 odds	 ratio).	 The	 largest	 long	 term	
analysis was recently published by Costa, et al., 
[433]	.	Over	a	20	year	period,	376	devices	were	
implanted in 344 women. At mean follow-up of 
9.6	years,	85.6%	of	patients	were	fully	continent	
(no incontinence), 8.8 were socially incontinent 
(occasional	incontinence	epsiode)	and	5.6%	were	
incontinent	 (deined	 as	 one	 pad	 or	more	 inconti-
nence).	 Three,	 ive	 and	 ten	 year	 device	 survival	
rates	by	Kaplan-Meier	analysis	were	92%,	88.6%	
and	 69.2%.	 Mean	 mechanical	 survival	 time	 was	
176	 months	 (14.7	 years).	 The	 authors	 identiied	
three factors for AUS survival including number of 
previous incontinent procedures, presence of as-
sociated neurogenic disease, and simultaneous 

augmentation procedure. Recent Cochrane Da-
tabase	Review	(Lipp,et	al),	 [434]	 failed	 to	 identify	
any subsequent new data regarding the experi-
ence	of	artiicial	urinary	sphincters.

Two trials have also assessed role of the sphinc-
ter in women as a salvage procedure. Chung et 
al.,	[435]	reviewed	29	patients	in	whom	AUS	was	
implanted after failed anti-incontinence proce-
dures.	5	(17%)	of	those	patients	required	explan-
tation of the device either due to erosion or in-
fection.	In	addition,	13	revisions	were	performed	
with	 device	 malfunction	 accounting	 for	 95%	 of	
those cases. Overall survival analysis revealed 
90%	malfunction	of	 the	device	at	 less	 than	100	
months from the time of implant. There was a 
significant decrease in pad use noted in the trials 
and overall continence rates ( no pad use) were 
70%	in	this	study.

Other	 additional	 device	modiications	 have	 includ-
ed the use of a larger implanted cuff (greater than 
8cm).	Revaux,	et	al.,	[436]	reported	50	women	who	
underwent implantation with a large cuff device over 
a	23	year	period,	of	whom	86%	had	undergone	pre-
vious incontinence procedures. 

At a mean follow-up of eight years, 34 women had 
complete	 resolution	 of	 their	 incontinence	 (68%).	
Factors	 that	 were	 associated	 with	 device	 surviv-
ability included less than two pregnancies, urethral 
closure	 pressure	 higher	 than	 19cm	of	H2O	and	 a	
cuff	size	equivalent	to	8	cm.	

Several consensus statements regarding use of the 
artiicial	urinary	sphincter	have	 recently	been	pub-
lished.	Chartier-Kastler,	et	al.,	[437]	noted	a	higher	
risk of erosion and revision rates in women after 
multiple previous procedures. The authors conclud-
ed that the theAUS should be implanted at high vol-
ume specialist centres with appropriate knowledge 
and experience in the management of complex 
cases of incontinence. 

Richard,	et	al.,	[438]	reported	the	recommendations	
of the committee in Women’s Urology and pelviperi-
neology	of	the	French	Association	of	Urology.	This	
guideline recommended avoidance of patients who 
had not had multiple prior procedures and where a 
well standardised technique performed by surgeons 
with	regular	experience	and	suficiently	 long	deac-
tivation after implantation, long term monitoring as 
key aspects for device success. 

Lovatsis	et	al.,	[439]	summarised	the	guidelines	for	
the evaluation of treatment of urinary incontinence 
for the Society of Obstetricians and Gynaecologists 
of Canada. The authors concluded that the AUS was 
an	 option	 in	 patients	 with	 signiicantly	 decreased	
dexterity and mobility (recommendation of III-C). 

Modiications	 of	 the	 sphincter	 have	 been	 report-
ed and evolution of the device types continues. 



1358

Garcia-Montes,	et	al.,	 [440]	reported	a	new	type	of	
sphincter	known	as	the	FlowSecure	device.	Feasibil-
ity of implantation was assessed and noted to be rea-
sonable. The authors concluded that further research 
and development of the device should continue. 

Conclusion and Recommendations

All reports are Level III/IV  in terms of evidence 
and there continues to be a lack of comparative 
reports assessing different techniques. All current 
series are retrospective in nature and there is a 
need for prospective randomised assessment of 
management of these patients. (Evidence Level 
III/IV). Evidence is available to support the use of 
the artificial sphincter for the indications of recur-
rent and primary incontinence (Grade of recom -
mendation is B/C) .

1. INTRODUCTION

Surgery remains the main stay in the management 
of women with stress urinary incontinence and there 
are many different operations and procedures re-
ported. Success rates are often found to vary sig-
niicantly;	 this	 may	 be	 due	 to	 many	 confounding	
factors	some	of	which	may	be	modiiable	and	some	
which are not.

The purpose of this review is to update the previous 
report on confounding variables published in the 
4th consensus with the more recently reported evi-
dence. A Medline search was performed from 2008 
onwards and, for convenience; the confounding 
variables are subdivided as in the previous report. 
For	 the	 purposes	 of	 this	 update	 only	 new	 studies	
will be included.

2. AGE

There have been several recent papers investigat-
ing the effect of age on continence surgery since the 
last report and a large Australian epidemiological 
study has demonstrated that the number of proce-
dures,	particularly	 in	 the	elderly	 is	 increasing.	 [441]	
Data	from	Medicare	Australia	from	1994	-2009	were	
analysed and showed that there was almost a dou-
bling of procedures for stress urinary incontinence 
over a three year period following the introduction 
of	mid-urethral	tapes.	Over	the	15	year	period	there	
was	an	87%	increase	in	women	over	55	years	old	as	
compared	to	a	1%	increase	in	younger	women.	Mid	
urethral slings were the most commonly performed 
procedure	and	accounted	for	85.5%	of	all	operations	
for	stress	urinary	incontinence	performed	in	2009	(14	
mid urethral slings for every one colposuspension).

Although now less commonly performed both col-
posuspension	and	pubovaginal	sling	remain	efica-
cious procedures for stress urinary incontinence. 
The Stress Incontinence Surgical Treatment Ef-

icacy	 Trial	 investigated	 the	 effect	 of	 age	 on	 both	
perioperative and postoperative outcome with both 
procedures	 in	 659	 women.	 [442]	 The	 older	 group	
(mean	 age	 69.7	 years)	 were	 compared	 with	 a	
younger group (mean age 49.4 years). Overall older 
women had slightly longer return to normal activities 
(50 days vs 42 days; p=0.05) although there were 
no	 differences	 in	 the	 return	 to	 normal	 voiding	 (14	
days	vs	11	days;	p=0.42). In addition older women 
were more likely to have a positive stress test at 
follow	up	(OR	3.7;	95%CI:	1.70-7.97;	p=0.001),	less	
subjective improvement in both stress and urgency 
symptoms and were also more likely to require redo 
surgery	(OR	3.9;	95%CI:	1.30-11.48).

The	safety	and	eficacy	of	mid	urethral	sling	surgery	
has been investigated in a large Australian series 
of	 1225	women	 (955	 retropubic	 and	 270	 transob-
turator) which compared outcomes in the elderly 
(96	women	≥	80	years)	 to	 those	 in	younger	wom-
en	 (1016	women	 <	 80	 years).	 [443]	Overall	 there	
was	no	signiicant	difference	in	subjective	cure	be-
tween	the	two	groups	(elderly	81%	vs	younger	85%;	
p=0.32). Whilst there were no differences in blad-
der perforation rates the hospital stay was longer in 
the	elderly	group	(1.6	±	1.7	days	vs	0.7	±	1.1	days;	
p<0.001).	In	addition	there	was	a	higher	incidence	
of	 short	 term	voiding	dificulties	 in	 the	elderly	with	
37%	failing	their	 initial	 trial	of	void	as	compared	to	
9%	in	the	younger	group	(p<0.001).	However	there	
were no differences in long term voiding problems 
(elderly	 8%	vs	 younger	 6%;	p=0.21)	 and	de	novo	
urge	symptoms	occurred	in	7%	of	both	groups.

These	 indings	 are	 supported	 by	 a	 further	 study	
investigating	 the	 safety	and	eficacy	of	TVTO	 in	a	
consecutive	 series	 of	 97	 older	 women	 aged	 over	
70	years	(mean	75	years)	and	256	younger	women	
(mean	55	years).	[218]	Mean	follow	up	was	30	±17	
months and post operative morbidity was similar 
in	 both	 groups	 although	 there	 were	 signiicantly	
more recurrent urinary tract infections in the elder-
ly	 (13.7%	 vs	 6.2%).	 Post	 operative	 asymptomatic	
urodynamic stress incontinence (USI) was found 
more	commonly	in	the	elderly	group	(19%	vs	3.7%;	
p<0.05)	although	 the	 rate	of	 overt	USI	was	5%	 in	
both. Whilst the incidence of persistent overac-
tive bladder (OAB) was similar in both elderly and 
younger	 women	 (68%	 and	 62%	 respectively)	 de	
novo	OAB	was	higher	 in	 the	elderly	group	 (11.9%	
vs	4.7%;	p<0.05). 

A	 smaller	 prospective	 questionnaire	 survey	 of	 100	
women	undergoing	tension	Free	Vaginal	Tape	(TVT)	
has also investigated the effect of age on outcome of 
surgery. Those women with more severe symptoms 
preoperatively were found to have a greater improve-
ment in the symptom of stress incontinence and 
Quality of Life (QoL) and age did not appear to have 
an	effect	on	outcome	 [444]	although	 these	indings	
are	contradicted	by	a	larger	study	of	537	women	un-
dergoing a retropubic or transobturator mid urethral 

VIII. CONFOUNDING VARIABLES
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sling	which	found	a	signiicant	detrimental effect of 
age	and	menopausal	status.[445]

Patient reported outcomes have become increas-
ingly important in the evaluation of women follow-
ing surgery and a small retrospective cohort study 
has	 been	 reported	 in	 122	 younger	 women	 (<65	
years)	and	70	older	women	 (≥	65	years)	who	had	
combined surgery for SUI and urogenital prolapse. 
[446]	At	mean	 follow	 up	 of	 10	 ±	 1.2	months	 both	
groups	reported	signiicant	subjective	improvement	
in symptoms and QoL although the older group had 
an	increased	risk	of	SUI	treatment	failure	(OR	1.10;	
95%	CI:	1.05-2.5)	but	not	prolapse	treatment	failure	
(OR	0.90;	95%CI:	0.29-2.8).	A	further	study	investi-
gated preoperative and postoperative factors which 
correlated	with	surgical	 satisfaction	 in	371	women	
following	fascial	or	mid	urethral	sling	surgery.	[447]	
Overall increasing age (OR 0.8; p=0.002), body 
mass index (BMI) (OR 0.8; p=0.003) and autolo-
gous fascial sling (OR 0.5; p=0.003) were associ-
ated with decreased odds of satisfaction. 

3. RACE

There have been four papers evaluating the effect 
of race on the outcome of continence surgery since 
the last report. A large epidemiological study exam-
ining	 129	 778	 women	 who	 underwent	 continence	
surgery in the United States in 2003 found the over-
all	rate	of	12	surgical	procedures	per	10	000	wom-
en.	This	igure	was	10	per	10	000	 (95%	CI:	7-12)	
in	white	women	and	dropped	to	3	per	10	000	(95%	
CI:	0-9)	and	6	per	10	000	(95%	CI:	0-13)	in	women	
of	other	ethnicity.	[448]	This	is	further	supported	by	
Medicare data from the United States which showed 
higher operation rates for SUI in white and Hispanic 
women when compared to black or Asian women 
(p<0.01).	[449]

A further analysis of the Stress Incontinence Sur-
gical	 Treatment	 Eficacy	Trial	 examined	 the	 effect	
of	racial	group	in	654	women	(	11%	Hispanic,	73%	
non	–	Hispanic	white,	6.7%	non-	Hispanic	black	and	
8.9%	 were	 of	 other	 ethnicity)	 following	 colposus-
pension or pubovaginal sling. Overall there were 
no differences seen between groups in any of the 
urinary	incontinence	measures	investigated.	[450]

The function of the continence mechanism has also 
been compared in a cross sectional population based 
study	of	335	black	and	white	women	aged	35-64	years	
classiied	 as	 continent	 (n=137),	 stress	 incontinent	
(n=102)	and	urge	incontinent	(n=96).	[451]	When	com-
paring black women to white women the maximum ure-
thral	closure	pressure	(MUCP)	was	22%	higher	(68.0	
vs 55.8 cmH20; p<0.0001).	In	addition	white	and	black	
women complaining of stress incontinence were found 
to	 have	 an	MUCP	 19%	 and	 23%	 respectively	 lower	
than controls. The MUCP in white women with urgency 
incontinence was as low as those white women with 
stress incontinence although black women with urgen-
cy incontinence had normal urethral function.

4. OBESITY

Whilst there are now considerable data linking se-
verity of incontinence with obesity the evidence 
regarding the effect on continence surgery is less 
robust. Evidence from a large series of mid ure-
thral tape procedures has shown no effect of BMI 
in	terms	of	outcome.	[445]	This	 is	supported	by	a	
further	study	of	195	women	who	were	followed	up	
for one year following TVT which showed no differ-
ence	in	outcome	in	different	BMI	cohorts.	[452]	The	
risk of perioperative morbidity however is higher 
with an increased risk of pain following transobtu-
rator	sling	placement	(OR	2.51;	95%	CI:	1.01-6.22)	
and	 of	 hip	 and	 thigh	 pain	 (OR	 1.99;	 95%:	 0.79-
4.99)	in	obese	women.	[453]	This	however	is	con-
tradicted	by	a	retrospective	review	of	129	women	
with	 BMI	 <	 30	 kg/m2	 and	 69	 with	 BMI	 ≥	 30	 kg/
m2.	Overall	the	bladder	injury	rate	was	signiicantly	
higher	in	those	patients	with	lower	BMI	(14.0%	vs	
4.3%;	 p=0.04). After controlling for confounding 
factors	BMI	<	30	kg/m2	remained	a	risk	factor	for	
bladder	 injury	 (OR	4.63;	95%	CI:	1.20	 -17.86)	as	
did	previous	continence	surgery	(OR	3.55;	95%	CI:	
1.01-12.50).	[454]

5. PSYCHIATRIC ILLNESS

There have been no new relevant publications since 
the last report.

6. ACTIVITY

There have been no new relevant publications since 
the last report.

7. PREVIOUS CONTINENCE SURGERY

Surgical success rates often tend to be lower in 
those women having redo continence surgery and 
there have been several studies examining this 
since	the	last	consensus	statement.	The	eficacy	of	
redo colposuspension has been reported in a case 
series of 52 women from one centre with an objec-
tive	cure	rate	of	78%	and	a	subjective	cure	rate	of	
80%.	 [455]	 The	 role	 of	 redo	 laparoscopic	 colpo-
suspension following a failed mid urethral tape has 
also been assessed in a smaller retrospective case 
series	of	16	women.	At	a	median	follow	up	of	24.5	
months objective and subjective cure rates were 
54.5%	and	92.9%	respectively.	[456]

There is now also a considerable amount of data 
examining	 the	eficacy	of	mid-urethral	 tape	proce-
dures	following	failed	previous	surgery.	The	eficacy	
of TVT following failed previous continence surgery 
has been reported in a prospective follow up study 
of	130	women	in	Finland.	Of	these	60	women	had	
recurrent	 and	 70	 primary	 incontinence.	 Overall	
there were no differences between the groups in 
terms	of	transient	voiding	dificulties	and	complica-
tions. At three year follow up satisfaction rates were 
86%	and	91%	in	the	recurrent	and	primary	groups	
respectively	and	the	subjective	cure	rate	was	93% 
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in	both.	At	follow	up	20%	of	those	having	recurrent	
surgery complained of de novo urge symptoms 
as	 compared	 to	 5.7%	 in	 the	 primary	 group.	 [457]	
A small series of 24 women with recurrent urinary 
incontinence	 and	 intrinsic	 sphincter	 deiciency	 fol-
lowing Burch colposuspension has also reported an 
objective	success	rate	of	70.8%	following	TVT.	[458]

In addition to studies investigating the use of the 
retropubic approach there are also several studies 
investigating	the	eficacy	of	the	transobturator	ap-
proach in recurrent stress incontinence. A second-
ary analysis in a large Scottish study comparing 
inside-out	TOT	with	outside-in	TOT	in	341	women	
assessed	outcome	in	a	subgroup	of	46	women	with	
recurrent	 incontinence	 at	 one	 year.	 [212]	Overall	
the subjective and objective success rates were 
69.9%	and	76.5%	respectively	and	there	were	no	
differences between the two routes. Once again 
in this study a low MUCP (<30 cmH2O) was the 
only independent risk factor for failure (OR: 4.52; 
95%CI:	 1.51-56.1;	 p=0.016).	 A	 smaller	 series	 of	
29 women with recurrent stress incontinence fol-
lowing a previous colposuspension has also been 
reported in 29 women who had a TVT or TOT with 
cure	rates	of	62.1%	after	one	previous	procedure	
and	57.1%	after	two.	[459]

There is now also increasing evidence to support 
the use of a redo mid-urethral sling in those women 
who have previously had a failed mid-urethral sling. 
In	a	large	series	of	1	225	women	reported	from	Aus-
tralia	1	112	were	a	primary	procedure	and	77	were	
secondary	 procedures.	 [460]	All	 redo	 slings	 were	
placed	without	 removal	 of	 the	 irst.	Those	women	
having a redo procedure were more likely to have in-
trinsic	sphincter	deiciency	(31%	vs	13%;	p<0.001)	
and	cure	 rates	were	86%	and	62%	 in	 the	primary	
and secondary procedures respectively. A repeat 
retropubic	 approach	 was	 signiicantly	 more	 suc-
cessful	that	a	repeat	transobturator	approach	(71%	
vs	 48%;	 p=0.04). Whilst complications were simi-
lar	 in	both	groups	de	novo	urgency	(30%	vs	14%;	
p<0.001)	 and	 urgency	 incontinence	 (22%	 vs	 5%;	
p<0.001)	were	more	common	with	redo	surgery.	A	
further	study	has	reported	on	31	patients	who	had	
a	 TVT	 after	 a	 failed	mid	 urethral	 tape	 with	 an	 18	
month follow up. Overall objective cure assessed 
using	a	pad	test	was	74%	with	a	6%	improvement	
rate	and	19.5%	failure	rate	whilst	objective	cure	as-
sessed	with	urodynamics	was	77.4%.	The	subjec-
tive	cure	rate	was	71%.	[210]	(also,	see	section	on	
mid-urethral slings).

8. CONCOMITANT HYSTERECTOMY

There have been no new relevant publications since 
the last report.

9. SEVERITY AND DURATION OF SYMPTOMS

There have been no new relevant publications since 
the last report.

10.   DETRUSOR OVERACTIVITY AND STRESS 
INCONTINENCE

There have been four papers assessing the effect 
of detrusor overactivity as a confounding variable 
in stress incontinence surgery since the last report. 

A	large	Australian	cohort	study	has	reported	on	754	
consecutive women with stress urinary incontinence 
and	urgency	 (SUI)	and	514	women	with	stress	uri-
nary incontinence and urgency urinary incontinence 
(UUI) who had a mid urethral sling and were followed 
up	 for	 a	mean	 of	 50	months.	 [208]	Overall	 persis-
tent urgency was commonly reported in both groups 
(SUI	40%	and	UUI	32%).	 In	 the	SUI	group	coexis-
tent	 detrusor	 overactivity	 (OR	 2.04;	 95%CI:	 1.39-
3.01),	 baseline	 symptom	 severity	 (OR	 1.41;	 95%	
CI:	1.10-1.78)	and	age	(OR	1.03;	95%CI:	1.02-1.04)	
increased the risk of persistent urgency. Conversely 
transobturator	 sling	 (OR	 0.61;	 95%CI:	 0.39-0.94)	
and	 concomitant	 prolapse	 surgery	 (OR	 0.54;	 95%	
CI:	0.38-0.75)	decreased	the	risk.	 In	the	UUI	group	
coexistent	 detrusor	 overactivity	 (OR	 1.86;	 95%	CI:	
1.18-2.93)	baseline	symptom	severity	(OR	1.88;	95%	
CI:	 1.38-2.56),	 previous	 continence	 surgery	 (OR	
2.18;	95%	CI:	1.28-3.70)	increased	the	risk	of	persis-
tent urgency whilst apical prolapse surgery (OR 0.33; 
95%	CI:	0.15-0.70)	decreased	the	risk.

A	further	study	of	121	women	has	investigated	the	
risk factors affecting outcome after TVT and TOT. 
Multivariate analysis revealed that preoperative de-
trusor overactivity was an independent risk factor 
affecting	 cure	 after	 TVT	 (OR	 113.1;	 95%CI:	 1.84-
6592.77;	p=0.02)	 or	TOT	 (OR	 23.7;	 95%CI:	 1.63-
344.53; p=0.02) and MUCP <40 cmH2O (OR 8.34; 
95%CI:	1.52-45.65;	p=0.01)	was	a	risk	factor	in	the	
TOT	group.	[167]

A case control study in 34 women with mixed in-
continence matched for age and type of procedure 
has	 shown	 a	 signiicantly	 higher	 rate	 of	 failure	 in	
the	TOT	group	(29.4%)	compared	to	the	TVT	group	
(0%).	 In	 addition	 women	 were	 signiicantly	 more	
likely to require repeat surgery following TOT (OR 
10.1:	95%	CI:	2.6-38.2).	[116]

11. URETHRAL OCCLUSIVE FORCES

Since the last report there have been several pa-
pers investigating the role of the urethra on out-
come following continence surgery.

The	role	of	urethral	mobility	and	intrinsic	deiciency	
on outcome following mid urethral tape has been 
assessed	 in	 two	 studies.	 The	 irst	 of	 these	 inves-
tigated	 134	 women	 following	 transobturator	 tape	
insertion.	Overall	86%	reported	subjective	cure	and	
14%	 complained	 of	 persistent	 symptoms.	 Median	
preoperative	urethral	mobility	was	signiicantly	low-
er amongst treatment failures compared to those 
women	who	were	cured	(40	(10-60)	degrees	vs	50	
(10-90)	degrees	;	p=0.0049). In addition women with 
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preoperative mobility <45 degrees were at least four 
time more likely to report incontinence when com-
pared	to	those	with	≥45	degrees	mobility	(29.4%	vs	
6.9%;	RR	4.29;	95%	CI:	1.59-11.60;	p=0.005).	[200]

A	prospective	2	year	study	of	65	women	has	also	
found	that	intrinsic	sphincter	deiciency	with	a	ixed	
urethra is associated with a poorer objective out-
come at 24 months following TOT when compared 
to	intrinsic	sphincter	deiciency	and	urethral	hyper-
mobilty	 and	 hypermobility	 alone	 (66.7%	 vs	 87.5%	
and	96.6%	respectively).	[201]

Two studies have also examined the role of ure-
thral retro-resistance pressure (URP) and surgical 
outcome.	The	irst	of	these	reported	on	100	women	
and found no relationship between URP and sever-
ity of incontinence assessed by a 24 hour pad test. 
In addition there was no correlation between URP 
and	 incontinence	 severity.	 Following	 mid	 urethral	
tape	 insertion	 the	 objective	 cure	 rate	 was	 84.9%	
although	 there	 were	 no	 signiicant	 differences	 in	
pre	and	post	operative	URP	values	(62.7±19.4	cm	
H2O	vs	61.2	±	20.4	cm	H2O;	p=0.57).	[461]	A	fur-
ther	study	of	69	women	has	shown	that	URP	is	not	
predictive	of	outcome	following	TVT.	[462]

12. SURGEON’S EXPERIENCE

All surgical procedures and surgeons are subjected 
to the effect of a ‘learning curve’ and this has re-
cently been assessed in two studies evaluating the 
outcome of mid urethral tapes. The learning curves 
of TVT and TOT have been compared in a study of 
83 women and overall found TVT procedures were 
longer (p=0.025) although the duration was reduced 
after	 the	 surgeon	 had	 performed	 15	 procedures.	
[463]	The	effect	on	outcome	was	not	assessed.

The impact of surgical experience and the effect 
of the learning curve has also been investigated 
in the use of Single Incision Mini Slings (SIMS) in 
a	prospective	 study	 of	 131	 patients	who	had	TVT	
Secur. Overall the study clearly demonstrated im-
proved surgical outcome in those patients who had 
their procedures performed by more experienced 
surgeons. In addition whilst surgical time and intra-
operative complications were not associated with 
surgical experience, the length of postoperative 
catheter use and hospital stay decreased with in-
creasing	experience.	[464]

13. ADJUVANT OESTROGEN THERAPY

The role of oestrogens and lower urinary tract dys-
function remains controversial although there is 
evidence to suggest that vaginal oestrogen therapy 
may be useful in women with symptoms suggestive 
of OAB Since the last report two studies have in-
vestigated the role of adjuvant oestrogen therapy in 
women having continence surgery.

The role of adjuvant vaginal oestrogen therapy 
has been assessed in a prospective study of 59 

post-menopausal women having a TVT procedure. 
[465]	Patients	were	randomised	to	surgery	with	and	
without vaginal oestrogen therapy and followed up 
over	6	months.	Overall	the	incidence	of	OAB	symp-
toms	at	baseline	was	7%	and	this	rose	to	32%	at	6	
months.	Urinary	urgency	was	signiicantly	higher	in	
those women not receiving vaginal oestrogen ther-
apy	(28%	vs	4%;	p=0.01)	although	decreases	in	fre-
quency	and	nocturia	were	not	signiicantly	different.

More recently the role of adjuvant vaginal oestradiol 
(Vagifem, Novo Nordisk) 25mcg has been assessed 
in	 a	 prospective	 randomised	 study	 of	 190	 post-
menopausal women who had a TVTO procedure 
with	6	month	follow-up.	Overall	there	was	no	statis-
tically	signiicant	difference	between	 those	women	
who received oestradiol and those who did not in 
terms of peri operative complications and hospital 
stay. However in the post-operative period those 
women treated with vaginal oestradiol showed a 
statistically	signiicant	decrease	in	the	symptoms	of	
urgency and frequency although not nocturia and 
urgency incontinence. Equally there were no differ-
ence	in	eficacy	rates	between	the	two	groups.	[466]

The last decade has seen a massive expansion in the 
ield	 of	 stress	 urinary	 incontinence	 (SUI)	 research.	
While initially criticised for poor quality research, sig-
niicant	advances	have	been	made	especially	in	the	
area of clinical trials. Indeed, in the United States, 
the National Institute of Health has helped foster 
this improvement with development of clinical trials 
networks	such	as	the	UITN	and	the	PFDN.	In	addi-
tion,	we	have	seen	a	maturation	 in	 the	ield	of	SUI	
research including improvements in the quality of 
trials and the instruments utilised. Use of validated 
outcome measures and properly conducted prospec-
tive trials are now the standard with emphasis being 
placed	on	comparative	eficacy	trials.	

The increase and improvements seen in SUI re-
search has also brought to light the problems that 
investigators typically encounter when assessing 
SUI outcomes. Strohbehn reported “there are as 
many shades of dry as there are shades of gray” 
in his editorial response to the UITN’s SISTER trial 
which reported a wide range between different SUI 
outcome	measures	 [467].	 In	 this	prospective	 ran-
domised	clinical	 trial	 comparing	 the	Fascial	Sling	
and Burch procedures, success for overall incon-
tinence	was	47%	vs	38%,	 respectively	compared	
to	 SUI	 speciic	 success	 which	 was	 66%	 vs	 49%	
respectively.	[125]	Indeed,	it	is	dificult	to	think	one	
can clearly report SUI surgery outcomes when in-
vestigators	 have	 trouble	 deining	 the	 population	
before treatment is initiated. Brubaker reported 
variations in the categorisation of a cohort of wom-

IX. CLINICAL TRIAL OUTCOMES 
USED IN STRESS URINARY
INCONTINENCE RESEARCH
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Author SUI Surgery Composite Outcome Results 
Albo[125] Facial Sling vs Burch 

655 women  
24 months 

*Negative pad test and 
*Negative (no UI) on 3 day diary and 
*#Negative cough test and 
*#No Self reported SUI on MESA and 
*#No retreatment for SUI 
*Required for overall success 
# required for SUI speciic success 

Overall Success: Sling =47% vs. Burch= 
38%, P = 0.01)  
 
SUI speciic success: Sling=66% vs. 
Burch=49%, P<0.001). 

Richter[170] Retropubic vs 
transobuturator 
midurethral sling 
597 women 
12 months 

Objective 
Negative stress test and 
Negative pad test and 
No SUI retreatment and 
 
Subjective 
No Self reported SUI symptoms and 
No leakage reported on 3 day diary and 
No report of SUI retreatment and 

Objective success: retropubic =80.8% vs 
transobturator =77.7% (equivalent) 
 
 
 
Subjective Success: retropubic=62.2% vs 
transobturator=55.8% (equivalent) 

Barber[97] TVT vs TOT 
170 women 
12 months 

Abnormal bladder function deined by 
composite presence of any of the following: 
incontinence symptoms of any type 
positive cough stress test 
retreatment for stress incontinence 
postoperative urinary retention 

Abnormal bladder function was: TVT: 46.6% 
TOT: 42.7% 
Conclusion: TOT was not inferior based on 
noninferiority test 

 

Table 9: Examples of Composite Outcomes

en enrolled in a clinical trial who were planning to 
undergo SUI surgery. While all women were report-
ed to have pure or predominant SUI for study inclu-
sion, the range of women with mixed incontinence 
was	8.3%	 to	93.3%	depending	on	what	deinition	
was	used.	If	such	variations	exist	in	the	deining	of	
subjects enrolled in SUI trials from the onset, it is 
natural to expect wide variations in how outcomes 
are	reported	post	operatively.	[468]	Rapp	reported	
such	wide	variations	when	looking	at	different	dei-
nitions of success after SUI surgery. In the same 
cohort of women, successful outcomes ranged 
from	33%	to	87%	depending	on	the	deinition	used	
for	success.	[469]

Outcome assessments can be broken down into 
objective	and	subjective	measures.	 [470]	Objec-
tive parameters typically include: physical exam, 
pad tests, voiding diaries, urodynamic studies. 
Subjective assessments typically include patient 
reported measures such as validated instruments 
that measure symptoms , patient bother, satisfac-
tion and HRQOL. However, these outcome tools 
are usually limited to a specific area and improve-
ment in one area may not mean improvement in 
other areas or could even be at the detriment of 
another area. In addition, the degree of improve-
ment experienced by one patient might be con-
sidered a “success” in that patient however the 
same improvement may be perceived differently 
by	 another	 patient.	 Furthermore,	 outcome	 mea-
sures limited to specific domains may not take 
other	 symptomology	 into	 account.	 For	 example,	
resolution of SUI might be considered a success 
by itself however if it were to occur in conjunction 
with urinary retention or worsening irritative void-
ing symptoms and urgency incontinence, the pa-
tient might not agree. Indeed, the majority of SUI 

outcome assessments rarely take complications 
into account. It is clear that focusing on a single 
measure is often inadequate and necessitates the 
need for measuring multiple outcomes which im-
poses	greater	burden	on	patients.	[471]	(SUNG).	
Lastly, no single instrument is universally accept-
ed by all investigators although significant head-
way has been seen in the adoption of instruments 
advocated by professional organisations such as 
the International Continence Society and the In-
ternational Consultation on Incontinence. 

In response to the shortcomings seen with tradi-
tional SUI research outcomes, investigators have 
increasingly relied on greater use of composite 
outcomes as well as patient reported outcomes 
that especially assess global response. The use 
of composite outcomes have increased especially 
with the advent of clinical trial networks. While 
providing more comprehensive assessments, 
composite outcome often create a stricter defini-
tion of success especially if all of the components 
of the composite must be satisfied. Many of the 
large scale trials often include multiple outcomes 
measures as primary or secondary outcomes 
which allows them to be more comprehensive. 
However, a vast number of outcome measures 
have been utilised in the field of SUI research. 
While more comprehensive listings of SUI clinical 
trials can be found in the respective sections of 
this chapter, examples of trials utilising different 
outcome parameters that have been published 
since the last ICI report are listed in the following 
tables. Table 9  provides a sampling of composite 
outcomes used in SUI trials. Table 10  provides a 
sampling of patient reported outcomes measures 
used in SUI trials. 
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Table 10: Example of Patient Reported Outcomes

Author Study Details Outcome Measure Results 
Freeman 
[472] 

N=183 
Monarc TVT=100 
Gynecare TVT=93 

ICI Modular 
Questionnaire-
Female LUTS 

TVT: 65.6% 
TOT: 63.4% 
Conclusion: TOT not inferior to TVT 

Brubaker 
[473] 

655 randomised to Burch or Sling 
450 Sexually active 

POP/Urinary 
Incontinence Sexual 
Questionnaire 
(PISQ) 

PISQ improved after SUI surgery 
Fewer felt restriction of sexual activity due to 
fear of incontinence 
Successful SUI surgery associated with 
greater improvement in PISQ 

Filocamo 
[474] 

157 women who underwent Mid-urethral sling 
Included women who were not sexually 
active 

Female Sexual 
Function Index 
(FSFI) 

Female sexual function improved after MUS 
40% of women previously not sexually active 
later became sexually active after MUS 

Tennstedt 
[475] 

655 Randomised to Burch or Sling Incontinence Impact 
Questionnaire 
(QOL) 

QOL improved (scores decreased) more in 
women with successful SUI surgery 

Miles 
 

N=329 randomised to TVT or TVT-O UDI-6 
IIQ-7 
PISQ 

Similar improvements in UDI-6, IIQ-7 and 
PSIQ between both procedures 
TVT-O appears as effective as TVT 

Lier 
[476] 

194 women randomised to TOT or TVT Cost Utility Analysis 
15D questionnaire 
Quality Adjusted 
Life-years (QALYS) 
Cost estimates 

Statistically non-signiicant cost savings with 
TOT of $1133 per patient despite no 
difference in health outcome between TVT 
and TOT 

Biggs [213] TOT in 27 who failed previous SUI surgery PGII Success: 80% 

While many of the self-reported measures can be 
considered “patient reported”, the concept of true 
Patient Reported Outcomes (PRO) is one that is 
more complex and encompasses a more global 
assessment. The use of PRO’s has gained ac-
ceptance as noted by the fact that most research 
funding sponsors, industry and regulatory agen-
cies now require inclusion of outcome measures 
that include the patient’s perspective. The NIH 
recently established the Patient Reported Out-
comes Measurement Information System (PRO-
MIS)	 for	 women	 with	 urinary	 incontinence	 [471]
(Sung ). True PRO’s measure patient impressions 
in a more global context by encompassing 4 do-
mains:	1)	Symptoms,	2)	Functioning,	3)	General	
Health Perception and 4) HRQOL. The Interna-
tional Consultation on Incontinence has adopted 
the use of PRO’s and established the ICI Modu-
lar Questionnaire (ICIQ) Project that includes the 

assessment of a wide spectrum of urinary, bowel 
and vaginal symptoms along with their impact on 
HRQOL	(Coyne)[477].
Another outcome measure that has recently 
gained popularity is the patient global impres-
sion of severity (PGIS) and the patient global 
impression of improvement (PGII). Initially vali-
dated	by	Yalcin,	use	of	such	global	assessment	
instruments provides a single response which is 
easier for the patient and clinican to understand 
[478]	 (Yalcin).	 Furthermore,	 the	 measurement	
is all encompassing since the subject takes 
success and complications into account when 
responding. Indeed, the UITN recently adopted 
the use of the PGIS and PGII for use as a ma-
jor eligibility criterion and as the primary out-
come in the VALUE trial which will look at the 
impact of urodynamic studies on SUI Surgery 
outcomes.	[479]
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2006, Samuellson 1999, Nygaard 2004, Swift 
2003). On examination anterior compartment pro-
lapse is the most frequently reported site of pro-
lapse and is detected twice as often as posterior 
compartment defects and three times more com-
monly than apical prolapse [Hendrix 2002, Handa 
2004]. Following hysterectomy 6 to 12 percent of 
women will develop vaginal vault prolapse [Mar-
chionni 1999, Aigmueller 2009] and in two-thirds 
of these cases multi-compartment prolapse is 
present [Morley 1988].

There is little knowledge about the natural history 
of POP. The reported incidence for cystocele is 
around 9 per 100 women-years, 6 per 100 wom-
en-years for rectocele and 1.5 per 100 women-
years for uterine prolapse [Handa 2004]. Some 
data show that there is a 1-year incidence of POP 
of 26 percent and a 3-years incidence of 40 per-
cent with regression rates of 21 percent and 19 
percent, respectively. In general, older parous 
women are more likely to develop new or progres-
sive POP than to show regression. Over a three 
year period 11 per cent of the women aged over 
65 had prolapse progression of more than 2 cm 
whilst only 2.7 percent had a regression by the 
same amount [Bradley 2007].

Luber has shown in a large demographic study 
that the peak incidence of symptoms attributed to 
prolapse is between ages of 70 to79 whilst POP 
symptoms are still relatively common in women of 
younger age (Figure 1 ) [Luber 2001].

Demographic changes including an ageing popu-
lation	 have	 signiicant	 implications	 for	 the	 future	
planning of women‘s health services. Wu et al 
[Wu 2009] have predicted that by 2050 the num-
ber of women suffering from symptomatic POP in 
the United States will increase at minimum by 46 
percent (from 3.3 up to 4.9 million women and in a 
“worst-case scenario” up to 200 percent or 9.2 mil-
lion	women	with	POP.	These	 igures	were	 based	
upon population growth statistics in the United 
States however models that evaluate the impact of 
decreasing parity and increasing elective caesar-
ean section rates are required to more accurately 
predict future rates of POP.

I. INTRODUCTION

Pelvic Organ Prolapse Surgery

Pelvic organ prolapse (POP) is a common problem 
affecting up to 50% of parous women and 6.3% of 
women will have undergone a surgical correction for 
pelvic organ prolapse by the age of 80. Prolapse 
surgery is an increasingly important aspect of gyn-
aecological practice due to our ageing population, 
the decreasing rate of hysterectomy due to alter-
native	 treatments	 of	 menorrhagia	 and	 inally	 de-
creasing rates of cervical interventions for cervical 
dysplasia following introduction of vaccinations for 
Human Papilloma Virus. Already prolapse surgery 
is performed at least as frequently as continence 
surgery and, the operating and admission times 
are at least three times greater than for continence 
surgery. Given the increasing time and resources 
that will be required for POP surgery in the future 
it is paramount that we perform effective, durable, 
cost effective interventions with minimal morbidity. 
This chapter serves to outline and summarise the 
information relating to POP surgery reported in the 
English-language	 scientiic	 literature	 after	 search-
ing PubMed, Medline, Cochrane library and Co-
chrane database of systematic reviews, published 
up to January 2012, with Level 1 evidence. Level 
2 or 3 evidence have been included if Level 1 data 
were lacking.

There is a lack of epidemiological studies of the 
natural history, incidence and prevalence of POP.

It is widely accepted that 50 percent of women 
will develop prolapse but only 10 to 20 percent of 
those seek evaluation for their condition [Phillips 
2006]. In the current literature, the overall preva-
lence of POP varies significantly depending upon 
the definition utilised, ranging from 3-50 percent 
(Table 1 ). Where POP is defined and graded on 
symptoms the prevalence is 3-6 percent as com-
pared to 41-50 percent when based on examina-
tion, because mild prolapse on examination is 
common and frequently asymptomatic (Phillips 
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Figure 1. Shows the distribution of POP among women seeking care, US 2000 (Modiied Luber 2001)

Table 1. Prevalence and Incidence POP

Study Deinition Prevalence Incidence Country 
Rorveit 2007 Symptom-based 5.7%  US 
Nygaard 2008 Symptom-based 2.9%  US 
Hendrix 2002 WHI-Study, 

Examination 
Any prolapse: 41.1% 
Cystocele: 34.3% 
Rectocele: 18.6% 
Uterine: 14.2% 

 US 

Swift 2003 Examination 6.4% stage 0 
43.3% stage 1 
47.7% stage 2 
2.6% stage 3 

 US 

Handa 2004 WHI-Study, 
Examination 

Cystocele: 24.6% 
Rectocele: 12.9% 
Uterine: 3.8% 

Cystocele: 9.3/100 
Rectocele: 5.7/100 
Uterine: 1.5/100 
 

US 

Nygaard 2004 Examination 2.3% stage 0 
33% stage 1 
63% stage 2 
1.9% stage 3 

 US 

Bradley 2007 Examination 23.5 - 49.9% 26%/1 year 
40%/3 year 

US 

Maccharoni 1999 Examination Vault-prolapse: 12%  Italy 
Aigmueller 2009 Examination Vault-prolapse: 

6-8% 
 Austria 
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Incidence and Prevalence of Prolapse Surgery

Both incidence and prevalence for prolapse sur-
gery increase with age. Women older than 80 
years are currently the fastest growing segment 
of the population. The estimated lifetime risk of 
an American woman undergoing at least one 
surgical intervention by the age of 80 is 6.3 per-
cent with 30% requiring subsequent surgery [Ol-
sen 1997]. However, a more recent, prospective 
study showed a significantly lower reoperation 
rate of only 13 percent which may be explained 
by improved surgical procedures [Clark 2003]. 
The longevity and durability of POP surgery are 
important variables for planning and require on-
going evaluation .

The annual incidence for POP surgery is stated to be 
between 1.5 [Boyles 2003]and 1.8 [Shah 2007]cases 
per 1000 women-years with the incidence peaking in 
women between 60-69 years. Shah et al also dem-
onstrated a peak incidence in 70 year old women 
however surprisingly high numbers of younger wom-
en	were	also	undergoing	surgical	treatments	relect-
ing a similarity in the prolapse symptoms reported 
in younger women by Luber 2001 (Figure 2 ) [Shah 
2007]. In a more recent study Smith et al [Smith et al 
2010] reported a lifetime risk of undergoing prolapse 
surgery as high as 19% in Western Australia. This 
igure	 is	 three	 times	 higher	 than	 the	 6.3%	 lifetime	
risk for POP surgery reported by Olsen and requires 
further	evaluation	of	local	factors	and	deinitions	that	
may have contributed.

In the US, POP is thought to be the leading cause 
for more than 300.000 surgical procedures per year 

[22.7 per 10.000 women] with 25% undergoing re-
operations at a total annual cost of more than 1 bil-
lion dollars [Brown 2002, Boyles 2003,Silva 2006, 
Shah 2007]. Also of note during a nine year period 
[1996 – 2005] the ambulatory costs related to pelvic 
loor	disorder	increased	by	40%	and	if	these	igures	
are extrapolated to POP surgery the total annual 
cost would be over 1.4 billion dollars.

The incidence of prolapse which required surgical 
correction following a hysterectomy is 3.6 per 1000 
women-years according to Mant et al from his large 
cohort study in the UK. The cumulative risk rises to 
5 percent 15 years after hysterectomy [Mant 1997].

Further more detailed modelling of factors that will 
impact on future rates of POP in the community are 
required so that services can be provided to match 
the future demands of POP surgical interventions.

Pelvic	organ	prolapse,	like	all	pelvic	loor	disorders,	
is a multidimensional phenomenon and “success” 
of	 treatment	 is	 often	 dificult	 to	 deine.	 Historically,	
most studies evaluating the treatment of pelvic organ 
prolapse have focused exclusively on anatomic suc-
cess without considering other important areas such 
as symptoms, vaginal compliance, quality of life, or 
socioeconomic outcomes. For an individual patient, 
the most important outcome of a surgical procedure 
is the relief of her symptoms and improvement in her 
quality of life [Barber 2009], yet until recently these 
areas have largely been ignored. Fortunately, over 
the last 15 years, measures to evaluate POP have 

Figure 2. Shows the surgical treatment for POP/ rate per 10000 women (2003)

III. OUTCOME ASSESSMENT



1382

improved; there is now an internationally-accepted 
and reliable assessment of the anatomic support of 
the uterus and vagina [POPQ] and a number of valid, 
reliable and responsive symptom questionnaires and 
condition-speciic	HRQOL	 instruments.[Bump	1996;	
Barber 2001; Barber 2005; Digesu 2005; Price 2006; 
Baessler 2010]. A recent joint report from the Inter-
national Continence Society [ICS] and International 
Urogynecological Association [IUGA] recommended 
that the following outcomes be reported in studies of 
POP surgery: Objective (e.g. POPQ), Patient report-
ed outcomes (particularly the presence or absence 
of vaginal bulge symptoms), Satisfaction, Quality 
of Life, and Perioperative data (e.g. operative time, 
hospital stay, etc) (Toozs-Hobson, 2012). A careful 
report of short- and long-term complications are also 
essential	 to	 properly	 weigh	 the	 risk-beneit	 ratio	 of	
each procedure.

1. OUTCOME ASSESSMENT: ANATOMY

The	 Pelvic	 Organ	 Prolapse	 Quantiication	 system	
(POPQ), introduced in 1996, is the international 
standard for describing female pelvic organ support.
[Bump 1996] The POPQ allows a reproducible and 
reliable description of the support of the anterior, 
posterior and apical vaginal segments using precise 
measurements	 to	 a	 ixed	 reference	 point,	 the	 hy-
men, and established criteria for “staging” the vari-
ous levels of pelvic organ support from good sup-
port [POPQ stage 0 or I] to almost complete lack of 
support [POPQ stage IV].[Bump, 1996] The POPQ 
system has proved a valuable measurement tool 
that over the last 15 years has improved our under-
standing of POP and allowed a reliable assessment 
of the anatomical success of POP surgeries. How-
ever, there remain several critical challenges in the 
anatomical assessment of POP surgery.

First,	 it	 is	 dificult	 to	 establish	 dichotomous	 ana-
tomical outcome criteria for success and failure, 
especially in the absence of symptoms. Tradition-
ally	researchers	have	deined	surgical	success	us-
ing the NIH satisfactory anatomic outcome [POPQ 
stage	 0	 -1]	 and	 deined	 surgical	 failure	 as	 POPQ	
stage 2 or greater. More recently it is suggested 
that	 these	 anatomic	 deinitions	 are	 too	 strict	 as	
over 75% of women presenting for annual gynae-
cological examinations without symptoms of pelvic 
organ	 prolapse	 would	 not	 meet	 the	 deinition	 of	
“optimal anatomic outcome” and almost 40% would 
not	 meet	 the	 deinition	 of	 “satisfactory	 anatomic	
outcome.”[Samuelsson 1999; Swift 2005] Thus, a 
substantial number of women considered “surgical 
failures”	 by	 these	 deinitions	 would	 be	 within	 the	
normal distribution of vaginal support for parous 
women. The hymen maybe a more clinically rel-
evant anatomic threshold for surgical success and 
some	 researchers	 have	 begun	 deining	 anatomic	
failure after surgery as POP that extends beyond 
the hymen.[Culligan 2005; Barber 2009; Zyczynski 
2010; Chmielewski 2011; Sayer 2011].

Second,	the	ive-level	staging	system	of	the	current	
POP-Q	(Stages	0-IV)	may	be	insuficient	to	discrimi-
nate among clinically important groups of women 
with POP, placing virtually all such women into Stage 
II or III. While the staging may facilitate comparisons, 
it	may	not	describe	suficient	detail	as	the	individual	
POP-Q measurements provide. A third area of un-
certainty is whether or not apical prolapse should be 
considered by the same anatomic standards as pro-
lapse of the anterior or posterior vaginal wall.

Controversy also surrounds the impact that the 
observer recording the anatomical outcomes has 
upon reported success rates. Traditionally in the 
retrospective assessment of anterior compart-
ment trials the reported success rates ranged 
from 80-100%[Macer 1978; Stanton 1982; Walter 
1982; Porges RF 1994]. However, prospective as-
sessment of similar surgical interventions utilising 
similar	deinitions	of	success	under	the	auspices	of	
randomised	controlled	trials	report	signiicantly	low-
er success rate ranging from 37-64%[Sand 2001; 
Weber 2001]. Further variation is also reported in 
prospective evaluations of prolapse staging de-
pending upon whether the assessor is blinded to 
the surgical intervention. Antosh et al[Antosh 2011]
demonstrated that the recurrence rate in a RCT 
comparing native tissue and transvaginal mesh re-
pairs	was	signiicantly	higher	when	performed	by	a	
blinded versus unblinded assessor at the 3 months 
(68 versus 53%) and at 1 year (57 versus 43%). 
Finally, there is an increasingly common trend for 
authors	with	inancial	 conlict	of	 interest	 related	 to	
the commercial products being evaluated reporting 
the outcomes of surgical interventions, which fur-
ther increases the risk of reporting bias.

2. OUTCOME ASSESSMENT: SYMPTOMS

Women seeking care for POP often have concurrent 
pelvic symptoms. Ellkermann et al found that in 237 
women evaluated for POP 73% reported urinary 
incontinence, 86% reported urinary urgency and/
or frequency, 34-62% reported voiding dysfunction 
and 31% complained of faecal incontinence.[Ellerk-
mann 2001] The evaluation of a patient with vaginal 
prolapse requires a comprehensive review of the full 
spectrum	of	pelvic	loor	symptoms	and	an	assess-
ment of how these symptoms affect their quality of 
life. The most valid way of measuring the presence, 
severity,	and	impact	of	pelvic	loor	symptoms	on	a	
patient’s activities and well-being is through the use 
of psychometrically robust self-administered ques-
tionnaires [Bump 1996; Barber 2001; Barber 2005; 
Digesu 2005; Price 2006; Baessler 2010]

We have gained an improved understanding of the 
relationship between pelvic organ support and the 
development of symptoms. Most symptoms often 
attributed to POP have at best weak to moderate 
correlations with worsening pelvic organ support, 
however, the one symptom that is almost consis-
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tently acknowledged by patients with advanced 
POP is the presence of a vaginal bulge that can 
be seen or felt.[Ellerkmann 2001; Swift 2003; Bar-
ber 2005; Bradley 2005; Tan 2005] The absence 
of vaginal bulge symptoms postoperatively has a 
signiicant	relationship	with	a	patient’s	assessment	
of overall improvement and improvement in quality 
of life after surgery, while anatomic success alone 
does not.[Barber 2009] The hymen seems to be an 
important “cut off point” for symptom development. 
Women with prolapse beyond the hymen have more 
pelvic	loor	symptoms	and	are	more	likely	to	report	a	
vaginal bulge than women with prolapse at or above 
the hymen.[Ellerkmann 2001; Swift 2003; Barber 
2005; Bradley 2005; Swift 2005; Tan 2005]

3. OUTCOME EVALUATION: QUALITY OF LIFE

Health-related quality of life [HRQOL] refers to a 
person’s total sense of well-being and considers 
multiple dimensions including (but not limited to) 
their social, physical, and emotional health. Mea-
sures	of	HRQOL	can	be	 classiied	 into	 two	 types:	
generic	 and	 condition-speciic.	 Generic	 HQOL	
instruments are used to assess quality of life in a 
broad range of illness or populations while condi-
tion-speciic	measures	are	designed	to	measure	the	
impact	 of	 a	 speciic	 disease	 on	 HRQOL.	 Women	
with advanced POP (stage 3-4) have decreased 
generic	 and	 condition-speciic	 HRQOL	 compared	
to women with normal vaginal support.[Jelovsek 
2006] It is recommended that investigators describe 
the impact of POP surgical treatment on HRQOL. 
Most	studies	that	have	assessed	condition-speciic	
HRQOL after POP surgery have demonstrated a 
signiicant	 improvement	 postoperatively.	 Improve-
ments in generic HRQOL after POP surgery have 
been seen in some studies but not others. Maher 
et	 al	 reported	 signiicant	 improvements	 in	 condi-
tion-speciic	 and	 generic	 QOL	 after	 SSLF,	 similar	
to that after abdominal sacrocolpopexy.[Maher 
2004]	The	CARE	trial	reported	signiicant	improve-
ments	 in	 condition-speciic	 quality	 of	 life	 following	
sacrocolpopexy at three months and two years.
[Brubaker 2006; Brubaker 2008] Barber et al dem-
onstrated	 signiicant	 improvements	 in	 generic	 and	
condition-speciic	 HRQOL	 in	 a	 prospective	 cohort	
of elderly women receiving vaginal surgery for POP 
and demonstrated similar improvements in women 
undergoing reconstructive surgery and those re-
ceiving colpocleisis.[Barber 2007] While some of 
these	 condition	 speciic	 HRQOL	 incorporate	 as-
sessment of sexual function [Baessler 2010] spe-
ciic	 	 validated	 questionnaires	 on	 sexual	 function	
are available and provide a discreet and reproduc-
ible method for evaluating sexual health. The Pelvic 
Organ Prolapse/Incontinence Sexual Questionnaire 
[PISQ][Rogers 2001] and the Female Sexual Func-
tion Index[FSFI][Rosen 2000] are two questionnaires 
frequently used. The joint ICS/IUGA paper on report-
ing outcomes after prolapse surgery has also recom-
mended authors report the sexual function status of 

all individual participants pre and post intervention as 
seen in Figure 3 (Toozs-Hobson, 2012).

4. OUTCOME ASSESSMENT: REOPERATION

Reoperation after POP surgery for recurrence is an 
important	measure	of	procedure	eficacy.	It	is	impor-
tant to realise that reoperation rates are likely to rep-
resent the “tip of the iceberg” in terms of unsuccessful 
surgical outcomes as many women with recurrence 
of symptomatic prolapse may not elect another op-
eration, nonetheless the repeat surgery for recurrent 
POP is an undesirable outcome that should, in most 
cases, be considered a surgical failure. The rates of 
reoperation after POP surgery vary widely in the lit-
erature,	 in	 large	part	because	of	varying	deinitions	
and timeframes. Olsen et al using administrative 
data from a large U.S. healthcare system reported 
a lifetime reoperation rate of 29.2%.[Olsen 1997] Im-
portantly, this study included both POP and stress in-
continence surgery and did not distinguish between 
reoperation for incontinence or POP in their report. 
Moreover, the authors did not distinguish between 
reoperation for POP in the same compartments origi-
nally operated versus the development of new POP 
in a new segment of the vagina [“de novo POP”]. 
More recently several investigators have looked spe-
ciically	at	 the	 issue	of	site-speciic	 recurrence	with	
re-operation rates ranging from 3.4%-9.7%.[Miedel 
2008; Kapoor 2010] In a meta-analysis of 258 stud-
ies evaluating reoperation rates after apical prolapse 
repairs, Diwadkar et al, reported a reoperation rate 
of 3.9% [95%CI 3.5-4.4%] for traditional vaginal vault 
suspensions (sacrospinous ligament suspension and 
uterosacral vault suspensions) after a mean of 32 
months, 2.3% (95% CI 1.9-2.7%) for sacrocolpopexy 
with a mean follow-up of 26 months and 1.3% (95% 
CI 1.0-1.7%) after transvaginal mesh procedures 
at a mean follow-up of 17 months.[Diwadkar 2009]
Notably, the total reoperation rate if one includes re-
operations for recurrent POP and for complications 
was highest in the transvaginal mesh group (8.5%).
[Diwadkar 2009]

In order to provide some clarity for future stud-
ies reporting reoperation rates after POP surgery, 
the joint ICS/IUGA report on reporting outcomes 
after prolapse surgery has proposed the follow-
ing standardised terminology for POP surgery 
studies[Toozs-Hobson 2012]:

Primary surgery	for	POP	is	the	irst	procedure	re-
quired for the treatment of POP in any compartment

Further surgery 	This	gives	a	global	igure	 for	 the	
number of subsequent procedures the patient un-
dergoes directly or indirectly relating to the primary 
surgery. This is subdivided into:

a.  Primary prolapse surgery/different site. A 
prolapse procedure in a new site/compartment 
following previous surgery in a different compart-
ment (e.g. anterior repair following previous pos-
terior repair).
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b.  Repeat surgery: is a repeat operation for pro-
lapse arising from the same site. Where com-
binations of procedures arise, e.g. new anterior 
repair plus further posterior repair these should 
be reported separately i.e. repeat posterior repair 
and primary anterior repair.

c.  Surgery for Complications: e.g. mesh expo-
sure or extrusion or pain or patient compromise 
e.g. haemorrhage (see complications section)

d.  Surgery for non-prolapse related conditions: 
e.g. subsequent surgery for stress urinary incon-
tinence or fecal incontinence.

5. DEFINING TREATMENT SUCCESS

The	deinition	of	success	substantially	affects	treat-
ment success rates following POP surgery.[Barber 
2009] Since the publication of the NIH Workshop 
recommendations,	 considerable	 variability	 in	 dein-
ing treatment success still persists in studies evalu-
ating	surgery	for	prolapse.	A	number	of	trials	deine	
success as POPQ stage 0 or 1 consistent with the 
Workshop’s	 “satisfactory	anatomic	outcome”	deini-
tion with one reporting success rates as low as 30% 
using standard surgical techniques.[Weber 2001; 
Brubaker 2005] Some have used the Baden-Walker 
prolapse grading system rather than the POPQ sys-
tem.[Maher 2004] Other studies have used a com-
bination of anatomic criteria and the presence or 
absence	of	symptoms	 to	deine	 treatment	success.
[Paraiso 1996; Barber 2000; Brubaker 2005] Such 
variability	makes	it	dificult	to	compare	study	results.	
Moreover, there are many unknowns, including clini-
cal	 relevance	 of	 these	 deinitions	 or	 how	 different	
outcome	deinitions	might	affect	the	comparison	be-
tween treatment arms within a study.

A recent secondary analysis of the CARE trial de-
scribed POP surgical success rates after sacrocol-
popexy using 18 different definitions of treatment 

success with differing requirements for anatomic, 
symptomatic and/or retreatment outcomes.[Bar-
ber 2009] Treatment success varied widely de-
pending upon definition used (19.2% to 97.2%). 
71.4% considered their surgery “very successful” 
and 85.2% considered themselves “much better” 
than before surgery. Definitions of success requir-
ing all anatomic support to be proximal to the hy-
men had the lowest treatment success (19.2% to 
57.6%). 94.3% achieved surgical success when it 
was defined as the absence of prolapse beyond 
the hymen. Subjective cure (absence of bulge 
symptoms) occurred in 92.1% while absence of 
retreatment occurred in 97.2% of subjects. Sub-
jective cure was associated with significant im-
provements in the patient’s assessment of both 
treatment success and overall improvement, more 
so than any other definition considered [p = .0002 
and <.0001 respectively]. Similarly, the greatest 
difference in symptom burden and HRQOL be-
tween treatment successes and failures was not-
ed when success was defined as subjective cure 
(absence of vaginal bulge symptoms; p<.0001). 
These authors concluded that the absence of vag-
inal bulge symptoms postoperatively has a sig-
nificant relationship with a patient’s assessment 
of overall improvement, while anatomic success 
alone does not. Based on this analysis along with 
the currently available literature on the distribution 
of pelvic support loss in the general population 
and on data on the relationship between pelvic 
organ support loss and symptom development, 
authors from the NIH Pelvic Floor Disorders Net-
work have recommended that: 1) any definition 
of success after POP surgery should include the 
absence of bulge symptoms in addition to ana-
tomic criteria and the absence of re-treatment and 
2) using the hymen as a threshold for anatomic 
success seems a reasonable and defensible ap-
proach.[Barber 2009].

Figure 3. Describes color coordinated approach to systematically recording pre and post-intervention sexual 
function outcomes.
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Conclusion

The committee concludes that authors when re-
porting outcomes on the surgical management of 
prolapse should include a variety of standardised 
anatomical and functional outcomes. It is expected 
such measures will improve the reporting of surgi-
cal outcomes and aid in meaningful meta-analysis 
of pelvic organ prolapse outcome data in the future.

•		Anatomical	 outcomes	 reported	 should	 include	
all POP-Q points and staging utilising traditional 
deinition	of	success	and	also	with	the	hymen	as	
the threshold for success. Assessment should be 
prospective and assessors blinded as to the surgi-
cal intervention performed if possible and without 
any	conlict	of	 interest	 related	 to	 the	assessment	
undertaken. (Grade C )

•		Subjective	success	postoperatively	should	be	de-
ined	as	absence	of	vaginal	bulge	(Grade C ).

•		Functional	 outcomes	 are	 best	 reported	 using	 valid,	
reliable and responsive symptom questionnaires and 
condition-speciic	HRQOL	instruments	(Grade C ).

•		Sexual	 function	 is	 best	 reported	 utilising	 validat-
ed	 condition	 speciic	HRQOL	 that	 assess	 sexual	
function or validated sexual function question-
naires such as the Pelvic Organ Prolapse/Inconti-
nence Sexual Questionnaire (PISQ) or the Female 
Sexual Function Index(FSFI). The sexual activity 
status of all study participants should be reported 
pre and post-operatively under the following cat-
egories: sexually active without pain, sexually ac-
tive with pain or not sexually active (Grade C ).

•		Prolapse	 surgery	 should	 be	 deined	 as	 primary	
surgery,	and	repeat	surgery	sub-	classiied	as	pri-
mary surgery different site, repeat surgery, com-
plications related to surgery and surgery for non-
prolapse related conditions. (Grade C )

Ahlfelt stated in 1909 that the only remaining prob-
lem in plastic gynaecology was the permanent cure 
of cystocele and now more than a century later this 
problem persist[White GR 1909]. Following high re-
ported objective failure rates and reoperation rates 
after native tissue repairs and the success of mesh 
tapes in continence surgery and mesh utilised ab-
dominally at sacral colpopexy the last decade has 
seen an unprecedented introduction of biological 
and permanent meshes in the management of ante-
rior compartment prolapse.

1. NATIVE TISSUE REPAIRS

Historically anterior colporrhaphy was the standard 
procedure in the management of anterior compart-
ment prolapse with objective success rates rang-

ing from 80-100% in retrospective series[Macer 
1978; Stanton 1982; Walter 1982; Porges RF 
1994]. White [White GR 1912] as early as 1912 
demonstrated the importance of paravaginal de-
fects in anterior compartment prolapse. Richard-
son [Richardson AC 1976] in 1976 described a se-
ries of defects in the pubocervical fascia explaining 
why no single repair should be applied indiscrimi-
nately to all with anterior compartment defects. He 
also advocated the abdominal paravaginal repair 
which has a 75-97% success rate for cystoceles 
reported in case series (Table 2 ) [Richardson AC 
1976; Richardson 1981; Shull 1989; Scotti 1998; 
Bruce 1999]. The surgical technique of the lapa-
roscopic paravaginal repair is well described how-
ever	little	information	is	available	on	the	eficacy	of	
this approach. Shull [Shull 1994] also reported on 
the	safety	and	eficacy	of	 the	vaginal	paravaginal	
repair in 1994. Although the success rates of the 
vaginal paravaginal repair for cystoceles in case 
series vary from 67 –100%[White GR 1912; Shull 
1994; Grody. M 1995; Elkins. T 2000; Mallipeddi 
2001;	Young	2001]	signiicant	complications	have	
been reported recently. Mallipeddi [Mallipeddi 
2001] reported on complications in a series of 45 
including: 1 bilateral ureteric obstruction, 1 retro-
pubic hematoma requiring surgery, 2 vaginal ab-
scesses; 2 transfusions. In a series of 100 women 
Young [Young 2001] reported a 21 major complica-
tions and a 16% transfusion rate.

No randomised control studies have evaluated the 
abdominal or vaginal paravaginal repair in isolation. 
Benson et al [Benson 1996] and Maher et al [Ma-
her 2004] have reported RCT’s on upper vaginal 
prolapse comparing abdominal sacral colpopexy 
and vaginal sacrospinous colpopexy. Abdominal 
paravaginal repair was performed in the abdomi-
nal group if required and an anterior colporrhaphy 
without or without vaginal paravaginal laterally. Both 
authors reported the abdominal group to have a sta-
tistically lower rate of postoperative anterior vaginal 
prolapse than the vaginal group.

Raz et al [Raz 1989] popularised the needle sus-
pension type procedure for cystoceles and reported 
success rates in case series may vary from 90-98% 
[Gardy 1991; Raz 1991; Benizri 1996]. The addition 
of polyglactin mesh to the repair appears to have 
little	 impact	 on	 the	 success	 [Sair.	M	 1999]	 [160].	
Dmochowski et al [Dmochowski 1997] reported a 
lower	success	rate	using	a	stricter	outcome	deini-
tion of success.

Goldberg et al [Goldberg 2001] reported results 
from a case control study of women with cysto-
cele and stress urinary incontinence. He sug-
gested that the addition of the pubovaginal sling 
to the anterior colporrhaphy significantly reduced 
the recurrence rate of cystocele from 42% in the 
control group to 19% in the anterior colporrhaphy 
and sling group [P<0.05].

IV. ANTERIOR COMPARTMENT
SURGERY
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APR Abdominal paravaginal repair AC  Anterior col-
porrhaphy	Deinition	varies	between	authors

In line with our surgical colleagues there has been a 
move towards the use of prosthesis to augment na-
tive tissue repair in reconstructive Gynecology. This 
movement took much of its impetus from two early 
papers. Firstly, Olsen et al [Olsen 1997] reported a 
reoperation of 29% following prolapse and or con-
tinence surgery and Weber [Weber 2001] reported 

a 70% failure rate of native tissue anterior compart-
ment repair. Recent re-evaluation of the Olsen’s 
same demographic 10 years later revealed a signif-
icantly lower re-operation rate of 17% [Denman M 
2008] and the reader should be cautious in making 
conclusions even from this data as the surgical inter-
ventions performed in 1995 are not representative of 
interventions performed today. More importantly, We-
ber et al [Weber 2001] and Sand et al [Sand 2001]
in randomised control trials reported the anterior col-

Table 2. Anterior vaginal wall prolapse procedures

Author Year No. Follow-up Success Rate 

Anterior Colporrhaphy     

Stanton  1982 54 up to 2 yrs 85% 

Macer  1978 109 5-20yrs 80% 

Walter  1982 76 1.2yrs 100% 

Porges  1994 388 2.6yrs 97% 

     

Colombo  2000 33 AC 8-17yrs 97% 
  35 colposuspension 8-17 yrs 66% 

Sand   2001 70 AC 
73 AC&  vicryl mesh 

1yr 
1yr 

57% 
75%  

complicationWeber  2001 57 AC 
26 AC+ vicryl mesh 

23month 
23 month 

37% 
  

Vaginal  Paravaginal Repair 

White   1912 19 up to 3 yrs 100%  

Shull   1994 62 .6 yrs  67% 

Grody  1995 72 0.5-3yrs 99%  

Elkins  2000 25 0.5-3yrs 92%  

Mallipeddi   2001 45 .6yrs 97%  

Young  2001 100 11 months 78%  

Morse  2007 27 VPVR 13 54%  

  86 AC 24 45%  

Abdominal Paravaginal Repair 

Richardson  1976 60 1.7yrs 97%  

Richardson  1981 213 0.5-6yrs 95%  

Shull  1989 149 0.5-4yrs 95%  

Bruce  1999 27 APR& sling 17 months 93%  

  25 APR 17 months 76%  

Scotti  1998 40 39 months 97%  

Sling  type support      

Raz  1989 107 AC & needle 2yrs 98%  

Raz  1991 50 2.8yrs 90%  

Gardy  1991 58 AC & needle 2yrs 95%  

Benirzi  1996 36 AC & vaginal wall sling 17months 95%  

Dmochowski  1997 47 Raz type 47months 43%  

Cross  1997 36 AC & sling 20months 92%  

Sair  1999 112 Raz 
+ polyglactin mesh 

21months 92%  

Goldberg  2001 53 AC& sling 1 yr 81%  

  90 AC 1yr 58%  

42% No mesh
complications
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porrhaphy to be successful in the management of 
cystocele in only 30% and 57% respectively. Recent 
re-analysis of data from Weber’s paper using the hy-
men as the threshold for objective success reported 
considerably better outcomes with only 10% of sub-
jects developing anatomic recurrence beyond the hy-
men, 5% of subjects developing symptomatic recur-
rence and re-operations less than 1% at 23 months 
follow-up [Chmielewski 2011].

During the decade between these initial and sub-
sequent publications surgeons have introduced a 
plethora of biological and mesh grafts to improve the 
outcomes of anterior compartment prolapse surger.

2.  SYNTHETIC GRAFTS IN ANTERIOR COM-
PARTMENT SURGERY

As seen in Table 3  as early as 1996 Julian et al 
[Julian 1996] demonstrated in a prospective case 
control study that in women who had undergone 
at least 2 previous vaginal repairs, the overlaying 
of a Marlex (Bard) mesh to the anterior colporrha-
phy reduced the recurrence rate of cystocele from 
33% to 0%. The Marlex mesh was associated with a 
mesh erosion rate of 25%. Flood et al [Flood 1998]
in a retrospective review of 142 women with Marlex 
mesh augmentation of anterior colporrhaphy dem-
onstrated a 100 % success rate for cystoceles at 3.2 
years and a mesh erosion rate of only 2%.

Absorbable meshes are an attractive option as an 
augmenting material as they offered the increased 
strength during the early healing phase without the 
long-term complications of permanent mesh and 

have been evaluated in 2 randomised controlled tri-
als. Weber et al [Weber 2001] in a randomized control 
trial compared the anterior colporrhaphy [33], ultra-
wide anterior colporrhaphy [24] or anterior colpor-
rhaphy with absorbable polyglactin (Vicryl) 910 mesh 
[26] in the management of cystocele. The study size 
was	too	small	to	detect	small	differences	in	eficacy	
or adverse events. However, at a mean follow-up of 
nearly 2 years the groups had similar proportions of 
women experiencing satisfactory or optimal anatom-
ic results, 30%, 46% and 42% respectively.

Sand et al [Sand 2001] in a larger RCT allocated 
cystoceles to anterior colporraphy alone [n=70] 
and to anterior colporraphy plus polyglactin mesh 
underlay [n=73]. At I year the success rate in the 
mesh	group	was	75%	and	signiicantly	greater	than	
the 57% success rate in the anterior repair group 
alone [P=0.02]. Concurrent paravaginal defect were 
present in 11 women and concomitant paravaginal 
repair	was	signiicantly	associated	with	a	lower	re-
currence of cystocele overall [P=0.02].

A variety of permanent polypropylene mesh overlays 
have been evaluated in case series for the manage-
ment of anterior wall prolapse. The anatomical suc-
cess rate varies from 76 to 100% [Cervigni ; Julian 
1996; Salvatore S 2002; O’Reilly BA 2003]. Salva-
tore et al reported worrying functional outcomes af-
ter a prolene mesh overlay including a mesh erosion 
rate of 13%, overactive bladder increasing from 28 
to 56% and dyspareunia increasing from 18 to 38% 
postoperatively [Salvatore S 2002]. More recently, 
three year follow-up after the polypropylene mesh 

Table 3. Synthetic meshes utilised anterior compartment surgery
Author Year Type No Review 

Months 
Success Rate 
(%) 

Complication 

Julian(Julian 1996) 1996 Marlex 
Control 

12 
12 

24 100 
66 

25% mesh erosion, infection 

Nicita ( Nicita 1998) 1998 Prolene 44 14 100 3 uterine prolapse 

Flood (Flood 1998) 1998 Marlex 142 38 100 3 mesh erosions 

Migliari (Migliari 1999) 1999 Mixed iber 15 23 93  
Migliari (Migliari 2000) 2000 Polypropylene 12 20 75  

Natale  ( ) 2000 Polypropylene 138 19 97 13 mesh erosions,9 dyspareunia, 
1

 
haematoma

 

Sand(Sand 2001) 2001 Polyglactin 
No mesh 

73 
70 

12 75 
57 

no mesh complications 

Weber(Weber 2001) 2001 Polyglactin 
No mesh 

26 
57 

23 
23 

42 
37 

no mesh complications 

Salvatore(Salvatore S 2002) 2002 Prolene 32 17 87 13% mesh erosions 
O’Reilly (O'Reilly BA 2003) 2003 Polypropylene (Atrium) 81 28 88 no mesh erosions 

Cervigini(Cervigni 2007) 2007 Polypropylene 218 38 76 12.3% erosions,7%   Vaginal stenosis 
Jo(Jo 2007) 2007 Polypropylene Gynemesh 38 18 94 0 erosions 
Rodriguez (Rodr iguez 2005) 2005 Polypropylene 98  85 0 erosions 
Amrute(Amrute 2007) 2007 Polypropylene 76 30 95 3% erosions 
de Tayrac (de Tayrac 2005) 2005 Polypropylene 84 24 92 8.3% 

de Tayrac(de Tayrac 2006) 2006 Polypropylene 55 37 89 9.1% mesh erosion, 5.5% mesh shrinkage 
16.7% dyspareunia 

de Tayrac(de Tayrac 2006) 2006 Polypropylene 48 18 98 8.3% erosions 
de Tayrac (de Tayrac 2006) 2007 low weight  coated 

polypropylene 
32 13 93 6.3% erosion,12.8% de novo dyspareunia 

Nieminen (Nieminen 2010) 2010 RCT low weight  self styled armed 
Polypropylene 
AC 

104 
 
97 

36 
 
36 

87 
 
59 

19% erosions 24% reoperations 6 POP,
mesh exposure 

19% reoperation 10 POP 9 tapes 
 

Sivaslioglu (Sivasl ioglu 2007)  2007 RCT:low weight, self styled 
Polypropylene 
Site speciic vicryl AC 4 

43 
 
42 

12 
 
12 

91 
 
72 

6.9% mesh erosions 
4.6% de novo dyspareunia 

 

Natale. F 2000

5tapes, 14 
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overlay in the anterior compartment has been re-
ported. Cervigni reported on 218 women and found 
a 76% objective success rate at three years. Mesh 
erosions	 were	 identiied	 in	 12.3%	 and	 vaginal	 ste-
nosis in 7.7% [Cervigni 2007]. De Tayrac reported 
on 55 women at 3-year review with a 89% success 
rate, 9.1% mesh erosions, 5.5% mesh shrinkage and 
16.7% dyspareunia [de Tayrac 2006]. He concluded 
that lower weight and coated meshes were required 
to limit the rate of complications and duly reported on 
132 women, 12 months following low weight coated 
polypropylene mesh with a 92% success rate [de 
Tayrac 2007]. Unfortunately local problems remained 
with mesh erosions in 6.3% and de novo dyspareu-
nia in 12.8%. Rane et al provided a 5 year review of 
376 consecutive women with grade 3 anterior com-
partment prolapse after Perigee (AMS) and reported 
a 94% success rate, 11.1% mesh extrusion rate and 
deteriorating sexual function in 4% [Rane 2011].

Carey et al [Carey 2009] performed an RCT com-
paring anterior and posterior fascial plication and 
repair with self styled anterior and posterior polypro-
pylene Gynemesh (Ethicon) overlay and reported 
no	signiicant	advantage	to	adding	a	mesh	overlay	
at one year. The morbidity in the mesh group was 
lower than that reported above with a mesh erosion 
rate of 6.5% and no difference in dyspareunia and 
denovo dyspareunia rates between the groups.

Five randomised control trials have been published 
comparing armed or trans-obturator polypropylene 
mesh and traditional anterior colporrhaphy (Table 
3). Nieminen et al [Nieminen 2010] compared 104 
women undergoing anterior compartment prolapse 
repair	with	self-styled	6x11cm	 low	weight	monoila-
ment 4 armed polypropylene mesh (Parietene light, 
Sofradim Co, Trevoux, France) with 97 undergo-
ing traditional anterior colporrhaphy. Concomitant 
hysterectomy and posterior compartment prolapse 

surgery was allowed. At 3 years the objective suc-
cess (stage 0 or 1 Aa and Ba) rate was 87% in the 
mesh group and 59% in no mesh group [P<.001]. 
Awarness of bulge was seen in 18% in the repair 
group as compared to 10% [p=0.07] in the mesh 
group. The mesh exposure rate was 19% with 66% 
requiring surgical correction. The reoperation rate for 
prolapse was 10% in the native tissue group with all 
but one of the recurrences in anterior compartment. 
In the mesh group the prolapse reoperation was 6% 
with all six recurrences occurring in the posterior or 
apical compartments.

Sivaslioglu et al reported on 43 undergoing low 
weight self styled polypropylene mesh as compared 
to	42	undergoing	site-speciic	vicryl	repair	and	at	12	
months found the objective success rate was sig-
niicantly	higher	at	91%	in	the	mesh	group	as	com-
pared to 72% in the non-mesh group[Sivaslioglu 
2007]. The mesh erosion rate was 6.9% and de 
novo dyspareunia was reported in 4.6% in the mesh 
group. Quality of life assessment demonstrated no 
difference in outcomes between the groups and no 
patient in either group underwent further surgery for 
anterior compartment prolapse.

Nguyen compared anterior polypropylene [Perigee, 
AMS] mesh [n=37] with anterior colporrhaphy [38]. At 
1 year the objective success rate was higher in the 
mesh group (89% vs. 55%). Functional outcomes in-
cluding quality of life, sexual activity and dyspareunia 
were similar in both groups with a 5% mesh erosion 
and 2% unilateral leg pain that settled at 8 weeks fol-
lowing the mesh surgery.[Nguyen 2008].

Altman and colleagues reported on behalf of the 
Nordic transvaginal mesh group a multicentre study 
( funded by Karalinska Institute and Ethicon unre-
stricted grants) comparing anterior colporrhaphy 
[n=182] to anterior transvaginal trocar mesh kit 

Table 3. Augmenting Materials for Anterior Vaginal (continued)
Author  Year Type No Review Months Success Rate Complications 

 Nguyen (Nguyen 2008)  2008 RCT 
Armed Polypropylene 
Perigee 
AC 

38 
 
 
38 

12 
 
 
12 

89% 
 
 
55% 

5% Erosion 
9% dyspareunia 
 
16% dysparuenia 
5% reoperations 1 tape , 1 POP 

 Altman (Altman 2007)  2007 Polypropylene 
 
Prolift 

123 2 87% 1.5% mesh 
Erosions 
3.2% organ perforation 

 Altman (Altman 2011)  2011 Multicentre RCT 
Polypropylene Prolift 
(Ethicon)armed 
 
 

191 
 
182 

12 82% 
 
47% 

Subjective failure rate greater AC 
Operating time, blood loss,  cystotomy 
,mesh exposure, stress urinary incontinence and 
Denovo dyspareunia mesh groupi 

 Carey (Carey 2008)  2009 RCT repair with 
polypropylene gynemesh 
augmentation 
 
Ant &post colporrhaphy 

69 
 
 
 
70 

12 
 
 
 
12 

81% 
 
 
 
66% 

6.5% mesh erosion 
O reoperation prolapse 
 
 
Denovo dyspareunia equal both groups 

 Vollebregt (Vollebregt   
  2011) 

 2011 RCT polypropylene  
Avulta Bard 
 
 
Vicryl AC 

56 
 
 
 
58 

12 91% 
 
 
 
41% 

4% mesh exposure 
0 reoperations POP 
Baseline dyspareunia resolved 20% 
Denovo dyspareunia 15% rectocele 10% 
Denovo dyspareunia 9% 
5% reoperations POP, denovo rectocele 10% 
Baseline dyspareunia resolved 80% 

  Rane (Rane 2011)  2011 Retrospective review 
Perigee grade 3 cystocele 

376 60 93% 11.1% mesh exposure 
4% deteriorating sexual function 
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(Prolift)[n=186] in women with symptomatic stage 
II or greater cystocele [Altman 2011]. Although the 
need for concomitant prolapse and continence sur-
gery were exclusions an undetermined number of 
women with posterior and apical compartment pro-
lapse well beyond the introitus were included. Re-
viewers were unblinded, surgeons were reviewers 
and	conlict	of	interest	statements	are	not	available	
for authors or members of Nordic transvaginal mesh 
group. At one year, the success rate [composite 
Point Ba <-1 and absence of vaginal bulging] was 
signiicantly	 greater	 after	 the	mesh	 repair	 61%	as	
compared to colporrhaphy group 35%. The subjec-
tive	success	 rate	was	also	signiicantly	greater	af-
ter the mesh repair (75% versus 62% p=0.008) as 
compared to the native tissue repair while no differ-
ence	was	detected	on	validated	pelvic	 loor	ques-
tionnaires (Urinary Distress Inventory) between the 
groups. The Prolift mesh procedure was associated 
with greater morbidity with a longer operating time, 
greater blood loss, higher rate of intra-operative 
cystotomy (3.5 versus 0.5%) , post- operative deno-
vo stress urinary incontinence [ 12.3 versus 6.0%], 
and combined reoperation rate for USI, prolapse 
and mesh exposure (6% versus 0.5%). Denovo 
dyspareunia was seen in 7.3% after the mesh sur-
gery as compared to 2% after anterior colporrhaphy 
[p=0.07] however no difference was detected be-
tween the groups utilising the Pelvic organ Prolapse 
Urinary Incontinence questionnaire [PISQ-12]. The 
mesh exposure rate was 11.5% [21/183].

Lastly, Vollebregt and colleagues reported a mul-
ticentre randomised control trial from the Nether-
lands with blinded reviewers comparing anterior 
colporrhaphy [n=58] with polypropylene trans-ob-
turator mesh kit Avaulta [n=56] [Bard] for stage 2 
primary anterior compartment prolapse [Vollebregt 
2011]. Concomitant hysteropexy and posterior com-
partment surgery was allowed with hysterectomies 
being excluded. At one year the objective success 
rate	 was	 signiicantly	 greater	 in	 the	 mesh	 group	
as compared to anterior colporrhaphy group (91% 
versus 41%). Reoperation for anterior compart-
ment prolapse was performed in 5% after the native 
tissue repair and in no patients in the mesh group 
[p>0.05]. No difference in awareness of prolapse 
or outcomes using validated questionnaires (Uro-
genital Distress Inventory and Incontinence Impact 
Questionnaire)	were	identiied	between	the	groups.	
The authors attributed the low mesh exposure rate 
of 4% to not performing hysterectomy and or col-
lagen coating on the polypropylene mesh. Resolu-
tion of preoperative dyspareunia occurred in 80% in 
the repair group as compared to 20% in the mesh 
group. Denovo dyspareunia was reported in 15% 
following mesh and 9% after native tissue repair 
and denovo rectocele in 23% versus 10% respec-
tively. The authors concluded that despite the sig-
niicantly	improved	anatomical	outcome	in	the	mesh	
arm	when	using	a	functional	outcome	as	a	deinition	

of success that there was not enough evidence to 
support the trans-obturator mesh in primary anterior 
compartment prolapse surgery.

The 2012 Cochrane meta-analysis of these RCT 
found that transobturator meshes had a lower rate 
of recurrence on examination [59/424, 14%] as 
compared to anterior colporrhaphy alone [200/410, 
49%]	 RR	 3.50,	 95%	CI	 2.71	 to	 4.52.	 This	 inding	
was consistent for both the self styled (Nieminen 
2010; Sivaslioglu 2008] [RR 3.41, 95% CI 2.04 to 
5.67] and commercial transobturator polypropylene 
mesh kits [Altman 2011; Nguyen 2008; Vollebregt 
2011] [RR 3.53, 95% CI 2.62 to 4.74]. Three trials 
demonstrated that anterior colporrhaphy [ 94/333, 
28%] also had a higher subjective failure rate than 
the anterior transvaginal mesh repair [60/344, 17%]
[RR1.62, 95% CI 1.22, 2.14] [Altman 2011; Niemin-
en, Vollebregt 2008]. Further prolapse surgery was 
not	signiicantly	more	common	after	anterior	colpor-
rhaphy 14/459 (3%) as compared to 6/470 (1.3%)
after trans-obturator polypropylene mesh [RR 2.18 
95% CI 0.93 to 5.10]. No difference was detected 
in	 individual	 studies	 in	 validated	 prolapse	 speciic	
questions and meta-analysis was not possible due 
to variations in questionnaires utilised. The operat-
ing	time	and	blood	loss	were	signiicantly	greater	in	
the mesh group and there was a tendency towards 
lower cystotomy rate [0.4% versus 2.7%, RR.0.19 
95%CI 0.03,1.07] Altman 2011;Nieminen 2010], 
denovo dyspareunia [4% versus 8%, RR 0.51 95% 
CI 0.21 to 1.23] and denovo stress urinary incon-
tinence [7.3% versus 11.4% RR, 0.65 95% CI 0.4 
to 1.07,] [Altman 2011, Sivaslioglu 2008; Nieminen 
2010] after anterior colporrhaphy. Further conti-
nence surgery was performed in 15/368 women 
following anterior colporrhaphy and 12/380 after 
polypropylene mesh procedure [RR 1.29, 95% CI 
0.63 to 2.63]. This data need to be interpreted with 
caution as variations in concomitant surgeries exist-
ed. Mesh erosions were reported in 10.4% [41/393]
of women who had an anterior compartment poly-
propylene mesh and surgical intervention to correct 
mesh erosion occurred in 6.3% [34/540].

Withagen in an observational study of 150 women 
undergoing Polypropylene mesh kit (Prolift) found 
that after an isolated anterior polypropylene repair 
there was a 46% incidence of stage 2 prolapse in 
the untreated compartment [Withagen 2010]. Altman 
et al, performed no concomitant surgery in the study 
and no difference in posterior compartment prolapse 
was	identiied	between	the	groups	or	post-operative-
ly within the mesh group when evaluating median 
Point Bp. However, meta-analysis of those studies 
[Nieminen 2010; Vollebregt 2011] that reported de-
novo prolapse in the apical or posterior compartment 
following anterior compartment mesh repair found at 
a lower rate after the anterior colporrhaphy [14/147, 
9.5%] as compared to trans-obturator mesh [26/148 
17.7%] [RR 0.49 95% CI 0.24 to 0.97] Both study pro-
tocols allowed concomitant posterior compartment 
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prolapse surgery. Although the reoperation rates for 
prolapse was similar in Nieminen et al between the 
2 groups all the reoperations in AC group were an-
terior compartment failures and all in trans-obturator 
mesh group were in the posterior or apical compart-
ment [Nieminen 2010]. This outcome is not surpris-
ing as we have seen previously when the vaginal 
axis	 is	 signiicantly	 altered	 compensatory	 prolapse	
can develop in other compartments. Compensatory 
prolapse is described in the posterior compartment 
after colposuspension [Ward 2008] or in the anterior 
compartment after sacrospinous colpopexy [Paraiso 
1996; Maher 2001].

In the 8 trials that evaluated 553 patients that un-
derwent some form of transvaginal mesh in the 
management of anterior compartment prolapse no 
patient underwent surgical intervention for vaginal 
pain or dyspareunia. This is in contrast to the Food 
and Drug Administration (FDA) transvaginal mesh 
alert were vaginal pain and dyspareunia accounted 
for 39% of adverse events and was marginally more 
frequent than mesh erosions at 38% of adverse 
events reports. While mesh exposures and their 
management remain well described vaginal pain 
and dyspareunia associated with anterior transobtu-
rator polypropylene mesh remain poorly character-
ised and will be fully evaluated in the complications 
and sexual function section of this chapter.

Given the relatively robust anatomic outcomes as-
sociated with transobturator mesh many clinicians 
were surprised that many mesh kit manufactures 
recently elected to introduce trocarless mesh kits 
and the majority have little or no data supporting 
their claims of superiority. Most recently, Moore et 
al [Moore 2012] described single incision anterior 
elevate [American Medical Systems, Minnetonka, 
MN, USA] using a lightweight polypropylene graft 
(24g/m2) and reported 92% objective success rate 
at 13 months in 60 patients with anterior and or api-
cal prolapse. No mesh exposures were reported 
and the authors who reviewed the patients reported 
a	inancial	relationship	with	the	company	manufac-
turing the product being evaluated.

Another new system involves polypropylene mesh 
[Prosima, Ethicon] overlay with arms extending 
but not secured to deeper structures. Patients use 
a Vaginal Support Device that is removed in the 
outpatient setting 3-4 weeks postoperatively, to 
splint the mesh while it is being incorporated into 
the paravaginal tissues. On prospective evaluation 
performed by surgeons all of whom have declared 
inancial	agreements	with	the	manufacturing	com-
pany, they reported a 77% objective success rate 
[ <stage 2 POP-Q] at 1 year [Zyczynski 2010] and 
69% at 2 years [Sayer 2011] with a mesh exposure 
rate of 9% in women with Stage 2 anterior and/
or	posterior	compartment	prolapse.	Signiicant	fur-
ther prospective comparative trials with blinded in-
dependent reviewers are required for all mesh kits.

3.  BIOLOGIC GRAFTS ANTERIOR COMPART -
MENT SURGERY

Alternatively to synthetic prosthetic grafts autolo-
gous material may have a lower risk of host rejec-
tion or infection. Cosson [Cosson 2001] described 
an autologous 6-8cm long and 4 cm wide vaginal 
patch suspended from the tendinous arches of the 
pelvic fascia and tucked under the anterior repair. 
The success rate [<grade 1 POP] was 93% at a 
mean follow-up of 16 months.

Allografts from post-mortem tissue banks have been 
used for many years in orthopaedic surgery and de-
crease the risk associated with harvesting autolo-
gous rectus sheath or fascia lata. Cadaveric fascia 
lata with or without pubovaginal sling has been 
utilised to correct anterior compartment prolapse 
with a success rate varying from 81-100% with ac-
ceptable complication rates[Groutz 2001; Kobashi 
2002; Powell 2004; Frederick 2005]. Gandhi et al 
have reported preliminary results of a randomised 
control trial comparing anterior colporrhaphy alone 
and augmented with fascia lata graft for cysto-
celes [Gandhi 2005]. At 1 year they were not able 
to demonstrate that the addition of the fascial lata 
graft improved outcomes with the success rate af-
ter anterior colporrhaphy alone being 71% as com-
pared to 82% in those augmented with the fascia 
lata graft [P=0.07]. No complications were reported. 
Cadaveric dermis has been employed as a graft 
material in the anterior compartment with success 
rates varying from 42-84% at 2 years [Chung 2002; 
Clemons 2003; Behnia-Willison 2007; Ward 2007]. 
Concerns regarding prion transmission causing in-
fectious diseases [Simonds RJ 1992] or residual 
antigenicity [Hathaway 2002] that may cause host 
graft reactions have encouraged the use of porcine 
or bovine xenografts as detailed in Table 4 .

Leboeuf et al retrospectively reviewed 24 women 
with native tissue four corner defect repair (FDR) 
and 19 FDR with porcine dermis [Leboeuf L 2004]. 
At 15 months the success rate was 100% in the 
FDR group and reduced to 84% if porcine der-
mis overlay was utilised. Wheeler et al reported 
on 36 women who all underwent high uterosacral 
vault suspension with anterior repair augmented 
with porcine dermis and at 17 months found a 
50% recurrence rate [Wheeler 2006]. The authors 
highlighted that despite the high objective failure 
rate greater that 90% of the women were satis-
fied or somewhat satisfied with the repair and 
83% would undergo the surgery again. Handel et 
al retrospectively compared anterior colporrha-
phy [n=18], porcine dermis [n=56] and polyprope-
lene graft [n=24] in those with cystocele [Handel 
2007]. The success rate at 13 months was 94%, 
64% and 96% respectively with a 21% rate of 
vaginal extrusion of the porcine dermis graft. 
Alternatively to these relatively disappointing 
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results, a number of groups have reported satis-
factory objective results utilising porcine dermis.
[Gomelsky 2004] [Simsiman 2006].

Meschia et al in a multicentre randomised clinical tri-
al compared the anterior colporrhaphy [n=103] and 
anterior colporrhaphy-augmented with 4x7cm piece 
of porcine dermis [Meschia 2007]. The success rate 
at 1 year was 93% in the anterior colporrhaphy with 
porcine graft overlay group as compared to 81% in 
anterior colporrhaphy alone group [P<0.001] with a 
1% rate of graft erosion.

Hviid et al reported a smaller randomised controlled 
trial comparing polyglactin plication anterior colpor-

rhaphy and porcine dermis 4x7cm graft at one year 
[Hviid	2010].	The	objective	failure	rate	[deined	as	
point	Ba	≥-1]	was	2/28	in	the	porcine	dermis	group	
as compared to 4/26 in the anterior colporrhaphy 
and	was	not	 signiicant.	Guerette	et	 al	 compared	
the anterior colporrhaphy group [n=17]and ante-
rior colporrhaphy with bovine pericardium collagen 
[n=27] matrix graft reinforcement and reported no 
difference on objective examination with success 
rate of 63% after the AC and 77% in the bovine 
pericardium collagen repair at 2 years(Guerette 
2009]. The reoperation rate for prolapse was 37% 
in AC group and 23% in the bovine pericardium 
group. Denovo dyspareunia occurred in 5% follow-

Table 4. Biological Grafts in anterior compartment prolapse

Author Year Graft N Months Success rate Complications 

Cosson(Cosson 2001) 2001 Autologous 
Vaginal patch 

47 16 93% None 

Groutz (Groutz 2001) 2001 cadaveric & 
pubovaginal sling 

19 20 100% None 

Kobashi (Kobashi 2002) 2002 cadaveric fascia lata 
& sling 

132 12 87% 1 osteitis pubis 

Chung (Chung 2002) 2002 cadaveric dermis 19 24 84% 1 infection removal 

Clemons (Clemons 
2003) 

2003 cadaveric dermis 33 18 59% 1 incision breakdown 

Powell (Powell 2004) 2004 cadaveric fascia lata 58 24 81% 10% graft erosion 
2 transfusions, 1 cystotomy 
3 ureteral kinking 

Frederick (Frederick 
2005) 

2005 cadaveric fascia lata 
& sling 

251 6 93% 1 osteitis pubis 

Gandhi (Gandhi 2005) 2005 RCT 
AC & fascia lata 
(Tutoplasta) AC no 
graft 

76 
 
 
78 

13 
 
 
13 

82% 
 
 
71% 

no graft comlications 

Ward (Ward 2007) 2007 cadaveric dermis 39 24 42% 1 de novo dyspareunia 
No graft erosions 

Xenographs 
 

Lebouf (Leboeuf 2004) 2004 FDR & Pelvicol 
PDR 

9 
24 

15 
15 

84% 
100% 

None 
None 

Salomon (Salomon 
2004) 

2004 porcine dermis 
transobturator 

27 14 81% 1 graft r/o vaginal pain 

Gomelsky  (Gomelsky 
2004) 

2004 porcine dermis 70 24 87% None 

Wheeler (Wheeler 2006)) 2006 porcine dermis 
Uterosacral repair 

28 18 50% 2% granulation tissue 

Meschia (Meschia 2007) 2007 Porcine 
AC 

98 
103 

12 
12 

93% 
81% 

1% vaginal extrusion 

Handel (Handel 2007) 2007 Porcine dermis 
Polypropylene 
AC 

56 
25 
18 

13 
13 
13 

64% 
96% 
94% 

21% vaginal extrusions 
4% mesh erosion 

Simsiman(Simsiman 
2006) 

2006 Porcine graft 89 24 78% 17% erosions 
Robles (Robles 2007) 2007 Porcine dermis 

Polypropylene arm 
90 8 85% no complications 

Guerrette(Guerette 
2009) 

2009 AC 
Bovine pericardium collagen 

27 
17 

24 63% 
77% 

Reoperation POP surg 37% 
23% 

Hviid (Hviid 2010) 2010 AC 
Porcine dermis graft 

26 
28 

12 85% 
93% 

Recurrent POP Sur 8% 
10% 

Feldner(Feldner 2010) 2010 AC 
Porcine small intestine 
Submuosa 

27 
29 

12 67% 
86% 

Dyspareunia  15% 
25% 

Natale (Natale 2009) 2009 porcine graft 
self-styled polypropylene mesh 

94 
96 

24 58% 
72% 

Mesh erosion  0 
6.3% 

Menefee (Menefee 
2011) 

2011 AC 
Vag paravaginal porcine dermis 
Vag paravaginal polypropylene 
 

19 
23 
25 

24 55% 
52% 
86% 

Mesh erosion 0 
4% 
14% 

Variable deinitions of success used. 
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ing AC only. There was no difference in quality of 
life outcomes between the groups utilizing Urinary 
Distress Inventory and Pelvic organ prolapse and 
Incontinence sexual questionnaire.

Feldner et al compared anterior colporrhaphy with 
7x10cm small intestine submucosa (SIS) graft in a 
randomised control trial and demonstrated reduced 
operating time in AC group (30 min versus 46) as 
compared to SIS [p=0.02][Feldner 2010]. The objec-
tive	failure	rate	of	33%	[9/27]	was	signiicantly	higher	
after the AC versus 14% [4/29] in the SIS group. The 
dyspareunia rate was similar in both groups [AC 4/27 
versus 5/20 SIS] and no reoperations were report-
ed. Prolapse quality of life assessment [P-QOL] im-
proved	postoperatively	in	both	groups	with	no	signii-
cant difference between the groups. In another RCT, 
Natale et al compared polypropylene mesh (Gyne-
mesh) with porcine dermis (Pelvicol). At two years, 
signiicantly	 fewer	women	had	anterior	vaginal	wall	
recurrence in the mesh group 28% [27/96] versus to 
44% [41/94] of the porcine graft group [RR 0.64, 95% 
CI 0.43 to 0.96]. Mesh erosion was seen in 6.3% fol-
lowing mesh surgery. Although similar numbers of 
women reported dyspareunia [10 versus 12], the 
authors reported superior sexuality outcomes in the 
porcine graft group as compared to polypropylene 
mesh [p = 0.03][Natale 2009].

Finally, Menefee et al in a randomised control trial 
compared three operations, anterior colporrhaphy, 
vaginal paravaginal repair using porcine dermis graft 
and vaginal paravaginal with self-styled polypropyl-
ene mesh and also reported a higher objective suc-
cess rate after the polypropylene mesh 86% [25/29] 
as compared to 52% [12/23] in the porcine dermis 
arm [Menefee 2011] and 53% [10/19] in the AC arm. 
The	subjective	failure	rate	was	not	signiicantly	differ-
ent and was 3.4%,12% and 13% respectively. The 
graft erosion rate was 1/23 [4.3%] in the porcine der-
mis group and 4/29 [13.8%] in the mesh group.

The 2012 Cochrane meta-analysis concluded that 
when anterior colporrhaphy was compared to any 
biological graft the objective failure rate in anterior 
compartment	 was	 signiicantly	 higher	 in	 the	 ante-
rior colporrhaphy group 56/222 [25%] as compared 
to the biological graft group 31/218 [14%]. Results 
from 3 trials [Gandhi 2005; Meschia 2007,Guerette 
2009] demonstrated no difference in prolapse 
symptoms when native tissue repair was compared 
to biological graft repair [RR 1.03 0.61 to 1.75]. Dif-
ferences in the methodology and the nature of the 
different	biological	grafts	utilised	in	ive	trials	[Feld-
ner 2010, Gandhi 2005, Guerette 2009, Hviid 2010, 
Meschia 2007, Menefee 2011] were considered to 
be too dissimilar to combine with any other results 
in a meta-analysis except to highlight that 2 RCT’s 
[Feldner 2010, Menefee 2011] demonstrated su-
perior objective outcomes following polypropylene 
mesh as compared to Porcine graft overlay.

While many clinicians believe the primary role of 
polypropylene mesh may be in complex or high risk 

prolapse such as recurrent prolapse there is little 
evidence to support these proposals. Fayyad et al 
prospectively evaluated 36 women with recurrent an-
terior compartment prolapse and reported an objec-
tive success rate (less than stage 2 anterior compart-
ment prolapse ) of 47% with a mesh exposure rate of 
19%[Fayyad 2011].

In a prospective multicentre Dutch RCT trial women 
who had undergone prior prolapse surgery were 
randomised between native tissue repairs and ten-
sion free Vaginal polypropylene mesh [Withagen 
2011].	 	Allocation	 concealment	was	 not	 conirmed	
and neither patient, surgeon or assessor were blind-
ed. Surgeons performed the reviews and all authors 
declared	a	inancial	 relationship	with	 the	company	
manufacturing the commercial mesh product. Un-
fortunately preoperatively the two groups were sig-
niicantly	 different	 pointing	 to	 a	 systematic	 failure	
in the randomization process which discredits the 
remaining	indings	of	the	manuscript.

The reported failure rate in the native tissue group 
using	 an	 unorthodox	 outcome	 deinition	 (no	 pro-
lapse in the treated compartment or reoperation) 
was 45% AC versus 9% mesh group at 1 year. 
Utilising	the	deinition	any	grade	2	prolapse	or	sub-
sequent prolapse surgery the failure rate was 66% 
in the conventional surgery group as compared to 
49% [p=0.03] in the mesh group. The mesh expo-
sure rate was 16.7% with 6% undergoing surgical 
intervention. Utilising Patients global Impression of 
Improvement [PGII] and Urogenital Distress Inven-
tory both groups had similar outcomes.

Conclusion for anterior vaginal compartment 
repairs:

The following conclusion can be made regarding 
surgical interventions for anterior vaginal compart-
ment repairs:

•		absorbable	 mesh	 augmentation	 of	 native	 tis-
sue repair improves the anatomical outcome as 
compared to native tissue repair alone with no 
increased complication rate in meta-analysis of 2 
RCTS (Grade B )

•		Biological	 grafts	 in	meta-analysis	 have	 improved	
anatomical outcomes with no change in subjec-
tive outcomes as compared to native tissue re-
pairs (Grade B ).	 Conlicting	 level	 one	 evidence	
supports porcine dermis graft (Meschia, Hviid, 
Menefee) and single RCT supports small intestine 
submucosa as graft agent in anterior compartment 
prolapse surgery (Feldner)  (Grade B ) .

•		Consistent	level	one	data	supports	a	superior	ana-
tomical outcome for Polypropylene mesh as com-
pared to biological graft (Pelvicol) in the anterior 
compartment (Feldner, Menefee). Mesh exposure 
rate	was	signiicantly	higher	 in	 the	polypropylene	
mesh group. (Grade A )
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•		Consistent	level	1	evidence	demonstrates	improved	
anatomical and subjective outcomes for polypro-
pylene mesh as compared to anterior colporrha-
phy (Grade A ). These outcomes did not translate 
into improved functional outcomes using validated 
questionnaires or a lower reoperation rate for pro-
lapse. The mesh group was also associated with 
longer operating time, greater blood loss and a non 
signiicant	tendency	towards	higher	cystotomy,	de-
novo dyspareunia and denovo stress urinary incon-
tinence rate as compared to AC. Apical or posterior 
compartment	prolapse	was	signiicantly	more	com-
mon following polypropylene mesh and mesh extru-
sion rate was 10.4% with 6.3% undergoing surgical 
correction. (Grade B )

•		single	Level	3	evidence	does	not	 support	use	of	
polypropylene mesh for recurrent anterior vaginal 
wall prolapse (Grade C )

Traditionally, surgical correction of uterovaginal 
prolapse includes a hysterectomy despite the fact 
that the uterus is believed to be a passive struc-
ture in the disease process. More recently, women 
have opted for uterine preservation for a variety of 
reasons including: desire to maintain future fertil-
ity, belief that the uterus affects sexual function or 
sense of identity, and concern about risks of hys-
terectomy. While the overall number of hysteropexy 
studies have increased, most are retrospective or 
lack a control group. Comparisons between the dif-
ferent hysteropexy procedures are challenging due 
to the limited numbers of prospective controlled tri-
als measuring a variety of outcomes.

1. PATIENT SELECTION

Careful patient selection is critical prior to consid-
ering uterine preserving prolapse surgery. Table 5 
list contraindications to uterine preservation.  Most 
studies exclude subjects with menstrual disorders 
and abnormal uterine or cervical pathology such 
as	large	ibroids,	endometrial	hyperplasia,	and	cer-
vical dysplasia. A recent study by Frick illustrates 
the need for hysterectomy in woman with post-
menopausal bleeding even with a negative workup 
because of the high risk [13%] of unanticipated 

endometrial cancer or hyperplasia [Frick 2010]. 
Postmenopausal women without bleeding and pre-
menopausal women with regular menses without 
abnormal uterine bleeding and a negative workup 
are at low risk for unanticipated pathology.

2. VAGINAL HYSTEROPEXY

The vaginal route can be divided into repairs with 
and without mesh. The non-mesh repairs include 
Manchester repair and sacrospinous hysteropexy.

a) The Manchester procedure

The Manchester procedure is one of the oldest pro-
lapse repairs that involves amputation of the cervix 
and reattachment to the cardinal ligaments. Modi-
ied	Manchester	procedures	include	plication	of	the	
uterosacral ligaments posteriorly and cardinal liga-
ments anteriorly for improved apical support. Nev-
ertheless, this is primarily a procedure for cervical 
elongation in premenopausal women that wish to 
maintain fertility or older women with medical co-
morbidity. There are high rates of cervical stenosis 
and menstrual disorders [7-35%] associated with 
cervical amputation and the use of Sturmdorf su-
tures [Williams 1966; Tipton 1970; Thomas 1995; 
Ayhan 2006]. All studies using this technique are 
retrospective and show relatively good anatomic 
and symptomatic improvement. One retrospective 
cohort	comparing	modiied	Manchester	to	total	vagi-
nal hysterectomy and uterosacral ligament suspen-
sion showed 100% cure of the apical compartment 
but a 40% success rate based on overall stage in 
the Manchester group. [DeBoer 2009] Three other 
retrospective cohorts comparing Manchester to 
vaginal hysterectomy showed no difference in ana-
tomic or symptomatic outcomes with decreased op-
erating time and blood loss in the Manchester group 
[Thys ; Thomas 1995; Kalogirou 1996]. Despite 
good success rates, Kalogirou concluded, “that the 
Manchester procedure has a limited place in mod-
ern gynecology…” Better surgical options exist for 
pre-menopausal women that wish to preserve fertil-
ity including sacrospinous hysteropexy, laparoscop-
ic uterosacral hysteropexy or laparoscopic sacral 
hysteropexy. For post-menopausal women with 
medical comorbidity that require a minimally inva-
sive approach, sacrospinous hysteropexy or LeFort 
colpocleisis would be preferable depending on their 
desire to preserve vaginal function.

V. UTERINE PRESERVATION DURING 
POP SURGERY

Uterine abnormalities 
Fibroids, adenomyosis, endometrial pathology sampling 
History of current or recent cervical dysplasia 
Abnormal menstrual bleeding 
Post menopausal bleeding 
Familial cancer BRAC1&2 risk ovarian cancer and theoretical risk fallopian tube and serous endometrial cancer 
Hereditary Non-Polyposis Colonic Cancer 40-50% lifetime risk endometrial cancer 
Tamoxifen therapy 
Unable to comply with routine gynecology surveillance 
 

Table 5. Contraindications to uterine preserving surgery
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b) Sacrospinous Hysteropexy

At sacrospinous hysteropexy the cervix or utero-
sacral	ligaments	are	transixed	to	the	sacrospinous	
ligament using permanent or delayed absorbable 
suture. In a recent RCT comparing sacrospinous 
hysteropexy [n=37] to vaginal hysterectomy with 
uterosacral ligament suspension [n=34], Dietz et al 
reported a higher rate of apical recurrences in the 
hysteropexy group 21% versus 3% hysterectomy 
group p=0.03].[Dietz 2010] Three women had stage 
4 uterine prolapse preoperatively that underwent 
hysteropexy and all developed recurrent uterine 
prolapse within one year. Subjective outcomes im-
proved for both groups. Hysteropexy was associ-
ated with shorter hospitalisation, quicker recovery 
with more rapid return to work and the total vaginal 
length was longer 8.8cm versus 7.3cm in hysterec-
tomy group [p<0.01]. Both groups had high rates of 
postoperative anterior vaginal wall prolapse [51% 
vs. 64%]. Another RCT unfortunately failed to report 
objective or subjective outcomes and revealed no 
difference in sexual function between sacrospinous 
hysteropexy and vaginal hysterectomy [Jeng 2005]. 
Sexual function domains of the Female Sexual 
Function Index-7 remained relatively unchanged in 
the majority of subjects with low rates of dyspareu-
nia [5%].  Transient buttock pain occurred in 15% of 
subjects,	similar	 to	sacrospinous	 ligament	ixation.	
Among the other studies in our review, buttock pain 
was present in up to 18% of patients and was usu-

ally self-limited [Hefni 2003; Jeng 2005; Hefni 2006; 
Dietz 2007; Dietz 2008].

Three cohort studies comparing sacrospinous hys-
teropexy to vaginal hysterectomy with or without sa-
crospinous	ixation	showed	no	difference	in	anatomi-
cal or symptomatic improvement with the exception 
of a three-fold increase in overactive bladder and 
urge incontinence symptoms in the vaginal hysterec-
tomy group [Maher 2001; Hefni 2003; van Brummen 
2003]. The sacrospinous hysteropexy group had 
shorter operating time, less blood loss, faster recov-
ery, and fewer complications with similar recurrence 
and reoperation rates.

Lin and colleagues performed an interesting and 
unique prospective two-part study [Lin 2005]. The 
irst	phase	identiied	cervical	elongation	[relative	risk	
10.9] and severe prolapse as risk factors for recurrent 
prolapse after sacrospinous hysteropexy. Among the 
irst	33	patients,	cure	of	uterine	prolapse	was	93%	for	
those without risk factors compared to 71% for those 
with at least one risk factor. Next, they excluded pa-
tients with severe prolapse and performed a partial 
trachelectomy for those with cervical elongation re-
sulting in a 96-100% cure rate with no recurrences in 
the 7 women undergoing partial trachelectomy.

The majority of studies have revealed relatively 
high success rates for the apical compartment with 
low complication rates for sacrospinous hystero-
pexy. Evaluation of available data from Table 6  re-

Author Study Type 
& Surgery 

Review 
(months) 

Success Rate 
SSHP 

Success rate 
Vaginal 
hysterectomy 

Complications 

Dietz 2010
 

RCT 
 

12 27/34 (79% ) 
 

30/31 (97%) 
 

1 Ureteral obstruction TVH group 

Jeng 2005 RCT  6 MD MD Buttock pain 12 (15%) 

Hefni 2003
 

Prospective 
Cohort 
 

33 57/61(94%) 
 

46/48 (96%) Buttock pain: 2(3%) vs 2(4%) 
All others in TVH/SSLF group 
Hematoma 3(6%) – 1 reoperation to 
drain ,Transfusion 2(4%) 

Van 
Brummen 
2003 

Retrospective 
cohort 
 

19 39/44 (89%) 28/30(93%) 
 
 

Hemorrhage 1(2%) 
Nerve/organ injury 1(2%) 
 

Maher 
2001 

Retrospective 
cohort 

26 
33 

25/34(74%) 
 

 
26/36 (72%) 

Buttock pain 3(2 vs 1) 
Dyspareunia 7% vs 3% 

Dietz 2008
 

Prospective 
 

13 56/72 (78%) 
 
 

 Buttock pain  13(18%) 
Vaginal hematoma 2(3%) 
Vaginal adhesion 3(4%) 
Reoperation bleeding: 1 

Lin 2005 Prospective  60-120 32/36 (89%)   Unknown 

Dietz 2007
 

Retrospective 23 57/60(95%) 
 

 Buttock pain (15%) 
DVT 1 
Reoperation: postop bleeding 1 

Hefni 2006
 

Retrospective 57 60/65 (92%) 
 
 

114/117 (97%) Buttock pain 6.5%,Dyspareunia 2 
Rectal injury 2,Transfusion 1 
Vault hematomas (2%) 
Reoperation for bleeding 3 

Kovac 1993 Retrospective 37.2 15/17(88%)   Rectal injury 1(5%) 

Richardson 
1989 

Retrospective 6-24 5/5 (100%)   

Total   373/428 (87%) 
95%CI 84-
90% 

244/262 (93%) 
95%CI  (90-96) 

             P=0.054 
 

SSHP = sacrospinous hysteropexy; TVH = total vaginal hysterectomy; DVT = deep venous thrombosis
* variation in surgical techniques and deinition success exist

Table 6. Compares outcomes sacrospinous hysteropexy and vaginal hysterectomy.
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veals no difference in the mean objective success 
rate of 87% [373/428] sacrospinous hysteropexy 
versus 93% [244/262] in the hysterectomy group. 
While	 tha	 data	 on	 eficacy	 of	 sacrospinous	 hys-
teropexy	are	conlicting	sacrospinous	hysteropexy	
remains an alternative to vaginal hysterectomy in 
women who desire future fertility or uterine con-
servation. However, women with severe advanced 
prolapse desiring uterine conservation are at high 
risk of recurrence and should consider alterna-
tive approaches for hysteropexy [Lin 2005; Dietz 
2010]. Those with cervical elongation should con-
sider partial trachelectomy, which may affect future 
pregnancy outcomes.

c) Vaginal Mesh Hysteropexy

Several sacrospinous hysteropexy studies show 
high rates [11-51%] of recurrent anterior vagi-
nal wall prolapse despite performance of a con-
comitant cystocele repair [Paraiso 1996; Maher 
2001; Hefni 2003; Dietz 2007; Dietz 2008; Dietz 
2010] and probably secondary to the posterior 
deflection of the vaginal axis with sacrospinous 
fixation. Level 1 evidence demonstrates im-
proved anterior vaginal wall anatomical support 
with the addition of vaginally placed mesh. [Ma-
her 2010]  Intuitively, hysteropexy with anterior 
mesh placement seems ideal to improve anterior 
vaginal wall support and decrease recurrences 
in women desiring uterine conservation. Studies 
involving vaginal mesh repair with uterine con-
servation frequently include post-hysterectomy 
subjects and those undergoing concomitant hys-
terectomy making it difficult to identify outcomes 
specific to hysteropexy [Feiner 2010]. For the 
purposes of this section, we excluded anterior 
vaginal mesh repairs for uterovaginal prolapse 
that did not require an apical support procedure 
that would qualify as a hysteropexy.

Collinet et al reported 5-fold increased odds of 
mesh exposure with concomitant hysterectomy 
and 6-fold increased odds with an inverted T col-
potomy incision [Collinet 2006]. Uterine preser-
vation and minimising the size of the colpotomy 
were protective. These data support the role of 
hysteropexy for women with uterovaginal pro-
lapse planning a vaginal mesh repair. However, 
there are no RCTs or prospective cohort studies 
comparing vaginal mesh hysteropexy to hyster-
ectomy with prolapse repair. There are 3 retro-
spective cohort studies confirming the efficacy of 
vaginal mesh hysteropexy. McDermott et al re-
ported similar high anatomic success, symptom-
atic improvement and perioperative outcomes 
with total Prolift hysteropexy and total Prolift 
colpopexy [McDermott 2011]. The mesh erosion 
rate was 13% in the hysteropexy group. Chu et al 
discovered excellent support and high satisfac-
tion when hysteropexy and vaginal hysterectomy 
were performed in conjunction with Perigee and 

Apogee, apical arms placed through the sacro-
spinous ligaments (Chu). The hysteropexy group 
had shorter operating time, less blood loss, and 
lower rates of mesh erosions [4% vs. 13%, NS]. 
Neuman et al reported similar high success and 
satisfaction for posterior intravaginal slingplasty 
with hysteropexy and hysterectomy [Neuman 
2007]. There was only 1 case of recurrent uter-
ine prolapse despite the fact that cervical am-
putation was performed in 17% of hysteropexy 
subjects. Tape erosion rates were similar [11% 
vs. 14%, NS] and hospitalisation was shorter 
[1.5 vs. 4.2 days] in the hysteropexy group.

A prospective series of 100 anterior Prolift, sa-
crospinous hysteropexy and posterior colporrha-
phy procedures revealed 75% objective success, 
12% uterine recurrences and 11% mesh erosions 
[Feiner 2010]. Satisfaction was high [94%] be-
cause 84% had no prolapse symptoms and all re-
current uterine prolapse were mild, stage 2. Other 
retrospective and prospective hysteropexy series 
demonstrate higher cure rates with similar or low-
er mesh risk [Huang ; Nicita 2005; Inoue 2009]. 
Fatton et al demonstrated a high number of mesh 
related complications in a multicentre retrospec-
tive series of 110 Prolift procedures [Fatton 2007]. 
There was 1 bladder injury, 5 mesh exposures, 3 
granulomas without mesh exposure, 18 cases of 
mesh shrinkage, and 1 vaginal synechia. Meta-
analysis of the limited available data in Table 7  
demonstrates no difference in anatomic success 
rate of 86% [273/316] in the mesh hysteropexy 
versus 98% [81/83] in the mesh hysterectomy 
group [p=0.21]. Nor was there a significant reduc-
tion in the mesh exposure rate when mesh repairs 
were performed with hysteropexy 8.8% versus 
13% with hysterectomy [p=0.22]. Newer trocar-
less kits using lower volume light weight mesh are 
being promoted for uterine conservation surgery 
without any supporting data in the peer reviewed 
literature to date.

3. ABDOMINAL HYSTEROPEXY

Abdominal hysteropexy has been performed 
for over a century. Early procedures trans-
fixed the uterus to the anterior abdominal wall 
[Swain 1897; Giles 1930]. Other small series 
have successfully utilised ventral fixation to 
the pectineal ligaments with or without a graft 
[Nesbitt 1989; Joshi 1993]. However, abdomi-
nal sacral hysteropexy is generally the pro-
cedure of choice when performed through an 
open abdominal incision. Similar procedures 
can be performed laparoscopically or roboti-
cally including sacral hysteropexy and utero-
sacral ligament suspension. Other laparo-
scopic options have been described including 
round ligament suspension [O’Brien 1994] and 
anterior abdominal wall fixation [Chen 2010]. 
We present the data for the most common ab-
dominal and laparoscopic techniques.
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a) Abdominal Sacral Hysteropexy

Early studies performed in the 1950’s either di-
rectly sutured the uterus to the anterior longi-
tudinal ligament or used a thin strip of external 
abdominal oblique fascia tunneled retroperito-
neally from the sacral promontory to the poste-
rior cervix for support [Stoesser 1955; Arthure 
1957]. More recently, a variety of grafts and 
techniques have been described. Frequently 
polypropylene mesh is secured posteriorly to 
the cervix/vagina or a second graft is passed 
through windows made in the broad ligament 
and secured to the anterior cervix/vagina. Ad-
dison and Van Lindert published a series of 
abdominal sacral colpopexy in 1993 containing 
subsets of women [11 total] undergoing suc-
cessful abdominal sacral hysteropexy with syn-
thetic mesh [Addison 1993; van Lindert 1993]. 
Over the past 15 years, there have been mul-
tiple small studies evaluating abdominal sacral 
hysteropexy [Costantini ; Banu 1997; Costantini 
1998; Leron 2001; Roovers 2002; Barranger 
2003; Roovers 2004; Bai 2005; Costantini 2005; 
Demirci 2006; Jeon 2008] as listed in Table 8 .

Roovers and colleagues performed the only 
RCT comparing abdominal sacral hysteropexy 
[n=41] and Burch to vaginal hysterectomy, utero-
sacral ligament suspension, anterior and poste-
rior colporrhaphy, and needle suspension [n=41]
[Roovers 2004]. Anatomic outcomes were simi-
lar with high success rates for the apical [95%]
and posterior [85-95%] compartments. Anterior 
recurrences occurred in 61 and 64% of women. 
Urogenital distress inventory scores improved 
for all domains with the greatest improvement 
in prolapse symptoms. There were more doctor 
visits and reoperations performed or planned in 
the abdominal hysteropexy group. No differenc-
es existed for operating time, blood loss, length 
of hospitalisation, and number of complications. 

Constantini et al reported results of a prospective 
cohort study comparing abdominal sacral hystero-
pexy to total abdominal hysterectomy and sacral 
colpopexy [Costantini 2005]. There were no dif-
ferences in anatomic success [91% vs. 92%], 
symptomatic improvement or satisfaction. Three 
women required vaginal revision due to mesh ero-
sions [8%] in the hysterectomy group. Hystero-
pexy was associated with shorter operating time, 
less blood loss, and shorter hospitalisation.

There are 2 retrospective cohort studies that each 
included 3 arms. Jeon et al compared abdominal 
sacral hysteropexy to abdominal hysterectomy 
with sacral colpopexy or uterosacral suspension 
[Jeon 2008]. There were no recurrences in the 
hysteropexy group. Recurrences were 6.2 times 
more likely to occur in the uterosacral suspension 
group compared to the sacral colpopexy group 
when hysterectomy was performed. Bai et al 
compared smaller numbers of abdominal sacral 
hysteropexy to sacral colpopexy with or without 
hysterectomy [Bai 2005; Jeon 2008]. Success 
rates were high for all groups [95-100%]. There 
were 3[16%] mesh erosions in the hysterectomy 
group that did not require reoperation and no 
erosions in the other groups. Hysteropexy had 
shorter operating time and length of hospitalisa-
tion. All of the prospective observational trials 
and retrospective series revealed satisfactory 
anatomic success [87-100%] and symptomatic 
improvement [92-100%] [Costantini ; Banu 1997; 
Costantini 1998; Leron 2001; Barranger 2003; 
Demirci 2006]. In 2 studies, cervical amputation 
was performed without subsequent problems for 
7 women with cervical elongation.

b) Laparoscopic sacral hysteropexy

Laparoscopic sacral hysteropexy techniques are 
similar to those described with the abdominal 
sacral hysteropexy with an anatomic success rate 

Author  Study Type & 
Surgery 

Review 
months 

Success Rate 
Mesh 
hysteropexy 

Success rate 
Mesh 
hysterectomy 

Mesh exposure 
hysteropexy 

Mesh 
exposure 
hysterectomy 

McDermott
2011 

Retrospective cohort
Total Proli ft 
Hysteropexy 

11 20/24 (83%) 
 
 

 3/24  

Chu 
2011 

Retrospective cohort
Perigee & Apogee 
SSHP vs. TVH 

9.0 (50/52) 96% 39/39 (100%) 2/52 5/39 

Neuman 
2007 

Retrospective cohort 
Posterior IVS 
Hysteropexy vs TVH 

29 32/35(91%) 
 
 

42/44 (95%) 4/35 6/44 

Feiner 
2010 

Prospective 
Anterior Proli ft, 
SSHP 

12 69/92 (75%) 
 
 

 10/94  

Inoue 
2009 

Prospective 
observational 
TFS  SSHP 

MD 23/25 (92%) 
 

 1/25  

Huang 
2011 

Retrospective 
Polypropylene SSHP

20 60/67(90%) 
  

 8/67  

Nicita 2005 Retrospective 31 19/21(89%)  0/21  
Total   273/316 (86%)

95% CI (82-90)
81/83 (98%) 
95% CI (94-100) 

28/318 (8.8%) 
95% CI (5.7-11.9)

11/83 (13%) 
95%CI 6-21 

Table 7. Compares vaginal mesh hysteropexy and vaginal mesh hysterectomy outcomes.

*variety surgical techniques and deinitions of success
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of 88-100% with equally high symptomatic im-
provement and satisfaction. Several of the stud-
ies include different combinations of patients in-
cluding post hysterectomy prolapse undergoing 
laparoscopic sacral colpopexy, uterine prolapse 
undergoing both abdominal and vaginal hyster-
ectomy or laparoscopic sacral hysteropexy mak-
ing	 it	dificult	 to	determine	speciic	results	associ-
ated with laparoscopic sacral hysteropexy. Table 
8 describes the anatomic outcomes of sacral 
hysteropexy performed laparoscopically or open 
compared to hysterectomy and sacral colpopexy 
and demonstrates similar success rates in the two 
groups 91% [310/339] and 92% [84/91] respective-
ly [p=.17]. The sacral hysteropexy was quicker to 
perform and also had a lower mesh exposure rate 
of 1.5% [5/339] versus 8.5% [11/129] versus sacral 
colpopexy with hysterectomy [p<0.05%].

c) Laparoscopic Uterosacral Hysteropexy

At surgery the plicated uterosacral ligaments are 
secured to the distal cervix or by plicating the lig-
aments in the midline with a McCall’s technique. 
Some add a Moschcowitz culdoplasty at the time 

of uterosacral suspension. Rosen et al compared 
laparoscopic uterosacral hysteropexy to total 
laparoscopic hysterectomy with uterosacral sus-
pension, both groups did reasonably well with-
out noticeable differences in outcomes [Rosen 
2008]. When laparoscopic uterosacral hystero-
pexy was compared to vaginal hysterectomy and 
colpopexy in 25 age matched pairs, anatomic 
and symptomatic improvement was slightly bet-
ter for the laparoscopic group with less blood 
loss and shorter length of hospitalisation [Diwan 
2006]. Other series show similar anatomic and 
symptomatic success [80-100%] with few com-
plications in women undergoing laparoscopic 
uterosacral or McCall’s hysteropexy. [Maher 
2001; Krause 2006; Medina 2006]. Evaluation of 
available trials in Table 9 demonstrates a mean 
objective success rate of 83% [148/176]after lap-
aroscopic uterosacral hysteropexy as compared 
to 78% [21/27] after laparoscopic hysterectomy 
and 88% [22/25] after vaginal hysterectomy and 
uterosacral ligament suspension.

Laparoscopic round ligament suspension was not 
as successful with all women having a rapid re-

Author Study Type & 
Surgery 

Follow-up 
months 

ASHP 
Success rate 

TAH SCP 
Success rate 

ASHP 
Mesh 
Exposure 

TAHSCP 
Mesh 
exposure 

Complications 

Roovers 
2004 

Multicenter 
RCT 

12 26/41 (63%)  
 

2/41  1Transfusion, 2 vault 
abscess 
&Infected implant 

Constantini 
2005 

Prospective 
 

51 31/34 (91%) 
 

35/38(92%) 0/34 3/38 ASHP group 
2Transfusion, 
2Incisional hernia 

Jeon 
2008 

Retrospective 
Cohort 

36 (1-84) 35/35 (100%) 
 

60/63 95% 0/35 5/63 TAH: 1 DVT, 3 SBO,  1 
ureteric obstruction 

Bai 
2005 

Retrospective 
cohort 
 

12 10/10 (100%) 
 
 
 

18/19 (95%) 0/10 3/19 Transfusion: 3 /5 
Wound dehiscence 
secondary closure: 0/2 
Ileus: 1 ASHP 

Constantini 
2011 

Prospective 
observational 
ASHP (47) 
LSHP (8) 

64(12-146) 45/52 (87%) 
 
 
 
 

 2/52  De novo constipation 5, 
Persistent sexual 
dysfunction 24%(4/17) 
Wound hernia 2 
PE 1 

Price 2010 Prospective 
LSHP 

3-6 50/51(98%)  0/51  2 dyspareunia, 

Demirci 
2006 

Prospective 
ASHP 

25(3-60) 19/20 (95%) 
 

 
 

0/20  Wound infection 2 
Incisional hernia 1 
Dyspareunia 3 

Barranger 
2003 

Prospective 
ASHP 
 

45 (2-156) 
 
 
 

(28/30) (93%) 
 
 
 

 1/30  Hematoma 1, 
Presacral Hemorrhage 
1 
Wound infection 1, 
Incisional hernia 1, 
SBO 1, Sciatic pain 1, 
De novo dyspareunia 2 

Constantini 
1998 

Retrospective 
ASHP 

32 (12-68) 7/7   (100% 
 
 

8/9 (89%) 0/7 0/9 DVT/PE 2 (10%) 
Femoral neuropathy 
1(5%) 
Incisional hernia 
2(10%) 

Rosenblatt 
2008 

Retrospective 
LSHP 

8 40/40  (100%)  0/40  1 rectal injury, umbilical 
hernia & transfusion 

Banu 
1997 

Retrospective 
ASHP 

36-60 19/19  (100%)  0/19  “no signiicant  
complications” 

Total   310/339 
(91%) 

121/129 
(94%) 

5/339 (1.5%) 11/129 
(8.5%) 

 

 

Table 8. Compares outcomes sacral hysteropexy (open or laparoscopic) and hysterectomy and sacral 
colpopexy outcomes.
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currence of prolapse [O’Brien 1994]. Laparoscop-
ic attachment to the anterior wall with mesh was 
highly successful in a group of 28 women [Chen 
2010]. This technique could potentially increase 
the risk of posterior compartment recurrences 
due to vaginal axis deflection anteriorly, similar to 
a retropubic urethropexy.

d) Hysterectomy at time of sacral colpopexy

The evidence supporting sacral colpopexy 
is largely based on post-hysterectomy vault 
prolapse and it is not clear from the literature 
whether the excellent outcomes reported in the 
post- hysterectomy group will be reproduced in 
the uterine prolapse group. When considering 
sacral colpopexy for women with uterovaginal 
prolapse, the literature is relatively sparse. The 
choice of hysterectomy includes supracervical, 
abdominal, laparoscopic assisted vaginal and 
vaginal. Additionally, the mesh can be attached 
vaginally or laparoscopically following a vaginal 
hysterectomy. Placement of synthetic mesh over 
a healing sutured incision plus exposure to vagi-
nal microbes theoretically increases the risk of 
graft erosion when hysterectomy is performed at 
the time of sacral colpopexy. While the evidence 
in the literature is conflicting meta-analysis of 
all available comparative studies in Table 10  
demonstrate that the risk of mesh erosion is ap-
proximately 4 times greater if a hysterectomy is 
performed at the time of sacral colpopexy 8.6% 
[51/592] as compared to 2.2% [25/1125] without 
a hysterectomy and 1.7% [1/58] if subtotal hys-
terectomy is performed. Introducing synthetic 
mesh transvaginally or laparoscopically after 
vaginal hysterectomy or through a posterior vagi-

nal excision appears to significantly increase the 
risk of mesh erosion after sacrocolpopexy[Visco 
2001; Tan-Kim 2011].

Therefore, based on the current literature, hys-
terectomy at time of sacral colpopexy should 
be selected with caution and patients should be 
counseled regarding increased risk of mesh ex-
posure. For this reason supracervical hysterec-
tomy and sacral hysteropexy seem to be gaining 
in popularity however, there is a very significant 
paucity of data supporting this approach. Clini-
cians and the patients planning sacral hystero-
pexy and supracervical hysterectomy should 
also consider the significant surgical challenge 
of removing a retained cervix or uterus that is 
encompassed in mesh.

4. PREGNANCY AND HYSTEROPEXY

For women with uterovaginal prolapse who have 
not completed their family, conservative manage-
ment	 with	 a	 pessary	 should	 be	 offered	 as	 a	 irst	
line treatment before surgical hysteropexy. Most 
believe	that	deinitive	surgical	management	should	
be deferred until childbearing is completed due to 
the potential impact of future pregnancy and deliv-
ery on pelvic support and surgical repair. In situa-
tions	where	a	pessary	cannot	be	itted	properly	or	
for younger patients that refuse conservative ther-
apy for a prolonged period of time, hysteropexy is 
a reasonable option.  There are no documented 
pregnancies after laparoscopic sacral hysteropexy 
or vaginal mesh hysteropexy. There were 12 preg-
nancies after a Manchester procedure with mostly 
full term vaginal deliveries and only 1 documented 
recurrence of prolapse. There were 17 pregnan-

Author Methodology Numbers Follow-up
 

 

Rosen 
2008 

Prospective 
cohort 
 

32 
 

24 (22/28) 79% 
 
 

21/27 
(78%) 

 Dyspareunia 1 each 
group 
 

Diwan 
2005 

Retrospective 
cohort 
 

25 LUSLHP 
25 TVH 

7 
12 

25/25 100% 
 
 

  
22/25 (88%) 

De novo dyspareunia 
2(8%) 

Maher 
2001 

Prospective 
 

43 12(6-32) (34/43) 79% 
 
 

  Laparotomy  
Hemorrhage 
2 Ureteral releasing 
incisions) 

Medina 
2006 

Retrospective 23 16(6-40) 23/23 (100%) 
 

  Pneumonia 1 

Krause 
2006 

Prospective 
 

81 (5) 20 (7-31) 54/57 (95%)   DVT/PE: 1 
2 Small bowel 
perforation 

months
LUSLHP TLH+US

CL
Vaginal 
hysterectomy

Complications

Table 9. Compares laparoscopic uterosacral hysteropexy and hysterectomy outcomes.

LSHP = laparoscopic sacral hysteropexy; LUSLHP = laparoscopic uterosacral ligament hysteropexy; TLH = total laparoscopic 
hysterectomy; * signiicant variation in deinition success and surgical technique
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cies after sacrospinous hysteropexy with half vagi-
nal and half cesarean deliveries at term followed 
by 2 recurrences. There were a few pregnancies 
after laparoscopic uterosacral hysteropexy that 
had mixed routes of delivery at term with 1 recur-
rence. Giles reported the majority of documented 
pregnancies that occurred after abdominal wall 
suture hysteropexy [Giles 1930].  There were 139 
pregnancies and 110 full term deliveries that were 
mostly vaginal [75%] with only 1 recurrence. Ot, 
her abdominal hysteropexy studies revealed 9 
pregnancies with mostly vaginal deliveries and 
no recurrences.[Stoesser 1955; Joshi 1993; Banu 
1997; Barranger 2003]

Despite relatively good outcomes, limited infor-
mation exists to aid in counseling patients that 
desire hysteropexy and plan to become preg-
nant in the future. Unfortunately, we do not know 
which type of hysteropexy is better for women 
that desire future pregnancy with respect to fer-
tility, pregnancy and delivery, and postpartum 
support and durability? We also do not know the 
true impact of a future pregnancy on long-term 
success rates and whether a cesarean delivery 
prevents recurrent prolapse compared to vagi-
nal delivery. Since relatively few women undergo 
hysteropexy and subsequent pregnancy, it would 
be difficult to design a feasible study to answer 
these questions

Summary

In summary a wide variety of surgical options remain 
for women presenting with uterine prolapse.

•		Uterine	 preservation	 is	 a	 suitable	 option	 in	 wom-
en with uterine prolapse without contraindications 
to uterine preservation. However longterm data is 
limited and the need for subsequent hysterectomy 
unknown (Grade C ).

•		Sacrospinous	hysteropexy	is	as	effective	as	vaginal	
hysterectomy and repair in retrospective compara-
tive studies and in a meta-analysis with reduced 
operating time, blood loss and recovery time. How-
ever in a single RCT there was a higher recurrence 
rate associated with sacrospinous hysteropexy as 
compared to vaginal hysterectomy (Grade D ). Se-
vere prolapse increases the risk of recurrent pro-
lapse after sacrospinous hysteropexy.

•		In	consistent	 level	2	evidence	sacrospinous	hys-
teropexy with mesh augmentation of the anterior 
compartment was as effective as hysterectomy 
and	mesh	augmentation	with	no	signiicant	differ-
ence in the rate of mesh exposure between the 
groups. (Grade B )

•		Level	 one	evidence	 from	a	 single	RCT	suggests	
vaginal hysterectomy and uterosacral suspension 
was superior to sacral hysteropexy based on reop-
eration rates despite similar anatomic and symp-
tomatic improvement. (Grade C ).

Author, Year Design 
Follow-
up 
months 

Surgery Mesh No hysterectomy Concomitant total 
hysterectomy 

Concomitant subtotal 
hysterectomy p 

Jeon, 2009  Retrospective 
comparative 

36 Open 
TEFLON 
MARLEX 
PP 

2/35 5/63 MD - 

Cundiff 2008 Prospective 
comparison 

24 Open 
Mersilene 
PP 
GORETEX 

8/239 12/83   

Wu, 2006  Retrospective 
comparative 15 Open 

GORETEX 
MERSILENE 
PP 

10/212 7/101 MD - 

Costantini, 2005 
 

Prospective 
non randomised 

50 Open 
 
MARLEX 
 

0/34 3/38 MD - 

Bensiger, 2005 

 

Retrospective 
comparative 

12 Open PP 

 
0/35 4/49 0/37 - 

Brizzolara 2003 Retrospective 

Comparative 
35 Open 80% PP 

20% allografts 
0/64 1/60   

Culligan 2002 Retrospective 24 Open Synthetic mesh 3/234 3/11   

Total for open 
SC 

- - - - 23/853 (2.7%) 35/405 (8.6%) 0/37 0.001 

Stepanian 2008 Retrospective 12 Lap PP 2/272 3/130   
Tan Kim, 2011 

 
Retrospective 
comparative 

15 Lap  
PP 

MD 13/57* 1/21 - 

Total - - - - 25/1125 (2.2%) 
95% CI (1.4-3.1) 

51/592 (8.6%) 
95% CI (6.3-11%) 

1/58 0.001 

Table 10. Describes rate of mesh exposures at sacral colpopexy with and without hysterectomy and with 
subtotal hysterectomy.

PP=polypropylene, Lap=Laparoscopic, MD=missing data
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•	 Consistent level two and three evidence suggest 
sacral hysteropexy (open or laparoscopic) was as 
effective as sacral colpopexy and hysterectomy in 
anatomical outcomes however the sacral colpo-
pexy	and	hysterectomy	was	associated	with	a	ive	
times higher rate of mesh exposure as compared 
to sacral hysteropexy (Grade B ).

•		At	 meta-analysis	 of	 hysterectomy	 at	 the	 time	 of	
sacral colpopexy as compared to sacral colpopexy 
without hysterectomy was associated with a four 
times higher risk of mesh exposure (Grade B ).

•		Abdominal	 sacral	 hysteropexy	 and	 hysterectomy	
with sacral colpopexy have better anatomic out-
comes compared to abdominal hysterectomy with 
uterosacral suspension in a single retrospective 
comparison (Grade C ).

While anterior vaginal prolapse is most common, 
loss of apical support is usually present in wom-
en with prolapse that extends beyond the hymen 
[Swift 2000; Delancey 2002]. There is growing 
recognition that adequate support for the vaginal 
apex is an essential component of a durable sur-
gical repair for women with advanced prolapse 
[Toozs-Hobson 1998; Shull 1999]. Because of 
the significant contribution of the apex to ante-
rior vaginal support, the best surgical correction 
of the anterior and posterior walls may fail unless 
the apex is adequately supported [Rooney 2006; 
Hsu 2008]. While recognition of apical defects is 
one of the biggest challenges in the preoperative 
evaluation of pelvic support defects, surgical cor-
rection of the apex has several good options with 
relatively high success rates. Apical suspension 
procedures can broadly be separated into those 
performed transvaginally and those performed 
abdominally. Abdominal procedures can be per-
formed via laparotomy or using conventional 
laparoscopic or robotically assisted-laparoscopic 
techniques. Although precise estimates are not 
available, most studies suggest that the vaginal 
approach is most common with 80-90% of proce-
dures being performed through this route [Olsen 
1997; Brown 2002; Boyles 2003; Brubaker 2005]. 
The individual woman’s surgical history and 
goals, as well as her individual risks for surgical 
complications, prolapse recurrence and de novo 
symptoms affect surgical planning and choice of 
procedure for apical POP.

1.  SACROSPINOUS LIGAMENT SUSPENSION 
(SSLS)

One of the most popular and widely reported 
transvaginal procedures for correcting apical pro-
lapse is the SSLS. First described in 1958 [Sederl 
1958], this procedure suspends the vaginal apex 

to the sacrospinous ligament either unilaterally or 
bilaterally, typically using an extraperitoneal ap-
proach. Observational series and clinical trials 
suggest that while apical recurrence after SSLS 
is uncommon [2.4% to 19%], recurrence of ante-
rior vaginal prolapse is more problematic [6% to 
28.5%] (Table 11 ). A meta-analysis by Morgan et 
al found an overall failure rate at any site of 28.8% 
[95% CI 18.4%-36.3%] with failure of the anterior 
segment seen in 21.3% [17-3-25.3%], apical seg-
ment of 7.2% [95% CI 4.0 – 10.4%] and posterior 
segment of 6.3% [95%CI 4.2-8.4%]. Whether the 
relatively high rate of anterior vaginal prolapse re-
currence seen with SSLS is due to the posterior 
deflection of the vaginal axis, as many authors 
suggest,[Shull 1992; Benson 1996; Paraiso 1996; 
Colombo 1998] or simply represents a general 
predilection of anterior support to fail after pelvic 
reconstructive surgery remains unknown [Weber 
2005]. Reoperation rates after SSLS range from 
1.3% to 37%, with all but two series reporting 
rates less than 9% (Table 11 ). 

Information on the functional or QOL outcomes 
of SSLS is limited. Maher et al demonstrated sig-
nificant improvements in condition-specific and 
generic QOL after SSLS, similar to that after ab-
dominal sacral colpopexy [Maher 2004]. A meta-
analysis of randomised and observational studies 
found a pooled average for failure to provide relief 
of prolapse symptoms after SSLS of 10.3% [95% 
CI 4.4-16.2%] [Morgan 2007]. The pooled aver-
age for failure to provide patient satisfaction after 
SSLS in this analysis was 13% [95% CI 7.4%-
18.6%] [Morgan 2007]. Although infrequent, seri-
ous complications associated with SSLS include 
buttock pain and sacral/ pudendal neurovascu-
lar injury. In a review of 22 studies that included 
1229 SSLS procedures, 3 patients [0.2%] had life-
threatening hemorrhage from sacral or pudendal 
vascular injury and the overall transfusion rate 
was 2% [Sze 1997]. Buttock pain occurred in 3% 
of subjects, the vast majority of which resolved by 
6 weeks postoperatively [Sze 1997].

2.  UTEROSACRAL LIGAMENT SUSPENSION 
(USLS)

The	USLS	was	irst	described	by	Miller	[Miller	1927]	
in 1927 and later popularised by Shull in the late 
1990s. The USLS suspends the vaginal apex to the 
proximal remnants of the uterosacral ligaments using 
an intraperitoneal surgical approach. This procedure 
restores the vagina to its normal axis, avoiding the 
retrolexion	 associated	with	 SSLS.	The	 current	 evi-
dence supporting the use of USLS is limited primarily 
to uncontrolled retrospective case-series and evalua-
tion	of	these	data	conirm	a	mean	objective	success	
rate of 85% [range 48-96%] and mean reoperation 
rate for prolapse of 5.8% [range 0-12%] (Table 12 ). 
A meta-analysis performed by Margulies et al found 

VI. APICAL SUPPORT PROCEDURES
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Table 11. Sacrospinous ligament suspension (SSLS) procedures.
 

First  Author 
(year) 

 
Study Design 

N 

Mean 
Follow-up 
Mo. 
(range) 

Deinition of 
anatomic 
success* 

Anatomic 
success –all 
segments 

Anatomic 
recurrence by 
segment 

Reoperatio
n for 
prolapse 

 
Morley (1988) 
(Morley 1988) 

retrospective 
 
92 

 
51.6 (1-132) 

 
Not deined  

90% 

Apex 4% 
Anterior 6% 

 
4 (5%) 

Imparato (1992) 
(Imparato 1992) 
[53] 

retrospective 
155 Not stated Not deined 90.3% Not reported None 

reported 

 Shull (1992)   
 (Shull 1992) retrospective 

 
81 

 
(24 – 60) 

 
Grade 0-1 

 
82% 

Apex 4% 
Anterior 12% 
Posterior 1% 

 
4 (5%) 

 Pasley (1995) 
(Pasley 1995) retrospective 

 
144 

 
35 (6-83) 

 
Asymptom-atic 
and above hymen 

 
85.4% 

Apex 5.6% 
Anterior 7.6% 
Posterior 1.4% 

 
2 (1.3%) 

Benson 
(1996)(Benson 
1996) 

RCT 
SSLS vs ASC 

 
42 

 
30 (12-66) 

Vaginal walls 
above hymen or 
apical descent 
less than 
50% length# 

 
67% 

Apex 12% 
Anterior 28.5% 
Posterior 2.3% 

 
14 (37%) 

 Paraiso (1996) 
(Paraiso 1996) retrospective 

 
243 

 
76. (1-190) 

Grade 0 or 
asymptomatic 
grade 1 

 
79.7% at 
5 years 

Apex 4.9% 
Anterior 15.9% 
Posterior 4.9% 

 
11 (4.5%) 

Penalver (1998) 
(Penalver 1998) retrospective 

 
160 

 
40 (18-78) 

 
‘any symptomatic 
descent’ 

 
85% 

Apex 6% Anterior 
6% Posterior 
2.5% 

 
11 (6.8%) 

Colombo (1998) 
(Colombo 1998) retrospective 

 
62 

 
83 (48-108) 

 
Grade 0-1 

 
74% 

Apex 8% 
Anterior 14% 
Posterior 3% 

 
0 (0%) 

 
Meschia (1999) 
(Meschia 1999) 

retrospective 
 
91 

 
43 (12-86) 

 
Grade 0-1 

 
85% 

Apex 4% 
Anterior 13% 
Posterior 9% 

 
None 
reported 

 
Sze (1997) 
(Sze 1999) 

retrospective 
 
75 

 
24 (3-72) 

 
above hymen 

 
71% 

Anterior 21% 
Other 8% 

 
7 (12.9%) 

 
  Lantzsch 
(2001)(Lantzsch 
2001) 

retrospective 
 
123 

 
58 (6 – 108) 

 
Not deined 

 
87% 

Apex 3.5% 
Anterior 8% 
Posterior 1.6% 

 
2 (1.6%) 

 Lovatsis (2001)  
 (Lovatsis 2002) retrospective 293 (12-30) 

At or beyond the 

introitus 
97% 

Apex 3% 
Anterior NR 
Posterior NR 

3% 

Cruikshank 
(2003) 
(Cruikshank 
2003) 

Prospective 

cohort 
695 43 (6 – 60) 

Reoperation for 

recurrence 
89.4% Apex – 5.1% 105 (15%) 

Niemenen 
(2003)(Niemine
n 2003) 

Retrospective 138 24 
POPQ Stage 2 or 

greater 
78.7% 

Apex 4.9% 
Anterior 11.5% 
Posterior NR 

NR 

 Maher (2004)   
 (Maher 2004) 

RCT 
SSLS vs. ASC 

 
48 

 
22 (6-58) 

 
Grade 0-1 

 
69% 

Apex 19% 
Anterior 14% 
Posterior 7% 

 
3 (6.3%) 

Hefni (2006) 
(Hefni 2006) Prospective 305 57 ( 24-84 ) 

Vaginal vault at 

least 6 cm distal to 

hymen 

96% 
Apex 4% 
Anterior 13% 
Posterior 0% 

NR 

Toglia (2008) 
(Toglia 2008) Retrospective 64 26.5 (1-72) 

Apex above 

introitus and no 

reoperation 

78% 
Apex 9% 
Anterior 17% 
Posterior 0% 

2 (3%) 

Aigmueller 
(2008) Prospective 55 84 (24-180) Above the hymen 64% 

Apex  7% 
Anterior 29% 
Posterior 5% 
 

5 (9%) 

Chou (2010) 
(Chou 2010) Retrospective 76 36 (12-60) Grade 0 91% 

Apex 5.3% 
Anterior 3.7% 
Posterior NR 

4 (5.3%) 

 
*  Prospective and Retrospective cohorts with n >50 published since 1985 and SSLS arms of  3 RCTs comparing SSLS to 

Abdominal sacrocolpopexy (ASC) ;**POP staging systems, if used, are indicated as ‘grade’ for Baden-walker(Baden 1972) 
or ‘stage’ for POPQ(Bump 1996); # optimal and satisfactory outcomes combined
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pooled rates of anatomic success [POPQ Stage 
0-1] of 81.2% [95%CI 67.5-94.5%] for the anterior 
segment, 98.3% [95% CI 95.7 -100%] for the apical 
segment and 87.4% (95% CI, 67.5%-94.5%) for the 
posterior segment [Margulies 2010]. Postoperative 
prolapse symptoms were reported in 5 of 11 studies 
in this review and were relieved in 82-100% of pa-
tients. These promising results are balanced by ure-
teral kinking/injury rate of 1%-11% with this procedure 
[Margulies 2010]. A review of 700 consecutive vagi-
nal prolapse surgeries found intraoperative ureteral 
kinking/injury of 5.9% directly attributable to USLS. 
However,	87%	were	 identiied	at	 cystoscopy	before	
the completion of the index surgery and relieved by 
removing suspension sutures intraoperatively with no 
long-term consequence to the patient [Gustilo-Ashby 
2006]. Only 3 of 355 ULS [0.9%] performed in this 
series required additional procedures to relieve or 

correct ureteral obstruction or injury. Margulies et al 
identiied	10	studies	 including	a	total	of	820	women	
that reported on perioperative complications of ULS 
[Margulies 2010]. The ureteral reimplantation rate in 
this series was only 0.6%. Blood transfusions were 
reported in 1.3%, cystotomy in 0.1%, and bowel injury 
in 0.2%. To date, no clinical trials comparing the ULS 
to sacrocolpopexy or to SSLS have been published. 
The Pelvic Floor Disorders Network has an ongoing 
RCT comparing USLS to SSLS that includes 440 
subjects who will be followed for 2 years; results from 
this trial are expected in 2013. [Barber 2009]

While the USLS is traditionally performed using a 
intraperitoneal approach, Dwyer and Fatton have 
described an extraperitoneal variant of the USLS.
[Dwyer 2008; Fatton 2009] In their series of 123 con-
secutive women undergoing an extraperitoneal ULS, 

First 
Author 

Year
 

No. of 
Pts. 

Mean Follow-
up Months 
(range) 

   Deinition  
of   

   anatomic   

Anatomic 
success –all 
segments 

Anatomic 
recurrence by 
segment 

peration for 
prolapse 

Jenkins(Jenkins 
1997) 1997  50 

(6-48)  Not deined 48/50 

96% 
Anterior 4% 

MD 

Comiter(Comiter 
1999) 1999  

100 17 (6.5-35)  Grade 0-1 96/100 96% 
 
Apex 4% 4/100 (4%) 

Barber(Barber 
2000) 

 
2000  

 
46 

 
15.5 (3.5-40)

 Stage 0/1 or   
 Stage 2 without 
 symptoms 

 
41/46 90% 

Apex 5% 
Anterior 5% 
Posterior 5% 

 
3/46 (6.5%) 

 
Shull(Shull 2000) 

 
2000  

 
289 

 
Not stated 

 
 Grade 0-1 

 
275/289 95% 

 
Apex 1% 
Anterior 3.5% 
Posterior 1.4% 

 
MD 

 
Karram(Karram 
2001) 

 
2001  

 
168 

 
21.6 (6 -36) 

 
 Grade 0-1 

 
148/168 
88% 

 
Apex 1% 
Anterior or 
posterior 11% 

 
11/168(5.5%)

Amundsen(Amund
sen 2003) 

 2003
 

 

33 
 

28 (6-43) 
 
 Stage 0 or 1 

 
27/33 82% 

 
Apex 6% 
Posterior 12% 

 
MD 

 
Silva(Silva 2006)  2006

 

 
72 

 
61.2 (42-90) 

 Symptomatic  

 Stage 2 or   
 greater

 

 
61/72 85% 

 
Apex 3% 
Anterior 7% 
Posterior 14% 

 
2/72 (3%) 

Antovska (Antovska 
2006) 

2006  32 25 (9-42)  Stage 0 or 1 MD 
Apex 0% 
Anterior MD 

Wheeler(Wheeler 
2006) 

2007 35 24 (0-46) 
 Stage 0 apical  

 prolapse 

28/35 

80% 
Apex 20% 0/0 (0%) 

De Boer(de Boer 

2009)# 
2009  48 12  Stage 0-1 

23/48 

48% 

Apex 4.2% 
Anterior 47.9% 

Posterior 14.6% 
 

MD 

Doumaouchtsis(Do
umouchtsis 2011) 

2011 42 60 
 Grade 0 of  

 vaginal vault 

36/84 

84.6% 
Apex 15.4% 5/42 (11.9%) 

Total     

783/925 

85% 

95%CI (83-87%) 

 
25/428 (5.8%) 

95%CI (3.6-7.0) 

Includes retrospective and prospective cohorts of intraperitoneal transvaginal ULS. *POP staging systems, if used, are 
indicated as ‘grade’ for Baden-walker(Baden 1972) or ‘stage’ for POPQ. #Includes only subjects who underwent  ULS;

Table 12. Transvaginal uterosacral vault suspension procedures.
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93 also received anterior and/or posterior synthetic 
mesh. The overall anatomic success (POPQ stage 
0 – 1] at a mean follow-up of 2 years [range 6 mo – 
5 years] was 85.5% with apical success of 95.4%.
[Fatton 2009] The reoperation rate for recurrent pro-
lapse was 7%. Ureteral injury occurred in only 1.7%, 
however the blood transfusion rate was 4.9% and the 
rate of mesh exposure was 19.3%.

Abdominal and laparoscopic USLS techniques have 
also been described. Lowenstein et al reported a 
retrospective review of 107 women who underwent 
prolapse surgery that included an abdominal USLS 
[Lowenstein 2009]. In the 75 patients who completed 
1 year follow-up, 12% reported recurrent or persis-
tent prolapse symptoms and 7% had an anatomic 
failure [POPQ Stage 2 or greater]. Complications 
were relatively few however erosion of the apical su-
tures [expanded PTFT, Gore-Tex] occurred in 9% at 
an average time of 56 months [range 3-75 mo] [Low-
enstein 2009]. Rardin et al reported a retrospective 
comparison of 96 patients undergoing vaginal USLS 
to 22 undergoing a laparoscopic ULS procedure and 
found	no	signiicant	differences	perioperative	morbid-
ity or anatomic or subjective outcomes [Rardin 2009].

3. MAYO/MCCALL’S CULDOPLASTY

Like the USLS, the Mayo/McCall’s culdoplasty uses 
the proximal uterosacral ligaments to suspend the 
vaginal apex. The major difference is that with the 
Mayo/McCall procedure the uterosacral ligaments 
are plicated in the mid-line to obliterate the poste-
rior cul-de-sac. While commonly performed, data 
describing the outcomes for this procedure are lim-
ited. (Table 13 ) Colombo and Milani retrospectively 
compared	the	outcomes	of	a	modiied-McCall’s	cul-
doplasty to the SSLS [n = 62 in each group] [Colom-
bo 1998]. Recurrence after the McCall’s culdoplasty 
(Baden-Walker Grade >2] was 15% 4 to 9 years after 
surgery	and	not	signiicantly	different	from	the	SSLS	
group. Recurrent anterior vaginal prolapse occurred 
less frequently in the McCall’s group than the SSLS 
group (6% vs. 21%, p = .04; OR 4.1 [95% CI 1.3 to 

14.2] [Colombo 1998]. A large retrospective series 
of 693 women from the Mayo clinic described an 
82% satisfaction rate on subjective follow-up with 
few complications [Webb 1998]. The rate of subse-
quent prolapse repair in this population was 5.2%. A 
retrospective case series of 411 women undergoing 
Mayo culdoplasty found that a more dorsal “deep” 
placement of sutures through the uterosacral liga-
ments reduced the incidence of ureteral obstruction 
compared to other published series [Aronson 2005].

4. LEVATOR MYORRHAPHY

Francis and Jeffcoate described their retrospective 
series using levator myorrhaphy in which a wide mid-
line plication of the levator ani muscles is performed 
to	 which	 the	 vaginal	 cuff	 is	 ixed	 in	 1961.[Frances	
1961] A large sponge pack in the rectum is used to 
avoid overplication and bowel dysfunction. Five of 
35 women responding to the questionnaire had tran-
sient ureteral complications, one requiring re-oper-
ation.	Seventeen	women	were	quite	satisied,	while	
six	were	dissatisied.	Natale	et	al	compared	the	high	
levator myorrhaphy to the USLS in a randomised 
clinical trial of 229 women with Stage 2-4 prolapse.
[Natale 2010] All women underwent a hysterectomy 
and all received placement of polypropylene mesh 
in the anterior vaginal segment. Anatomic success 
was	not	 signiicantly	different	between	groups.	The	
mean	 total	 vaginal	 length	 was	 signiicantly	 shorter	
after levator myorrhaphy [7.9 cm vs. 8.9 cm, p = .04]. 
Urinary, bowel and sexual function did not differ be-
tween groups postoperatively. Intraoperative ureteral 
obstruction was less common in the levator myorrha-
phy group [0% vs. 7.9%]; however all cases of ure-
teral obstruction in the ULS group were corrected in-
traoperatively with suture removal/replacement with 
no additional interventions required. [Natale 2010] 
Other complications including mesh erosion were 
similar between groups.

5. ILIOCOCCYGEUS FASCIA FIXATION

There are no randomised trials that support the use 
of this procedure. Several case series have provided 

Table 13. Mayo/Mcall’s culdoplasty

* excludes SSLS group; ** excludes Inmon group

Author 
 
Year No. of 

Pts. 
Mean Follow-up 
(range) 

Postoperative 
> grade/stage 
2 –all segments

Postoperative >

grade/stage 2
 
by 

segment 

 
Rerreopertion  
for prolapse 

Webb(Webb 
1998) 

1998 693 (6 – 144) NR NR 5.2% 

Colombo(Col
ombo 1998)* 

1998 62 84 (48-108) 15% Apex – 5% 
Anterior – 7% 
Posterior – 14% 

0% 

Montella(Mont

ella 2005) 

2005 51 12 NR Apex – 3% 
Anterior – NR 
Posterior – 7% 

7.8% 

Koyama(
ma 2005)** 

2005 21 26 NR Apex – 5% 
Anterior – 19% 
Posterior 5% 

14% Koya
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some information. Shull reported that apical support 
was optimal in 39/42 [83%] of patients, but eight oth-
ers had apical or other defects. [Shull 1993] Meeks 
and colleagues reported a 96% objective cure in 110 
women followed up to 13 years.[Meeks 1994] In a 
retrospective case-control study, Maher and col-
leagues reported similar subjective [91% v 94%] and 
objective [53% vs. 67%] cure rates with iliococcy-
geus	ixation	[n=50]	compared	to	sacrospinous	ixa-
tion [n=78].[Maher 2001].

6. TRANSVAGINAL MESH APICAL PROLAPSE

Two randomised control trials are available that 
evaluated transvaginal polypropylene meshes in 
apical prolapse. Sokol et al reported a multicentre 
double blinded RCT comparing uterosacral colpo-
pexy	and	native	tissue	repair	[n=33]	and	monoila-
ment polypropylene mesh kit [Prolift n=32] for stage 
2 or greater uterovaginal prolapse or vaginal pro-
lapse [Sokol 2011].

At one year the conventional surgery group had no 
subsequent surgical interventions as compared to 
15.6% in the mesh group [p=0.017] including 3 for 
prolapse surgery (2x sacral colpopexy and 1 iliococ-
cygeous	ixation)	and	2	interventions	for	mesh	expo-
sure. The objective failure rate (any stage 2 or greater 
prolapse) was 70% in the conventional surgery group 
versus 63% in the mesh group [P>0.05]. The sub-
jective failure rate was also similar in both groups, 

9.1% in native tissue repairs versus 3.8% in the mesh 
group. One patient was transfused and 2 inadvertent 
cystotomies occurred in the mesh group with no peri-
operative complications reported in the native tissue 
group. No differences were seen between the groups 
utilising a wide variety of validated outcome tools. 
Unfortunately, due to reaching an ethics committee 
imposed stopping criterion of 15.6% mesh exposure 
rate the study did not recruit the appropriate sample 
size	and	is	underpowered	to	detect	a	signiicant	dif-
ference between the groups if they exist.

Maher et al recently reported results from a ran-
domised trial comparing LSC [n=53] to a total vagi-
nal mesh kit [TVM] [Prolift, Ethicon Women’s Health 
and Urology] [n=55] [Maher 2011]. LSC was asso-
ciated with longer operating time (mean difference 
+52 min [95% CI 41.5-62.6], decreased hospital 
stay [mean difference -0.5 days [95% CI -.93 to -.10] 
and quicker return to normal activities (mean differ-
ence -5.3 days [95% CI -8.4 to -2.3]. Two years after 
surgery, objective success [Overall POPQ Stage 0 
or 1] was seen in 77% of the LSC group compared 
with only 43% of the TVM group, p <.001] [Maher 
2011].	Also,	 reoperations	were	 signiicantly	 higher	
in the TVM group [22%] than in the group that re-
ceived LSC [5%, p =.006].

As seen in Table 14  the success rate of transvagi-
nal meshes for apical prolapse in level 3 evidence 

Author  Year Type No. Follow up  
weeks 

Success 
rate  

Complications  

Abdel Fattah  2008 Apogee AMS 38 12 95%(36/38) Blood loss>400mls1, erosion 4,  

      Dyspareunia 1, rectal injury 1 

Gaurder-
Burmester 

2007 Apogee AMS 48 52 100%  

       
Moore 2012 Anterior Elevate AMS 60 57 92% No extrusions 

 
Fatton  2007 Prolift, Ethicon 88 25 93% 2 haematoma 

Belot F 2005 Prolift Ethicon 277 Not stated Not stated Erosion 34/277 

Abdel Fattah 2008 Prolift ethicon 143 12 94% 1rectal injury, bladder injury 

  Johnson & Johnson,    16 vag ersion, 1  bladder 
erosion 

Van Raalte 2009
 

Prolift,  total, anterior post 97 72 87% 
No mesh extrusions 
6 reoperations prolapse 

Milani 2009 Total vaginal mesh 
Prolift 
 

46 52 91% (41/45)
 15% mesh exposure 

2 blood loss>500mls 

McDermott 2011 Total vaginal mesh Prolift 
hysteropexy 24 Colpopexy 65 89 26 - 52 96% 10% mesh exposure 

5% complications 

Maher (RCT) 2011 Total vaginal mesh 
Prolift Ethicon 55

 
104
 43% 9% mesh exposure 

22% total reoperation 

Biertho  2007 PIVS tyco 34 12 91% 1erosion 1 hemorrhage 

Foote  2007 PIVS tyco 52 20 83% Erosion 11/52 
 
Matox  

 
2006 

 
PIVS  

 
21 

 
7 

 
37% 

 
1 proctotomy 1 hemotoma 

Vardy 2006 PIVS 98 3 99% 2 erosion 

Neuman [194] 2007 PIVS 140 120 99% 12 erosions 
 
de Tayrac[238] 

 
2007 

 
PIVS 

 
21 

 
42 

 
95% 

 
2 hemotoma 

Lee 2010 PIVS 32 52 100% 1 transfusion 

Amrute [261] 2007 Polypropelene H shaped 76 123 95% 2 erosion, 2 dyspareunia 

Table 14. Mesh Kits used for apical repairs
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is	signiicantly	higher	and	ranges	from	87-100%	for	
monoilament	 polypropylene	 meshes	 with	 mesh	
erosion rates varying from 0-15%.

7. SACRAL COLPOPEXY

Since its introduction by Lane in 1962 [Lane 1962], 
sacrocolpopexy has proven to be an effective and 
durable technique for correcting apical prolapse. In 
2010, approximately 34,000 sacrocolpopexies were 
performed in the U.S. representing 11% of all prolapse 
surgeries performed during that time period. Tradition-
ally, sacrocolpopexy has been performed via a lapa-
rotomy (i.e. abdominal sacral colpopexy) but the use 
of laparoscopic and robotic approaches is increasing.

a) Abdominal Sacral Colpopexy (ASC)

Observational studies and clinical trials suggest that 
ASC is a highly effective procedure for apical pro-
lapse.	The	success	rate	of	ASC,	when	deined	as	lack	
of apical prolapse, ranges from 78-100% (Table 15 ). 
When	success	is	deined	as	no	recurrent	prolapse	in	
any segment the published success rates are 56% 
- 100%. A systematic review of ASC performed by 
Nygaard et al reported a median reoperation rate 
for recurrent prolapse of 4.4% [range 0 -18.2%] and 
for postoperative stress incontinence of 4.9% [range 
1.2% to 30.9%] [Nygaard 2004]. Clinical trials dem-
onstrate	signiicant	improvements	in	prolapse	symp-
toms, urinary function and quality of life after ASC 
[Maher 2004; Maher 2004; Brubaker 2008]. There is 
level 1 evidence that ASC has superior anatomic out-
comes when compared to SSLS but this is balanced 
by longer operating time, longer recovery and higher 
cost [Maher 2010]. There are no randomised trials 
comparing ASC to ULS or to transvaginal mesh pro-
cedures. Given the prolonged recovery and unique 
complications associated with laparotomy, many sur-
geons reserve sacrocolpopexy for patients with api-
cal prolapse thought to be of high risk of failure from 
a vaginal approach, often considering such factors 
as age, comorbidities, history of previous prolapse 
surgery, and vaginal length. [Toozs-Hobson 1998; 
Shull 1999; Maher 2004; Brubaker 2005; Weber 
2005] Unfortunately, there is little published data to 
allow an evidence-based decision about which pa-
tient with POP will be best served by an ASC relative 
to other techniques.

Some surgeons have attempted to decrease mesh 
complications of ASC by using biological materials 
instead of synthetic mesh. However, the current evi-
dence suggests that biologic materials whether al-
lograft or xenograft have inferior anatomic outcomes 
to synthetic mesh, particularly polypropylene, with-
out decreased graft-related complications. Level 1 
evidence supports the superiority of polypropylene 
mesh to fascia lata for objective anatomic support 
following ASC [Culligan 2005; Tate 2010]. A ran-
domised trial of 106 women undergoing ASC com-
pared polypropylene mesh to cadaveric fascia lata 
and found superior anatomic outcomes in those 

who received polypropylene at one year [success 
91%	vs.	68%,	p	=	.007]	and	ive	years	after	surgery	
[93% vs. 62%, p =.02] [Culligan 2005; Tate 2010]. 
There were no differences in graft related complica-
tions overall between the two groups. Several retro-
spective case series support these data [FitzGerald 
1999, Flynn 2005, Gregory 2005]. Similarly, Level 3 
evidence suggests that use of xenografts such as 
porcine dermis and small intestinal submucosa also 
have inferior anatomic success rates compared with 
polypropylene mesh with similar rates of graft-related 
complications [Quiroz 2008; Deprest 2009; Claer-
hout 2010].

Beyond mesh erosion, reported complications of 
ASC are generally consistent with other major open 
pelvic surgeries. The systematic review by Nygaard 
et al reported that wound complications occurred in 
4.6% [range 0.4% to 19.8%], hemorrhage or transfu-
sion in 4.4% [.2% to 16.9%], cystotomy in 3.1% [0.4% 
to 15.8%], ureteral injury in 1.0% [0.8% to 1.9%] and 
bowel injury in 1.6% [0.4% to 2.5%] [Nygaard 2004]. 
One in 20 women in the CARE trial experienced sig-
niicant	 gastrointestinal	 morbidity	 after	 sacrocolpo-
pexy. Of 322 women in the study, 19 had symptoms 
of possible ileus or small bowel obstruction; of these, 
4 had reoperation for small bowel obstruction, 11 
were readmitted for medical management, and 4 had 
a prolonged initial hospitalisation for gastrointestinal 
symptoms [Whitehead 2007].

b)  Abdominal sacral colpopexy (ASC) versus sa-
crospinous ligament suspension (SSLS)

To date, there are three RCTs that directly compare 
ASC to SSLS.[Benson 1996; Lo 1998; Maher 2004] 
The Cochrane review on the surgical management 
of POP by Maher et al summarises these studies 
and concludes that these trials provide level 1 evi-
dence	that	there	were	no	statistically	signiicant	dif-
ferences in objective failure at any site [any pelvic 
organ prolapse RR 0.77, 95% CI 0.39 to 1.53], sub-
jective failure [RR 0.53, 95%CI 0.25 to 1.09], reop-
eration for POP [RR 1.46, 95% CI 0.19 to 1.11] or 
patient satisfaction [RR 0.82, 95% CI 0.32 to 2.06]
[Maher 2010]. However, ASC was superior to SSLS 
for the following outcomes: Prolapse < Stage 2 [RR 
0.29, 95% CI 0.09 to 0.97], recurrent vault prolapse 
[RR 0.23, 95% CI 0.07 to 0.77] post-operative stress 
urinary incontinence [RR 0.55, 95% CI 0.32 to 0.95]
and less post-operative dyspareunia RR 0.39, 95% 
CI 0.18 to 0.86]. In contrast, ASC was associated 
with a longer operating time (Weighted Mean Differ-
ence [WMD] 21 minutes, 95% CI 12 to 30), longer 
time to recover [WMD 8.3 days, 95% CI 3.9 to 12.7]
and was more expensive [WMD US $1334, 95% CI 
1027 to 1641) than SSLS [Maher 2010].

c) Laparoscopic Sacral Colpopexy (LSC)

The laparoscopic approach of sacral colpopexy 
has been adopted by many surgeons over the last 
decade as an alternative to ASC with the hopes of 
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Author Year

Number  of 
patients, (number 
lost to follow-up, 
if  known)  

Follow

 

–up
(months)

 
Success rate
(%)

 
Criteria for success# Comments

Addison(Addison 1985) 56 (2) 39 96 Good vaginal vault suspension in a normal axis 

Fascia lata was graft material used for patient with 
early recurrence 
1  patient unimproved as a presacral hemorrhage 
prevented successful completion of the procedure 

Baker(Baker 1990) 1990 59 (6) 6 100 No complaint of protrusion from the vagin 51/59 patients had postoperative records available, 
at which time all patients had a well- supported vagina

 Snyder(Snyder 1991) 1991 147 (15) 43 93 (108/116) Lack of major long- term postoperative 
complications, restoration of functional vagina in the 
proper axis, and no recurrence of presenting 
symptoms with at least 6 months of follow-up 

Graft attached to the entire length of the vagina in 
the rectovaginal septum 

78 Excellent, well- suspended vault on exam Imparato (Imparato 
1992) 

1992 71 (8) NS 

16 Good vault suspension, but asymptomatic vaginal 
“relaxation” 

50 had direct attachment of the vaginal apex to the 
anterior sacrum 

Timmons(Timmons 1992) 1992 163 33 99 Good vaginal vault support The range of success is due to 4 different techniques 
which were compared 

van Lindert(van Lindert 
1993)] 

1993 61 32 97 No recurrent vaginal prolapse 8 patients had preservation of the uterus 

Grunberge(Grunberger 
1994)

]
 

1994
 

62
 
(14)

 
75.6

 
94

 
No

 
moderate

 
vaginal vault

 
prolapse

 
on exam

 42 patients had direct attachment of the vagina to the 
sacral promontory 12 had permanent “suture 
bridges” 8 had lyodura loops 

86.7-100 Anatomically good results 
Lecuru(Lecuru 1994)**

 
1994

 
203

 
32.5

 

53.3-80.5 Functionally good results 

 

Brubaker(Brubaker 1995) 1995 65 (0) 3 71 No anterior or apical prolapse 63/65 patients had abdominal anterior compartment 
repair at the time of the sacrocolpopexy 

32 Fully cured 
(patient satisfaction based upon questionnaire) 

39 Considerable improvement 

de Vries(de Vries 1995) 1995 101 (29) 48 

29 No improvement 

Questionnaires sent to patients to evaluate pain, 
prolapse-related complaints and functional 
disorders.  Patients 
indicated symptoms before 
surgery, >1 year after surgery, and >1 year after 
surgery 

Benson(Benson 1996) 1996 40 60 58 (another 
26% of patients 
had“satisfactor
y” outcomes) 

Patient asymptomatic, vaginal apex supported above 
the levator plate, no protrusion beyond the hymen 

All patients had sacrocolpopexy and paravaginal 
repair. Results are from a RCT 
comparing sacrocolpopexy to sacrospinous 
suspension. 

Hardiman(Hardiman 1996) 1996 80 47 99 No recurrent vault prolapse  

100 No recurrence of vaginal or rectal prolapse 

34% Very satisied 

Sullivan(Sullivan 2001) 2001 236 (31) 64 

38% Satisied 

Total pelvic mesh repair involved attachment mesh 
strip between the perineal body and the sacrum, and 
then attaching two additional strips laterally to the 
pubis to support the vagina and bladder 

Occelli(Occelli 1999)]** 1999 271 (54) 66 97.7 Cured for prolapse  

Patsner(Patsner 1999) 1999 175 (0)  12 97 No “mesh failures”  

Sze (Sze 1999) 1999 56 (9) 23 81 No recurrent prolapse to or beyond the hymen All 9 patients with recurrent prolapse were 
Symptomatic 

Lo(Lo 1998) 1998 52 (not clear) 25 94 No prolapse > Stage II Results are from a RCT comparing sacrocolpopexy 
to sacrospinous ligament suspension. 

Collopy(Collopy 2002) 2002 89 (0) 56.7 100 No recurrence of rectal or vaginal vault prolapse All had concomitant culdoplasty 

Culligan(Culligan 2002) 2002 245 61.2 85 Any POP-Q point   2 No apical failures observed 

Lefranc(Lefranc 2002) 
 

2002 85 (0) 126 (median)
 

90.6 No relapse of any prolapse All patients without preoperative SUI had a 
prophylactic Burch procedure done 

Lindeque(Lindeque 2002) 2002 262 (0)  16 99 No vaginal vault prolapse 1/3 failures due to graft detachment from vagina 

Medina(Medina 2002) 2002 97 (1) 19 90 < Grade I prolapse Etiology of 1 failure was graft detachment from the 
vagina (etiology of other 4 unknown) 

Brizzolara(Brizzolara 2003) 2003 124 36 No recurrent vault prolapse  

Podratz(Podratz 1995) 1995 50(6) Asymptomatic (including no incontinence) and 
durable repair by exam 

 

Hilger(Hilger 2003) 2003 69(31) Subsequent POP operation or a positive response to 
question 5 on the PFDI*** 

 

Maher(Maher 2004) 2004 47 (1) Objective: No POP beyond halfway point Subjective: 
No symptoms of POP 

Results are from a RCT comparing sacrocolpopexy 
to sacrospinous ligament suspension. 

No recurrent vault prolapse 

< Grade 1 prolapse 

Higgs (Higgs 2005) 2005 148 

No prolapse symptoms 

24% required recurrent SUI surgery 

< Stage 2 prolape 

98 < Stage 2 prolapse 

Brubaker(Brubaker 2008) 2008 322 (302) 

POPQ point C within 2 cm of TVL 

CARE Trial 2 year follow-up; Reoperations for 
prolapse occurred in 6 (2%) 

Jeon(Jeon 2009) 2009 57 < Stage 2 prolapse Major complication requring reoperation or intensive 
care developed in 12 (21%) 

Huebner(Huebner 2009) 2009 78 (53) NS < Stage 2 prolapse  

< Stage 2 prolapse Tate(Tate 2010) 2010 100 (58) 

Symptoms of prolapse or bulging 

5 year follow-up of RCT comparing polypropylene to 
cadavaric fascia. Polypropylene demonstated 
supperior anatomic results (93% vs 62%, p =.02) but 
no difference in symptomatic outcomes 

1985

Table 15. Abdominal Sacral Colpopexy outcomes*

*Prospective and Retrospective cohorts with n > 50 published since 1985, ASC arms of  3 RCTs comparing ASC to 
sacrospinous ligament suspension. #POP staging systems, if used, are indicated as ‘grade’ for Baden-walker{ or ‘stage’ for 
POPQ
NS = not stated;SUI = stress urinary incontinence; RPU = retropubic urethropexy; RCT=randomised clinical trial
**Only abstract reviewed (paper not in English)
***Question 5 on the Pelvic Floor Distress Inventory – “Do you usually have a bulge or something falling out that you can see 
or feel in the vaginal area?”
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reproducing the high success rate of the ASC while 
decreasing the morbidity and delayed recovery as-
sociated with laparotomy. Multiple prospective and 
retrospective case series demonstrate good short 
to mid-term success rates with mean objective suc-
cess rate of 90.5% [range 60 -100%, subjective 
success rates of 79-98%[Higgs 2005; Rivoire 2007; 
Sarlos 2008] and mean reoperation rate of 5.9% 
(Table 16 ). Recently, several prospective studies 
have	 been	 published	 that	 demonstrate	 signiicant	
improvements in pelvic symptoms and quality of 
life after LSC [Sergent ; Maher 2011; Paraiso 2011]. 
To date, no randomised trials have compared LSC 
to ASC, however three retrospective comparisons 
have been published [Paraiso 2005; Hsiao 2007; 
Klauschie 2009]. While results vary somewhat be-
tween studies, in general, LSC is associated with 
shorter	hospital	stay,	less	blood	loss	with	conlicting	
data on operating time. Objective outcomes appear 
to be similar between the groups. Well designed 
high quality clinical trials are necessary to establish 
independently the effectiveness and safety of the 
LSC relative to ASC.

There is Level 1 evidence that LSC provides supe-
rior outcomes to total vaginal mesh procedure for 
women with symptomatic Stage 2-4 vaginal vault 

prolapse as described above. There are currently 
no comparative studies, randomised or not, evaluat-
ing	the	relative	safety	and	eficacy	of	LSC	and	na-
tive tissue [non-mesh] vaginal POP repair.

A recent retrospective study assessed the complica-
tions rates in 402 LSC cases.[Stepanian 2008] This 
study compared patients who received concurrent 
laparoscopically-assisted vaginal hysterectomy with 
those that had previous hysterectomy. They showed 
no differences in intra- or perioperative complications 
and similar rates of mesh erosion between the two 
groups.[Stepanian 2008] Overall the complication 
rates for this cohort were 0.75% for hematoma, 2.2% 
for ileus or small bowel obstruction, 1.5% for bladder 
injury, 0.75% for bowel injury and 0.25% ureteric inju-
ry. At 1 year, the overall mesh erosion rate was 1.2%. 
In contrast, Tan-Kim et al reported on a retrospective 
series of 188 minimally invasive sacrocolpopexy and 
found	 a	 signiicantly	 higher	mesh	 exposure	 rate	 in	
those who received concurrent total vaginal hyster-
ectomy [TVH] [23%] compared with those who were 
post-hysterectomy (5%) or received a supracervical 
hysterectomy [5%].[Tan-Kim 2011] TVH was found to 
be an in independent risk factor for mesh erosion on 
multivariable regression analysis in this study [OR 
5.67; 95% CI 2.88-17.10].

95% CI for 90.5% (89.3-91.7), 5.9% (4.9-6.9), 1.75% (1.20-2.30), 2.86% ( 2.18-3.54), 2.46% (1.82-3.10),  0.18% (0-0.36) 
and 2.65% (1.75-3.55)
Abreviations : PD, porcine dermis ; MD, missing data ; PE, polyester ; PP, monoilament polypropylene ; PPM, polypropylene 
multiilament ; PPPE, polypropylene + polyester ; PPS, monoilament polypropylene-dimethyl siloxane (silicone) ; PTFE, 
polytetraluoroethylene.

Authors, year n (mesh) Success 
Rate 

f.u. 
months 

Total 
reoperation

 rate 

Reoperation
 rate for 

recurrence
 

Reoperation 
rate for 
complication

 

Vaginal 
mesh 
exposure 

Spondylodiscitis 
 
 

de novo 
dyspareunia 

Maher, 2011 11 53 (PP) 41/53 24 3/53 0/53 1/53 1/53 0/53 MD 
Price, 2011 25  84(PP) 84/84 24 7/84 4/84 3/84 5/84 0/84 MD 
Sergent, 2011 26  124 (PE) 103/116 34 10/124 MD 3/124 4/116 1/124 1/85 
Paraiso 2011 29 21/23 12 0/29 0/29 0/29 0/29 0/29 MD 

Sabbagh, 2010 27  186 
(PPS) 

122/132 60 8/186 2/186 6/186 5/132 0/132 9/170 

Akladios 2010 48(PP) 46/48 16 8/48 0/48 2/48 1/48 0/48 MD 
Granese, 2009 28  138 (PP) 131/138 43 1/138 0/138 0/138 0/138 0/138 2/138 

Sarlos, 2008 29  101 (PP) 98/101 12 4/101 1/101 1/101 1/101 0/101 1/101 
Deprest, 2009 30  39 (PD) 

65 (PP) 
20/39 
43/65 

32 (PD) 
33 (PP) 

7/39 (PD) 
7/65 (PP) 

6/39 (DP) 
0/65 (PP) 

1/39 (PD) 
7/65 (PP) 

2/39 
7/65 

0/39 
0/65 

MD 

Claerhout, 2009 46  132(PP) 127/132 12 9/132 0/132 9/132 6/132 0/132 10/53 
North 2009 22(PP) 22/22 27.5 1/22 0/22 1/22 1/22 0/22 0/12 

Stepanian, 2008 31  402 (PP) 380/402 12 14/402 0/402 11/402 5/402 0/402 4/402 
Agarwala, 2007 34  74 (PP) 74/74 24 2/74 0/74 2/74 1/74 MD 1/74 
Rivoire, 2007 35  114 (PE) 

12 (PP) 
5 (PPM) 

118/133 33 14/133 7/133 7/114 (PE) 
0/17 (PP) 
0/5 (PPM) 

7/133 1/133 0/133 

Paraiso, 2005 36  56 (PP) MD 13 3/56 1/56 2/56 2/56 0/56 MD 
Rozet, 2005 37  363 (PE) 348/363 14 13/363 7/363 6/363 3/363 1/363 MD 

Ross, 2005 39  51(PP) 48/53 60 10/51 3/51 4/51 4/51 0/51 4/51 
Higgs 2005 103 (PP) 39/66 60 15/103 11/103 4/103 6/103 0/103 MD 
Gadonneix, 2004 40 46 (PE) 38/46 24 0/46 0/46 0/46 o/46 0/46 MD 

Antiphon, 2004 41  108 (MD) 75/100 16 10/108 5/108 0/108 0/108 1/108 MD 

Cosson, 2002 42  83 (PE) 78/83 11 2/83 1/83 1/83 1/83 0/83 MD 

Total- - 2056/2271 
(90.5%) 

- 132/2337 
(5.9%) 

37/2192 
(1.75%) 

67/2340 
(2.86%) 

56/2275 
(2.46%) 

4/2179(0.18%) 33/1219 
(2.65%)  

 

Table 16. Describes outcomes for laparoscopic sacral colpopexy trials reporting greater 12 months review.
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Despite the clinical advantages of a laparoscopic 
approach, adoption of LSC has been relatively lim-
ited probably because of the steep learning curve 
associated with attaining laparoscopic suturing 
and knot tying skills that are required to attach the 
mesh to the vagina and sacrum. Claerhout et al 
evaluated	their	learning	curve	in	the	irst	206	cases	
performed by a single surgeon.[Claerhout 2009]
Operating	times	declined	rapidly	during	the	irst	30	
procedures in this series and reached steady state 
(175 minutes) after 90 cases. Using a cumulative 
sum [CUSUM] approach to evaluate operative time 
and failures (laparotomy, complication or anatomic 
failures) they found that adequate learning occurred 
after 60 cases.[Claerhout 2009] Complication rates 
remained unchanged throughout this series. Akla-
dios et al found that there was a steady decrease in 
LSC	operative	time	in	a	series	of	the	irst	48	cases	
performed but that a turning point was observed af-
ter 18-24 cases.[Akladios 2010] Complication rates 
were also low throughout this series.

d) Robotic Sacral Colpopexy(RSC)

Because of the relatively long learning curve re-
quired for LSC, many surgeons have turned to 
robotic-assisted surgery in order to offer patients 
a minimally invasive approach to sacrocolpopexy. 
Robotic surgical systems have been developed 
with	 the	goal	of	 facilitating	 technically	dificult	pro-
cedures by improving the surgeon’s vision, dexter-
ity and ergonomics. No data has been published on 
the learning curve for RSC however expert opinion 
suggests that the learning curve is shorter for RSC 
compared to the laparoscopic approach.

The currently available data for RSC are relatively 
limited and consist primarily of uncontrolled cases 
series, but meta-analysis suggests anatomic out-
comes similar to that of ASC and LSC with objec-
tive success rates reported at 60-100% [mean 93%],  
subjective success of 91-94% and mean mesh ero-
sion rate 5%.(Table 17 ) To date, there are only two 

Author  Year Number  
of 
patients  

Mean 
Follow –up 
months   

Objective 
Success 
rate  (%) 

Subjective 
Success rate
(%) 

Criteria  for O b j e c t i v e  
( O )  a n d  S u b j e c t i v e  
( S )  success*  

Mesh 
erosion 
(%) 

Comments  

38 LSC
 

12
 

91
 

NR
 

0
 

Paraiso (Paraiso 
2011)

2011
 

40 RSC 12 35/40 (88) NR 

O: Stage < 2
 

 

2/40(6) 

RCT comparing LSC to RSC. No 
signiicant differences noted in 
anatomic or quality of life 
outcomes between groups at 12 
months

 

Shariati(Shariati 
2008) 

2008 77 7 76/77 (99) 94 O: Stage < 2 
S: Satisfaction 

3/77(4)  

Kramer(Kramer 
2009) 

2009 21 25.2 20/21 (95) NR O: No Apical failure NR 12/20 subjects required repeat 
surgery for cystocele, rectocele or 
UI and 5 await additional surgery 

Akl(Akl 2009) 2009 80 4.8 78/80 (96) NR O: No “recurrence” of POP 5/80 (6)  

Chan(Chan 
2011) 

2011 36 29 33/36 (91) 91 O: Stage < 2 
S: Satisied with procedure 

0/36 (0)  

Geller (Geller 
2011) 

2011 28 14.8 17/28 (60) NR O: No POP to or  beyond 
the hymen 

2/28 (7) Signiicant improvments in quality 
of life and sexual function seen 
using validated questionnaires. 

Mereno 
(Moreno 2011) 

2011 33 24.5 33/33 (100) NR O: No “recurrence” of POP NR  

Total    292/315 
(93%) 

  12/261 
(5%) 

 

Author  Year Number  
of 
patients  

Mean 
Follow –up 
months  
 

Objective 
Success 
rate  
(%) 

Subjective 
Success rate 
(%) 

Criteria for O b j e c t i v e  
( O )  a n d  S u b j e c t i v e  
( S )  success*  

Mesh 
erosion 
(%) 

Comments  

38 LSC 12 91 NR 0 Paraiso  2011 

40 RSC 12 35/40 (88) NR 

O: Stage < 2  

2/40(6)
 

RCT comparing LSC to RSC. No 
signiicant differences noted in 
anatomic or quality of life 
outcomes between groups at 12 
months 

Shariati 2008 77 7 76/77 (99) 94 O: Stage < 2 

S: Satisfaction 
3/77(4)  

Kramer 2009 21 25.2 20/21 (95) NR O: No Apical failure NR 
12/20 subjects required repeat 
surgery for cystocele, rectocele or 
UI and 5 await additional surgery

 

Akl 2009 80 4.8 78/80 (96) NR O: No “recurrence” of POP 5/80 (6) 

Chan(Chan 
2011)  

2011 36 29 33/36 (91) 91 O: Stage < 2 
S: Satisied with procedure 

0/36 (0) 

Geller(Geller 
2011) 

2011 28 14.8 17/28 (60) NR O: No POP to or  beyond 
the hymen 

2/28 (7) Signiicant improvments in quality 
of life and sexual function seen 
using validated questionnaires. 

Mereno(Moreno 
2011) 

2011 33 24.5 33/33 (100) NR O: No “recurrence” of POP NR  

Total    292/315 
(93%) 

  12/261 
(5%) 

 

Retrospective and Prospective cohorts RSC with n > 20 follow-up greater than 3 months. *POP staging systems, if used, are indicated as ‘grade’ for Baden-walker{ or ‘stage’ for POPQ

Table 17. Robotic Sacral Colpopexy (RSC)
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published studies that provide comparative data for 
the RSC. Geller et al retrospectively compared 73 
patients who received RSC to 105 who received ASC 
[Geller 2008]. RSC was associated with less blood 
loss, longer operative time, shorter length of stay 
and a higher incidence of fever [4.1% vs. 0%] Ana-
tomic outcomes 6 weeks after surgery were similar 
between groups [Geller 2008].

In the only randomised comparison of RSC to date, 
Paraiso et al recently published a clinical trial that 
provides level 1 evidence that RSC results in lon-
ger operating time and increased pain and cost 
compared with LSC.[Paraiso 2011] This single-
centre, blinded randomised trial compared RSC 
[n = 40] to LSC [n=38] in women with stage 2-4 
post-hysterectomy vaginal prolapse. Total opera-
tive time was chosen as the primary outcome for 
this study serving as a proxy measure for surgi-
cal	eficiency.	Total	operative	time	was	signiicantly	
longer in the robotic group compared with the lapa-
roscopic	group	(+67-minute	difference;	95%	coni-
dence interval [CI] 43-89; P<.001).[Paraiso 2011] 
Anesthesia time, total time in the operating room, 
total sacral colpopexy time, and total suturing time 
were	 all	 signiicantly	 longer	 in	 the	 robotic	 group.	
Participants	 in	 the	 robotic	 group	 also	 had	 signii-
cantly higher pain at rest and with activity during 
weeks 3 through 5 after surgery and required lon-
ger	 use	 of	 nonsteroidal	 anti-inlammatory	 drugs	
(median, 20 compared with 11 days, P<.005). The 
robotic group incurred greater cost than the lapa-
roscopic group (mean difference +$1,936; 95% CI 
$417-$3,454; P=.008).[Paraiso 2011] Both groups 
demonstrated	 signiicant	 improvement	 in	 vagi-
nal support and functional outcomes 1 year after 
surgery with no differences between groups. It is 
worth noting that the surgeons in this study had 
considerable experience with LSC.

A meta-analysis of observational studies on robotic 
gynaecological surgery, found that the currently 
available evidence shows that for most gynaecologi-
cal procedures studied robotic surgery achieved a 
shorter hospital stay and less blood loss than open 
surgery.[Reza	 2010]	 However,	 no	 clinically	 signii-
cant improvements were noted when robotic surgery 
is compared with conventional laparoscopic surgery 
in benign gynaecological procedures.[Reza 2010]
The current evidence, while limited, suggests that 
these conclusions are also applicable for RSC (Table 
18). RSC probably has a shorter learning curve than 
LSC and thus may be more generalisable however 
published evidence for this is currently lacking. In 
surgeons with advanced laparoscopic skills, RSC of-
fers	no	clinical	beneit	when	compared	 to	LSC	and	
results in longer operating times, greater cost and 
greater postoperative pain.

8.  OBLITERATIVE PROCEDURES: LEFORT 
COLPOCLEISIS, TOTAL COLPOCLEISIS

Obliterative surgery, such as total colpocleisis 
(also called colpectomy/colpocleisis) or the Le-
Fort partial colpocleisis, corrects POP by reduc-
ing the pelvic viscera back into the pelvis and 
closing off the vaginal canal either in part or 
whole.[FitzGerald 2006] Obliterative procedures 
are less commonly performed in the Europe, Asia, 
and Australia compared to the United States, and 
are usually reserved for women who are elderly, 
medically compromised, and no longer sexually 
active.[Jelovsek 2007] The purported advantages 
of obliterative surgery in this population are de-
creased operative time, decreased perioperative 
morbidity, and an extremely low prolapse recur-
rence risk. The obvious disadvantage is the elimi-
nation of the potential for vaginal intercourse. 
Preoperative counseling is essential when choos-

Table 18. Compares abdominal (ASC), laparoscopic (LSC) and robotic sacral clopopexy (RSC)

Author  No. 
patients 

Operating time 
mins 

Blood loss 
mls 

Inpatient 
Days 

Objective 
Succes s 
rate (%) 

Complications 
(%)  

Mesh 
exposure 
(%)

 

ASC 61 218* 234 4 95 28 1.6 
LSC 56 269 172* 1.8* 89 36 3.6 

Paraiso 
2005 

RSC        
ASC 22 185 195 3.3 95 MD 9 
LSC 25 219 87 1.2* 100 MD 10 

Hsaio 
2007 

RSC        
ASC 41 168 139 2.6 78 21 2 
LSC 43 183 104* 1.5* 86 32 2 

Klauschie 
2008 

RSC        
ASC 105 225* 255 2.7 100 19 0 
LSC        

Geller 
2008 

RSC 73 328 103* 1.3* 100 15 0 
ASC        
LSC 38 199*  1.4 91 18* 0 

Paraiso#
2011 

RSC 40 257  1.8 88 71 6 

MD, missing dara #Randomised trial, all other studies are retrospective comparisons; *indicates statistically signiicant result 
that is superior to the comparator
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ing between the obliterative and reconstructive 
options. A systematic review of colpocleisis pub-
lished in 2006 noted colpocleisis appears to be 
nearly 100% effective for correcting pelvic organ 
prolapse, however until recently little was known 
about postoperative functional or quality of life 
outcomes.[FitzGerald 2006] In the last few years 
a number of reports evaluating symptom improve-
ment and changes in quality of life after colpo-
cleisis have been reported.[Barber 2007; Hullfish 
2007; Fitzgerald 2008; Gutman 2009] Overall, 
these series have found high rates of patient sat-
isfaction and significant functional improvement 
with low rates of regret for loss of sexual function. 
[Barber 2007; Hullfish 2007; Fitzgerald 2008] Bar-
ber et al reported results from a multicentre study 
of obliterative surgery using a prospective cohort 
design with a concurrent control group of age-
matched women undergoing vaginal reconstruc-
tive surgery.[Barber 2007] Despite permanent 
alterations in sexual function, significant improve-
ments in bladder, bowel and prolapse symptoms 
as well as body image were noted after surgery 
with no differences between those who received 
colpocleisis and those who underwent recon-
structive surgery. Additionally, significant and 
clinically important improvements were noted in 
bodily pain, vitality, social functioning, role-emo-
tional, and mental health summary scales of the 
SF-36.[Barber 2007] Similarly, a retrospective co-
hort of women over age 65 by Murphy et al com-
paring women who underwent colpocleisis [n=45] 
and similar group women who underwent recon-
structive surgery with transvaginal mesh (Prolift, 
Ethicon Women’s Health and Urology) found that 
improvements in condition-specific quality of life 
and postoperative patient satisfaction were com-
parable between the two treatment groups.[Mur-
phy 2008].

The Pelvic Floor Disorders Network has reported 
on a large series of women undergoing colpo-
cleisis [n=153] with one year follow-up.[Fitzger-
ald 2008]. All pelvic symptom scores and related 
bother significantly improved at 3 and 12 months, 
and 125 [95%] patients said they were either ‘very 
satisfied’ or ‘satisfied’ with the outcome of their 
surgery.[Fitzgerald 2008] Bothersome stress and 
urge incontinence were present before surgery 
in 54% and 41% of subjects respectively. Forty 
percent of subjects received a concurrent mid-
urethral sling at the time of their colpocleisis and 
the rates of bothersome stress and urge inconti-
nence one year after surgery was 14% and 15% 
respectively. Similarly, bothersome bowel symp-
toms were present in 77% of subjects at baseline. 
One year after surgery, the majority of bother-
some bowel symptoms resolved, particularly ob-
structive and incontinence symptoms, and devel-
opment of new bowel symptoms was uncommon 
[0-14%].[Gutman 2009].

While obliterative procedures are predominantly 
performed in elderly, frail women who often have 
multiple co-morbidities, the rate of serious adverse 
events after this procedure appears to be low. In 
general, major complications due to performance 
of surgery on the elderly (e.g. cardiac, pulmonary 
and cerebrovascular complications) occur at a 
rate of approximately 2%.[FitzGerald 2006] Major 
complications due to the surgery itself (e.g. pyelo-
nephritis, blood transfusion) occur at a rate of ap-
proximately 4%.[FitzGerald 2006] A systematic re-
view of published series of colpocleisis from 1966 
to 2004 reported a surgical mortality rate of ap-
proximately 1 in 400 cases.[FitzGerald 2006] One 
complication that appears to be uniquely associ-
ated with obliterative surgery is development de 
novo rectal prolapse after surgery.[von Pechmann 
2003; Collins 2007] Collins et al in a retrospective 
cohort of 916 women undergoing vaginal POP sur-
gery at one institution and found that the incidence 
of postoperative full-thickness rectal prolapse in 
women who were > or = 65 years old who under-
went obliterative surgery was 3 of 74 [4.1%; 95% 
CI, 1.4-11], with an estimated odds ratio of 22 [95% 
CI, 2.3-196; P < .002] compared with women who 
were > or = 65 years old who underwent recon-
structive surgery.[Collins 2007].

Conclusions Apical prolapse

•		Level	1	evidence	suggest	ASC	has	a	higher	suc-
cess rate as compared to sacrospinous colpopexy 
with less SUI and post-operative dyspareunia. 
ASC had greater morbidity including operating 
time, inpatient stay, slower return to activities of 
daily living and higher cost. (Grade A )

•			ASC	has	the	lowest	inpatient	cost	as	compared	to	
LSC and RSC. LSC has lower inpatient cost than 
RSC (Grade B )

•		In	single	RCT’s	the	RSC	had	longer	operating	time	
than both ASC and LSC (Grade B ). In small trials 
objective outcomes appear similar although post-
operative pain was greater in RSC.

•		LSC	as	effective	as	ASC	with	reduced	blood	loss	
and admission time. (Grade C ). The data relating 
to operating time are conlicting 

•		ASC	performed	with	polypropylene	mesh	has	su-
perior outcomes to fascia lata (Level I ) and por-
cine dermis and small intestine submucosa (Level 
3) (Grade B )

•		In	a	single	RCT,	LSC	had	a	superior	objective	and	
subjective success rate and lower reoperation rate 
compared to polypropylene transvaginal mesh for 
vault prolapse (Grade B ).

•		Level	three	evidence	suggest	vaginal	uterosacral	
ligament suspension, McCall culdoplasty, Iliococ-
cygeus	ixation	and	colpocleisis	are	relatively	safe	
and effective interventions (Grade C )
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The prevalence of rectocele in women ranges from 
12.9-18.6% and the average annual incidence is es-
timated to be 5.7 cases per 100 women years [Hen-
drix 2002; Handa 2004]. Approximately 225,000 
operations are performed every year in the United 
States for pelvic organ prolapse and repair of pos-
terior vaginal wall is performed in between 40-85% 
[Olsen 1997; Boyles 2003; Whiteside 2004].

Terms used to describe the supportive tissue uti-
lised for posterior wall prolapse repair date back 
to a publication by Jeffcote in 1961 [Francis WJA 
1961].	 The	 concept	 of	 site-speciic	 repair	 stems	
from observations by Richardson who felt that dis-
crete defects in what he termed rectovaginal fas-
cia should be addressed by a directed repair of the 
defect thus producing a more anatomical repair in 
his opinion [Richardson 1993]. In recent years there 
has been a clearer understanding of the anatomy of 
the posterior vaginal wall and its support however 
surgical studies in this area continue to utilise terms 
that are not anatomically based. The goal of this re-
view will be to provide a brief overview regarding 
current understanding of the anatomy of the sup-
port of the posterior vaginal wall, discuss various 
anatomic defects that can clearly contribute to pos-
terior	vaginal	wall	prolapse,	and	inally	update	 the	
previous ICI report by citing the various studies that 
have reported outcomes for the surgical correction 
of posterior vaginal wall prolapse.

1.  ANATOMY OF THE POSTERIOR VAGINAL 
WALL

Historically pelvic organ support as it relates to the 
anterior and posterior vaginal wall compartments 
has been described in relation to supportive tissues 
termed endopelvic fascia. In the anterior segment 
this has been called pubocervicovesical fascia and 
in the posterior segment this has been called recto-
vaginal fascia. Histological studies have noted that 
what has previously been termed fascia is actually 
vaginal muscularis in both the anterior and posterior 
segments.[Farrell 2001] With respect to the recto-
vaginal fascia it is now well appreciated that there is 
no such layer between the posterior vaginal wall and 
the anterior wall of the rectum. At the level of the mid 
vagina histological assessment of the posterior vagi-
nal wall from the lumen of the vagina to the lumen of 
the rectum notes the following layers; vaginal epithe-
lium,	the	lamina	propria	of	the	vagina,	ibro	muscular	
wall of the vagina (smooth muscle cells, elastin, and 
type II collagen) adventitia, outer muscular wall of 
the rectum, inner muscular wall of the rectum, lamina 
propria of the rectum, and rectal mucosa.

Delancey et el performed cross-sections on nullipa-
rous and multiparous cadavers and noted that the 
support of the posterior compartment was main-

tained by a complex interaction of connective tissue 
and levator ani muscle [DeLancey 1999]. He went 
on to note that the support of the posterior vaginal 
wall was best divided into 3 separate and distinct lev-
els of support. Level III support being the most dis-
tal portion of the vagina is provided by the perineal 
membrane and the rectovaginal septum. This level 
of support has strong attachments to the levator ani 
complex and is thus less susceptible to pelvic pres-
sure transmission that may cause prolapse. Level II 
or the mid vagina is supported by its attachments of 
the vaginal muscularis laterally to the fascia of the 
levator ani muscles. Level I support or the upper 
vagina is supported by the cardinal-uterosacral liga-
ment complex.

This same group of investigator’s recently dis-
cussed posterior vaginal wall anatomy in a review 
article and likened it to an open container. The front 
wall of the container would be formed by the poste-
rior vaginal wall while the bottom of the container is 
made up of the perineal body and anal sphincters. 
The levator ani muscles form the lateral sides of the 
container and the levator plate where the muscles 
decussate behind the rectum to create the iliococcy-
geal raphe form the back wall of the container. The 
uppermost portion of the container would be that 
created by the attachment of the posterior vaginal 
wall to the uterosacral ligament which extend below 
the peritoneum All of these boundaries are subject 
to defects that can give rise to different structural 
failures.[Lewicky-Gaupp 2009]

2.  ANATOMIC DEFECTS THAT MAY CONTRIB -
UTE TO PROLAPSE OF THE POSTERIOR 
VAGINAL WALL

The patient who presents with prolapse of the pos-
terior vaginal wall either in isolation or in conjunc-
tion with prolapse of other segments of the pelvic 
loor	could	potentially	have	a	posterior	enterocele,	
a rectocele, or a sigmoidocele.[Fenner 1996] These 
3 conditions can occur in isolation or in conjunction 
with each other and will commonly be accompanied 
by a perineal defect and or a widened genital hiatus. 
While it is beyond the scope of this article to discuss 
clinical and radiographic mechanisms that can be 
used	to	differentiate	these	various	defects	sufice	it	
to say that they can all result in descent of the pos-
terior vaginal wall in various degrees.

The published literature continues to classify pos-
terior vaginal repairs into what has been termed 
a “traditional technique” which implies that the 
repair has been supplemented with a levator ani 
muscle	 plication	 in	 the	midline	 or	 a	 “site	 speciic	
technique” which implies that discreet defects in 
the	rectovaginal	fascia	are	identiied	and	repaired	
and no levator plication is performed. To date we 
are unaware of any studies that have addressed 
how often a posterior enterocele and or sigmoido-
cele coexist with a rectocele and how the presence 
of these defects impacts on ultimate surgical out-

VII. SURGERY FOR POSTERIOR 
VAGINAL WALL PROLAPSE
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comes. Based on our current understanding of the 
anatomy of the posterior vaginal wall and perine-
um	it	is	clear	that	the	defect	speciic	repairs	involve	
plication	of	the	ibromuscular	layer	of	the	posterior	
vaginal wall and based on the initial level of dissec-
tion this tissue may be found on the anterior wall 
of the rectum or may have to be mobilised off the 
vaginal epithelium to allow an appropriate tension 
free plication. In patients with advanced prolapse 
and a widened genital hiatus the only way to ad-
dress the gaping vagina is to routinely perform a 
distal levatorplasty. In the authors opinion future 
surgical studies assessing outcomes of prolapse 
repair involving the posterior vaginal wall should 
take into consideration these points, and realise 
that these procedures are not mutually exclusive 
and a combination of the techniques, especially in 
cases of advanced prolapse is commonly required. 
Other type of repairs that have been reported in-
clude transanal repairs, transperineal mesh (bio-
logic or synthetic) augmented repairs, and abdomi-
nal sacral colpopexy in which the mesh attachment 
is extended down to the distal portion of the pos-
terior vaginal wall and or perineum. The authors 
have also observed that aggressive reattachment 
of the uppermost portion of the full thickness of 
the posterior vaginal wall (level III support) to the 
uterosacral	 ligament	 provides	 signiicant	 support	
to the posterior vaginal wall in patients with high 
rectoceles or rectoceles in conjuction with a poste-
rior enterocele.

3.  MIDLINE PLICATION OR TRADITIONAL 
POSTERIOR COLPORRAPHY

The mean reported anatomic success rates with 
this type of repair is 83% (range 76-96%) with mean 
post-operative dyspareunia rate of 18%( range 
5-45%) and 26% using vaginal digitation to defe-
cate. (Table 19 )

4. SITE SPECIFIC DEFECT REPAIR

This technique is similar to traditional post repair in 
terms of dissection. The aim of the repair is for the 
surgeon to indentify and individually correct breaks 
in the rectovaginal septum. Tradition levatoroplas-
ty is avoided. The mean anatomic success rate is 
83% (range 56-100%) with 18% postoperatively 
needing vaginal digitation to defecate and 18% ex-
periencing post-operative dyspareunia (Table 20 ).

Abramov et al retrospectively compared the midline 
fascial	plication	and	discrete	site	speciic	repair	for	
rectoceles	 [Abramov	 2005].	 They	 noted	 a	 signii-
cantly higher recurrence rate of rectoceles follow-
ing	 the	discrete	site-speciic	 repair	 (32%)	as	com-
pared to 13% following the midline fascial plication 
[P=0.015]. The correction of the rectovaginal fascia 
defect that allows entrapment of feces on strain-
ing	 in	 signiicant	 rectoceles	maybe	 to	 large	 to	 be	
repaired with the discrete approach [Kenton 1999] 
and appears to be corrected by the more robust 
midline fascial plication.

Study (year) N Review 
Months 

Anatomic 
Cure (%) 

Vaginal 
Bulge (%) 

Vaginal 
Digitation (%) 

Defecatory 
Dysfunction (%) 

Dyspareunia 
(%) 

Arnold et al(Arnold MW 1990) 
Preoperative 
Postoperative 

 
29 
24 

 
 

 
 
19/24(80) 

  
20 

 
 
9/24(36) 

 
 
6/24(23) 

Mellgren et al.(Mellgren 1995) 
Preoperative 
Postoperative 

 
25 
25 

 
 
12 

 
 
24/25(96) 

 
21 
4 

 
50 
0/25 (0) 

 
8 
2/25(8) 

 
 
2/25(8) 

Kahn et al(Kahn MA 1997) 
Preoperative 
Postoperative 

 
231 
171 

 
 
42 

 
 
130/171(76) 

 
64 
31 

 
 
56/171(33) 

 
4 
19/171(11) 

 
 
27/171(16) 

Weber et al (Weber 2000). (15) 
Preoperative 
Postoperative 

 
53 
53 

 
12 

     
 
14/53(26) 

Sand et al.(Sand 2001) (16) 
Preoperative 
Postoperative 

 
70 
67 

 
12 

 
 
67/70(90) 

    

Maher et al.(Maher CF 2002) 
Preoperative 
Postoperative 

 
38 
38 

 
 
12 

 
 
33/38(87) 

 
100 
5 

 
100 
6/38(16) 

 
3 
6/38 (16%) 

 
37 
2/38(5) 

Abramov et al.(Abramov Y 2003) 
Preoperative 
Postoperative 

 
183 
183 

 
 
>12 

 
 
150/183(82) 

 
100 
4 

  
17 
33/183 (18) 

 
8 
31/183 (17) 

Paraiso et al.(Paraiso 2011) 
Preoperative 
Postoperative 

 
37 
28 

 
17.5 

 
 
24/28 (86%) 

   
80 
9/28 (32) 

 
56 
13/28(45) 

Total   447/539 
(83%) 
 

 61/234 (26%) 
 

78/469 
(17%) 

95/522 (18%) 

Table 19. Midline plication or traditional posterior colporrhaphy
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In a randomised control trial Paraiso et al compared 
three techniques for rectocele repair in a prospec-
tive randomized trial [Paraiso 2006]. Patients were 
randomized to receive either a traditional repair 
[N=37],	a	site	 speciic	 repair	 [N=37]	or	a	site-spe-
ciic	 repair	augmented	with	porcine	small	 intestine	
mucosa [N=32]. All patients preoperatively had 
Stage II or greater posterior vaginal wall prolapse. 
The objective anatomic failure rate was highest in 
the graft augmented group [12 to 26] at 1 year which 
was	 statistically	 signiicantly	worse	 then	 results	 in	
the	site	speciic	group	 [6	of	27]	and	 traditional	 re-
pair	 [4	 of	 28].	There	was	 no	 signiicant	 difference	
in subjective symptoms (worsening prolapse or 
colorectal symptoms) or dyspareunia between the 
three groups.

Recently Sung et al reported on a double blind mul-
ticentre randomised control trial comparing native 
tissue repair [70] or native tissue porcine subintes-
tine submucosal (SIS) graft [67] for symptomatic 
grade 2 rectocele [Sung 2012]. The native tissue 
repair involved either a midline plication or site spe-
ciic	repair	with	majority	undergoing	site-speciic	re-
pair. In the graft group this repair was augmented 
with porcine SIS overlay. At one year there was no 
difference between the groups in objective and sub-
jective success rates or in resolution of defecatory 
symptoms. Post operative dyspareunia rates were 
not	signiicantly	different	at	7%	in	the	native	tissue	
group and 12.5% graft group.

In a single trial Vijaya (Abstract #52, ISC 2011 
Glasgow) reported at 6 months follow up superior 
support of the posterior vaginal wall was attained after 
the fascial plication as compared to levator ani repair. 
Block randomisation was performed with 26 women 
randomised to each operation. Allocation conceal-
ment, power analysis, and status of reviewers was not 
reported. Anatomic outcomes were reported via Pop-
Q point AP and a variety of quality of life assessments 
were performed without reporting the data.

5. TRANSANAL REPAIR OF RECTOCELE

Three trials have evaluated transanal vs transvagi-
nal repairs of rectoceles [Kahn MA 1999; Nieminen 
2004; Farid 2010]. Each trial had slightly different 
inclusion criteria. Kahn included women who had 
symptoms of prolapse or impaired rectal evacuation 
with incomplete emptying on isotope defaecogra-
phy and normal compliance on anorectal manom-
etry [Kahn MA 1999]. Nieminen’s included women 
with symptomatic rectoceles not responding to con-
servative therapy. Importantly women with compro-
mised anal sphincter function and other symptom-
atic genital prolapse were excluded. In both trials 
the vaginal repair was performed by gynaecologists 
and the transanal repair by colorectal surgeons. In 
Kahn’s trial the posterior vaginal wall repair was 
performed using levator plication and in Nieminen’s 
trial the rectovaginal fascia was plicated. Farid’s in-
clusion criteria required women to have a rectocele 

Study (year) N Review 
(Mo) 

Anatomic 
Cure (%) 

Vaginal 
Bulge (%) 

Vaginal 
Digitation (%) 

Defecatory 
Dysfunction (%) 

Dyspareunia 
(%) 

Cundiff et al. (Cundiff 1998) 
Preoperative 
Postoperative 

 
69 
61 

 
12 

 
 
50/61 (82%) 

 
100 
11/61(18) 

 
39 
11/61(18) 

 
13 
5/61(8) 

 
29 
12/61(19) 

Porter et al(Porter WE 1999) 
Preoperative 
Postoperative 

 
125 
72 

 
6 

 
 
59/72 (82) 

 
38 
10/72(14) 

 
24 
15/72/(21) 

 
24 
15/72(21) 

 
67 
33/72(46) 

Kenton et al.(Kenton 1999) 
Preoperative 
Postoperative 

 
66 
46 

 
12 

 
 
41/46 (90) 

 
86 
4/46(9) 

 
30 
7/46(15) 

 
30 

 
28 
4/46(8) 

Glavind and Madsen(Glavind 
2000)  
Preoperative 
Postoperative 

 
67 
67 

 
3 

 
 
67/67 (100) 

 
 

   
12 
2/67(3) 

Singh et al.(Singh 2003) 
Preoperative 
Postoperative 

 
42 
33 

 
18 

 
 
30/33(92) 

 
78 
2/33(7) 

  
9 
2/33(5) 

 
31 
5/33(15) 

Abramov et al.(Abramov 2005) 
Preoperative 
Postoperative 

 
124 
124 

 
 
>12 

 
 
69/124 (56) 

 
100 
14/124(11) 

  
15 
24/124(19) 

 
8 
20/124(16) 

Paraiso et al.(Paraiso 2006) 
Preoperative 
Postoperative 

 
37 
27 

 
17.5 
 

 
 
21/23 (78) 

  
58 
6/27(21) 

 
 

 
48 
8/27(28) 

Sung et al(Sung 2012) 
Preoperative 
Postoperative 

 
80 
70 

 
12 

 
63/70 (90) 

 
 
4/58(7%) 

 
 
9/58 (15.5%) 

 
 
12/57 (21) 

 
 
4/57 (7) 

Total   410/496 
(83%) 

45/394 
(11.4%) 

48/264 
 (18%) 

58/347 
(17%) 

88/487 
(18%) 

Table 20. Site-speciic posterior vaginal repair
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larger than 2 cm on defaecography with symptoms 
including digitation, incomplete evacuation, ex-
cessive straining and dyspareunia. Women with a 
compromised anal sphincter complex or recurrent 
prolapse, rectal prolapse, intussusception, or an-
ismus were excluded. The surgery was performed 
within the surgery department and blinded examin-
ers utilised defecography, anal manometry, and a 
modiied	 obstructed	 defecation	 syndrome	 patient	
questionnaire to report outcomes.

Based on these three trials we can conclude that 
the results for transvaginal repair of rectocele are 
superior to transanal repair of rectocele, in terms 
of subjective and objective outcomes. In women 
with rectocele alone recurrent rectocele occurred 
in 2 out of 39 women in the vaginal group and 7 out 
of 48 following the transanal repair, a difference 
that	did	not	reach	statistical	signiicance.	Post-op-
erative	 enterocele	was	 however	 signiicantly	 less	
common following vaginal surgery as compared to 
the transanal group.

Farid [Farid 2010] reported on outcomes of three 
types of rectocele repair comparing transperineal 
repair to levatorplasty to transanal repair and noted 
conclusions similar to the two previously discussed 
trials. The size of the rectocele on defecography 
was	signiicantly	smaller	in	the	transperineal	group	
(with or without levatorplasty) as compared to the 
transanal repair. Also functional outcome based on 
a	modiied	obstruction	defecation	syndrome	patient	
questionnaire was better after transperineal repair 
compared to transanal repair.

Puigdollers et al reported results from a prospec-
tive cohort of women with rectocele and constipa-
tion who underwent surgery via either endorectal 
or a transperineal approach based on surgeon 
preference[Puigdollers 2007]. At the end of one 
year the overall subjective improvement in consti-
pation was reported in 43% [p<0.001] and the need 
to splint decreased in 52% [p=0.001].

Thornton et al [Thornton 2005] reported in a single 
non-randomised study outcomes for a cohort of 
women with symptomatic rectocele who were treat-
ed laparoscopically [N=40] vs transanally [N=40]. 
Level 2B evidence from this study supports the su-
periority of the transanal approach for symptom re-
lief (55% vs 28%, p<0.02) but lower post-operative 
dyspareunia rates (22% vs 36%) with the laparo-
scopic approach.

van Dam et al [van Dam 2000] performed a com-
bined transvaginal and transanal repair in 89 
women who were evaluated at a follow up of 52 
months. The anatomic success rate was 71% (de-
fined as no persistent or recurrent rectocele on 
defaecography at 6 months). However de novo 
dyspareunia was reported in 41% of women and 
there was a deterioration of fecal maintenance in 
7 patients.

6. GRAFT AUGMENTED RECTOCELE

Sand et al [Sand 2001] compared posterior repair 
with and without mesh and noted rectocele recur-
rence appeared equal with and without polygla-
ctin (vicryl) mesh augmentation [7 out of 67 vs 
6 out of 65]. Neither Paraiso et al or Sung et al 
noted any benefit to augmenting a native tissue 
repair with a porcine subintestine submocosal 
graft overlay [Paraiso 2006; Sung 2012]. Mesh 
exposure was not reported in these trials. Alt-
man et al reported on a prospective evaluation 
of insertion of a 7x4cm porcine dermis graft at 
three years and found a 40% recurrence rate on 
examination and while there was a significant de-
crease in rectal emptying difficulties as compared 
to preoperatively less than 50% reported cure of 
rectal emptying issues [Altman 2006]. There was 
no change in the rate of anal incontinence or dys-
pareunia post-intervention.

7. MODIFIED SACROCOLPOPEXY

The abdominal route has been employed in the 
correction of posterior vaginal wall prolapse when 
a co-existing apical defect requires surgery. The 
technique	is	a	modiication	of	sacrocolpopexy	with	
extension of the posterior mesh down to the distal 
posterior vaginal wall and or the perineal body. The 
procedure has been reported completely abdomi-
nally or as a combined abdominal and vaginal ap-
proach. Table 21  summarises a series of studies 
that	 have	 reported	on	extended	posterior	 ixation	
of sacrocolpopexy mesh.

Summary

•		Transvaginal	 Repair	 of	 Posterior	 Vaginal	Wall	
prolapse continues to be reported as either a 
traditional repair with levatorplasty, midline fas-
cial plication without levatorplasty or site-spe-
cific repair. Level one and two evidence sug-
gest midline plication posterior repair without 
levatorplasty has superior objective outcomes 
as compared to site-specific posterior repair. 
(Grade B )

•		Higher	 dyspareunia	 rate	 reported	 when	 levator-
plasty is employed. (Grade C )

•		Transvaginal	 approach	 is	 superior	 to	 the	 trans-
anal approach for repair of posterior wall prolapse 
(Level 1 Grade A )

•		To	date	no	study	has	shown	any	beneit	to	mesh	
overlay or augmentation of a suture repair for pos-
terior vaginal wall prolapse. (Grade B )

•		While	modiied	abdominal	sacrocolpopexy	results	
have been reported, data on how these results 
would compare to traditional transvaginal repair of 
posterior vaginal wall prolapse is lacking.
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In women with stage II POP about 55% have concur-
rent stress urinary incontinence (SUI). This preva-
lence decreases with increasing POP stages to 33% 
in women with stage IV POP [Slieker-ten Hove 2009]. 
However, if the prolapse is reduced digitally or with 
the help of a pessary, sponge holder or speculum, 
SUI might be demonstrated in a further 10% to 80%. 
[Haessler 2005; Reena 2007; Sinha 2007; Ellstrom 
Engh 2010] This type of SUI is termed occult, masked 
or latent SUI and is present when stress urinary in-
continence is only demonstrable with the prolapse re-
duced in otherwise continent women. The importance 
of	 this	 inding	 remains	ambiguous	 [Visco	2008]:	 the	
test itself is not optimal [Visco 2008] as it does not 
necessarily mimic prolapse surgery and may obstruct 
or put undue tension on the urethra. Although differ-
ent techniques to reduce the prolapse have been 
described, a gold-standard has not been established.
[Visco 2008; Ellstrom Engh 2010] Neither the specu-
lum nor the pessary test to reduce the prolapse had 
acceptable positive predictive values to identify wom-
en in need of a concomitant continence procedure. 
The negative predictive values however were 92.5% 
[95%CI 90.3–1.00] and 91.1% [95%CI 88.5–99.7], re-
spectively. Therefore, women with negative tests for 
occult SUI preoperatively are at low risk of developing 
SUI postoperatively. [Ellstrom Engh 2010; Chughtai 
2011] Women with occult SUI are at risk of develop-
ing SUI after POP repair. Reducing the prolapse may 
also restore normal voiding function during urodynam-
ics.[Romanzi	1999]	These	indings	demonstrates	the	
importance of testing bladder function in continent 
women with and without the prolapse reduced.

The Cochrane review on surgical management of 
POP found that new or denovo SUI symptoms were 
reported by 187 of 1280 women (15%) after prolapse 
surgery. [Maher 2010] The term de novo stress uri-
nary incontinence is used to describe stress inconti-
nence that develops following surgical correction of 
the prolapse, amongst women who were continent 
prior to surgery. De novo SUI might develop because 
POP surgery has unkinked the previously obstructed 
urethra.[Kenton 2005; Mueller 2007] De novo stress 
urinary incontinence is clearly disappointing to women 
and this outcome measure is considered in this review.

A third of women with stage II or more POP expe-
rience	dificulties	emptying	 the	bladder.[Slieker-ten	
Hove	 2009]	 Voiding	 dificulties	 might	 disappear	
postoperatively because the obstruction caused by 
the prolapse has been corrected.[Romanzi 1999] In 
contrast, they might develop because of kinking of 
the urethra due the surgical technique.

This section of the chapter assesses the effect of 
POP surgery on bladder function including stress 
urinary incontinence, overactive bladder and void-
ing dysfunction. In order to optimally evaluate pre 
and postoperative bladder symptoms, only stud-
ies with standardised or validated pre and postop-
erative outcome measures, more than 20 operated 
women and a follow up time of at least 12 months 
are included and summarised in Table 22. The fol-
low up time of 12 months does not apply to studies 
assessing voiding dysfunction. We will evaluate the 
evidence surrounding common clinical scenarios.

1.  CONTINENT WOMEN UNDERGOING POP 
SURGERY. WHAT IS THE RISK OF DE 
NOVO SUI AND IS CONTINENCE SURGERY 
REQUIRED?

For symptomatically and clinically dry women an 
anterior native tissue repair yields lower rates of 
de novo SUI than transobturator anterior mesh pro-
cedures. The overall cumulative de novo SUI rate 
after	anterior	repairs	 is	9%	[44/481].	 In	ive	RCT´s	
[Hiltunen 2007; Sivaslioglu 2008; Altman 2011; So-
kol 2011; Withagen 2011] de novo SUI was found in 
31/377 (8%) women and in 13/104 (12%) women in 
two prospective studies [Hung 2004; Ellstrom Engh 
2010]. After armed-mesh repairs the overall cumu-
lative	 rate	 is	 signiicantly	 higher	 at	 14%	 [134/951;	
p=0.017, chi-square] with a rate of 17% [101/584] in 
six RCT [Hiltunen 2007; Sivaslioglu 2008; Halaska 
2010; Altman 2011; Sokol 2011; Withagen 2011]
and 9% [33/367] in eight prospective trials [Sen-
tilhes 2007; Ek 2010; Fayyad 2010; Feiner 2010; 
Sergent 2010; Takahashi 2010; Kuribayashi 2011; 
Liang 2011].

Five	RCT´s	directly	compared	anterior	colporrhaphy	
and transobturator mesh procedures [mesh kits or 
self-fashioned] and reported 12-months results [Hil-
tunen 2007; Sivaslioglu 2008; Altman 2011; Sokol 
2011; Withagen 2011]. Anterior native tissue repair 
signiicantly	 reduced	 the	 risk	 of	 de	 novo	 SUI	 (RR	

Author N Follow Up Success Dyspareunia Pre-op Post-op 

Baessler K Baessler
 
2001  33 26 months 45% 39% 13% 

Fox S. (Fox 2000) 29 14 months 90% 38% 17% 

Su K (

(

Su 2007) 122 12 months 90% - - 

Lyons (Lyons 1997)

)

 20 12 months 80% - - 

Marinkovic (Marinkovic 2003) 12 39 months 91% 29% None 

Table 21. Abdominal Repair (Posterior extension of Colpopexy Mesh)

VIII. PELVIC ORGAN PROLAPSE SUR -
GERY AND BLADDER FUNCTION
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0.64 95%CI 0.42, 0.97; Figure 4 ). Although all these 
trials employed quality of life and symptom question-
naires, different instruments were used and meta-
analysis was not able to be performed.

In	a	longer	term	follow	up	of	Hiltunen	´s	trial	[Hiltunen	
2007], subsequently more women developed new 
SUI after anterior repair resulting in similar SUI rates 
after three years of 17% after both anterior repair 
[15/86] and transobturator mesh procedure [15/84].
[Nieminen 2010].

Similar rates of de novo SUI occurred if the anterior 
compartment prolapse was repaired using a polypro-
pylene transobturator mesh 2% [2/96] or a porcine 
dermis graft 1% [1/94].[Natale 2009] In a single RCT 
de	 novo	 SUI	 was	 signiicantly	more	 common	 after	
sacrospinous	ixation	and	vaginal	repairs	compared	
with abdominal sacral colpopexy [8/24, 33% versus 
2/22, 9% in a single RCT][Maher 2004], however, 
these data need to be reviewed cautiously as in the 
sacral colpopexy group continent women pre-opera-
tively received paravaginal repairs which may be ef-
fective in limiting de novo SUI postoperatively.

In the large multicentre randomised controlled CARE 
trial (Colpopexy and urinary reduction efforts), preop-
eratively continent women were randomly allocated to 
undergo sacral colpopexy with [n=157] or without col-
posuspension [n=165]. Brubaker et al. demonstrated 
at 2 years that Burch colposuspension, performed 
concomitantly with an abdominal sacrocolpopexy sig-
niicantly	reduced	the	risk	of	de	novo	SUI.	Subjective	
SUI was reported by 38/147 (26%) after additional 
Burch colposuspension and by 63/155 women (41%) 
after sacrocolpopexy alone. However, objective test-
ing	yielded	similar	indings	in	the	two	groups:	11/116	
(9%) and 9/134 women (7%), respectively, demon-
strated SUI. The study was terminated prematurely 
because of the high postoperative SUI rate in women 
who did not receive concomitant Burch colposuspen-
sion and as a result of early termination was under-
powered. Unfortunately, irregularities in study design 
create uncertainty for the reader regarding the study 
indings.	Firstly,	different	and	complicated	deinitions	
were used to categorise stress continence prior to 
and	after	the	interventions	that	made	it	more	dificult	
to	be	classiied	as	stress	continent	post	 intervention	

than prior to the intervention. Thirty-nine percent of 
women	classiied	as	stress	continent	prior	to	surgery	
would	have	been	classiied	as	stress	incontinent	us-
ing	 the	 post-intervention	 deinition!	 Secondly,	 while	
surgery was standardised for colposuspension nei-
ther the paravaginal repair nor sacral colpopexy was 
standardised	with	signiicant	variations	 in	use	of	su-
ture type and graft materials: in 17% biological grafts, 
in 43% Mersilene, in 39% polypropylene and in 6% 
Gore-tex was utilised.[Brubaker 2006; Brubaker 2008]
which may have impacted on the continence results.

After a follow up of 8 years, Costantini et al. in another 
smaller RCT reported contrary results with 9/31 wom-
en (29%) developing SUI after additional Burch col-
posuspension compared to 5/31 (16%) after sacro-
colpopexy alone.[Costantini 2007; Costantini 2010].

Figure 5 	summarises	 these	two	RCT´s	 in	a	meta-
analysis.[Brubaker 2008; Costantini 2010] Because 
of	contrary	outcomes	resulting	in	signiicant	hetero-
geneity, a random-effects model was used. Accord-
ing	to	this	model,	women	do	not	beneit	from	Burch	
colposuspension in addition to abdominal sacral 
colpopexy. This is true for subjective de novo SUI 
[RR 0.96 95%CI 0.35, 2.62] and objective rates of 
de novo SUI [RR 1.56 95%CI 0.82, 2.95].

2.  POP SURGERY AND STRESS URINARY IN-
CONTINENT WOMEN

In women with SUI undergoing prolapse surgery, 
what kind of prolapse procedure and which conti-
nence surgery is required concomitantly in order to 
reduce postoperative SUI rates? The cumulative 
success rate for SUI after anterior colporrhaphy in 
two randomised trial arms was 48% [19/40][Colombo 
2000; Hviid 2010]. Colombo et al.[Colombo 2000]
compared to Burch colposuspension and anterior re-
pair for the treatment of women with anterior vaginal 
wall	prolapse	and	SUI.	While	women	beneited	more	
from Burch colposuspension with regards to SUI 
[cure of SUI 30/35, 86% versus 17/33, 52%], anterior 
repair better corrected the anterior prolapse [cure of 
cystocele 23/35 versus 32/33].[Colombo 2000].

Prospective POP surgery studies employing transob-
turator mesh without additional continence surgery 
show a cumulative SUI success rate of 61% [81/132]

Figure 4. De novo SUI: Forrest plot of ive RCT´s comparing anterior repair and transobturator mesh repairs.
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[Sentilhes 2007; Sergent 2009; Sergent 2010]. Suc-
cess rates improve considerably if a suburethral tape 
is performed concomitantly [cumulative rate 235/237, 
99%]. [Hung 2004; Fayyad 2010; Feiner 2010; Taka-
hashi 2010] Persisting or worsening SUI was de-
scribed in 9/15 (60%) by Fayyad et al.[Fayyad 2010]
who prospectively evaluated the role of transobtura-
tor polypropylene mesh without any concomitant sur-
gery in the management of recurrent prolapse.

Whether a suburethral tape (TVT) is inserted con-
comitantly or after three months did not result in 
signiicantly	different	success	rates	based	on	an	“on-
treatment” analysis of Borstad et al. [83/87, 95% ver-
sus 47/53, 89% three months later].[Borstad 2010]
Twenty-seven/94 (29%) women were cured of SUI 
after prolapse surgery alone and did not receive a 
TVT three months later.[Borstad 2010].

Costantini et al. 2008 compared abdominal sacrocol-
popexy or sacrohysteropexy with and without concom-
itant Burch colposuspension in women with POP and 
SUI.[Costantini 2008] Similarly to their randomised 
trial in continent women, Burch colposuspension in-
creased the postoperative SUI rate: 13/24 (54%) ver-
sus 9/23 (39%) were incontinent.[Costantini 2008].

3.  SHOULD WOMEN UNDERGOING POP SUR-
GERY WITH OCCULT SUI IDENTIFIED PRE-
OPERATIVELY UNDERGO CONTINENCE 
SURGERY AT TIME OF POP SURGERY?

Three randomised trials addressed this issue [Me-
schia 2004; Schierlitz 2007; Wei 2011] and found that 
after the addition of TVT to vaginal prolapse repairs 
(mainly anterior and posterior colporrhaphy) sig-
niicantly	 fewer	women	complained	of	SUI	 [21/116,	

18% versus 64/125, 51%]. The meta-analysis of 
these three trials calculated that a concomitant TVT 
reduced	 the	 risk	 of	 postoperative	 SUI	 signiicantly	
[RR 0.54, 95%CI 0.41, 0.72; Figure 6 ]. In two trials, 
including women who tested positive for SUI after 
the POP was reduced (occult SUI) [Meschia 2004; 
Schierlitz 2007], whereas in Wei et al. study (OPUS 
trial) only 34% demonstrated occult incontinence.
[Wei 2011] However, they reported data separately 
for women with a positive stress test after reduction 
of the prolapse: 41/57 women without and 16/54 with 
an additional TVT were stress incontinent at three 
months follow up (Figure 6 ). 

In a retrospective trial of 60 women who tested 
negative for occult SUI on preoperative urodynamic 
studies, 15 (25%) developed SUI after vaginal mesh 
surgery.[Kasturi 2011] However, 12% [7/60] had 
preoperative symptomatic SUI.

4.  OVERACTIVE BLADDER (OAB) SYMPTOMS

OAB symptoms may be associated with POP.[Sliek-
er-ten Hove 2009] Therefore, prolapse surgery may 
cure or improve OAB but it may also result in new 
OAB symptoms. The current Cochrane review on 
the surgical management of POP [Maher 2010; 
Maher 2011] calculated that new overactive blad-
der symptoms developed in 103/854 [12%] women 
in nine trials with various prolapse surgery.[Bump 
1996; Colombo 1996; Colombo 1997; Maher 2004; 
Meschia 2004; Brubaker 2006; de Tayrac 2008; Na-
tale 2008; Natale 2009] Whether women have been 
treated with anticholinergics e.g. postoperatively is 
not at all clear and numbers might in fact be higher. 
The cumulative rate of de novo OAB in women who 
underwent transobturator anterior mesh procedure 

Figure 5. Meta-analysis of two RCT´s looking at the effect of Burch colposuspension in addition to sacro-
colpopexy. Presented are subjective rates of de novo SUI

Figure 6. The addition of a suburethral sling to vaginal prolapse repairs in women without symptomatic SUI



1418

is 7% [39/557], [Sentilhes 2007; Moore 2009; Fayy-
ad 2010; Feiner 2010; Halaska 2010; Liang 2011]
whereas it is 10% [7/71] in the few studies reporting 
data after anterior repair with or without suburethral 
tape.[Meschia 2004; Foster 2007] This difference is 
not	statistically	signiicant	[p=0.4].

In a new RCT, Halaska et al. reported de novo overac-
tive bladder in 7/97 [7%] after anterior Prolift, in 7/34 
(21%)	after	anterior	Prolift	and	sacrospinous	ixation,	
in 8/84 (9%) after total Polypropylene mesh repair 
and in 1/98 (1%) after posterior Prolift only. [Halaska 
2010]	In	another	RCT,	after	vaginal	sacrospinous	ix-
ation 6/29 women complained of OAB whereas after 
sacrocolpopexy 11/33 developed symptoms.[Maher 
2004]. Sacrocolpopexy with or without Burch colpo-
suspension resulted in similar rates of de novo OAB 
[3/34 versus 2/32][Costantini 2007]. Similarly, after 
vaginal POP surgery with or without TVT OAB rates 
were not different [3/25 versus 1/25].[Meschia 2004].

In 22/48 (46%) of women with several different pro-
lapse operations urgency incontinence resolved, 
whereas it persisted in 26/48 (54%) and developed 
de novo in 3 (12%).[Foster 2007].

5. VOIDING PROBLEMS

The Cochrane review noted new voiding dysfunc-
tion in 56/476 (12%) women in six randomised tri-
als with various prolapse surgeries with or without 
continence procedures [Bump 1996; Colombo 1996; 
Colombo 1997; Maher 2004; Natale 2007; de Tayrac 
2008].	However,	 variation	 in	 deining	 and	 reporting	
voiding problems makes meta-analysis is unfeasible.

After anterior repair, voiding dysfunction ranges from 
0% to 37%.[Colombo 2000; Meschia 2004; Gandhi 
2005; Meschia 2007; Stekkinger 2011; Withagen 2011]

In	their	RCT	Withagen	et	al.	described	signiicantly	dif-
ferent temporary urinary retention rates in 5/97 (5%) 
compared with 15/93 (16%) after transobturator mesh 
repair [p=0.008]. Normal micturition was restored in 
all women within 14 days. [Withagen 2011] Anterior 
repair with or without concomitant vaginal POP sur-
gery resulted in postvoid residuals exceeding 150 ml 
in 27/126 (21%) in an RCT comparing transurethral 
and suprapubic catheterisation.[Stekkinger 2011]

After	anterior	mesh	 repair,	 voiding	dificulties	occur	
between 5% and 42%.[Maher 2004; Feiner 2010; 
Steinberg 2010; Withagen 2010; Feiner 2011; Maher 
2011; Withagen 2011] One study looked at postop-
erative	urinary	retention	deined	as	the	need	to	dis-
charge the patient with an indwelling catheter be-
cause of a failed trial of void.[Steinberg 2010] Voiding 
dysfunction ranged from 34% [10/29] after isolated 
anterior mesh repair to 42% [30/71] cases after com-
bined anterior and posterior repairs. After isolated 
posterior repair 8/42 (19%) developed urinary reten-
tion. At the 3-months follow up, there were no more 
voiding complaints.[Steinberg 2010]

If there are postoperative voiding problems with re-
siduals exceeding 150 ml, clean intermittent catheri-
sation is superior to an indwelling catheter for three 

days with regards to bacteriuria, urinary tract infec-
tion and length of required catheterisation according 
to one RCT [Hakvoort 2011] and intermittent trans-
urethral catheterisation is equivalent to a suprapubic 
catheter regimen.[Stekkinger 2011] Insertion of a su-
prapubic catheter however resulted in more related 
complications including dislodgment or blockage of 
the catheter and haematuria.[Stekkinger 2011].

Another RCT [Huang 2010] reported on the dura-
tion of postoperative urethral catheterisation be-
tween two and four days after anterior repair and 
found no differences in voiding dysfunction. This 
was	conirmed	by	an	RCT	comparing	two	and	ive	
days of routine postoperative indwelling catheter 
placement. Longer hospital stay and more urinary 
tract	 infections	were	associated	with	 the	ive	days	
protocol.[Weemhoff 2011] Patients do not seem to 
beneit	from	postoperative	urethral	catherisation	be-
yond two days.[Huang 2010; Weemhoff 2011].

Summary

Assessed trials were considerably heterogeneous 
regarding inclusion and exclusion criteria, clinical 
testing for stress urinary incontinence and opera-
tions performed. Also, the lack of separate reports 
of	bladder	symptoms	account	for	a	dificult	interpre-
tation of outcomes.

Continent women undergoing anterior compartment 
POP surgery have a lower rate of de novo SUI af-
ter anterior repair than armed mesh procedures.  
(Grade A )

Data	 are	 conlicting	 on	 whether	 colposuspension	
should be performed prophylactically in continent 
women undergoing sacral colpopexy. (Grade C )

In continent women undergoing POP surgery with 
occult SUI the addition of continence surgery reduc-
es the rate of postoperative SUI (Grade A ).

In women with POP and SUI prolapse procdures 
alone (transobturator mesh and anterior repair) are 
associated with low success rates for SUI. Con-
comitant continence procedures reduce the risk of 
postoperative SUI .

No clear conclusion can be made regarding the 
management of continent women undergoing POP 
surgery without occult SUI.

Preoperative bladder overactivity may resolve in 
40% undergoing POP surgery and denovo bladder 
overactivity occurres 12%.

No valid conclusions regarding voiding dysfunction 
following POP surgery can be drawn from the avail-
able data.

Level 1 evidence demonstrates there is no need to 
leave an indwelling catheter beyond two days and 
a suprapubic catheter yields similar outcomes to 
clean intermittent self catheterisation however is 
associated with more complications.
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Author, year Study 
design  / LoE 

Operations Follow 
up 
months 

SUI status preop De novo SUI Cured SUI Persistent 
SUI 

De novo 
OAB 

Altman et al 2011(Altman 2011)
 

RCT Anterior colporrhaphy 12 continent 176/189 11/176 (6%).    

 LoE 1 Anterior Prolift 12 continent 179/200 22/179 (12%)    

Halaska et al. 2010(Halaska 
2010) 

RCT Anterior Prolift 12+ ?continent, no concomitant 
SUI-procedures 

26/97 (27%)   7/97 (7%) 

 LoE 2 Anterior Prolift + 
sacrospinous ixation 

  6/34 (18%)   7/34 (21%) 

  total Prolift   22/84 (26%)   8/84 (9%) 
  Posterior Prolift   9/98 (9%)   1/98 (1%) 
Ek et al. 2010* (Ek 2010) RCT Anterior colporrhaphy 12 3/25 pos. stress test 2/25 (8%)    
 LoE 1 Anterior Prolift 12 1/22 pos. stress test 7/22 (32%)    
Sivaslioglu 2008(Sivaslioglu 
2008) 

RCT Anterior colporrhaphy mean 12 continent 3/42 (7%)    

 LoE 2 4-armed ant. Mesh mean 12  0/43    
Natale 2009(Natale 2009) RCT Anterior tension-free 2-

armed PP mesh repair 
24 continent 2/96 (2%) 

 
   

 LoE 2 Anterior 2-armed porcine 
dermis graft repair (self-cut) 

24  1/94 (1%)    

Hviid et al. 2010(Hviid 2010) RCT Anterior repair 12 7/29 (24%) ? 2/7 (29%)   
 LoE 2 Pelvicol graft inlay ixed with 

Vicryl 
12 10/28 (36%) ? 4/10 (40%)   

Borstad 2010(Borstad 2010) RCT Any vag. POP surgery + TVT 12 All SUI n/A 83/87 (95%)   
 LoE 1 Any vag. POP surgery TVT 3 

months later 
   47/53 (89%) on 

treatment analysis--
- 72/94 (77%) ITT 

  

Colombo 2000 (Colombo 2000)
 

RCT Burch colposuspension 12 SUI  30/35 (86%)   
 LoE 2 Anterior repair 12   17/33 (52%)   
Sokol 2011(Sokol 2011) RCT conventional vaginal repairs, 

USLP or sacrospinous ix. 
12  3/19 (16%)    

 LoE 2 Prolift 12  4/13 (31%)    
Whithagen 2011(Withagen 
2011) 

RCT Conventional vaginal repair 
(anterior repair=58) 

12 continent and incontinent 8/88 (9%); only 
anterior repair 6/53 

   

 LoE  2 Prolift (Prolift in ant. 
compartment=56) 

12  8/81 (10%); only ant. 
Prolift 6/50 

   

Meschia 2004(Meschia 
2004) 

RCT Anterior repair + TVT 26 occult SUI 1/25 (4%) subj 
2/25 (8%) obj 

  3/25 (12%) 

 LoE 2 Anterior repair +plication 
urethrovesical junction 

24  9/25 (36%) subj 
11/25 (44%) obj 

  1/25 (4%) 

Schierlitz 2007 RCT vaginal POP repair median 
21 

occult SUI USI 6 months 12/43 
(28%) 

   

 LoE 2 vaginal POP repair + TVT median 21  USI 6 months 3/37 (8%)    
Wei  2011 RCT vaginal POP repair 12 symptomatically continent, 

34% occult SUI 
74/172 (43%)    

 Abstract, LoE 2 vaginal POP +TVT 12  45/165 (27%)    
Nieminen 2010  3yrs 
FU(Nieminen 2010) 

RCT anterior repair 36 continent 15/86 (17%)    

  anterior repair+4-armed self-
cut mesh 

36  15/84 (17%)    

Ramanah 2011 Prospective 
comparative 
follow up 

laparoscopic 
sacralcolpopexy 

median 
30 

 11/87 (13%)   1  1% 

 LoE 2 vaginal porcine dermis 
transobturator hammock with 
sacrospinous ixation 

median 
34 

 15/64 (23%)   3   5% 

Kuribayashi 2011 Prospective 
follow up 

self-cut Prolift (TVM) 3 did not need continence 
procedure 

5/46 (11%)    

Alcalay et al. 2010(Alcalay 
2011) 

Prospective Trocarless mesh attached 
near SSL and laterally 

12  2/20 (10%)    

Ek et al. 2010(Ek 2010) Prospective 
follow up 

Anterior Prolift 12  9/52 (17%)  39/57  68% 
persistent 
32/57 worsend 

 

Fayyad et al. 2010(Fayyad 
2011) 

Prospective 
follow up 

Anterior Prolift 24+  5/21 (24%) 4/15 (27%) 9/15 (60%) 1/22 (5%) 

Feiner et al. 2010(Feiner 
2010) 

Prospective  
follow up 

Prolift + sacrospinous 
ligament ixation + TVT-O for 
SUI 

12 SUI 21/94 (22%) 2/73 (3%) 20/21 with TVT-O 
(95%) 

 7/84 (8%) 

Ellstroem 2010 Prospective  
follow up 

anterior repair +-post rep,  
hyst, apical procedures 

12 subjectively continent, occult 
SUI in 10% 

8/74 (11%) subj 
4/8 (50%) obj. 

   

Groutz 2010(Groutz 2001) Prospective 
follow up 

vaginal ant.+post. repairs 
+TOT 

12+ occult USI 2/92 (2%) subj 
13/92 (14%) obj 

  4  7% 
 

Takahashi 2010(Takahashi 
2010) 

Prospective 
follow up 

TVM (Gynemesh cut like 
Prolift, transobt) +- TOT for 
SUI in 208 (67%) 

12  7/102 TVM alone 
(7%) 

207/208 TVM+TOT  
(99%) 

0/303 1 (TVM 
alone)   1 
TVM+TOT 

Sergent et al. 2010 Int JGO Prospective 
follow up 

transobturator/infracocc. 
Mesh (Ugytex) - no SUS for 
SUI 

12+ SUI 26/52 (50%) ? 12/26 (46%)   

Sergent et al. 2009 Female 
Urology 

Prospective 
follow up 

transobturator/infracocc. 
Mesh (Ugytex) - no SUS for 
SUI  

12+ 100% SUI n/a 53/74 (72%) cured   
11/74 (15%) 
improved 

  

Moore 2009 Prospective 
follow up 

Perigee +- TOT 24 Nm Nm nm nm 4/114 (4%) 
 

Sentilhes 2007 Prospective 
follow up 

transobturator/infracocc. 
Mesh (Surgipro-Ugytex) - no 
SUS for SUI 

12 17/44 (39%) 0/27 12/17 (71%) 5/17 (29%) 
 

2/29 (7%) 

Hung 2004 Prospective 
follow up 

anterior repair+ four-corner 
anchored PP mesh +TVT for SUI 

12+ 8/38 SUI occult or overt 5/30 (17%) 8//8   

Liang Ching 2011 Retrospective 
with 
standardised 

workup pre-post 

self-shaped ant. mesh with 2  
arms positioned 
retropubically and under 
cystocele +TOT if overt SUI 

12 USI 24/100  24% Na 23/24 (96%) 1/24 (4%) 3/93 (3%): 3-
6 months 
postop 
 

    Continent n=46 5/46 (11%) Na   
    Occult n=30 5/30 (17%)    
         

Table 22. Studies reporting on de novo stress urinary incontinence (SUI) or cured SUI

* urodynamic evaluation of Altman 2011, SUS = suburethral sling; ant.= anterior, post.= posterior, USLP = uterosacral 
ligament plication, OAB= overactive bladder
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Pelvic reconstructive surgery for genital prolapse, 
with or without mesh, results in improved prolapse 
related symptoms and quality of life improve-
ment in most of the cases [Jia 2008; Iglesia 2010; 
Maher 2010] (Level 1). While the use of non-ab-
sorbable synthetic mesh in the anterior compart-
ment subjectively and objectively decreases the 
rate of anterior vaginal wall prolapse recurrence 
in comparison to native tissue repair Cochrane 
2012(Level 1) however, short term improvement 
of quality of life or reduced reoperation rates have 
yet to be demonstrated [Jia 2008; Iglesia 2010; 
Maher 2010; Altman 2011]. Furthermore, the use 
of non-absorbable synthetic mesh exposes patient 
to moderate to severe specific complications.

The first objective of this section is to report non 
specific and specific complications related to pel-
vic reconstructive surgery for genital prolapse with 
mesh, in comparison to surgery with no mesh. The 
second objective is to describe the recognised 
methods of prevention of these complications.

1. CLASSIFICATION OF COMPLICATIONS

Recently, the IUGA (International Urogyneco-
logical Association) and the ICS (International 

Continence Society) have published a specific 
classification of complications related to pelvic 
reconstructive surgery [Haylen 2011]. That clas-
sification has been developed to be sensitive to 
all possible physical complications involving the 
use of a prosthesis or graft in a female pelvic floor 
surgical procedure. Both insertion complications 
(e.g trocar related) and healing abnormalities are 
covered. Whilst this creates a large number of 
possible complication scenarios, appropriate or-
ganisation has still been possible by category (C), 
time (T) and site (S). A key advantage of a stan-
dardised classification is that all parties involved 
in female pelvic floor surgery will be referring to 
the same clinical issue. It is anticipated that in 
time this classification will significantly add to clar-
ity in reporting mesh related complications.

2.  REOPERATION AFTER VAGINAL MESH 
SURGERY

Table 23  shows the reoperation rates after vaginal 
mesh surgery for both non specific (linked to sur-
gical dissection) and specific (linked to the mesh) 
complications. Only randomised trials have been 
used for analysis. Although meta-analysis shows 
a decreased rate of anatomical recurrences af-
ter mesh surgery, the total reoperation rate is in-
creased after transvaginal mesh surgery (8.5%) 
as compared to surgical procedures using native 

IX. COMPLICATIONS AND METHODS 
OF PREVENTION

Aut hor 
 

Year Mesh Techn ique f.u. 
(months) 

 
Tota l except SUT 
withou t vs w ith 
mesh 
*** 

 
SUT 
withou t vs w ith 
mesh 

 
Recurrence 
withou t vs w ith 
mesh 

 
Mesh 
comp lication                       
**** 

Altman 2011  2011 PP* 4 arms TO 12 1/189 vs 8/200 0/189 vs 5/200 
(p=0.06) 

1/189 vs 0/200 
(p=0.49) 6/200 (3%) 

Maher 2011  2011 PP* 4 arms TO 24 † † † 9/55 (16%) 

Withagen 2011  2011 PP* 4 arms TO 12 5/97 vs 5/93 MD 4/97 vs 0/93 
(p=0.14) 5/93 (5%) 

Vollebregt 2011 2011 PP* 4arm TO 12 4/58 vs 5/56 1/58 vs 2/56  2/56 (4%) 

Iglesia 2010  2010 PP* 4 arms TO 9 0/33 vs 5/32 MD 0/33 vs 2/32 
(p=0.45) 3/32 (9%) 

Nieminen 2010  2010 PP* 4 arms non 
TO 

36 8/96 vs 20/104 9/96 vs 5/104 
(p=0.32) 

1/96 vs 6/104 
(p=0.15) 

14/104 (13%) 

Nguyen  2008  2008 PP* 4 arms TO 12 1/38 vs 2/38 MD MD 2/38 (5%) 

Sivaslioglu  
2008  

2008 PP* 4 arms TO 12 0/42 vs 3/43 MD MD 3/43 (7%) 

Total (PP) - - - - 
18/553 (3.2%) 
vs 48/566 (8.5%) 
(p=0.01) 

10/ 343vs 12/360 
(0.85) 

6/512 vs 8/534 
(p=0.86) 44/621 

(7.1%) 

Hviid 2010  2010 PD** free SBP 12 0/31 vs 1/30 (PD) 1/31 vs 1/31 2/31 vs 3/31 1/30 (PD) 

Natale 2009  2009 PD** 
PP* 

free SBP 24 0/94 (PD) vs 6/96 
(PP) 

MD 0/94 vs 0/96 0/94 (PD) 
6/96 (PP) 

Meschia 2007  2007 PD** free SBP 15 0/103 vs 1/98 (PD) MD MD 1/98 (PD) 

Total (PD) - - - - 
0/228 (0%) 
vs 2/128 (1.6%) 
(p=0.72) 

- - 2/222 
(1%) 

         

* Different mesh weight, ** Different porcin dermis graft, *** Comparative studies anterior colporraphy vs mesh, or biologic 
graft vs synthetic mesh (procedures for de novo SUI were excluded), **** Procedures for vaginal exposition, infection or 
painful contraction† Comparative studies between two synthetic meshes or vaginal vs abdominal mesh
Abreviations : SUT, sub urethral tape ; SBM, sub bladder mesh; PD, porcin dermis ; CF, cadaver fascia ; MD, missing data 
; GT, goretex ; PE, polyester ; PP, monoilament polypropylene ; PPM, polypropylene multiilament ; PPPE, polypropylene + 
polyester ; PPS, monoilament polypropylene-dimethyl siloxane (silicone) ; PTFE, polytetraluoroethylene.

Table 23. Reoperation rates after Polypropylene and porcine dermis vaginal surgery from randomised 
control trials



1421

tissues (3.2%)(Level 1). The rate of reoperation for 
prolapse is similar in both the transvaginal mesh 
group and native tissue repair. Altman, 2011 #137}
[Maher 2004; Meschia 2007; Nguyen 2008; Siv-
aslioglu 2008; Natale 2009; Hviid 2010; Nieminen 
2010; Withagen 2011] (Level 1). Denovo apical or 
posterior compartment prolapse surgery is signifi-
cantly more frequent after anterior compartment 
polypropylene mesh (17.7%) as compared to na-
tive tissue repair (9.5%)[Nieminen 2010; Volle-
bregt 2011].

Similarly, a meta-analysis from Diwadkar et al, in-
cluding prospective or retrospective observational 
studies with at least 50 patients and a minimum 
follow-up of 3-months, has shown an increased 
rate of reoperation after vaginal mesh surgery in 
comparison to native tissue repair. (8.5% versus 
5.7%) [Diwadkar 2009].

In the only randomised trial that has compared 
vaginal mesh surgery to laparoscopic sacrocol-
popexy with a mean follow-up of 2-year Maher 
et al has also shown a increased rate of reopera-
tion after vaginal mesh surgery (22% versus 5%, 
p=0.006) [Maher 2004] (Level 2). Nieminen et al 
demonstrated a 24% [25/104] rate or reoperation 
after self styled polypropylene anterior compart-
ment mesh at 3 years [Nieminen 2010].

A recent retrospective study on 524 patients who 
received a Prolift mesh with a median follow-up of 
38 months [range, 15-63], has reported a global 
reoperation rate of 11.6% including postoperative 
urinary incontinence (6.9%), mesh-related compli-
cations (3.6%), and prolapse recurrence (3%) [de 
Landsheere 2011].

3.  REOPERATION AFTER ABDOMINAL SUR -
GERY

Mean rates of reoperation for prolapse recurrence 
and for de novo stress urinary incontinence after 
open abdominal sacral colpopexy are 4% and 5%, 
respectively [Nygaard 2004; Culligan 2005; Elneil 
2005; Handa 2007; Meschia 2007; Jeon 2009].

Table 16  demonstrates the total reoperation rate 
for laparoscopic sacrocolpopexy is 5.9%. with 
2.9% representing complications and 1.7% rep-
resenting reoperations for prolapse. [Agarwala 
2007; Maher 2007; Sarlos 2008; Stepanian 2008; 
Deprest 2009; Granese 2009; Sabbagh 2010; 
Price 2011; Sergent 2011].

The rate of reoperation for recurrences after lapa-
roscopic	 sacrocolpopexy	 is	 signiicantly	 higher	
with the use of porcine dermis grafts in comparison 
to polypropylene mesh [Deprest 2009] (Level 3).

Tijdink et al [Tijdink 2011] reported on the surgical 
management of 60 mesh complications following 
mesh prolapse surgery. Twelve followed sacral 
colpopexy and 48 vaginal mesh surgeries. Most 

women reported more than one complication how-
ever the principle presentation requiring surgical 
intervention was pain in 77% ( vaginal pain, dys-
pareunia or other chronic pain buttock, abdomen 
or thighs). They detected a distinct difference in 
symptoms related to mesh complications follow-
ing transvaginal mesh and ASC. Vaginal pain and 
dyspareunia were the most commonly reported 
symptoms necessitating surgical intervention fol-
lowing transvaginal mesh and vaginal discharge 
and bleeding following ASC. Previous mesh exci-
sion procedures had been performed in 29% and 
complete mesh excision was required in 37% of 
cases. Peri-operative complications occurred 
more frequently in those requiring complete exci-
sion of mesh. Furthermore perioperative complica-
tions were more common in those who had under-
gone ASC as compared to vaginal mesh surgery 
(23% versus 1% p=0.001). Finally, recurrence of 
prolapse was significantly more likely if complete 
excision of the mesh was required and occurred in 
29% as compared to 5% after partial excision of 
mesh. Resolution of preoperative symptoms was 
reported in 92% who underwent surgical manage-
ment of mesh complications.

4. VAGINAL MESH EXPOSURE

It is difficult to know the exact rate of vaginal mesh 
exposure, as the definition of exposure is vari-
able between studies and meshes used are dif-
ferent. Table 24  shows the rate of exposures after 
vaginal mesh surgeries in the current available 
randomised controlled trials. In these trials, the 
mean rate of exposure was 13.1% [Meschia 2007; 
Nguyen 2008; Sivaslioglu 2008; Natale 2009; 
Hviid 2010; Iglesia 2010; Lopes 2010; Nieminen 
2010; Altman 2011; Maher 2011; Vollebregt 2011; 
Withagen 2011](Level 1).

Abreviations : RCT, randomised controlled trial; L, 
Level; SBM, sub bladder mesh; PD, porcine der-
mis ; CF, cadaver fascia ; MD, missing data ; GT, 
goretex ; PE, polyester ; PP, monofilament poly-
propylene ; PPM, polypropylene multifilament ; 
PPPE, polypropylene + polyester ; PPS, monofila-
ment polypropylene-dimethyl siloxane (silicone) ; 
PTFE, polytetrafluoroethylene.

95% CI for 13.1% [10.4-15.8] for PP and 0.9% [0-
2.1] for PD

The mean rate of vaginal mesh exposure after 
open sacrocolpopexy was 3% [Nygaard 2004; 
Culligan 2005; Elneil 2005; Wu 2006; Handa 
2007; Jeon 2009]. Table 16  shows the rate of 
exposures after laparoscopic sacrocolpopexy is 
2.5% [Cosson 2002; Antiphon 2004; Gadonneix 
2004; Maher 2004; Paraiso 2005; Ross 2005; 
Rozet 2005; Agarwala 2007; Rivoire 2007; Sarlos 
2008; Stepanian 2008; Claerhout 2009; Deprest 
2009; Granese 2009; Sabbagh 2010; Price 2011; 
Sergent 2011] Paraiaso(Level 2).
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Maher	et	al,	have	shown	a	non	signiicant	increased	
rates of vaginal mesh exposure and reoperation for 
vaginal mesh exposure after vaginal mesh surgery 
in comparison to laparoscopic sacrocolpopexy (13% 
vs 2%, p=0.07 and 9% vs 2%, p=0.11, respectively) 
[Maher 2004] (Level 2). However, that was not the 
primary endpoint of the study, and that study was un-
derpowered for this parameter.

5.  VISCERAL (BLADDER, RECTUM) MESH 
EXPOSURE

There was no visceral mesh exposure reported 
in the randomised controlled trials after vaginal 
mesh surgeries, but follow-up were short [Nguyen 
2008; Sivaslioglu 2008; Carey 2009; Iglesia 2010; 
Nieminen 2010; Altman 2011]. Late bladder or ure-
teric and rectal exposure were reported after both 
sacrocolpopexy [Nicolson 2009; Paine 2010] and 
vaginal surgery [Huffaker 2009 ; Karateke 2010]. 
The rate of late visceral exposure after laparoscop-
ic sacral colpopexy is between 0.5 and 1% [Sab-
bagh 2010] (Level 4).

6.  INFECTION, ABSCESS, CELLULITIS, 
SPONDYLODISCITIS

There is no clear definition of bacterial colonisa-
tion around a mesh or mesh infection. Conse-
quently, the rate of infection is currently unknown 
[Jia 2010]. Some studies have reported up to 80% 
bacterial mesh colonisation [Boulanger 2008; Vol-
lebregt 2009]. However, the rate of relevant clini-
cal infection (abscess, cellulitis, spondylodiscitis) 
does not seem to be more than 1%, after both sa-
crocolpopexy (Level 4) [Akl 2009; Donnez 2009; 
Walid 2009; de Tayrac 2011], or vaginal mesh sur-
gery (Level 4) [Chen 2009; Lewicky-Gaupp 2009]. 

In a cohort of 684 polypropylene mesh implanted 
vaginally (TVM procedure), the rates of pelvic ab-
scess and cellulitis have been reported to occur 
in only 0.29% and 0.15%, respectively [Caquant 
2008] (Level 4).

7. PAINFUL MESH CONTRACTION

Feiner	et	al	deined	mesh	contraction	as	an	adverse	
outcome following armed polypropylene mesh repair 
in which patients experience vaginal pain with move-
ment and dyspareunia and on examination have lo-
calised areas of prominent, tense and tender mesh 
under the vaginal epithelium[Feiner 2010]. They re-
ported a case series of 17 painful meshes and in that 
series, 90% of the patients have been improved by 
a reoperation for partial mesh removal, however in 
three patients a second reoperation with wider exci-
sion of the mesh was required. The rate of polypro-
pylene mesh-related pain reported ranged between 
4	 and	 11%	 according	 to	 the	 deinition	 used	 (Level	
3) [Caquant 2008; Nguyen 2008; Sivaslioglu 2008; 
Lunardelli 2009; Feiner 2010; Iglesia 2010; Lopes 
2010; Moore 2010; Nieminen 2010; Withagen 2011].

Maher et al have reported a rate of reoperation for 
mesh	 contraction	 signiicantly	 greater	 after	 vaginal	
mesh surgery than after laparoscopic sacrocolpo-
pexy (7% vs 0%, p=0.05) [Maher 2004] (Level 2). 
Ridgeway et al [Ridgeway 2008] reported a cases 
series of 19 polypropylene mesh complications that 
underwent a variety of vaginal and abdominal pro-
cedures to partially remove mesh. Six underwent 
excision for severe pain and one had residual pain 
following partial excision.

In the 2011 American FDA report regarding trans-
vaginal mesh, vaginal pain and dyspareunia 

Author Year Total 
sample size 

Number of mesh 
procedure 

Number of vaginal 
exposure 

Rate of vaginal 
Exposure 

f.u. 
(months) Mesh 

Altman  2011 389 183 21 11.5% 12 PP 
Maher  2011 108 55 5 13% 24 PP 
Withagen  2011 190 93 16 17% 12 PP 
Vollebregt 2011 120 56 2 4% 12  
Iglesia  2010 65 32 5 15% 10 PP 
Lopes  2010 32 14 5 35% 12 PP 
Nieminen  2010 202 105 20 19% 24 PP 
Nguyen  2008 76 37 2 5% 12 PP 
Sivaslioglu  2008 90 45 3 7% 12 PP 

        

Tota l (PP) - - 620 81 13.1% 
95% CI 10.4-15.8) 

- - 

Hviid  2010 61 30 1 3% 12 PD 
Natale  2009 190 96 0 0% 24 PD 
Meschia  2007 201 98 1 1% 15 PD 

Tota l (PD) - - 224 2 
0.9% 
95%CI (0-2.1)  - - 

Table 24. Rate of vaginal exposure after vaginal graft surgery from randomised control trials

Abreviations : RCT, randomised controlled trial; L, Level; SBM, sub bladder mesh; PD, porcine dermis ; CF, cadaver fascia ; 
MD, missing data ; GT, goretex ; PE, polyester ;  PP, monoilament polypropylene ; PPM, polypropylene multiilament ; PPPE, 
polypropylene + polyester ; PPS, monoilament polypropylene-dimethyl siloxane (silicone) ; PTFE, polytetraluoroethylene.
95% CI for 13.1% (10.4-15.8) for PP and 0.9% (0-2.1) for PD
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were the most common adverse event reported 
and vaginal pain and dyspareunia were also the 
most common indications for reoperation follow-
ing transvaginal mesh in the report by Tijdink et 
al.[Tijdink 2011] These reports contrast with the 
common perception in the literature that mesh 
exposure is the commonnest complication as-
sociated with transvaginal meshes and requires 
ongoing evaluation. 

8. OTHER COMPLICATIONS

Other rare but severe complications have been de-
scribed after mesh surgery, such as massive haem-
orrage after a trans-obturator mesh procedure, 
major vessel injury during sacrocolpopexy, trocar 
hernia, bowel obstruction, ureteric complications, 
thrombo-embolism.

9. METHODS OF PREVENTION

a) Inluence of non speciic factors on mesh-
related complications (obesity, smoking, age, 
sexual activity)

Concerning vaginal mesh surgery, obesity (BMI>30 
kg/m², OR=10.1) and smoking [OR=3.7] are inde-
pendent risk factors for mesh exposure [Araco 2009] 
(Level 3). With regard to sacrocolpopexy, smoking 
[OR=5.2 ; IC95% 1.7-16] is also an independent 
risk factor for vaginal mesh exposure [Cundiff 2008] 
(Level	3).	Although	there	is	no	speciic	study	in	pro-
lapse surgery, to demonstrate the cessation of smok-
ing prior to surgery will decrease the post-operative 
complication rate (healing problems) in many other 
surgical specialties these data exist (Level 2).

Current data on the impact of aging on mesh com-
plications	are	conlicting	and	no	conclusion	can	be	
drawn. [de Tayrac 2006; Cundiff 2008; Araco 2009; 
Ganj 2009; Nosti 2009; Kaufman 2011].

Sexual activity has been reported to be a risk fac-
tor for vaginal mesh exposure after vaginal mesh 
surgery [Letouzey 2010 ; Kaufman 2011] (Level 3) 
however	this	could	simply	relect	that	those	who	are	
sexually active are more likely to identify a mesh 
exposure than those who are not.

No	study	has	 shown	 that	 the	 following	are	 signii-
cantly associated with mesh exposure : diabetes 
mellitus, corticosteroid use, immunosuppressive 
therapy, previous pelvic irradiation, history of pre-
vious mesh exposure, vaginal atrophy. However, 
many studies have shown in other surgical special-
ties that poorly controlled diabetes mellitus is a risk 
factor for post-operative infection.

b) Oestrogen therapy

Although some authors report routine use of local 
oestrogen therapy for the pre and post-operative 
course of prolapse surgery in post-menopausal 
women [Altman 2011], others did not give any de-
tails on such prescription, and there is no compara-

tive study. In multivariate analysis, local oestrogen 
therapy has no protective effect of vaginal erosion, 
after vaginal mesh surgery [Guillibert 2009] (Level 
3), or after sacrocolpopexy [Kohli 1998] (Level 4).

c) Antibiotic prophylaxis

There	 is	not	speciic	study	on	 the	use	of	antibiotic	
prophylaxis at the time of mesh reconstructive sur-
gery for prolapse. However, most of studies report 
their use during surgery [Withagen 2011] [Hiltunen 
2007; Carey 2009].

There are no data on the need to identify a urinary 
tract infection in the preoperative course, nor to per-
form a vaginal bacteriological test or to use antisep-
tic or antibiotic meshes.

Prolonged post-operative bladder catheterisation 
increases the risk of lower urinary tract infection. 
[Liang 2009].

d) Mesh implantation and visceral injury

Although there is no comparative study, most of au-
thors would consider the use of mesh after a rec-
tal injury during dissection as a contraindication to 
mesh insertion, due to a perceived higher risk of 
mesh	infection	and	subsequent	recto-vaginal	istula	
[Jacquetin 2010] (Level 4).

In	 the	anterior	compartment,	a	small	series	of	ive	
cases of recognised intra-operative bladder injury 
(out of 704 Trans-Vaginal Mesh procedures) has 
shown that mesh surgery was feasible without sub-
sequent complications after appropriate bladder 
repair [Popovic 2007] (Level 4). These data are lim-
ited and further evaluation is required.

e) Surgeon training

Regarding sacral colpopexy, a learning curve has 
been shown, with a reduction of operative time and 
laparoconversion	over	the	irst	80	procedures	[Claer-
hout 2009] (Level 3). However, the incidence of se-
vere complications does not seem to be related to 
the learning curve [Claerhout 2009] [Akladios 2010].

The data regarding the impact of the learning curve 
for transvaginal meshes on the incidence of post-
operative	complications	is	conlicting.	Some	authors	
have	reported	that	 learning	has	a	signiicant	effect	
on the complication rate [Dwyer 2004] while others 
did not [Fatton 2007] [Sentilhes 2007] (Level 3).

10. VAGINAL MESH SURGERY

a) Choose the right mesh for vaginal surgery

For vaginal mesh surgery, the use of non-absorbable 
synthetic meshes was associated with a reduced rate 
of short-term recurrences in comparison to the use of 
absorbable biological or synthetic meshes, for both 
primary and recurrent cases [Jia 2008] [Iglesia 2010]
[Maher 2010] [Altman 2011] [Withagen 2011] [Niemin-
en 2010] [Natale 2009] (Level 1). Contrarily, the use of 
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absorbable biological or synthetic meshes is associat-
ed with a lower risk of vaginal mesh exposure and re-
operation in comparison to non-absorbable synthetic 
meshes [Jia 2008] [Natale 2009] (Level 1).

Concerning the type of non-absorbable synthetic 
mesh, the use of polyester is associated with an in-
creased risk of vaginal exposure in comparison to 
polypropylene [33.3% vs 8.8%, p<0.03] [Sentilhes 
2008]	 (Level	 4).	 Furthermore,	 the	 use	 of	multiila-
ment polypropylene is associated with an increased 
risk	of	vaginal	exposure	than	monoilament	polypro-
pylene	 [Sentilhes	 2008]	 [Defieux	 2009]	 (Level	 4),	
and	the	use	of	microporous	monoilament	polypro-
pylene is associated with an increased risk of vagi-
nal	exposure	than	macroporous	monoilament	poly-
propylene [Baessler 2005] [Guillibert 2009] (Level 
4). Composite polypropylene/ polyglactin meshes 
do not seem to reduce the vaginal exposure rate 
[7.2% vs 6.9%, p=0.4] [Achtari 2005] (Level 4). Fi-
nally, lower-weight meshes, titanium or collagen-
coated	meshed	have	currently	shown	a	signiicant	
reduction rate of vaginal mesh exposure rates [de 
Tayrac	2007;	Defieux	2007	;	Milani	2008;	Cervigni	
2011] [Sergent 2011] (Level 4). However, compara-
tive studies would be necessary to compared new 
ultra-light-weight or composite to existing meshes.

b) Interest in mesh kits

The rate of intra-operative complications does not 
seem to be reduced by the use of a mesh kit rather 
than a self-prepared mesh [Caquant 2008] (Level 
4). However, the rate of vaginal mesh exposure was 
shown to be reduced by the use of the same mesh 
in a kit format (4.5% versus 11%, p=0.048), in a ret-
rospective study where the same surgeons had the 
experience of the technique with the self-prepared 
mesh before to use the kit [Caquant 2008] (Level 4).

Only one small randomised controlled trial has com-
pared commercial transvaginal mesh kits to self 
styled mesh, however the techniques used where 
different (the kit only was trans-obturator) [Finamore 
2010] (Level 2).

c) Concomitant hysterectomy

Several studies have shown an increased rate or 
vaginal mesh exposure with concomitant vaginal 

hysterectomy [Ganj 2009] [Guillibert 2009)] [de 
Tayrac 2007] [Cervigni 2011] [Collinet 2006] [Low-
man	2008],	while	others	did	not	ind	any	differences	
[Defieux	2007]	[Sentilhes	2008]	[Achtari	2005]	Ta-
ble 25 . Meta-analysis demonstrates demonstrates 
that the addition of hysterectomy to a transvaginal 
mesh	surgery	signiicantly	(p<0.001)	increases	the	
risk of mesh exposure from 7.3% (98% CI 4.1 to 
9.6) without hysterectomy as compared to 19.2% 
[98% CI 15.8 to 22.7] with hysterectomy.

d) Surgical incision

Although some authors recommend avoiding sagit-
tal or inverted T colpotomy and trimming of exces-
sive vaginal epithelium in order to reduce the rate of 
vaginal mesh exposure [Fatton 2007], this has not 
been evaluated by other authors.

11. ABDOMINAL SACROCOLPOPEXY

a) Choice of surgical route for sacrocolpopexy

Laparoscopic	 sacrocolpopexy	 is	 as	 eficient	 as	
open abdominal sacrocolpopexy, with a reduced 
rate of intra-operative bleeding, hospitalisation and 
wound complications [Paraiso 2005] [Klauschie 
2009] [Hsiao 2007] (Level 3).

The risk of vaginal mesh exposure is higher if the 
mesh is sutured vaginally during sacrocolpopexy 
[Higgs 2005] [Visco 2001; Tan-Kim 2011] (Level 4).

Although the feasibility of robotic-assisted and sin-
gle-port sacrocolpopexy have been demonstrated 
there is currently not enough evidence to determine 
if these interventions will have an impact on compli-
cation rates.[Xylinas 2010; Paraiso 2011].

b) Choose the right mesh for abdominal surgery

In a retrospective comparative study of open ab-
dominal sacrocolpopexy, Quiroz et al have shown 
that the short-term mesh-related complication rate 
was	signiicantly	higher	with	polypropylene	than	with	
porcine dermis [24/102 vs 12/134, p=0.003] [Quiroz 
2008] (Level 3), however the prolapse recurrence 
rate using porcine dermis was higher [7/93 vs 0/105, 
p = 0.004]. Another study comparing fascia lata 
and polypropylene meshes with 5-year review, has 
shown a long-term increased recurrence rate, but 

Table 25. Compares mesh exposure rate at transvaginal polypropylene mesh surgery with and without 
hysterectomy

Author Year Number 
 

Review 
months 

Surgica l technique Mesh exposure  
hysterectomy 

Mesh exposure no  
hysterectomy 

p value 

Defieux 2007 138 32 Polypropylene gynemesh 20/103 7/35  

Ganj 2009 127 18 Polypropylene mesh 6/21 7/106  

De Tayrac 2007 143 10 Low weight polypropylene coated 
Sofradim France 6/57 3/86  

Collinet 2006 277 2 Polypropylene mesh 30/164 4/113  

Guillilbert 2009 208 36 Polypropylene mesh awaiting raw data 24/77 7/40  

Chu 2011 91 9 Perigee & apogee Polypropylene mesh 5/39 2/52  

Neuman 2007 79 29 Posterior intravaginal slingplasty 6/44 4/35  

Total     97/505 (19.2%) 34/467 (7.3%) <0.001 
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with no differences in the rate of complication (Tate) 
(Level 2). Concerning laparoscopic sacrocolpopexy, 
in a prospective comparative non randomised study, 
Deprest et al have shown that recurrences at the 
level of anterior and apical compartment occur signif-
icantly more often when using a biograft, in compari-
son to polypropylene [21% vs 3%, p<0.01 and 36% 
vs 19%, p <0.05, respectively] [Deprest 2009] [Level 
3]. Partially absorbable composite meshes (polygla-
ctin + polypropylene) also seems to increase the risk 
of short-term recurrences [Granese 2009] (Level 4).

The risk of vaginal mesh exposure seems to be 
higher	with	 the	use	of	polytetraluoroethylene	 than	
with polypropylene meshes at ASC If you are going 
to abbreviate you must do it throughout or not at all 
[15% vs 0%, p=0.03] [Jeon 2009] (Level 4) and 19% 
vs 5% [Cundiff 2008] (Level 2). Similar results were 
observed with the use of silicon-coated polyester 
(19% vs 0%, p<0.05) [Govier 2005] (Level 4).

c)  Choose the right ixation to the promontory, 
vaginal wall and levator ani

Most	of	authors	perform	a	direct	ixation	to	the	vagi-
nal wall using absorbable or non-absorbable su-
tures, and to the promontory using non-absorbable 
sutures [Agarwala 2007] [Rozet 2005] [Ross 2005]
[Gadonneix 2004] [Antiphon 2004].

Fewer	 authors	 use	 staples	 for	 the	 mesh	 ixation,	
both to the vaginal wall and to the levator ani muscle 
[Cheret 2001] [Claerhout 2009], or tackers to the 
promontory	 [Maher	2004],	with	no	speciic	reported	
complications. Several cases of spondylodiscitis 
were reported after the use of tackers to the promon-
tory [Cosson 2001] however this complication also 
occurs if sutures are utilised. [Sergent 2011] [Rivoire 
2007] [Ross 2005] [Antiphon 2004]. Whatever the 
ixation	material	 use	 for	 the	 vaginal	 wall,	 the	main	
method to prevent the occurrence of vaginal mesh 
exposure seems to avoid breaching the vaginal epi-
thelium. [Paraiso 2005] [Cheret 2001] (Level 4).

d) Concomitant hysterectomy

The	risk	of	vaginal	mesh	exposure	 is	signiicantly	
increased in cases of sacrocolpopexy associated 
with concomitant total hysterectomy (8.6%), in 
comparison to 2.2% in those with previous hys-

terectomy [Wu 2006] [Stepanian 2008] [Cundiff 
2008] [Nosti 2009] [Quiroz 2008] (Level 4), 1.5% 
at sacral hysteropexy and 1.7% subtotal hyster-
ectomy [Jeon 2009] [Costantini 2005] [Bensinger 
2005] (Level 4) (Table 8 and10 ).

12. PERITONEAL CLOSURE

Most of authors close the peritoneum after a sa-
crocolpopexy, both after open [Culligan 2005] [Wu 
2006] [Stepanian 2008] [Maher 2004; Brubaker 
2006] or laparoscopic approach [Maher 2011] [Riv-
oire 2007] [Rozet 2005] [Antiphon 2004].

13.  TREATMENT OF VAGINAL MESH EXPOSURE

Vaginal mesh exposure, both after vaginal mesh 
surgery or sacrocolpopexy is usually associated 
with vaginal discharge, and sometimes pain, dys-
pareunia, vaginal infection, and rarely abscess or 
cellulitis	[Defieux	2007]	[Costantini	2011]	(Level	3).

The choice of treatment has to take into account 
the type of mesh implanted (need to obtain previous 
surgical records), clinical symptoms, location and 
size of exposure.

All cases with abscess or cellulitis need a immedi-
ate reoperation to withdraw the maximum (if pos-
sible all) of the foreign material.

In cases of mesh exposure after vaginal mesh sur-
gery, if there is no abscess or cellulitis, medical 
treatment is usually undertaken using local oes-
trogens and/or local antiseptic. However, medical 
treatment	 eficacy	 is	 low	 at	 23.5%	 as	 seen Table 
26. [Withagen 2011] [Feiner 2010] [Moore 2010] 
[Achtari 2005] [Cervigni 2011] [Collinet 2006] After 
failure of medical treatment, a reoperation under lo-
cal or general anesthesia is generally performed, in 
order to remove the exposed portion of the mesh 
and to close the vaginal epithelium.

In cases of mesh exposure after sacrocolpopexy, 
most of authors report a reoperation by the vaginal 
approach	as	irst	 line	 [Wu	2006]	 [Stepanian	2008]
[Claerhout 2009] [Kohli 1998] [Bensinger 2005]
[Begley 2005], because of the risk of spondylodisci-
tis and of the very low success rate of medical treat-
ment (<15%) [Price 2011] [Stepanian 2008] [Cundiff 

Table 26. Eficacy of medical treatment for vaginal mesh exposure after vaginal mesh surgery

Abbreviation: PP, polypropylene

Author, Year Mesh Eficacy of medical treatment 
Cervigni Natale, 2011  PP coated collagen (AVAULTA) 3/21 
Withagen, 2011  PP (PROLIFT) 3/14 
Long, 2011  PP 3/14 
Moore, 2010  PP (PERIGEE) 1/12 
Feiner, 2010  PP (PROLIFT) 6/10 
Collinet, 2006  PP 9/34 
Defieux, 2006  PP (GYNEMESH ou GYNEMESH Soft) 7/34 
Achtari, 2005  PP 4/14 
Total  36/153 (23.5%) 
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2008] [Lowman 2008]. When recurrence occurs af-
ter vaginal mesh excision, or in case of associated 
pelvic infection, total mesh removal by laparoscopy 
or laparotomy has been described [Quiroz 2008]
(Level 4).

Conclusion

The use of mesh for pelvic reconstructive surgery 
is	associated	with	a	 risk	of	 speciic	complications,	
whatever the surgical approach and whatever type 
of mesh (Level 1 ).

Preoperatively, patients must be informed of these 
risks and give their consent for the use of a mesh. 
Patients must also be informed of conservative and 
alternative surgical techniques.

PROPOSED RECOMMENDATIONS TO REDUCE 
THE RATE OF COMPLICATIONS

Grade A

Transvaginal mesh have a higher re-operation rate 
than native tissue vaginal repairs.(grade A)

Grade B

Concerning Vaginal Surgery:

-  If a synthetic mesh is placed by the vaginal route, 
it is recommended that a macroporous polypropyl-
ene	monoilament	mesh	should	be	used.

- Polyester mesh is not recommended.

Concerning Sacral Colpopexy:

-  It is recommended that the mesh should not be in-
troduced or sutured by vaginal route when a sacral 
colpopexy is performed.

-  The use of silicone-coated polyester, porcine der-
mis,	fascia	lata,	and	polytetraluoroethylene	mesh-
es is not recommended.

- It is recommended to avoid total hysterectomy

Grade C

Whatever the Surgical Route:

-  There is no evidence to recommend routine local 
or systemic oestrogen therapy before or after pro-
lapse surgery using mesh.

-		The	 irst	 cases	 should	 be	 undertaken	 with	 the	
guidance of an experienced surgeon in the rel-
evant technique.

Concerning Sacrocolpopexy:

-  Laparoscopic approach is recommended for sacral 
colpopexy

-  The use of polyester (without silicone coating) or 
polypropylene meshes is recommended.

-  Suture of the meshes to the promontory can be 
performed using thread/needle or tacker.

-  Reperitonealisation is recommended to cover the 
meshes.

.Expert opinion

Whatever the Surgical Route:

-  As with any surgery, cessation of smoking pre-
operatively is recommended. 

-  It is recommended to comply with the prevention of 
nosocomial infections.

-  Antibiotic prophylaxis is recommended, regardless 
of the approach.

-  It is recommended that pre-operative urinary tract 
infections	are	identiied	and	treated.

-  It is recommended that the type and commercial 
name of mesh used in the operative report .

Concerning Vaginal Surgery:

-  It is recommended that a non-absorbable synthetic 
mesh should not be inserted into the rectovaginal 
septum when a rectal injury occurs.

-  The placement of a non-absorbable synthetic 
mesh into the vesicovaginal septum may be con-
sidered after a bladder injury has been repaired if 
the repair is considered to be satisfactory.

-  It is possible to perform a hysterectomy in asso-
ciation with the introduction of a non-absorbable 
synthetic mesh inserted vaginally but this is not 
recommended routinely .

-  It is recommended to minimise the excision of 
vaginal tissue.

-		Currently,	there	are	not	suficient	data	to	recommend	
the use of a mesh kit rather a self-prepared mesh.

Sexual health is an essential component of a wom-
en’s well-being. Female sexual dysfunction is de-
ined	 as	 a	 sexual	 desire,	 sexual	 arousal,	 orgasm	
and /or sexual pain disorder which causes personal 
distress [Basson 2000]. Up to 64% of sexually ac-
tive women attending a Urogynecology clinic suffer 
from female sexual dysfunction [Pauls 2006]. The 
data on sexual function after prolapse surgery are 
conlicting	 although	 in	most	 cases	 sexual	 function	
will improve or remain the same.

Apart from anatomical outcome, clinicians increas-
ingly understand the importance of functional 
data after POP surgery. To measure sexual func-
tion, validated questionnaires on sexual function 

X. PELVIC ORGAN PROLAPSE AND 
SEXUAL FUNCTION
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are necessary. Some validated quality of life and 
symptom questionnaires are inclusive of sexual 
function[Baessler 2010] or there are dedicated ques-
tionnaires	speciic	 to	sexual	 function	 that	provide	a	
discreet and reproducible method for evaluating sex-
ual health. The Pelvic Organ Prolapse/Incontinence 
Sexual Questionnaire (PISQ)[Rogers 2001] and the 
Female Sexual Function Index(FSFI) [Rosen 2000]
are two questionnaires frequently used.

1.  SEXUAL FUNCTION AFTER PROLAPSE 
SURGERY WITHOUT MESH

Overall, sexual function improves after prolapse sur-
gery without mesh[Ghielmetti 2006; Rogers 2006; 
Komesu 2007]. In two randomized controlled trials, 
sexual function was measured after sacrospinous 
hysteropexy and vaginal hysterectomy. No differenc-
es were found between the two groups [Jeng 2005; 
Dietz 2010]. No validated questionnaires were used.

2.  SEXUAL FUNCTION AFTER PROLAPSE 
SURGERY WITH MESH

Increasing data on sexual function after mesh re-
pair are becoming available. Excellent randomised 
controlled	 trials	 on	 eficacy	 of	 mesh	 prolapse	 sur-
gery have been published and while most have not 
utilised validated questionnaires regarding sexual 
function most do include data on dyspareunia. Data 
from level 1 studies comparing transvaginal mesh 
and native tissue repairs are summarised in Table 
27. When comparing sexual function in the anterior 
compartment with or without mesh, no differences in 
de novo dyspareunia, post-operative dyspareunia or 
PISQ scores were found [Nguyen 2008; Sivaslioglu 
2008; Carey 2009; Nieminen 2010; Altman 2011; Mi-
lani 2011; Vollebregt 2011]. Most women improved 

or remained the same. In one study by Vollebregt 
[Vollebregt 2011], baseline dyspareunia disappeared 
more often after anterior colporrhaphy than after 
mesh implant [80% vs 20%, p=0.018]. Natale et al 
showed that the use of Porcine dermis graft (Pelvi-
col), compared to polypropylene mesh (Gynemesh) 
in the anterior compartment, was associated with an 
improvement in the PISQ scores[Natale 2009]. Pos-
sibly,	porcine	dermis	allows	more	lexibility	to	the	an-
terior wall resulting is less pain, however this requires 
further evaluation.

In the posterior compartment, fewer RCT’s have 
been performed comparing native tissue repairs to 
mesh repairs. Paraiso et al compared three tech-
niques	(posterior	colporrhaphy,	site-	speciic	repair	
and use of porcine small intestine sub mucosa)
[Paraiso 2006]. No differences in sexual outcome 
were found between the groups and PISQ scores 
improved after surgery in all three groups. Trials 
which analysed anterior and posterior mesh togeth-
er also reported no differences in sexual outcome 
between native tissue and mesh repairs.[Iglesia 
2010; Milani 2011; Withagen 2011]. Overall, after 
mesh surgery in the anterior and/or posterior com-
partment, de novo dyspareunia ranged from 5-28% 
of women [Nguyen 2008; Sivaslioglu 2008; Carey 
2009; Vollebregt 2011; Withagen 2011]. Data on the 
apical compartment using mesh showed less dys-
pareunia after abdominal sacral colpopexy as com-
pared to vaginal sacrospinous colpopexy [Benson 
1996; Maher 2004; Maher 2010].

Meta-analyses from all RCT comparing transvaginal 
mesh and native tissue repairs shown in Table 25  
demonstrated no difference in the rate of denovo dys-
pareunia (mesh 10.6% versus 11.8% native tissue), 

Table 27 Meta-analysis sexual function data from randomized controlled trials comparing transvaginal 
mesh to native tissue repairs

Author  de novo dyspareunia Post operative dyspareunia Post operative 
PISQ score 

RCT  Vaginal 
Mesh 

Native 
tissue 

Mesh Native tissue Mesh Native tissue 

Altman 2011   8/110 
 

2/101 33.1±6.7 
35.1(1.4) 

32.2±7.2 
35.0(1.4) 

Vollebregt 2011 3/20 2/21     

Carey 2009 5/18 
 

5/12 12/30 13/33 
 

change 
-6,9 

change 
-7,8 

Sivasliogly 2008 2/43 0/42 
 

    

Ngyuyen 2008 2/22 4/26 2/23 2/23 33±3 34±6 32±4 33±3 

Sokol 2011 1/11 3/14   31/34 32/35 

Milani 2011 3/37 3/29 9/53 12/51 35±5.7 
34.0±6.7 

31.5±7.2 
34.7±5.7 

TOTAL  16/151 
(10.6%) 

17/144 
(11.8%) 

31/216 
(14.4%) 

26/207 
(12.5%) 

0.09 [-0.17, 0.36] 
No difference  
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post-operative dyspareunia (14.4% versus 12.5%), 
and PISQ scores (WMD 0.09 95% CI -0.17 to 0.36).

Although data from RCT’s is valuable, sexual func-
tion was a secondary outcome measurement and 
most studies are underpowered to detect differences 
in sexual function. Therefore, reports from Level 3 
cohort studies on the use of mesh were evaluated. 
The rate of de novo dyspareunia after anterior and/
or posterior mesh in these cohort studies was com-
parable to the RCT’s mentioned before and varied 
between 21-43% (Table 28 ) [Fayyad 2011; Milani 
2011]. Milani et al stated that mesh should be aban-
doned because of high scores on dyspareunia [20% 
more dyspareunia after anterior mesh and 63% more 
dyspareunia after posterior Mesh)(Milani 2005]. 
However, when measuring sexual function with 
questionnaires, the impact of transvaginal meshes 
was variable with some demonstrating poorer sexual 
outcomes [Altman 2009; Su 2009; Wetta 2009][lower 
PISQ scores] and some improved outcomes or no 
change following surgery. [Moore ; Sentilhes ; Milani 
2011; Sayer 2011]. Altman et all showed lower scores 
on sexual function one year after mesh surgery (an-
terior repair and posterior repair), however this was 
related to behavioral-emotional function and partner 
related items, not to physical function [Altman 2009]. 
Pain and dyspareunia before surgery with mesh was 
a risk factor for pain and dyspareunia after mesh 

surgery [Withagen 2011]. There is some evidence 
that light meshes, partly absorbable meshed or non 
anchored meshes have less negative side effects 
on sexual function, however comparitive studies or 
RCT’s on this subject have not been performed [de 
Tayrac 2007; Zyczynski 2010; Milani 2011].

Recommendations

Grade B

With regard to the anterior compartment, the use of 
mesh is neither associated with a worsening in sex-
ual function nor with an increase of de novo dyspa-
reunia compared to traditional anterior colporrhaphy.

Grade D

There	is	insuficient	information	to	provide	evidence	
based recommendation on sexual function after 
vaginal mesh in the posterior compartment.

There	is	insuficient	information	to	provide	evidence	
based recommendation on sexual function after 
new light of partially absorbable vaginal meshes.

It is essential to use validated questionnaires mea-
suring sexual function in women before and after 
prolapse surgery. We also recommend reporting 
sexual activity and dyspareunia rates pre and post 
intervention in all patients.

Author Year n* de novo 
dyspareunia 

f.u . (months) Mesh PISQ-12pre PISQ-12 
post 

Withagen 2011 294 20/71 (28%) 12 PP   

Maher 2011 55 3/21 (14%) 24 PP  
 

 

Long  2011 60 (PerigeeTM) 
48 (ProliftTM) 

10/60 (16%) 
12/48 (25%) 

6 
6 

PP 
PP 

  

Milani 2011 127 1/43 (2%) 12 PPlight 33.4±7.7 39.0±4.4 

Sergent   2011 101 4/52 (8%) 57 Coated PP   

Sayer 2011 110 2/32(6%) 24 PP 32.2±6.2 36.8±5.5 

Jacquetin  2010 90 5/35 (14%) 3 PP  No 

Moore  2010 87 6/65 (9%) 24 PP 33.4±7.7 36.8±5.5 

Fayyad 2010 36 7/16 (43%) 24 PP NA NA 

Feiner 2010 117 4/51 (8%) 12 PP NA NA 

Wetta 2009 50  12 PP 20.2±4.9 16.2±6.0 

Milina 2009 46 2/11(18%) 1 PP   

Altman 2009 69  12 PP 15.5±8.0 11.7±6.7 

Su 2009 33  6 PP 29.5±9.0 19.3±14.7 

Lowman  2008 57 6/36(17%) 12 PP NA NA 

Hinoul 2008 48 3/20 (15%) 12 PP NA NA 

Sentilhes  2008 83 6/37 (16%) 1 PP 33.4±7.8 35.5±7.3 

de Tayrac  2007 143 10/78 (12.8%) 10 Coated PP  No 

Total - - 102/680 (15.0%) - - - - 

Table 28. Meta-analysis sexual function from prospective evaluations transvaginal meshes
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Vaginal prolapse is an increasingly common prob-
lem affecting approximately 3-6% [Bradley 2008; 
Lawrence 2008] of community dwelling American 
women and the lifetime risk of surgery for pelvic or-
gan prolapse varies between 6-19%. [Olsen 1997; 
Smith 2010]The need for pelvic organ prolapse sur-
gery increases with age and it has been conserva-
tively estimated that the surgical workload related to 
pelvic organ prolapse will increase by 46% over the 
next 4 decades as our population ages [Wu 2009]. 
Despite the high prevalence and frequency of sur-
gery for POP, there is a little information on costs of 
medical care for this condition. A study in the United 
States (US) estimated that the direct costs of POP 
surgery were substantial accounting for $1012 mil-
lion	 (95%	 conidence	 interval	 $775,	 1251	 million)	
for a total of 226,000 in patient surgical procedures 
during 1997[Subak 2001].

A European study showed that the number (rate) 
of admissions for POP surgery was 36,854/ 0.87 
per 1000 women) in Germany, 36,679 (1.14 per 
1000 women) in France, and 28,959 (1.13 per 1000 
women) in England during the year 2005[Subra-
manian 2009]. The total costs were €144,236,557, 
€83,067,825, and €81,030,907 in Germany, France 
and England respectively which are also considered 
to be substantial and required more attention in order 
to decrease the burden on the countries studied.

Traditionally a Gynaecologists have based their de-
cisions on surgical interventions upon the success 
rate, patient satisfaction, peri-operative morbidity 
and complications. With rising health care cost and 
in	a	setting	of	inite	 resources	 it	 is	now	 imperative	
that	clinicians	include	the	inancial	costs	of	surgical	
interventions as a vital part of our decision making 
process. Despite considerable consumable costs 
there is a scarcity of cost effectiveness data on pel-
vic organ prolapse surgery.

Hullish	 designed	 a	 study	 to	 compare	 the	 relative	
cost effectiveness of treatment decision alternatives 
for	post-hysterectomy	POP[Hullish	2011].	The	au-
thors used a Markov decision analysis model to as-
sess and compare the relative cost effectiveness of 
expectant management, use of a ring pessary, and 
Vaginal Reconstructive Surgery (VRS) and open 
or robotic sacral colpopexy for obtaining months of 
quality adjusted life over 1 year. Laparoscopy for 
prolapse and vaginal mesh kits were excluded as 
the authors do not utilise those two procedures at 
their institution and colpocleisis was excluded as 
the baseline case desired preservation of coital 
function. Only two decision alternatives were found 
to be cost-effective: pessary use and VRS. Pessary 
use achieved 10.4 quality-adjusted months at a cost 
of $10,000 per patient. This cost includes all events 
for patients initially assigned to pessary use includ-

ing costs for those patients who eventually under-
went to surgery within the 12-month time frame. 
The VRS alternative obtained 11.4 quality-adjusted 
months, at $15,000 per patient. Each of the other al-
ternatives achieved fewer quality-adjusted months 
at greater cost.

Abdominal sacral colpopexy (ASC), in rudimentary 
analysis of inpatient cost has been shown to be 
more expensive than vaginal sacrospinous colpo-
pexy	 for	 vault	 prolapse	mainly	 relecting	 the	 lon-
ger operating time and inpatient stay for the ASC. 
Two cost-minimisation studies have evaluated the 
relative inpatient cost of robotic sacral colpopexy 
(RSC), laparoscopic sacral colpopexy (LSC) and 
ASC	 [Patel	 2009;	 Judd	 2010]	 with	 both	 inding	
the ASC was the least costly inpatient option. Pa-
tel reviewed 15 cases, 5 each of ASC, LSC and 
RSC performed in Connecticut USA in 2008 [Patel 
2009]. Results showed that ASC was the least ex-
pensive at $13,149, LSC $19.308 and RSC most 
expensive at $24,161. Importantly in this model 
there were no differences in length of stay and all 
procedures had long operating time with the ro-
botic procedure being over 2 hours quicker than 
the	laparoscopic	procedures	which	does	not	relect	
common practice in the literature.

Judd et al, using a decision model, estimated the 
hospital cost of ASC at $5792, LSC at $7353 and 
RSC at $8508 (excluding the cost of the robotic 
system)[Judd 2010]. In this model, RSC and LSC 
became cost equivalent only when robotic operat-
ing times was reduced to 149 minutes, robotic dis-
posables were reduced to $2132 or laparoscopic 
disposables were increased to $3413. Both mod-
els of analysis only included inpatient care and 
may	not	relect	other	beneits	of	minimally	invasive	
approach such as quicker recovery and possibly 
faster return to work.

As already reported in the apical prolapse section 
of this document Parasio et al [Paraiso 2011] per-
formed a RCT comparing RSC [38] and LSC [40] for 
vault prolapse and reported cost analysis alongside 
the clinical outcomes which the authors of this doc-
ument would prefer to see as the standard report-
ing requirements. The robotic group incurred sig-
niicantly	greater	cost	 than	 the	 laparoscopic	group	
[mean difference +$1,936; 95% CI $417-$3,454; 
P=.008]. Importantly in this study the authors were 
experienced laparoscopic surgeons who had also 
completed the learning phase of the RSC.

Over	 the	 last	 decade	 both	 clinical	 eficacy	 and	
cost	 eficiency	 of	 the	 suburethral	 tapes	 in	 conti-
nence surgery has been demonstrated. Transvagi-
nal mesh kits have been introduced to prolapse 
surgery	 in	 an	 attempt	 to	 replicate	 this	 beneit	 for	
the community. Unfortunately a paucity of cost 
analysis data is available for review. A study on 
the analysis of the cost-effectiveness of tradition-

XI. ECONOMIC EVALUATION
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al anterior colporrhaphy (AC), non kit mesh and 
commercial mesh kit for anterior vaginal prolapse 
repair showed that commercial mesh kits are not 
cost effective [Murray 2011]. The authors included 
estimated cost of managing recurrent prolapse and 
extrusions in the analytic model after performing 
a meta-analysis of 18 papers relating to anterior 
compartment repair to determine operating and ad-
mission time, recurrence rate and mesh extrusion 
rate for the three groups. The cost of non kit mesh 
was $3,380, AC was $3,461 and mesh kit $4,678. 
Non kit mesh repair is cost-effective, compared 
with AC, if extrusion rates remain below 25%. One 
way cost sensitivity analysis demonstrates that 
when the reoperation rate for AC reached 28% the 
commercial mesh kits became cost effective. The 
balance of cost of AC and non-mesh kits depends 
signiicantly	 on	 recurrence	 and	 extrusion	 rates.	
Two-way cost sensitivity analysis demonstrated 
that if re-operation rate of AC is below 20%, AC 
is more cost effective even if extrusion rate is 0%. 
When reoperation rate of AC is 30% the non-mesh 
kit repair is the most effective option if the extru-
sion rate is less than 25%.

Recently, Maher et al reported a cost minimisa-
tion analysis of a RCT comparing total vaginal 
mesh [TVM n=55] and LSC [n=53] in the man-
agement of vault prolapse at 2 years[Maher 
2011]. The clinical outcomes have been reported 
in this document previously. Similarly to Hull-
fish’s model above the authors captured inpa-
tient, consumable and direct reoperation cost 
within the two year period. Opportunity cost de-
fined as economic cost to the women associated 
with recovery time were added to above cost 
to define total economic cost. Mean total eco-
nomic costs were significantly lower in the LSC 
group as compared to the TVM ($4,013.07 95% 
CI 3107.77, 4918.37). Labour costs were signifi-
cantly greater for the LSC reflecting that the op-
erating time was twice as long as compared to 
the TVM procedure. These higher labour costs 
were offset by lower consumable, inpatient, op-
portunity? and reoperation costs for the LSC as 
compared to the TVM.

One way cost analysis for the LSC and TVM dem-
onstrates that cost equivalence would be achieved 
once the consumable cost reduced to zero, or the 
reoperation rate was zero in the TVM group or the 
operating time in the LSC was 130 minutes longer 
than the TVM. The cost model reported by Maher 
et al would provide an excellent model that all 
clinicians could utilise in audit and authors when 
reporting prolapse outcomes, by simply substitut-
ing their own institutions and community cost. The 
reporting of such cost analysis data is urgently re-
quired	so	that	we	can	deliver	eficient	and	cost	ef-
fective pelvic organ prolapse procedures that our 
community requires.

Conclusion

In conclusion, despite the high prevalence and fre-
quency of surgery for POP, there is little information 
relating	to	cost.	Our	indings	can	be	summarised	as:

•		Economic	cost	of	POP	surgeries	annually	 is	sig-
niicant	in	United	States	and	Europe	and	over	the	
next decades will grow at twice the rate of popula-
tion growth due to our aging population

•		Programs	aimed	at	reducing	the	burden	of	this	dis-
ease are urgently needed.

•		In	a	single	institution	study	vaginal	reconstructive	
surgery and pessary use were more cost-effec-
tive than expectant management, traditional ab-
dominal sacral colpopexy (ASC) or robot-assisted 
sacral colpopexy (RSC) (Grade C ).

•		Two	 studies	 have	 demonstrated	 that	 ASC	 has	
lower inpatient cost than LSC or RSC (Grade C )

•		Data	from	a	single	RCT	demonstrated	the	LSC	to	
have	 lower	 inpatient	 cost	 than	 RSC	 speciically	
relating to lower operating time in the LSC group 
(Grade B )

•		Data	from	a	single	RCT	demonstrated	LSC	to	be	
a more effective cost minimising surgery than total 
vaginal mesh for vaginal vault prolapse.(Grade B)

•		Data	from	a	meta-analysis	of	anterior	vaginal	com-
partment prolapse operations demonstrated that 
commercial mesh kits for anterior repair are less 
cost-effective than non kit mesh and anterior col-
porrhaphy. (Grade B )

http://www.fda.gov/downloads/MedicalDevices/Safety/Alert-
sandNotices/UCM262760.pdf.

http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/
ucm262435.htm.
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ucts and devices) (Committee 20), and quality of 
life and faecal incontinence severity as measured 
by quantitative instruments of patient reported out-
comes (Committee 5B), primary prevention of fae-
cal incontinence (Committee 21). The one study of 
primary prevention of faecal incontinence (avoid-
ing or delaying the initial occurrence) using con-
servative therapies [2] is included in this chapter. 

As	some	knowledge	gained	in	these	speciic	groups	
may have applications to an adult population, the 
interested reader is encouraged to reviews the work 
of those committees. There is at present a relative-
ly limited evidence base from high quality experi-
mental trials of faecal incontinence, and it remains 
challenging to provide strong evidence for most 
interventions. However, expert consensus in this 
committee and the world literature is unanimous in 
recommending conservative interventions, singly or 
in combination, for the majority of patients with fae-
cal	incontinence	as	irst-line	management.

Conservative	management	is	deined	as	a	non-op-
erative intervention designed to improve faecal in-
continence incontinence or prevent deterioration. It 
includes pharmacological treatments. Reducing the 
severity and related complications of faecal incon-
tinence are included from the view of conservative 
management outcomes rather than secondary and 
tertiary prevention. Patient selection for operative 
versus conservative management remains largely 
empirical. The committee recommends a trial of 
conservative management, in the vast majority of 
patients, before considering surgical options, be-
cause these conservative options are comparative-
ly	 inexpensive	and	 involve	no	signiicant	morbidity	
(see algorithm). Exceptions would be patients with 
acute traumatic anal sphincter rupture or an endo-
sonographically	 conirmed	major	 defect	 in	 the	 ex-
ternal anal sphincter in the presence of gross faecal 
incontinence: these patients would be referred for 
surgical	evaluation	as	irst	line	treatment.	

Normal anorectal physiologic function is complex 
and relies on a several different factors, including 
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BLISS DZ
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The	deinitions	of	anal	 incontinence	and	 faecal	 in-
continence, adopted at the previous consultations, 
[1] are maintained:

“Anal	incontinence	is	the	involuntary	loss	of	latus,	liq-
uid or solid stool that is a social or hygienic problem.”

“Faecal incontinence is the involuntary loss of liquid 
or solid stool that is a social or hygienic problem.”

There	is	no	consensus	on	the	best	deinition,	anal	in-
continence or faecal incontinence, to use for an out-
come in treatment trials or evidence to guide when 
one may be more appropriate; this impacts com-
parison	 and	 evaluation	 of	 study	 indings	 because	
different criteria for successful outcomes have been 
employed. The committee recommends that which-
ever outcome is used in studies and publications, 
the	conceptual	and	operational	deinition	be	made	
explicit and used in a consistent manner. The terms 
anal incontinence and faecal incontinence are not 
synonymous. As the majority of intervention stud-
ies have focused on faecal incontinence rather than 
anal incontinence as an outcome measure, fae-
cal incontinence is covered in this chapter, except 
where	anal	incontinence	is	speciied.	

This chapter addresses assessment and diag-
nosis, and conservative management, including 
medications, of faecal incontinence in adults and 
the impact of faecal incontinence on quality of life 
as assessed by qualitative methods. New to this 
chapter are the topics of faecal incontinence as-
sessment and quality of life. The following related 
topics, some of which may have appeared in this 
chapter previously, are reviewed by other commit-
tees, often together with their urinary incontinence 
counterpart: epidemiology of faecal incontinence 
(Committee 1), faecal incontinence in frail or in-
stitutionalized older adults (Committee 11), faecal 
incontinence in persons with neurological disease 
or injury (Committee 10), faecal incontinence in 
children (Committee 9), surgical management of 
faecal incontinence (Committee 17), faecal inconti-
nence management using technologies (e.g., prod-

I.  INTRODUCTION

II. CLINICAL ASSESSMENT 
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anatomic and neurology factors. Consequently, 
anorectal dysfunction may affect all ages [1] and 
symptoms necessitate careful clinical assessment 
and sometimes specialised tests to assess the 
background to patients’ symptoms. Several differ-
ent questionnaires and tests are used and they are 
frequently used in conjunction with each other, but 
the clinical utility is sometimes limited.[2, 3] 

1. SEARCH STRATEGY

The following search terms were used for PubMed, 
Web of Science and Cochrane reviews: faecal in-
continence, anal incontinence, symptoms, signs, 
clinical assessment, history, examination, digital ex-
amination, clinical features.

2. HISTORY

History gathering requires sensitivity in dealing 
with this taboo symptom, but also a willingness to 
ask direct questions about the complaint. Although 
there are questionnaires about the severity of faecal 
incontinence or anal incontinence and their impact 
on quality of life (See Chapter 5B), they are most 
often used in research and sometimes in clinical 
practice. Currently there are no uniform set of ques-
tions to elucidate the comprehensive set of factors 
involved in faecal incontinence, and recommended 
approaches of experts [3] and clinical experience 
continue to guide practice. In taking a history, the 
necessary	irst	step	is	to	determine	the	nature	of	the	
incontinence being experienced by the patient. The 
aim of a history and examination is to identify con-
ditions that are amenable to management and to 
characterise symptoms so they might be reduced.

a) Type of incontinence

Additional characteristics of faecal incontinence or 
types of incontinence other than faecal and anal 
may	be	identiied	during	assessment.	Passive fae-
cal incontinence is the involuntary soiling or leakage 
of faeces without forewarning of the patient. Flatus 
incontinence	is	the	inability	to	control	latus.	Passive 
and latus incontinence are frequently related to in-
ternal anal sphincter dysfunction.[4] Urge inconti-
nence is an inability to defer defecation once the 
urge	 is	perceived,	 for	 long	enough	 to	ind	a	 toilet.	
Soiling after defecation can also occur, and is typi-
cally related to either a defect in the internal sphinc-
ter or poor “snapping shut” of the external sphincter 
after voiding.[5] It is also important to determine if 
the incontinence is for liquid stool only, and, if so, 
then the possibility of a colonic cause of diarrhoea 
needs to be considered.[6] 

b) Etiology

The history of faecal incontinence should include 
questioning about its potential etiology:

	 •		Dietary	 history	 -	 including	 intake	 of	 caffeine	
and sorbitol as they may stimulate GI transit 
or diarrhoea.[7] (Recommendation Grade C)

	 •		Medical	history	–	particularly	anti-anginal	and	
antihypertensive medications which may re-
duce sphincter tone and ferrous sulphate or 
antacids which may provoke diarrhoea.[8] 
(Recommendation Grade C)

	 •		Presence	of	 benign	anal	 disease	–	haemor-
rhoids,	istula,	anal	warts.[9]	(Recommenda -
tion Grade B)

	 •		History	of	chronic	straining	or	constipation.10	
(Recommendation Grade B)

	 •		Obstetric	 history[11]	 (Recommendation 
Grade B )- particularly with regard to number 
of vaginal deliveries, need for forceps or Ven-
touse, birth weights of all children, duration of 
second stage(s) of labour, episiotomy

	 •		Perianal	surgery	history	[12,13]	(Recommen -
dation Grade B)  particularly:

	 •		Anal	 issure	 surgery	 (sphincterotomy	 or	 anal	
stretch),	istula	surgery,	rectal	resection	surgery	

	 •		History	of	pelvic	radiation	–	due	to	risk	of	radia-
tion proctitis (that can cause decreased rectal 
compliance) and internal anal sphincter radia-
tion damage.[14] (Recommendation Grade B)

	 •		Symptoms	of	other	pelvic	loor	problems	(uri-
nary incontinence and pelvic organ prolapse), 
which have similar risk factors [15] (Recom-
mendation Grade C)

	 •		Cognitive	assessment	in	appropriate	patients	
[16] (Recommendation Grade C)

3. PHYSICAL EXAMINATION

a) General, perianal, and digital rectal exam

Examination is focused towards the detection of 
evidence of incontinence and identifying the cause 
of incontinence, if possible. Physical examination 
should include inspection of underclothing for soil-
ing and staining by stool, pus, or mucus. Perianal 
skin should be examined for signs of irritation such 
as erythema, rash, and excoriation [17] (Recom -
mendation Grade C) . Perianal inspection should 
also include attempts to identify a patulous anus 
or one which gapes on gentle traction of the anal 
verge and/or a “keyhole” deformity of the anal canal 
which suggests a persisting sphincter defect [18-20] 
(Recommendation Grade B).  Inspection may re-
veal scars from previous episiotomies or obstetric 
tears. Abnormalities at the anal verge from previous 
surgery or a gaping anus suggestive of marked loss 
of function may be present. Perianal inspection or 
digital rectal examination should identify the follow-
ing [14,18,20] (all recommendations Grade C) :

	 •	Scars	from	previous	surgery

	 •		Perianal	disease	–	prolapsing	haemorrhoids,	
istula,	anal	warts
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	 •	External	prolapse	at	rest

	 •		Absence	of	perineal	body	–	suggestive	of	ob-
stetric trauma; at its worst this may manifest 
as a cloacal deformity

	 •		Inspection	 for	 sphincter	 asymmetry	 whilst	
patient	 contracts	 sphincter	 –	 suggestive	 of	
regional sphincter defect

	 •		Function	of	 the	puborectalis	muscle	 (palpa-
ble at the anorectal junction) -- assessed by 
asking the patient to squeeze the sphincter 
at which time the puborectalis should push 
the	examiner’s	inger	anteriorly.

Digital	examination	should	also	assess	for	[18-20]	
(all recommendations Grade C) :

	 •		Rectal	contents	–	if	faecal	impaction	is	pres-
ent this could explain incontinence

	 •		Resting	 tone	 –	 indicative	 of	 internal	 anal	
sphincter function

	 •		Voluntary	and	relex	squeeze	pressure	–	in-
dicative of external anal sphincter function 
and potential function, respectively. The lat-
ter is elicited most commonly by asking the 
patient to cough while assessing sphincter 
tone	–	a	cough	causes	a	relex	near-maximal	
external sphincter contraction (analogous to 
the	guarding	relex	in	the	bladder)

	 •		Regional	 sphincter	 defects	 –	 detected	 as	
asymmetry

	 •		A	thickened	sphincter	–	suggestive	of	chronic	
straining and occult rectal mucosal prolapsed

	 •		Paradoxical	 puborectalis	 contraction	 –	 this	
may be valuable in assessing constipated 
patients to identify paradoxical contraction 
as a cause of retained stool, and hence over-
low	incontinence

True faecal incontinence must be differenti-
ated from conditions that cause seepage such 
as prolapsing external haemorrhoids, fistulas, 
low rectal or anal tumors, and poor perineal hy-
giene.	 Diagnostic	 administration	 of	 an	 enema	
may be useful in this respect; retention of the 
enema suggests that the patient does not have 
clinically significant faecal incontinence. This 
serves to both clarify the patient’s history, but 
also begins to suggest the anatomical deficit 
causing the incontinence. 

If	suggested	by	earlier	indings	(history	of	straining,	
thickened sphincter), the patient should be asked 
to	 sit	 on	 a	 commode	 and	 attempt	 voiding	 –	 the	
perineum should then be inspected for evidence 
of a rectal mucosal or full thickness prolapsed on 
straining10 (Recommendation Grade C) .

b) Proctoscopy

Proctoscopy	 with	 a	 rigid	 instrument,	 or	 lexible	 sig-
moidoscopy, is a bedside test of value in excluding 
potentially treatable causes of faecal incontinence: 
anal tumors or polyps, rectal cancers or adenoma 
[21] (Recommendation Grade B) , solitary rectal ul-
cer	 syndrome	–	a	 functional	disorder	of	 evacuation,	
in which repeated straining at stool and or rectal self-
digitalization may result in an ulcerated area of the 
anterior rectal wall [22] (Recommendation Grade B) .

c) Vaginal examination

Vaginal examination using a Simms speculum may 
show a rectocele, cystocele and/or uterine pro-
lapse, all of which may contribute to developing fae-
cal incontinence [23] (Recommendation Grade C) . 
Physiological and complimentary radiological tests 
are	used	to	conirm	clinical	suspicions	and	provide	
objective data on the function of the anorectum. 
Pelvic	loor	dysfunction	 is	a	complex	problem	and	
multiple tests may be needed based on the initial 
indings	and	complexity	of	the	planned	intervention.

d) Recommendations for practice

	 •		Perform	 a	 baseline	 assessment	 including	 a	
focused medical history, a general physical 
examination, and an anorectal examination 
with inspection of perinanal skin. (Recom -
mendation Grade B-C) 

	 •		Several	conditions	should	be	speciically	as-
sessed for in the history and physical exami-
nation,	as	they	may	be	amenable	to	deinitive	
treatment, including rectal prolapse, haemor-
rhoids, faecal loading, potentially treatable 
causes	of	diarrhoea	(e.g.,	Inlammatory	bowel	
disease and irritable bowel syndrome, infec-
tion, adenomas), acute anal sphincter injury, 
and acute disc prolapse/cauda equina syn-
drome. (Recommendation Grade B)

	 •		Conduct	 a	 digital	 exam	 (Recommendation 
Grade C)

	 •		Perform	 a	 proctoscopy	 (Recommendation 
Grade B)

e) Recommendations for research

	 •		Assess	 inter-rater	 variability	 of	 digital	 rectal	
examination 

	 •		Assess	positive	and	negative	predictive	value	of	
digital	rectal	examination	to	diagnose	pelvic	loor	
diseases associated with faecal incontinence 

1. ANORECTAL MANOMETRY

a) Indications

Anorectal manometry measures the pressures 
in the anal canal and the distal rectum. This test 

III. SPECIALIZED TESTING
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serves as one of the most accepted and used inves-
tigations to measure the function of the internal anal 
sphincter and the external anal sphincter. Evalua-
tion of the sphincter function in patients with faecal 
incontinence is the primary indication for manom-
etry [24-26] (Evidence Level 2) . However, prelimi-
nary evidence suggests that rectal sensation should 
be treated as well.[27] 

b) Equipment and testing

Anorectal manometry can be performed with differ-
ent types of catheters, including solid state, water 
perfused, air charged, or microballoon catheters. 
[28] The diameter of the probe should not exceed 
5-6 mm and the probe usually includes sensors ra-
dially distributed to measure several pressures at 
each level. Any manipulation of the rectum, such as 
digital rectal examination or administration of ene-
ma prior to a test should be followed by a minimum 
of 5 minutes of rest to allow sphincter activity to re-
turn to baseline.

The stationary pull-through technique is today com-
monly	used,	since	 this	 technique	avoids	 the	relex	
sphincter contraction caused by some dynamic 
techniques. The stationary pull-through measures 
the resting pressure and the squeeze increase at 6, 
5, 4, 3, 2, and 1 cm from the anal verge by extract-
ing the probe in increments of 1 cm from the rectum 
to the anal verge. Allowing a waiting period between 
each measurement minimizes artifacts.

c) Anal resting pressure

The anal resting tone is a composite pressure gener-
ated by the internal anal sphincter (55%), external 
anal sphincter (30%) and the anal cushions (15%).
[29] There is some radial asymmetry in pressures in 
the different parts of the anal canal [30] and therefore 
the pressures in the four quadrants is usually aver-
aged to account for this asymmetry.[25] New equip-
ment provides a more precise measurement of ra-
dial asymmetry, but more complete evaluation of this 
high resolution technique is still lacking. The length 
of the functional anal canal or high pressure zone is 
deined	as	 the	 length	of	 the	anal	canal	with	 resting	
pressures exceeding 30% of the rectal pressure.[31]

Patients with faecal incontinence usually have a 
lower anal resting tone than continent patients or 
normal controls (Evidence Level 2) . [24,32] The 
degree of faecal incontinence will however not only 
depend on the anal sphincter tone, since there are 
many other factors (i.e. stool consistency, rectal 
compliance, etc.) that play an important role. There 
is	also	a	lack	of	deined	values	of	what	is	the	normal	
range for the anal resting tone.

d) Squeeze increase

The squeeze increase of the anal canal pressure 
is generated by contraction of the external anal 
sphincter and can be calculated as the increase in 

pressure from the anal canal resting tone during 
maximal anal squeeze. The squeeze increase is 
also usually measured at 6, 5, 4, 3, 2, and 1 cm from 
the anal verge with the stationary pull through tech-
nique.	Decreased	squeeze	pressures	are	frequently	
correlated to injuries in the external anal sphincter, 
neurologic damage or just poor patient compliance/ 
voluntary control.

The fatigability of the external anal sphincter can 
be estimated by measuring the patients’ ability to 
sustain the squeeze effort over time. The squeeze 
duration is often reduced in patients with inconti-
nence. The squeeze durability may be measured as 
a fatigue index.[33] 

e) Recto-anal inhibitory relex

Rectal distension or attempted defecation results 
in an inhibition the tonic activity of the internal anal 
sphincter and relaxation of this muscle. Presence 
of an intact internal anal sphincter is dependent 
on an intact myenteric plexus and it is usually im-
paired in patients with severe constipation due to 
Hirschsprung’s disease. The value of react-anal in-
hibitory	relex	testing	in	patients	with	faecal	inconti-
nence is limited.

f) Rectal sensation and compliance

Rectal sensation (and rectal compliance) can be 
measured by intermittent balloon distension in the 
distal rectum and simultaneously monitoring the pa-
tient’s	 response.	The	irst	 sensation,	 the	 irst	 urge	
and the maximal tolerable volume are usually re-
corded. Rectal compliance can also be assessed 
by measuring the pressure and volume relationship 
when	a	balloon	is	inlated	in	the	rectum.

Reduced sensory threshold levels of the rectum 
(rectal hypersensitivity) in patients with faecal in-
continence could indicate a presence of urge faecal 
incontinence and increased frequency of defecation 
[34,35] (Evidence Level 3) , whereas incontinent 
patients with increased sensory threshold levels 
(rectal hyposensitivity) may suffer from passive 
(overlow)	incontinence	[36]	(Evidence Level 3) .

g) Recommendations for practice

	 •		Anorectal	manometry	can	objectively	assess	
anal sphincter function in patients with faecal 
incontinence. (Recommendation Grade C)

	 •		Focused	 expertise	 to	 perform	manometry	 is	
required; each center/laboratory should es-
tablish its own control values for anorectal 
manometry and check for reproducibility of 
the test. (Recommendation Grade B)

h) Recommendations for research

	 •		Assess	 normal	 values	 for	 rectal	 manometry	
in large healthy control samples spanning all 
ages to serve as comparisons for abnormali-
ties in faecal incontinence
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	 •		Assess	capability	of	an-rectal	physiology	testing	
results (anal pressure-rectal sensation-compli-
ance) on predicting outcomes of medical and/ 
or surgical treatments for faecal incontinence 

	 •		Assess	 rectal	 manometry	 reproducibility	 in	
large control and patients samples

	 •		Evaluate	the	utility	of	high	deinition	and	high	
resolution manometry in the assessment of 
patients with faecal incontinence

2. ENDOANAL ULTRASOUND IMAGING

a) Introduction

Endoanal ultrasound (EAUS) is established as am 
important part of a colorectal diagnostic work-up 
[37] and has been recommended as the gold stan-
dard investigation to identify anal sphincter injury by 
the International Urogynecological Association/ In-
ternational Continence Society joint report.[38]

b) Endoanal ultrasonography technique

EAUS is usually performed with high multi-frequen-
cy (9-16 MHz), 360° rotational mechanical probe or 
radial	electronic	probe	(frequency:	5-10	MHz).	Dur-
ing examination, the patient may be placed in the 
dorsal lithotomy, in the left lateral or in the prone 
position. However, irrespective of the position, the 
transducer should be rotated so that the anterior as-
pect of the anal canal is superior (12 o’clock) on the 
screen, right lateral is left (9 o’clock), left lateral is 
right (3 o’clock), and posterior is inferior (6 o’clock). 
The length of recorded data should extend from the 
upper aspect of the PR to the anal verge.

Three-dimensional	(3D)	EAUS	offers	a	synthesis	of	
a	high	number	of	parallel	transaxial	2D	images	and	
it is possible to analyze coronal, anterior-posterior, or 
posterior-anterior as well as sagittal right-left views, 
together	with	any	oblique	image	plane.	The	3D	image	
can be rotated, tilted, and sliced to allow the opera-
tor	to	ininitely	vary	the	different	section	parameters.	
Volume Render Mode (VRM) is a special feature that 
can	be	applied	to	high-resolution	3D	data	volume	so	
information inside the cube is reconstructed to some 
extent. The volume-rendered image provides better 
visualization performance when there are not large 
differences in the signal levels of pathologic struc-
tures compared with surrounding tissues.[39] 

With EAUS, the anal canal is divided into three lev-
els of assessment. The upper level corresponds to 
the hyperechoic sling of the puborectalis muscle 
and the concentric hypoechoic ring of the internal 
anal sphincter. In males, the deep part of the exter-
nal	anal	sphincter	is	also	identiied	at	this	level.	The	
middle level corresponds to the complete ring of the 
supericial	external	anal	sphincter	(concentric	band	
of mixed echogenicity), the conjoined longitudinal 
layer, the complete ring of internal anal sphincter, 
and the transverse perinei muscles are visualized. 
The lower level corresponds to the subcutaneous 
part of the external anal sphincter.

c) Endoanal ultrasonography in faecal incon -
tinence

EAUS has become the gold standard for the mor-
phological assessment of the anal canal. It can dif-
ferentiate between incontinent patients with intact 
anal sphincters and those with sphincter lesions 
(defects, scarring, thinning, thickening, and atrophy) 
due to vaginal delivery or anal surgery (i.e., hemor-
rhoidectomy,	sphincterotomy,	istula	surgery).[40]	

Tears	are	deined	by	an	 interruption	of	 the	 circum-
ferential	ibrillar	echo	texture.	Scarring	 is	character-
ized by loss of normal architecture, with an area of 
amorphous	 texture	 that	 usually	 has	 low	 relectivity.	
The operator should identify if there is a combined 
lesion of the internal anal sphincter and external anal 
sphincter or if the lesion involves just one muscle. 
The majority of lesions of the internal anal sphincter 
are easily recognized given the prominent appear-
ance of the internal anal sphincter in the mid anal 
canal, and they appear as hyperechoic breaks in 
the normally hypoechoic ring. The appearance of an 
external anal sphincter defect is a break in the cir-
cumferential integrity of the mixed hyperechoic band. 
A defect can have either a hypoechoic or a hyper-
echoic density pattern. This corresponds to replace-
ment of the normal striated muscle with granulation 
tissue	and	ibrosis.	A	limitation	of	EAUS	remains	the	
identiication	of	external	anal	sphincter	atrophy	in	pa-
tients with idiopathic faecal incontinence because of 
the vague contours of the muscle ring.

The number, circumferential (radial angle in de-
grees or in hours of the clock site) and longitudinal 
(proximal, distal or full length) extension of the defect 
should	be	reported.	In	addition,	3D	EAUS	allows	to	
measure length, thickness, area of sphincter defect 
in the sagittal and coronal planes and volume of 
sphincter damage.[40,41] Two scoring systems have 
been	proposed	to	deine	the	severity	of	the	sphincter	
damage.[42,43] Both systems have demonstrated a 
good intraobserver and interoberver agreement in 
classifying anal sphincter defects. [41,44]

EAUS has an important role in detecting clinically 
occult anal sphincter injuries after vaginal delivery.
[45,46]	 In	 another	 study,	Oberwalder	 et	 al.[47]	 re-
ported that faecal incontinence related to sphincter 
lesions is likely to occur even in an elderly popula-
tion of women who experienced vaginal deliveries 
earlier in life. They found that 71% of women with 
late-onset faecal incontinence (median age 61.5 
years) had occult sphincter defects on EAUS.

Ultrasonographic imaging is useful to evaluate the re-
sult	of	treatments.	Dobben	et	al.[48]	reported	that	pa-
tients with a persistent ultrasonographic external anal 
sphincter defects after sphincteroplasty had a worse 
clinical outcome than those without an external anal 
sphincter	defect.	Using	3D-EAUS,	de	la Portilla et al. 
[49] demonstrated that all the implants of silicone to 
treat faecal incontinence were properly located in the 
intersphincteric space three months after injection.
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d) Alternative Ultrasound Modalities in Faecal 
Incontinence

1. TRANSPERINEAL  ULTRASONOGRAPHY  

Perineal ultrasound is performed with the patient 
placed in the dorsal lithotomy position. Conventional 
convex transducers (main frequency between 3 and 
6	MHz,	ield	of	view	at	 least	70°)	are	applied	in	the	
perineum between the mons pubis and the anal 
margin.[40,41] Perineal ultrasound provides sagittal, 
coronal and oblique sectional imaging, with the mid-
sagittal plane the most commonly used as this gives 
an overall assessment of all anatomical structures 
(bladder, urethra, vaginal walls, anal canal and rec-
tum) between the posterior surface of the symphysis 
pubis (SP) and the posterior part of the levator avul-
sion (LA). The imaging is usually performed at rest, 
on	maximal	Valsalva	maneuver	 and	on	pelvic	 loor	
muscle contraction. The access to the mid-sagittal 
plane allows the following evaluation of the integrity 
of the perineal body, measurement of ARA, and dy-
namic assessment of the posterior compartment.

3D	perineal	ultrasound	imaging	may	be	performed	
with volumetric probes developed for obstetric im-
aging. The most important clinical application is 
the assessment of LA injuries. At these injuries, the 
muscle disconnects from its insertion on the infe-
rior pubic ramus and the pelvic sidewall and is a 
common consequence of overstretching during the 
second stage of labor.[50,51] 

2. ENDOVAGINAL  ULTRASONOGRAPHY

Endovaginal ultrasound is performed with the patient 
placed in the dorsal lithotomy position. The most fre-
quently	used	transducer	for	pelvic	loor	3D	transvagi-
nal ultrasound is a high multi-frequency (9-16 MHz), 
360°	rotational	mechanical	probe.	The	pelvic	loor	is	
divided into four levels of assessment.[52] At level I, 
the bladder base is visualized on the screen in the 
12 o’clock position and the inferior third of the rec-
tum in the 6 o’clock position. Level II corresponds to 
the bladder neck, the intramural region of the urethra 
and to the anorectal junction. Level III: corresponds 
to the midurethra and to the upper third of the anal 
canal. Level IV corresponds to the perineal muscles, 
the perineal body, the distal urethra and the middle 
and distal third of the anal canal.

e) Summary of Evidence

	 •		EAUS	is	considered	as	an	integral	part	 in	the	
investigation of faecal incontinence. (Evidence 
Level 2).

f) Recommendations for practice

	 •		EAUS	is	an	important	part	in	the	assessment	
of patients with faecal incontinence, since the 
examination	will	deine	the	possible	presence	
of anal sphincter injuries. (Recommendation 
Grade A)

	 •		Pelvic	loor	ultrasound	may	deine	conditions,	
for instance, rectal intussuception, and en-
terocele, which may play a role in patients’ 
faecal incontinence symptoms. (Recommen -
dation Grade C)

g) Recommendations for research

	 •		Evaluate	the	role	of	levator	ani	damage,	visu-
alized	with	 pelvic	 loor	 ultrasound,	 on	 faecal	
incontinence symptoms and therapy results

	 •		Further	characterize	and	standardize	the	util-
ity	 of	 pelvic	 loor	 ultrasound	 in	 patients	 with	
faecel incontinence.

3. MAGNETIC RESONANCE IMAGING

a) Introduction

Recently, there has been evidence to show that 
magnetic resonance imaging (MRI) is accurate in 
detecting external anal sphincter defects potentially 
suitable for repair in patients presenting with fae-
cal incontinence [53-66] (Evidence Level 2) . MRI 
can be performed with endoluminal MRI technol-
ogy or surface phased-array antennas. MRI is an 
alternative, with relative accuracy in the detection 
of external anal sphincter defects, although there is 
reduced local spatial resolution using this technol-
ogy	and	less	experience	in	the	speciic	assessment	
of external anal sphincter defects.[67-71] Recently, 
there has been evidence to show that the longer-
term functional outcome following sphincteroplasty 
for obstetric-related external anal sphincter defects 
(the principal cause of clinical faecal incontinence 
in this population) is somewhat dependent upon the 
presence of attendant pudendal neuropathy [72-74] 
and that worse outcome is correlated with neurop-
athy-associated external anal sphincter atrophy.
[75-77] This technique has also been shown to ac-
curately identify external anal sphincter atrophy in 
comparison with endoanal ultrasound.[78,79] 

b) Normal anal sphincter anatomy at MRI

The bulk of useful images are obtained with T2-
weighting where contrast is described in relation to 
the surrounding structures, as there are no abso-
lute values for tissue contrast (as there are, for ex-
ample in computed tomography). In a series of 100 
normal volunteers, age- and gender-related differ-
ences are demonstrable on endoanal MRI,[80] as 
women	 have	 a	 signiicantly	 shorter	 external	 anal	
sphincter than men.

c) Anal sphincter defects on MRI

External anal sphincter lesions are detected as 
alterations in the normal external anal sphincter 
anatomical integrity or as scarring, local atrophy, 
or a definitive defect. The full extent damage is 
best appreciated in a combined evaluation of the 
axial and longitudinal plane sequences. Second-
ary changes to the architecture of adjacent struc-
tures (longitudinal muscle, perianal fat) provide 
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supportive evidence of a sphincter tear. Variations 
in normal anatomy of the anal sphincter may be 
misdiagnosed as sphincter defects, with constitu-
tive differences in the external anal sphincter be-
ing observed.

Internal	anal	sphincter	defects	are	identiied	as	ei-
ther internal anal sphincter discontinuity or as re-
placement	of	the	normal	smooth	muscle	by	ibrous	
tissue with concomitant muscle thinning. Internal 
anal sphincter defects are often found in combina-
tion with external anal sphincter defects, especially 
in women presenting with incontinence. Solitary in-
ternal anal sphincter defects are more common in 
iatrogenic cases of incontinence.

Several studies have evaluated the accuracy of 
endoanal MRI in detecting anal sphincter defects. 
Tears of both the internal anal sphincter and ex-
ternal anal sphincter are readily visualized, with 
an accuracy of 95% for external anal sphincter 
lesions.[56,58,63] 

d) Anal sphincter atrophy at MRI

Recent publications on endoanal MRI imaging 
reemphasize the importance of external anal 
sphincter atrophy with its potential predictive 
clinical implications on sphincteroplasty outcome.
[54,56,58,81] 

e) Role of MRI in the assessment of faecal in -
continence

EAUS can be used as a primary imaging tech-
nique, given the similar results when compared 
with endoanal MRI in detecting sphincter defects, 
the widespread availability of endoanal ultrasound, 
and the lower costs. There is no doubt, however, 
that endoanal MRI technology is accurate. Its role 
in	deining	and	diagnosing	external	anal	sphincter	
atrophy can both direct sphincter repair and pro-
vide some prognostic information.

f) Recommendations for practice 

	 •		The	place	for	MRI	assessment	of	anal	sphinc-
ters is limited. (Recommendation Grade D).

	 •		Patients	with	faecal	incontinence	after	repeated	
anorectal	 surgeries	 may	 beneit	 from	 assess-
ment with MRI. (Recommendation Grade C)

	 •		Patients	with	possible,	but	not	proven,	exter-
nal sphincter defect on ultrasound may ben-
eit	from	further	assessment	with	MRI. (Rec-
ommendation Grade C)

g) Recommendations for research

	 •		MRI	can	deine	atrophy	of	the	anal	sphincter	
muscles. Study to assess the degree of atro-
phy	inluences	the	outcomes	after	treatment	
with surgical sphincter repair and sacral 
nerve stimulation.

4. DEFECOGRAPHY

a) Introduction

Defecography,	 also	 termed	 as	 evacuation	 proctog-
raphy, is the radiological assessment of the volun-
tary rectal evacuation of semisolid contrast material, 
and provides information on anorectal structure and 
function. It is useful and widely used in the diagnosis 
and management of obstructed defecation, but the 
technique is less often utilized in the assessment of 
faecal incontinence. [82-84] Rao [85] did not include 
defecography in commonly performed diagnostic 
tests for faecal incontinence in an evidenced-based 
summary and American Gastroenterological Associ-
ation medical position statement [86] concluded that 
defecography is not of established value in patients 
with faecal incontinence. Whitehead et al.[87] con-
cluded that defecography is useful in the assessment 
of perineal descent, pelvic organ prolapse, rectocele, 
defecation and puborectalis contraction, but they did 
not include it in the algorithm for the diagnosis and 
management of faecal incontinence.

On	the	other	hand,	defecography	was	used	by	56%	of	
physicians in the routine diagnostic work-up of patients 
with	 faecal	 incontinence	 in	a	recent	Dutch	study.[88]	
There are several studies reporting that surgical cor-
rection of rectal intussusception [89-92] or rectocele 
[93,94] result in improved faecal incontinence.[93,94]

There is a suboptimal correlation between symptoms 
and	defecographic	indings.	Abnormal	indings	of	de-
fecography can be seen in many normal subjects with-
out any anorectal symptoms.[86,95-98] Another prob-
lem in performing defecography in patients with faecal 
incontinence is that those with weak anal sphincters 
have problems retaining the semisolid contrast mate-
rial in the rectum when seated on a commode.

b) Examination technique

There are no universally consented standard meth-
ods of defecography. Usually, a viscous barium 
contrast material is injected into the rectum of the 
patient in the left decubitus position. The semi-solid 
contrast material can be made by mixing barium 
with	lour,	oatmeal	or	mashed	potato.	The	volume	
of	 the	 injected	 material	 is	 either	 ixed	 at	 around	
150ml or up to the volume at which the patient feels 
the urge to defecate. A radiopaque marker can be 
placed close to the anus to facilitate interpretation. 
Barium contrast in the vagina facilitates interpreta-
tion of enterocele and prolapse in the anterior and 
middle compartments. 

The patient sits on a commode attached to the foot-
board	of	 the	luoroscopy	table	and	lateral	views	of	
the	ilm	are	taken	at	rest	and	maximum	squeeze	be-
fore	rapid	ilm	sequences	are	taken	at	one	frame	per	
second	during	evacuation,	followed	by	a	ilm	taken	
after the completion of the evacuation at maximum 
straining.	The	sequential	ilms	is	usually	by	a	video	
recording; cinedefecography.
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c) Parameters studied at defecography

The anorectal junction is the distally tapered point 
of the rectal contrast column caused by posterior 
impression of the puborectal muscle. The anorectal 
angle (ARA) is measured by the angle between the 
line along the anal canal and the axis of the rectum. 
Normal subjects should be able to evacuate more 
than two thirds of rectal contrast material within 30 
seconds. In addition to assessing rectal evacuation, 
defecography can reveal rectal intussusception, 
rectocele, sigmoidocele and enterocele. Rectal in-
tussusception	 is	deined	as	the	 invagination	of	 the	
rectal wall into itself and the degree of rectal intus-
susception	can	be	classiied	by	Oxford.	[89]	Recto-
cele	 is	 deined	 as	 the	 outpouching	 of	 the	 anterior	
rectal wall beyond the normally expected anterior 
rectal wall at straining. Sigmoidocele and entero-
cele	are	deined	as	the	herniation	of	the	lining	of	the	
peritoneum by the sigmoid colon or the small bowl, 
respectively, into the rectovaginal septum and may 
push on the anterior rectal wall.

Perineal descent may be a sign of the weak pelvic 
loor	 muscles	 and	 possible	 pudendal	 neuropathy.	
An obtuse ARA implies weakening of the puborectal 
muscle	and	possibly	the	entire	pelvic	loor	muscles.	
In a study by Piloni et al.,[99] the mean ARA at rest 
differed	 signiicantly	 between	 patients	 with	 faecal	
incontinence and those without. The normal range 
of ARA, however, is wide and some patients with 
normal ARA are incontinent to stool, whilst some 
with abnormally obtuse ARA are continent.

Karasick[100] stated that the major indication for 
performing defecography in patients with faecal in-
continence is to diagnose rectal intussusception (Ev-
idence Level 3) . Collinson et al.[89] performed de-
fecography in 40 patients whose faecal incontinence 
could not be explained by anorectal physiology and 
endoanal ultrasound, recto-anal intussusception was 
observed in 63% of the patients. Surgical correction 
of rectal intussusception has been shown to improve 
faecal incontinence, indicating a possibility that rec-
tal intussusception can be a cause of faecal incon-
tinence (Evidence Level 3) . Lazorthes et al.[90]
performed defecography in 51 patients with faecal 
incontinence. Fourteen patients had a recto-anal in-
tussusception and were operated with transabdomi-
nal rectopexy. Faecal incontinence improved in all 14 
patients and completely resolved in 6 patients. When 
Collinson et al.[89] performed laparoscopic ventral 
rectopexy in 24 patients with rectal intussusception 
and a combination of obstructed defecation and fae-
cal	incontinence,	incontinence	symptoms	signiicant-
ly improved in 92% of the patients.

It is more controversial whether a rectocele can 
cause faecal incontinence (Recommendation Grade 
C). Collinson el al.[89] claimed that one of its mech-
anisms is faecal trapping in the rectum that allows 
post-defaecatory leakage to occur.

d) Recommendations for practice 

	 •		Defecography	 is	 of	 limited	 value	and	not	 al-
ways utilized in the diagnosis and manage-
ment of faecal incontinence. (Recommenda -
tion Grade B)

	 •		Defecography	 can	 be	 useful	 in	 the	 diagno-
sis and management of faecal incontinence 
by measuring perineal descent and ARA, 
evaluating involuntary leakage of the contrast 
material as well as diagnosing rectal intussus-
ception and rectocele. (Recommendation 
Grade B)

	 •		Defecography	might	 be	 useful	 in	 diagnosing	
the existence and extent of rectal intussus-
ception and rectocele as a cause of faecal 
incontinence. (Recommendation Grade B)

e) Recommendations for research

	 •		Identify	and	characterize	the	degree	of	rectal	
intussusception and prolapse at defecogra-
phy and correlate this to treatment outcomes 
after ventral rectopexy.

	 •		Defecography	may	be	superseded	by	magnetic	
resonance imaging (MRI) defecography, which 
can	visualize	the	pelvic	loor	and	organs	as	well	
as avoids radiation exposure.[101-103] The lat-
ter technique is, however not widely available 
at present, because of higher cost and most 
equipment does not allow examination in the 
sitting position.[83,104] Further investigation is 
needed to determine whether an open-magnet 
unit of MRI may solve this postural problem. 

5. CLINICAL NEUROPHYSIOLOGIC TESTING

a) Introduction

The clinical use of neurophysiologic testing in 
patients presenting with incontinence has a long 
history, but appears to be diminishing in practice 
because of improvements in clinical sphincter im-
aging and as a result of the understanding that 
some neurophysiologic parameters have only min-
imal	 inluence	 on	 decision-making.[105,106]	 De-
spite the rise of sacral neuromodulation (SNS) in 
the selective management of incontinent patients, 
there	 is	 no	 clear	 guideline	 for	 speciic	 predictive	
neurophysiologic testing,[107,108] relegating its 
speciic	use	 in	complicated	cases	of	 incontinence	
secondary to particular neurological diseases and 
following spinal injury.

b) Types of neurophysiologic testing for faecal 
incontinence

Neurophysiologic testing for faecal incontinence in-
corporates a range of different testing modalities, 
including somatic motor testing, somatosensory 
testing,	 determination	 of	 clinical	 relexes,	 and	 au-
tonomic nervous system (ANS) testing. Somatic 
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motor testing assesses the somatic nervous system 
responsible for skeletal muscle motor innervation 
plus sensory innervation from cutaneous sites to the 
muscle spindles. This testing incorporates all forms 
of electromyography (EMG), including pudendal ter-
minal motor latency studies (PNTML), motor nerve 
conduction studies, and motor evoked potentials. 
Somatosensory testing includes somatosensory 
evoked potentials and sensory neurography. ANS 
testing: assesses the ANS which provides motor in-
nervation to the viscera and other end-organs and 
which assess its visceral afferent pathways at pe-
ripheral, spinal and supraspinal levels

c) Elelectromyography

The	 speciic	 use	 of	 this	 EMG	 technology	 in	 faecal	
incontinence in the past was for the differentiation of 
those patients with potential voluntary sphincter de-
fects from those without sphincter defects thought to 
be reparable but who had an attendant presumptive 
neurological cause for their incontinence. Concentric 
needle electromyography (CN-EMG) is performed 
with single- use needles used at multiple sites. Inher-
ent differences exist at rest in sphincter musculature 
when compared with peripheral (non-sphincteric) 
musculature showing basal resting activity where-
as non-sphincter musculature is electrically silent.
[109,110] Denervation	 is	 diagnosed	 as	 a	 reduction	
in	 the	 number	 of	 continuously	 iring	 low-threshold	
MUPs. CN-EMG has disappeared with improved 
accurate sphincter imaging; however, it may have 
a	speciic	place	in	those	patients	where	ultrasonog-
raphy and/or MR imaging is equivocal. Single Fibre 
EMG (SF-EMG) has a smaller recording surface with 
a pickup of activity from a smaller muscle volume 
than that recorded with CN-EMG, recording gener-
ally	1-3	single	muscle	ibres	from	the	same	MU.

d) Pudendal nerve conduction testing

Pudendal nerve conduction testing measures the 
nerve conduction velocity in the pudendal nerve. 
There	is	a	customized	(Dantec	Electronic	Tonsbaak-
en	16-18	DK-2740	Skovlunde,	Denmark)	St.	Mark’s	
electrode that has been designed. Prolongation of 
the pudendal nerve terminal motor latency (PNTML) 
is common after vaginal delivery and with aging. [111-
113] It has been suggested that the delay in PNTML 
is associated with a worse overall prognosis of ex-
ternal anal sphincter repair for patients presenting 
with faecal incontinence, [75-77] although there is 
little available evidence to suggest that PNTML mea-
surement	 alters	 speciic	 surgical	 decision-making.
[114] There is little available evidence that the pres-
ence or extent of a pudendal neuropathy correlates 
with	objective	 incontinence[106]	or	with	the	speciic	
response to biofeedback therapy with or without the 
presence of an external anal sphincter defect. [115] 

e) Sensory system testing

Anorectal	 sensitivity	 plays	 a	 signiicant	 role	 in	 the	
defecation process and in maintaining faecal con-

tinence. Variation in anorectal sensibility is also 
important in pain disorders and in irritable bowel 
syndrome. Basic sensory testing of light touch and 
pinprick	and	sensation	of	bladder	illing	is	standard.	
The ano-cutaneous sensation of the perianal area 
and in the anal canal below the dentate line is con-
veyed	by	the	efferent	ibers	of	 the	pudendal	nerve	
(S2-S4).[116]

f) Anal mucosal electrosensitivity

Anal mucosal electrosensitivity (MES) testing 
was originally described independently by Roe et 
al.[117] and Siegel [118] using two electrodes with 
a constant square wave of current with variable in-
tensity. It is unknown precisely which receptors are 
involved in this standardized and reproducible re-
sponse.[119] Incontinent patients invariably have 
a high MES whereas patients with anal sphincter 
defects, (with or without faecal incontinence), show 
an increased MES with the highest values found in 
patients with a combined internal anal sphincter and 
external anal sphincter sphincter defect.

g) Recommendations for practice 

	 •		Neurophysiologic	testing	is	of	limited	value	in	
the assessment of patients with faecal incon-
tinence. (Recommendation Grade C)

	 •		PNTML	may	be	useful	in	the	preoperative	as-
sessment of patients before sphincteroplasty 
or sacral nerve stimulation. (Recommenda -
tion Grade C)

	 •		PNTML	may	be	useful	 in	 the	assessment	of	
patients with possible pudendal neuralgia. 
(Recommendation Grade D)  

	 •		CN-EMG	may	have	a	speciic	role	when	ultra-
sonography and/or MR imaging is equivocal. 
(Recommendation Grade D)

h) Recommendations for research

	 •			Assess	 reproducibility	of	 testing	of	anorectal	
sensation on predicting outcome of surgical 
and medical treatment for faecal incontinence 
in large patient samples

1. BACKGROUND

Most patients with faecal incontinence do not know 
how the bowel works and what might improve bowel 
function. Many patients also have attitudes toward 
defaecation	 that	 are	 inluenced	 by	 stigma	 and	 ta-
boos present in their particular family and their wid-
er cultural group within a society.[120] Expert opin-
ion supports the use of general health education, 
patient teaching about bowel function and advice 
on	lifestyle	modiication,[121,122]	but	the	evidence	

IV. EDUCATION AND LIFESTYLE
INTERVENTIONS 
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base is small. Little is known about whether inter-
ventions designed to modify lifestyle factors might 
improve faecal incontinence. 

2. SEARCH

Because a small number of studies on these top-
ics	were	identiied	in	past	reviews,	two	independent	
searches using their own search strategy were con-
ducted to maximize yield. The following databases 
were	 searched:	 EBSCOhost®	 databases	 includ-
ing Academic Search Premier, Alt HealthWatch, 
Health Source: Nursing/Academic Edition, CINAHL 
2008-November,	 2011	MEDLINE	2008-	Nov,	 2011	
and EMBASE 2008- Nov, 2011. The Cochrane li-
brary and a recent systematic review of the epide-
miology and prevention of urinary and faecal incon-
tinence was also reviewed.[123] 

Searches included both Medical Subjects Heading 
(MeSH) terms that were exploded and text search-
es. The following terms were searched: anal, ano-
rectal, bowel, faecal, faecal, f?ecal, feces, rectal, 
stool and continent$ or incontinent$, or diarrhea, 
diarrhoea, diarrh?a; and the relevant lifestyle or in-
tervention term: education, educat*, health educa-
tion; exercise, exercise*, exercis*, exercise therapy, 
exercise movement techniques, physical exertion; 
primary prevention, prevent*, preventive health ser-
vices, preventive health services for older people; 
weight loss, diet+, diet low carbohydrate, diet fat-
restricted, diabetic diet, macrobiotic diet, restricted 
diet+, diet gluten-free, diet reducing; irrigat$ and 
rectal, rectum, anal, transanal; smoking, tobacco 
smoke pollution, tobacco use disorder, tobacco, to-
bacco$, cigarette$, smok$, smoking cessation; toi-
leting, toilet$, toilet facilities; herbal medicine, plant 
extracts, drugs, Chinese herbal, plant preparations, 
plants, medicinal, medicine, Chinese traditional; 
carer, caregiver, spouse, family, families, famil*, 
parent$, caregiver burden, caregiver support, and 
nursing or care. All seemingly relevant abstracts 
were reviewed, then salient articles were retrieved 
and reviewed, and the reference lists searched for 
further studies. Results of the two searches were 
virtually identical.

3.  REVIEW OF EVIDENCE ON THE EFFECT 
OF EDUCATION AND LIFESTYLE CHANG -
ES ON FAECAL INCONTINENCE

a) Weight loss

Obesity	has	been	proposed	as	a	risk	factor	for	fae-
cal incontinence but the evidence is inconsistent. In 
2008, one study of the effect of weight loss after bar-
iatric	 surgery	 on	 faecal	 incontinence	was	 identiied	
with positive results. In the current review, results 
of two new studies are included, one using surgery; 
neither	showed	a	beneit	for	decreasing	faecal	incon-
tinence. The effect of a weight loss (i.e., dieting) ver-
sus a control (i.e., education) intervention, on reduc-
ing faecal incontinence, was compared in a subgroup 
analysis of 80 women with dual (faecal and urinary) 

incontinence who participated in a study examining 
the ability of weight loss to improve UI.[124] 

There	was	no	signiicant	difference	in	the	Faecal	In-
continence Severity Index (faecal incontinenceSI) or 
faecal incontinence type (i.e., consistency) between 
the weight loss and control groups. The 6 month in-
tervention focusing on dietary intake was not corre-
lated with a decrease in faecal incontinence. Wom-
en who showed improvement in faecal incontinence 
had a lower weight at baseline (89 kg) than those 
with no improvement in faecal incontinence or no 
faecal incontinence (97 kg). In one study of women 
who underwent bariatric surgery for morbid obesity 
(mean (sd) body mass index (BMI) = 48.9 (7.2) kg/
m2), there was a decrease in the prevalence of fae-
cal incontinence of solid or liquid stool from 19.4% 
preoperatively to 8.6% at 12 months (p=.018; 95% 
CI=	2.1–19.4%).[125]	 In	a	 later	 study	of	 193	mor-
bidly obese patients, bariatric surgery was not ben-
eicial	in	reducing	faecal	incontinence.[126]

Faecal incontinence was worse two years after gas-
tric bypass or gastric banding surgery than before 
surgery despite an average 48 kg weight loss in 
more than half of the patients. Worsened faecal in-
continence was attributed to diarrhoea that occurred 
postoperatively. When men and women were ana-
lyzed	 together,	 liquid	 stool	 was	 signiicantly	 more	
common after gastric bypass than gastric banding 
surgery,	a	inding	not	seen	when	either	gender	was	
analyzed separately. 

b) Smoking

Nicotine is thought to slow upper gut motility and 
increase total transit time,[127] but it seems that it 
can speed recto-sigmoid transit,[128] and this stim-
ulation of distal colonic motility may exacerbate a 
tendency	to	faecal	urgency.	This	its	with	many	an-
ecdotal reports that smoking a cigarette facilitates 
initiation of defaecation. No association has been 
found between antenatal smoking and postnatal 
faecal incontinence.[129] In a survey of 271 pairs 
of	 identical	 twin	 sisters,	 smoking	 was	 not	 signii-
cantly	related	to	faecal	incontinence	or	latus	incon-
tinence.[130] In a longitudinal observational study 
of community-living elderly men and women, smok-
ing was not predictive of prevalent or incident faecal 
incontinence.[131] No new or intervention studies 
were	identiied	in	the	current	literature	search.	

c) Medication side-effects

Medication	used	speciically	to	treat	faecal	inconti-
nence is covered in section 6 below. A vast number 
of drugs have direct or indirect effects on the gas-
trointestinal system, tending to cause constipation, 
diarrhoea, or either in different people. A case report 
was found reporting that a combination of olestra 
in the diet and orlistat given to treat obesity led to 
symptoms of faecal incontinence, which resolved 
when the olestra was stopped.[132] Patients report-
ing soiling while on treatment with orlistat for obesity 
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have been found to have pre-existing impaired ano-
rectal function, thus predisposing them to symptom 
development.[133] It is beyond the scope of this 
chapter to review drug effects in detail, and pre-
scribers should be aware of the possible unintend-
ed side-effect of faecal incontinence. A careful drug 
history (including all over the counter or “herbal” 
preparations) should be taken in each person with 
faecal	incontinence.	No	studies	were	identiied	that	
evaluated	 the	 beneits	 of	 patient	 or	 provider	 edu-
cation regarding the gastrointestinal side-effects of 
medications in the past or current literature search. 

d) Toilet facilities

An environment with physical or social obstacles 
may impair the ability to maintain continence. This is 
particularly relevant to individuals who have physi-
cal or mental disabilities. Environmental obstacles 
include toilet facilities that are physically inacces-
sible, too few, or distant, require obtaining a key or 
money to access, or are restricted to the public alto-
gether;	they	also	include	clothes	that	are	dificult	to	
manipulate in a hurry and a variety of other fac¬tors 
which vary with abilities of the individual. The toilet 
itself may be too high, leaving the feet dangling and 
thus	making	abdominal	straining	dificult.	The	toilet	
may	 be	 too	 low,	 making	 sitting	 and	 rising	 dificult	
for those with immobile hips. Commode use is re-
viewed in by Committee 20.

Public laws, such as those in some U.S. states that 
require businesses in public spaces that have toi-
let facilities to make them accessible for public use, 
reduce environmental obstacles to continence.[134] 

There are many adaptations that can be made to a 
toilet to facilitate access and stability in use.[135] 

Effective bowel evacuation is helped by sitting well-
supported, with feet slightly raised upon a small 
step stool if needed to enable appropriate use of 
abdominal effort, and leaning forward slightly.[136] 
Horizontal grab rails assist pushing up from a seat-
ed position, while vertical ones can enable pulling 
up. A raised seat or foot blocks can adjust the height 
as needed. For lateral transfer from a wheelchair, 
both seats need to be at the same height. Where 
it proves impossible for a person to use the toilet, 
alternative commodes or chemical toilets are avail-
able with appropriate features for the individual’s 
needs. No studies were found examining the effect 
of modifying the physical or social environment for 
toileting to manage faecal incontinence in the previ-
ous or current literature search.

e) Patient and care-giver education and attitudes 

The strongest data on education and lifestyle comes 
from	a	 single	RCT	 identiied	 in	 the	previous	 review.	
The study compared nurse-led education and advice 
about conservative faecal incontinence management 
(e.g., advice on diet, medication titration, and bowel 
retraining) alone or as part of a combined intervention 
that added exercises and/or biofeedback.[137] The 

education and advice group showed reduced frequen-
cy of faecal incontinence and was as effective as the 
combination	therapies.[137]	Other	support	for	the	ben-
eits	of	patient	education	comes	from	a	study	reported	
in abstract form [138] which showed that education 
and standard medical care, when provided systemati-
cally to a group of faecal incontinence patients, who 
had failed prior attempts at medical management, led 
to a successful outcome in 38%. Success in this trial 
was	deined	as	a	patient’s	report	that	they	had	experi-
enced adequate relief of bowel symptoms. 

An RCT of a nurse-led education-focused inter-
vention for bowel problems, in 146 stroke patients 
found that a single educational visit with a detailed 
information booklet increased patients’ help-seek-
ing from their family practitioner for bowel problems, 
demonstrating a heightened awareness of the pos-
sibility of treatment.[139] Education also changed 
diet	and	luid	behaviour,	up	to	one	year	later,	com-
pared to controls who received routine care. How-
ever, there was no difference in the rates of faecal 
incontinence between the intervention and control 
groups. No new studies using an education focused 
intervention to reduce faecal incontinence were 
identiied	in	the	current	literature	search.

For people with dementia or other severe intellectual 
impairments, expert opinion holds that the attitude 
and management methods adopted by care provid-
ers are as important as bowel function in maintaining 
continence.[139] An assessment checklist of toileting 
dificulties	 in	 individuals	with	 intellectual	disabilities,	
has been developed to identify the need for inter-
vention,	 and	 guide	 its	 focus,	 was	 identiied	 in	 the	
current literature search.[140] No controlled studies 
on managing faecal incontinence in this population 
were	found.	One	quasi-experimental	study	examined	
care-givers’ knowledge and compliance before and 
after an educational intervention.[141]

Forty home care-givers of people with dementia, 
over half of whom had some degree of faecal in-
continence,	 completed	 a	 study-speciic	 question-
naire before and after receiving a videotape and 
information booklet entitled, “A practical approach 
to maintaining bowel control in people with demen-
tia.” Ninety percent of the care-givers accessed 
the information and there was an improvement in 
post-intervention knowledge scores, measured on a 
55-point scale, with the mean score increasing from 
23 pre-test to 32 post-test (p=<0.001). However, it 
is not known if this improved knowledge translates 
into improved care or reduced faecal incontinence.

f) Complementary therapies

There have been no studies of the use of acu-
puncture,	 relexology,	 homeopathy	 or	 any	 other	
complimentary	 therapeutic	 approach	 identiied	 in	
the previous or current literature search. The use 
of cognitive therapy for managing incontinence has 
been proposed but not studied.[142]
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g) Summary of evidence on education and life -
style interventions in faecal incontinence

There is at present limited evidence for any lifestyle 
intervention for faecal incontinence. 

	 •		Educating	patients	and	caregivers	about	 their	
bowel function and faecal incontinence can im-
prove faecal incontinence (Evidence Level 5)

	 •		Obesity:	 no	 beneit	 from	weight	 loss	without	
surgery (Evidence Level 5) 	 and	 conlicting	
evidence about the effect of weight loss af-
ter bariatric surgery for morbid obesity (Evi -
dence Level 3)

	 •		Smoking:	 No	 association	 with	 faecal	 inconti-
nence (Evidence Level 3) ; no studies of effects 
of smoking cessation on faecal incontinence

	 •		Medication	side	effects	may	cause	faecal	 in-
continence related to diarrhoea (Evidence 
Level 4)

	 •		Environmental	 modiications	 in	 public	 facili-
ties or private homes to reduce faecal inconti-
nence (Evidence Level 4)

h) Recommendations for practice 

	 •		Medication	 side	 effects:	 consider	 alterna-
tives if causing diarrhoea (Recommendation 
Grade C)

	 •		Ensure	 appropriate	 toilet	 facilities	 and	 con-
venient access especially for people with dis-
abilities (Recommendation Grade C)

	 •		Improvement	in	education	of	patient	(Recom -
mendation Grade B/C) , and of carer (Rec-
ommendation Grade C)

	 •		Complementary	 therapies	 cannot	 be	 recom-
mended: no evidence (Recommendation 
Grade D)

There	is	insuficient	evidence	to	recommend	or	dis-
courage	most	 lifestyle	modiications	 either	 for	 the	
prevention or treatment of faecal incontinence. The 
committee recommends patient education about 
the causes of faecal incontinence and a systematic 
effort to remove barriers to effective toileting, as an 
intervention	that	is	likely	to	be	beneicial,	based	on	
the consensus of experts (Evidence Level 3 evi -
dence) . This may be provided at relatively low cost 
and	involves	no	signiicant	risk	to	the	patient.

i) Recommendations for research 

	 •		Based	on	encouraging	preliminary	reports	that	
patient education, combined with conserva-
tive management, can reduce the frequency 
of faecal incontinence, we recommend further 
research. An RCT may not be possible, due 
to the challenge of identifying a suitable con-
trol for expectancy and attention, but a study 

which	demonstrates	a	sustained	beneit	from	
a limited educational intervention (provided to 
patients or caregivers), would provide useful 
guidance for clinical management. 

	 •		Further	investigation	of	the	beneits	for	faecal	
incontinence of weight reduction, especially in 
moderately obese patients, using non-surgi-
cal interventions

	 •		Exercise	 programmes,	 when	 incorporated	
into a multi-component intervention, have 
produced promising preliminary results and 
should be tested further. Such trials should 
differentiate between constipation-associated 
faecal incontinence and diarrhoea-associated 
faecal incontinence, as exercise may be more 
beneicial	to	the	former	group.

	 •		Evaluation	 of	 the	 incremental	 or	 additive	
value of different lifestyle interventions in the 
patient pathway.

	 •		Research	on	the	contribution	of	complemen-
tary therapies.

1. INTRODUCTION

Community-living adults and elderly individuals, es-
pecially women, report that they manipulate their diet 
and eating patterns as a strategy for managing their 
faecal	incontinence.[143-145]	Dietary	manipulation	is	
employed by the approximately 20% of patients with 
irritable bowel syndrome (IBS) who also have faecal 
incontinence [122,146] and by the approximately 19% 
to	40%	of	patients	with	 inlammatory	bowel	disease	
who have faecal incontinence.[122,147-151] Empiri-
cal observations of a suspected relationship between 
diet and changes in bowel pattern are not limited to 
faecal incontinence but have been reported by, in-
dividuals with constipation, those with IBS with con-
stipation (IBS-C) and some healthy individuals, and 
together with physiological principles of gastrointes-
tinal (GI) function, supported an investigation of the 
evidence and discussion of possible mechanisms.

2. LITERATURE SEARCH 

The following databases were searched for studies 
to include in this review of dietary interventions for 
faecal	 incontinence	 management:	 EBSCOhost®	
databases including Academic Search Premier, Alt 
HealthWatch, Health Source: Nursing/Academic 
Edition,	 CINAHL	 2008-November,	 2011	MEDLINE	
2008-Nov, 2011, and EMBASE 2008-Nov, 2011. 
The Cochrane library and a recent systematic re-
view of the epidemiology and prevention of urinary 
and faecal incontinence [140] was also reviewed.

The following terms were searched: anal, anorec-
tal, bowel, faecal, faecal, rectal, stool, continent or 

V. DIET AND FLUIDS 
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incontinent, with diarrhea, diarrhoea, digestive or 
digestive disease with : alcohol, ethanol, alcohol-
ism, alcoholic beverages, ethanol, drinking; bever-
ages,	 luid,	 luid	 intake;	 liquid,	water;	 coffee,	 caf-
feine, cola; diet, dietary therapy, diet, eat, intake, 
consum and fat or lipid, diet+, diet low carbohy-
drate, diet fat-restricted, diabetic diet, macrobiotic 
diet,	restricted	diet+,	diet	gluten-free;	dietary	ibre,	
iber,	ibre	and	also	with	constipation;	lactose,	lac-
tose intolerance, lactose tolerance, lactose toler-
ance test, lactose factors, lactose synthase, dairy, 
dairy products, milk; prebiotic, probiotic, symbiotic; 
oligofructose, oligofructose, oligosaccharides, 
fructans, fructose, fos, fructooligosaccharide; sor-
bitol, glucitol, isosorbide, meglumine; spice, spicy, 
hot;	 yogurt,	 biidibacteria,	 Biidobacterium,	 Lacto-
bacillius acidophilus, acidophil. All seemingly rele-
vant abstracts were reviewed; then salient articles 
were retrieved and reviewed, and the reference 
lists of these articles searched for further studies.

a) Criteria for considering studies for this review

	 •	Types	of	studies	

Only	 studies	 in	 the	 English	 language	 were	 re-
viewed. Systematic reviews and meta-analyses of 
randomised controlled trials and full-length manu-
scripts reporting individual studies published in a 
peer-reviewed journal were considered. 

	 •	Types	of	study	participants	

Studies that involved people who were 18 years or 
older, had faecal incontinence, and received a di-
etary intervention were included. People who were 
tube-fed or had an intestinal ostomy of any type 
were ineligible. 

	 •	Types	of	dietary	interventions	

A	 dietary	 intervention	was	 deined	 as	 any	 type	 of	
food,	 supplement,	 dietary	 product,	 or	 luid	 that	 is	
purposefully consumed or restricted, limited or 
avoided to manage faecal incontinence. Studies 
were excluded if it was not possible to distinguish 
any direct effect of the dietary intervention from 
other interventions introduced simultaneously. For 
example, a study was excluded if it combined pelvic 
loor	muscle	training	and	a	dietary	intervention	and	
compared it to another intervention such as drug 
therapy making it impossible to determine the effect 
of the dietary intervention alone. 

	 •	Types	of	outcome	measures	

A change in faecal incontinence was required to be 
a primary outcome measure of the studies. Studies 
which focused primarily on the outcomes of stool 
consistency or form, stool amount, volume or bulk, 
defecation frequency, diarrhoea, or constipation, 
without including any measure of faecal inconti-
nence, were excluded. 

	 •	Method	of	review

The reviewers examined the list of citations and ab-
stracts yielded from the electronic search strategy. 
Potentially relevant papers were retrieved in full 
text. The reviewers were not blind to the journal ti-
tles,	authors’	names	or	their	institutional	afiliations.	

3. REVIEW OF EVIDENCE ON DIET AND FLUIDS

a) Diet modiication

Studies	of	diet	modiication	primarily	used	observa-
tional survey or qualitative research methods and 
provide background and rationale for examining 
the	effects	of	diet.	One	new	descriptive	study	with	
a	 large	 sample	 size	 was	 identiied	 in	 the	 current	
literature search. Findings support those of earlier 
studies. A survey about faecal incontinence and 
self-care practices, administered to 1,352 commu-
nity-living elderly people, showed that many of the 
respondents changed their diet and skipped meals 
as a management strategy for faecal incontinence. 
Changing	 diet	 was	 a	 signiicantly	 more	 common	
practice among women (35.4%) compared to men 
(12.5%).[144] 

A qualitative interview of 10 women with faecal 
incontinence revealed that some avoided eating 
anything on days they were going to be away from 
home or restricted the amount eaten while out in 
public. [145] Many also restricted foods that they 
thought worsened faecal incontinence (for example, 
fried or spicy foods or caffeinated beverages and 
chocolate),	or	foods	that	increased	latus	(for	exam-
ple, cabbage, onions); a few purposely ate certain 
foods as a therapy to decrease faecal incontinence 
(for example, yogurt). Using a trial and error ap-
proach, women with faecal incontinence often modi-
ied	their	diet	based	on	recommendations	for	other	
gastrointestinal problems (e.g., lactose intolerance 
and IBS) that were available in the professional or 
lay literature. [145] Interviews of 189 community liv-
ing men and women showed similarities with pre-
vious reports regarding aggravating types of foods 
that are restricted to lessen faecal incontinence. 
[152] In order of frequency these were: vegetables, 
spicy foods, fruits, fatty or greasy foods, caffeine 
containing foods, and dairy. More women (40%) 
than men (18%, p=.008) avoided foods. There were 
also differences by age. Younger adults were likely 
to report that fatty foods and alcohol worsened their 
faecal incontinence. Individuals with faecal inconti-
nence	also	modiied	how	they	prepared	food	prefer-
ring blander and baked foods. 

The	 effectiveness	 of	 these	 diet	 modiications	 was	
unmeasured and described as variable. Concerns 
of	diet	manipulation	are	nutritional	deiciencies	and	
subsequent poor health. However, Bliss et al. [7] 
found	 few	 signiicant	 differences	 in	 the	 nutritional	
composition of usual diets of persons with faecal in-
continence compared to the usual diets of age and 
gender matched controls with normal bowel function. 
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Those faecal incontinence had a greater intake of 
carbohydrates, manganese, and vitamin B1. 

b) Fluids

Faecal incontinence occurs in association with 
faecal impaction or constipation, mainly in elderly 
residents in long-term care institutions.[153,154] 
General clinical recommendations for faecal in-
continence management in these cases are for an 
adequate	 intake	of	luid	 to	prevent	hard	stool	con-
sistency and constipation (See Chapter 11). Some 
community-living	 individuals	 report	 increasing	luid	
intake especially when faecal incontinence is loose 
or	 liquid	 to	 replace	additional	 luid	 lost.[145]	How-
ever, there are no research-based data to support 
the	 recommendation	 of	 increased	 luids	 either	 for	
constipation or for faecal incontinence, and there 
is no evidence that the diets of patients with faecal 
incontinence	or	constipation	are	deicient	in	luids.	

c) Lactose, yogurt, sorbitol, fructose, caffeine, 
and alcohol

Certain dietary components such as lactose, sor-
bitol, fructose, caffeine, and alcohol may cause 
loose stools that can potentially aggravate faecal 
incontinence.	A	deiciency	of	the	intestinal	enzyme,	
lactase, prevents hydrolysis of the disaccharide 
lactose and its absorption. The presence of lactose 
creates an osmotic shift of intestinal water into the 
small intestine and speeds transit. In the large in-
testine, fermentation of lactose by colonic bacteria 
may	result	in	latulence,	distension,	diarrhoea,	and	
cramps. However, the majority of adults who have 
lactase	 deiciency	 can	 tolerate	 a	 small	 amount	 of	
lactose in foods.[155] Yogurt is usually well toler-
ated by lactose maldigesting individuals because 
the lactose is partially digested by the beta-galac-
tosidase of the bacteria used to ferment the yogurt. 
However, yogurt has not been found to aid the di-
gestion or tolerance for additional lactose simulta-
neously consumed with it.[156] 

Due	 to	 its	 prevalence	 in	 approximately	 two-thirds	
of the world’s population, hypolactasia is currently 
regarded as a normal physiological pattern rather 
than a disease.[157] The prevalence ranges from 
highs of nearly 100% in some Asian countries and 
70% in Italy to lows of 2% in Scandinavia and 15% 
in U.S. Whites.[158] Malabsorption of fructose and 
sorbitol results in osmotic diarrhoea and adverse 
symptoms, similar to lactose. A diet, reduced in 
fructose and sorbitol content, is suggested for some 
patients with irritable bowel syndrome to reduce 
adverse GI symptoms.[159] No studies in the cur-
rent	 literature	 search	 on	 the	 effect	 of	modiication	
of intake of lactose, sorbitol, or fructose, on faecal 
incontinence were found.

Caffeine, of which coffee is a popular source, induc-
es a desire to defecate.[160-164] Caffeine has also 
been observed to stimulate defaecation urgency in 
some patients with faecal incontinence.[131] How-

ever, regular consumption of coffee was not associ-
ated with prevalent or incident faecal incontinence in 
elderly men and women.[131] No studies were found 
on caffeine restriction to improve faecal incontinence.

Chronic consumption of alcohol has been associ-
ated with accelerated gastric emptying and small 
bowel transit in animal studies whereas a single 
large dose has an inhibitory effect on these param-
eters.[165-167] Excessive alcohol consumption 
leads to damage to the duodenal and upper jejunal 
mucosa and inhibition of sodium and water absorp-
tion. There is an increased prevalence of bacte-
rial overgrowth in the small intestine of alcoholics, 
which may contribute to loose stools, diarrhoea, in-
continence, and other GI symptoms.[168] No stud-
ies were found in which alcohol restriction was re-
ported to reduce faecal incontinence. 

d) Prebiotics, probiotics, and synbiotics

A prebiotic is a general term describing a food ingre-
dient that is not digested in the human small intes-
tine and thus stimulates the growth and/or activity 
of one or more types of bacteria in the colon that 
have the potential to improve the health of the host. 
Because of its ability to stimulate growth of bacte-
ria	 in	 the	 colon,	 dietary	 ibre	 can	be	considered	a	
prebiotic. Fructo-oligosaccharides and galacto-oli-
gosaccharides are popular prebiotics. A probiotic is 
a food supplement containing live non-pathogenic 
and non-toxic microbes that have the potential to 
affect the balance of colonic microbes and thereby 
improve	 the	 host’s	 health.	 Biidobacteria	 and	 lac-
tobaccilli are the most commonly used probiotics, 
and yogurt which has active microbial cultures can 
be considered a probiotic. A synbiotic refers to a 
product that combines a prebiotic and probiotic. 
Probiotics have been investigated for their ability to 
prevent or reduce diarrhoea associated with antibi-
otics,	 Clostridium	 dificile	 infection,	 ulcerative	 coli-
tis, acute infant dehydration due to diarrhoea and 
in treating Heliobacter pylori infections.[169,170] 

However, there are no published data on the use of 
probiotics or synbiotics to treat faecal incontinence.

e) Dietary ibre 

1. BACKGROUND

Dietary	 ibre	 is	 the	 non-starch,	 polysaccharide	
component of plant cell walls and lignin that re-
sists digestion by human intestinal enzymes.[171] 
In a recent study of weight loss for incontinent and 
overweight women, analysis of a subsample of 55 
women with faecal incontinence showed that those 
with faecal incontinence were 2.5 times as likely to 
have	a	 low	ibre	 intake	 (≤	10	g/d)	 than	 those	with-
out faecal incontinence.[124] Moreover, persons with 
normal bowel function, who had diarrhoea induced 
by administration of phenolphthalein, reported that 
they had fewer days with urgency to defaecate, or 
fear of faecal incontinence, when they ingested the 
soluble	ibre	psyllium	compared	to	wheat	bran,	cal-
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cium polycarbophil, or placebo in an unblinded man-
ner.[172]	On	 the	other	hand,	 there	are	 reports	 that	
dietary	ibre	may	exacerbate	 faecal	 incontinence	 in	
some patients. It has been observed that some pa-
tients	with	faecal	incontinence	beneit	from	moderat-
ing their intake of foods containing largely insoluble 
ibre,	such	as	whole	grain	breads	and	cereals,	nuts,	
beans, fruits and vegetables with skin, and sweet 
corn.[173] Moreover, one clinical letter reported that 
treating constipation in elderly immobile people with 
a	supplement	of	insoluble	ibre	and	bran,	resulted	in	
faecal	incontinence	in	half	of	them.[174]	Thus,	ibre	
supplements	appear	to	beneit	diarrhoea-associated	
but not constipation-associated faecal incontinence. 
Larger studies are needed to determine the indica-
tions	and	overall	eficacy	of	dietary	supplements	for	
faecal incontinence.

Adverse gastrointestinal (GI) symptoms are a poten-
tial problem mediating tolerance of dietary interven-
tion,	 including	 dietary	 ibre	 supplementation,[175]	
but few studies have examined this outcome sys-
tematically. In a recent secondary analysis of a larg-
er trial that compared the symptoms associated with 
supplementation	of	16g	of	iber	from	psyllium,	gum	
arabic, or CMC supplements to placebo among 189 
community living adults living with faecal inconti-
nence, the severity of symptoms in all groups was 
minimal.[176] Adjusting for study segment and day, 
a greater feeling of fullness in the psyllium group 
was the only symptom that differed from symptoms 
in the placebo group. However, subjects with great-
er symptom severity, especially a feeling of fullness 
or bloating, were more likely to request a reduction 
in	 the	 amount	 of	 ibre	 to	 be	 ingested	 or	 withdraw	
from the study, across groups. There was a positive 
association between symptom severity and being 
emotionally upset.

2. REVIEW OF EVIDENCE ON DIETARY FIBRE 

There are four studies investigating the effect of di-
etary	 ibre	 for	 managing	 faecal	 incontinence.[177-
180] Two are RCTs [177,178] and were included in 
the previous review (Table 1 ).	The	methods	and	ind-
ings of these previously reported studies differed. In 
three	of	the	four	studies	of	dietary	ibre	for	faecal	in-
continence	in	this	review,	dietary	ibre	was	adjunctive	
to other therapies.[177,179,180] In two of those stud-
ies,	dietary	ibre	was	the	initial	treatment	of	a	staged	
intervention [179,180] and, in the third study, dietary 
ibre	was	added	to	antimotility	medication	in	an	RCT	
design.[177] In the fourth study,[178] supplementa-
tion	with	one	of	 two	 soluble	dietary	 ibres	of,	mod-
erate (psyllium) or high fermentability (gum arabic), 
was compared to placebo in an RCT design. 

In one RCT,[178] subjects were community-living 
adults living in the United States with incontinence 
of loose or liquid stools. The intervention was sup-
plementation	with	one	of	two	soluble	dietary	ibres	
of moderate (psyllium) or high fermentability (gum 
arabic) compared to placebo. This study provided 

Evidence Level 1 evidence suggesting that dietary 
ibre	 can	 reduce	 the	 percentage	 of	 incontinent	
stools. The percentage of stools that had a loose/
liquid	consistency	was	also	signiicantly	lower	in	the	
ibre	groups.[178]

Lauti et al.[177] investigated two combination treat-
ments consisting of an antimotility medication, a diet 
advice	sheet	for	a	high	or	low	ibre	diet,	and	a	ibre	
supplement or placebo in an RCT design. Subjects 
were outpatients of a colorectal service in Australia 
who were incontinent of mucus, liquid, or solid stools 
(i.e., this study was not limited to patients with fae-
cal incontinence of loose or liquid stools). Results 
showed	no	additional	beneit	of	a	dietary	ibre	sup-
plement	and	advice	for	a	high	vs.low	ibre	diet,	over	
use of the antimotility medication, loperamide, for re-
ducing	incontinence	of	latus,	mucus	or	solid	or	liquid	
stool.[177] This study had a low level of control of 
threats	to	internal	validity	and	intervention	idelity.	

Two	studies	included	dietary	ibre	as	part	of	a	staged	
intervention and used a non-randomized design.
[179,180] In one study using a tailored staged inter-
vention,[179] female outpatients with faecal inconti-
nence of either liquid or solid faeces, who agreed to 
follow the intervention, were instructed to consume 
one heaped tablespoon of methylcellulose twice per 
day that could be increased to two heaped table-
spoons as needed. If faecal incontinence did not 
cease within two weeks, the women were instructed 
to add one capsule of loperamide twice a day that 
could be increased up to two capsules three times 
per day as needed. Fluid intake was also regulated 
by subgroups: those with solid stool were instructed 
to drink 60 ml per day (doesn’t seem much!) and 
those with liquid stool were to avoid drinking 30 min-
utes before and after every meal. The control group 
was comprised of women who did not agree to fol-
low the intervention but who agreed to report follow-
up data. faecal incontinence was cured in 46% of 
women in the intervention group and none in the 
control group.[179] 

In another study, 50 consecutive patients (41 men) 
who had faecal soiling and normal sphincter function 
were recruited from two clinics in the Netherlands, 
and 47 completed the protocol.180 For two months, 
patients	 consumed	 3.25	 g	 psyllium	 ibre	 per	 day	
and	a	ibre	rich	diet.	Patients	with	persistent	faecal	
soiling added rectal irrigation using 500 ml of tap 
water daily for two months. Patients whose faecal 
soiling continued added 4 g of cholestyramine daily. 
Faecal soiling resolved completely in 79% (37/47) 
of patients. In 12 patients (24%), soling resolved af-
ter	psyllium	supplementation	alone.	Of	the	37	who	
added rectal irrigation to psyllium supplementation, 
24	(48%	of	50)	resolved	soiling.	Of	the	remaining	11	
who added cholestyramine to psyllium supplemen-
tation rectal irrigation, 2 (2% of 50) resolved soiling.

One	 study	 of	 institutionalized	 frail	 elderly	 showed	
that treating faecal impaction or constipation using 
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Table 1: Randomised Trials Using Dietary Fibre to Manage Faecal Incontinence

Study

Bliss et al.[178]

Lauti et al.[177]

Design and sample Intervention and Outcomes Findings Strengths Limitations

Randomised, parallel-
group, placebo-controlled, 
single blind trial

Subjects, statistician, lab 
technician, and subjects’ 
clinicians were blinded.  
39 adults (79% female) 
completed study

Subjects had faecal 
incontinence of loose or 
liquid stool at least weekly.  
A block scheme resulted in 
equal numbers (n=13) in 
each group.  

Groups’ characteristics 
were comparable at 
baseline.  

The inclusion and exclusion 
criteria were reported.  

Sample size was based on 
a power analysis.

Data collection interval 
during the baseline and 
intervention was equal.  
There were attempts to 
control concomitant 
treatments, e.g., no subject 
was also doing biofeed-
back.
Supplements were 
pre-mixed and ready-to-take.  

95% of subjects completed 
the study and reasons for 
attrition were reported.
Standard lab measures 
were used.  

Details of the procedures 
for random assignment and 
allocation concealment 
were not provided.  

Although adequately 
powered, small group sizes 
reduce generalizability of 
indings.

Period and sequence 
effects were not reported 
prior to combining all 
subjects on Treatments A or 
B for analysis.

Attrition resulted in low 
statistical power.

There was no theoretical or 
physiological rationale for 
use	of	dietary	ibre	for	
leakage of mucus or solid 
stools.  

Subjects  mixed their own 
ibre	supplements	and	
intake was uncontrolled.  

Doses of the anti-motility 
medication and supposito-
ries for constipation were 
uncontrolled.

A power analysis was used 
for sample size calculation.

Independent pharmacists 
dispensed the treatments.

The interval for data 
collection during both 
treatments was the same.
 
75% of subjects completed 
the study protocol and 
reasons for attrition were 
reported.

Proportion of incontinent 
stools in psyllium or gum 
arabic groups was 
signiicantly	lower	than	
placebo.

Percent of  
loose/unformed or liquid 
stools in psyllium or gum 
arabic groups was 
signiicantly	lower	than	
placebo.

The water-holding 
capacity of stool solids 
was highest for the 
psyllium group.

No	signiicant	
differences among the 
groups in other 
measures.  

67%	of	treatment	A	ibre	
and 73% of treatment B 
ibre	were	taken.
 
The mean difference in 
the FISI score between 
treatments was not 
statistically	signiicant.		

Intervention was one of the following 
soluble	ibre	supplements	mixed	into	
fruit juices: 7.1g of psyllium/d, 21.5 g 
of gum arabic/d, or placebo (0.2 g 
pectin/d).

Supplements taken for 31 days in 
addition to usual diet
Subjects reported faecal inconti-
nence daily on a stool diary for 8 d in 
each period 
Primary measure was the proportion 
of incontinent stools.
Secondary clinical measures were 
stool consistency and frequency, 
and	latulence	reported	daily.

Secondary lab measures were stool 
wet and dry weights, % of water,  
pH,		total	ibre	content,	water-holding	
capacity of stool solids, and faecal 
short chain fatty acids.
Treatment A: self-titrated dose of 
loperamide (starting at 2 mg 
twice/d), 1 teaspoon of a food 
thickener containing starch, 
maltodextrin, and locust bean gum 
twice/d, and a diet advice sheet 
about	a	low-ibre	residue	diet.

Treatment B: same self-titrated dose 
of loperamide, one teaspoon of 
psyllium	ibre	in	water	twice/d,	and	a	
diet advice sheet about a high and 
low	iber	residue	diet.		

Treatments were for 6 weeks each

Primary measure was self-reported 
anal incontinence for the last 4 weeks 
of each treatment using a faecal 
incontinence severity index (FISI).  

Secondary clinical measures were 
faecal incontinence quality of life 
(FIQL) and  SF-36, a measure of 
general health.

Double-blind, randomized, 
cross-over design using 
blocks of 10

63 adults with inconti-
nence of mucus, or liquid 
or formed stools.  
started study: Treatment A 
= 31 and B = 32

49 crossed-over 
Treatment A = 27 and B = 
22

47 subjects (91% female) 
completed the study
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lactulose, a nondigestible sugar with osmotic prop-
erties, and a laxative or enema did not reduce fae-
cal incontinence, [181] but no studies were found 
treating faecal incontinence associated with consti-
pation in non-institutionalized adults. 

3. SUMMARY OF EVIDENCE 

Patients consider diet a factor affecting the severity 
of their faecal incontinence and they use diet modi-
ication	as	a	self-care	strategy	(Evidence Level 3) . 
Dietary	ibre	supplementation	appears	to	be	a	safe	
and tolerable intervention that reduces faecal incon-
tinence of loose stools (Evidence Level 1) . How-
ever,	indings	about	its	effectiveness	when	added	to	
an anti-motility medication differ (Evidence Level 
2).	Dietary	 ibre	 as	 an	 adjuvant	 to	 rectal	 irrigation	
can reduce faecal incontinence (Evidence Level 3) . 

4. RECOMMENDATIONS FOR PRACTICE 

	 •		Soluble	dietary	ibre	 is	recommended	for	the	
management of faecal incontinence especial-
ly when stool consistency is loose or liquid. 
(Recommendation Grade B) . 

	 •			Soluble	dietary	ibre	is	recommended	as	part	
of a combination therapy involving rectal irri-
gation (Recommendation Grade B). 

	 •		No	recommendations	about	the	use	of	dietary	
ibre	as	an	adjuvant	to	antimotility	medications	
can	be	made	because	evidence	is	conlicting	
and study methods vary in quality. (Recom -
mendation Grade B)

	 •		The	effectiveness	of	food	restrictions,	timing	of	
eating	schedules,	and	modiications	of	eating	
patterns and food preparation on reducing fae-
cal incontinence should be evaluated for their 
usefulness. (Recommendation Grade C)

	 •		Patients	 should	 be	 asked	 about	 dietary	 re-
strictions and meal skipping to assess nutri-
tional impact especially in groups who may be 
at higher risk for malnutrition. (Recommen -
dation Grade C)

5. RECOMMENDATIONS FOR RESEARCH 

Further	 studies	 on	 the	 effect	 of	 dietary	 ibre	 and	
other	diet	modiications	on	faecal	 incontinence	are	
encouraged to build a greater body of evidence:

	 •		Determine	the	optimal	type	and	amount	of	ibre	to	
use	for	faecal	incontinence	as	dietary	ibres	differ	
in their chemical composition and properties

	 •		Determine	 the	 extent	 to	 which	 a	 dietary	 in-
tervention can augment other behavioural 
interventions,	such	as	pelvic	loor	muscle	ex-
ercises or bowel training, needs further study. 

	 •		Assess	the	effect	of	modifying	usual	diet	and	
eating pattern as a management strategy for 
faecal incontinence

	 •		Assess	 the	 role	 of	 speciic	 foods,	 caffeine,	
and alcohol in the management of faecal in-
continence 

	 •		Assess	 ability	 of	 ibre	 and	 luid	 in	 relieving	
constipation related faecal incontinence

There are several recommendations for methodologi-
cal rigour in future studies. Theory-based, adequately 
powered, controlled trials are sought. Studies should 
control for variability in an individual’s baseline se-
verity of incontinence and any adjuvant therapies. In 
staged interventions, the effect of the order of dietary 
ibre	 and	 other	 components,	 should	 be	 assessed.	
Monitoring adherence to the dietary intervention and 
intervention	idelity	are	recommended.	A	common	set	
of outcome measures that includes tolerance to diet 
interventions is recommended. Reporting outcomes 
of faecal incontinence in addition to those of anal in-
continence	 (which	 incorporates	latus	 incontinence)	
is recommended.

 

 

1. BACKGROUND

Bowel management programmes are used by indi-
viduals with constipation and although constipation 
is a risk factor for faecal incontinence in children 
and older people, it has not been found to be a con-
sistent risk factor for faecal incontinence in adults 
of other ages. Committees 9 and 11 have reviewed 
the evidence for bowel retraining programmes in 
children and older adults, respectively. Bowel man-
agement after spinal cord injury also involves other 
bowel problems in addition to faecal incontinence, 
such as constipation or incomplete evacuation; 
therefore, combinations of therapies for both faecal 
incontinence and constipation are common. Few 
bowel management approaches have been tested 
for their effectiveness for faecal incontinence only 
in adults with non-neurogenic faecal incontinence. 
Any studies found which addressed bowel man-
agement or training for multiple bowel problems 
in adults with non-neurogenic faecal incontinence 
that did not separate results for faecal incontinence, 
were excluded from this review.

2. SEARCH

The following keywords were searched: anal, ano-
rectal, bowel, faecal, faecal, rectal, stool and conti-
nent or incontinent, or diarrhea, diarrhoea and the 
relevant lifestyle or intervention term: bowel and 
train or retrain; digital and stimulat); crede or mas-
sage; enema; and suppository, toileting, toile, toilet 
facilitiest. The following databases were searched: 
EBSCOhost®	databases	including	Academic	Search	
Premier, Alt HealthWatch, Health Source: Nursing/
Academic Edition, CINAHL 2008-November, and 
2011	MEDLINE	2008-	Nov,	2011	The	Cochrane	library	
and a recent systematic review of the epidemiology 

VI. BOWEL MANAGEMENT AND RE-
TRAINING PROGRAMMES
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and prevention of urinary and faecal incontinence was 
also reviewed.[123] 

All seemingly relevant abstracts were reviewed, 
after which salient articles were retrieved and re-
viewed, and the reference lists searched for further 
studies. Studies that included patients with a vari-
ety of bowel disorders, but did not report results of 
bowel management/retraining for patients with fae-
cal incontinence separately, were excluded. Studies 
in which results of retrograde irrigation were not re-
ported separately from those of antegrade irrigation 
were also excluded. 

3.  REVIEW OF EVIDENCE ON BOWEL 
MANAGEMENT AND RETRAINING PRO -
GRAMMES

a) Bowel habit and toileting

Expert opinion supports the importance of attempting 
to establish a regular, predictable pattern of bowel 
evacuation by patient teaching and adherence to a 
routine.[121,182] Because peristaltic contractions of 
the colon, that are associated with defaecation, in-
crease in frequency following awakening from sleep 
and following meals,[183,184] the period after break-
fast is the best time for scheduled defaecation. No 
studies of bowel habit training or regular toileting in 
non-institutionalised adults with mobility or cognitive 
limitations, or with normal cognitive function, were 
found in the current literature search. 

b) Resisting urgency

The strong sensation of urgency to defecate is fre-
quently associated with diarrhoea, and it is a rec-
ognized risk factor for faecal incontinence in adults.
[185] In contrast to urinary incontinence, particu-
larly the overactive bladder syndrome (Committee 
14), for which a body of knowledge has developed 
on	the	eficacy	of	bladder	training	techniques	(i.e.,	
voiding	at	speciic	intervals	rather	than	in	response	
to urge and deferment techniques), the possibility of 
bowel retraining for resisting urgency to defaecate 
is relatively unexplored. Some biofeedback proto-
cols focus on altering rectal sensory thresholds as 
discussed below. 

In the previous review, one RCT[173] that com-
pared patients who received education, including 
urgency resistance techniques and dietary advice, 
to a group of patients who received the same train-
ing plus anal sphincter exercises with or without 
home	 or	 clinic	 biofeedback	 showed	 no	 signiicant	
difference in outcomes.[137] No new studies of re-
sisting urgency to reduce faecal incontinence were 
identiied	in	the	current	search.

c) Evacuation training

A	common	factor	in	the	genesis	of	pelvic	loor	prob-
lems may be chronic straining with perineal descent 
from	constipation;	this	may	lead	to	pelvic	loor	dam-
age (direct or neurological),[186,187] and may be 

associated with pelvic organ prolapse or UI or fae-
cal incontinence. In one small study, women who 
reported straining were more likely to develop urog-
ynaecologic symptoms such as prolapse and stress 
urinary incontinence.[188] However, straining has 
not been shown to be a risk factor for faecal inconti-
nence.	No	studies	were	identiied	in	the	previous	or	
current search that examined the effect of decreas-
ing straining on preventing or treating faecal incon-
tinence in non-institutionalised adults.

Clinically, many patients with faecal incontinence 
are taught evacuation techniques or are encour-
aged to use laxatives, suppositories or enemas in 
an attempt to ensure that the rectum remains empty 
most of the time, thus giving less chance of faecal 
incontinence. This is known to improve continence 
in children (Committee 9) and elderly patients 
(Committee	11).	One	RCT	of	 a	 combination	 treat-
ment package for faecal incontinence in adults in-
cluded training on evacuation techniques and noted 
that patients reported improved ease of evacuation 
after treatment.[137] No separate data on faecal in-
continence were presented. No new studies were 
found	 utilising	 speciic	 evacuation	 training	 to	 treat	
faecal incontinence in younger adults in the current 
literature search. 

Committee 10 has reviewed the evidence for digital 
rectal stimulation and manual evacuation in patients 
with neurogenic faecal incontinence. The use of these 
techniques to assist complete evacuation in non-neu-
rological populations has not been evaluated. 

d) Rectal irrigation

Irrigation of the lower bowel has been used for many 
years to manage both faecal incontinence and consti-
pation by patients with spinal cord damage (Commit-
tee 10). Surgical construction of a portal for antegrade 
irrigation is covered by Committee 17. Various equip-
ment has been used for retrograde irrigation, including 
a stoma irrigation cone held in place manually against 
the anus;[189,190] a mechanical pump[191] and spe-
ciically	designed	anal	 irrigation	equipment.[192,193]	
Rectal irrigation for faecal incontinence secondary to 
spina	biida	is	common.[192]

Five studies that investigated rectal irrigation for fae-
cal incontinence and met the criteria were found in 
the current literature review. Three of the studies ex-
amined the effect of rectal irrigation in patients whose 
faecal incontinence did not improve after using other 
conservative therapies.[194-196] Three studies had 
an observational design [180,194,197] and two stud-
ies reported results of one group before and after 
using	 rectal	 irrigation.[196,198]	One	study	 included	
rectal irrigation as part of a staged intervention along 
with	dietary	ibre,[180]	and	two	studies	allowed	addi-
tion	of	other	therapies	such	as	laxatives	or	dietary	i-
bre on an uncontrolled basis.[196,198] Sample sizes 
were small in all studies and none used a random-
ized between groups design. 
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The effects of rectal irrigation using tap water for a 
mean duration of 18 months to treat faecal incon-
tinence were reported in one study of 32 patients 
who had faecal soiling (n=16) or faecal incontinence 
(n=16) (the distinction between the two conditions 
was	 not	 deined).[197]	 Overall,	 approximately	 half	
(57%) of subjects reported improvement of faecal 
incontinence on a questionnaire; improvement was 
less in those with faecal incontinence (38%) com-
pared to those with faecal soiling (79%). Ten patients 
discontinued rectal irrigation after 1 month due to 
lack	of	beneit,	adverse	symptoms	or	time	required.	

In a survey of patients with a variety of different bowel 
disorders, retrograde colonic irrigation was observed 
as being effective in reducing soiling in 41% of 32 
individuals and reducing faecal incontinence in 47% 
of 71 persons.[194] However, irrigation was discon-
tinued by 67% of those with soiling and 17% of those 
with	faecal	incontinence	despite	a	beneit.	Reasons	
for discontinuation included the time required, dif-
iculties	 with	 the	 irrigating	 procedure,	 and	 inconti-
nence	of	irrigation	luid	later	in	the	day.	

One	 prospective	 study	 followed	 18	 patients	 with	
faecal incontinence who used a rectal irrigation 
pump and tap water. Subjects could add soap to 
the	 irrigation	 luid	 and	 take	 laxatives	 or	 dietary	 i-
bre as needed.198 Six patients added psyllium di-
etary	ire	and	three	added	medications.	Compared	
to baseline Parks incontinence scores (3.6 (0.50 
SD)),	faecal	incontinence	signiicantly	decreased	at	
3 months (2.3 (1.03)), 6 months (2.7 (1.3)) and one 
year (1.6 (.92)). Eleven patients (61%) were consid-
ered “pseudo” continent at 3 months. 

A prospective study of a nurse practitioner-led rec-
tal irrigation program for adult and pediatric patients 
(age = 52 (5-85 mean (range) years)) with function-
al bowel disorders included 51 adult patients with 
predominant faecal incontinence.[196] faecal incon-
tinence symptoms were reported on a non-validated 
linear analogue scale at the start and after an aver-
age of 42 months using rectal irrigation with water, 
plus laxatives if needed. faecal incontinence symp-
tom scores improved in the faecal incontinence only 
group from 7.5 (6.5-8.5 range) before to 4.9 (3.5-
6.4) after the rectal irrigation program. 

Rectal irrigation was included as part of a staged 
intervention for faecal incontinence in an already 
mentioned, study of 50 consecutive patients (41 
men) who had faecal soiling and normal sphincter 
function were recruited.[180] For two months, all 
patients	 consumed	 3.25	 g	 psyllium	 ibre	 per	 day	
and	a	ibre	rich	diet.	Patients	with	persistent	faecal	
soiling added rectal irrigation using 500 ml of tap 
water for two months. Patients whose faecal soil-
ing continued added 4 g of cholestyramine daily; 
47 patients completed the protocol. Faecal soiling 
resolved in 12 patients (24% of 50) consuming psyl-
lium alone, 24 of 37 (48% of 50 patients) who added 
rectal irrigation to psyllium supplementation, and 2 

of 11 (2% of 50 patients) who added cholestyramine 
to psyllium supplementation rectal irrigation.

e) Combinations of therapies

It is recognised that in many people, the symptom of 
faecal incontinence is the result of a complex combi-
nation of disordered anatomy and physiology, stool 
consistency and gut motility, emotional and psycho-
logical status and restricted access to toilet facilities, 
amongst other factors (see Committee 5). Hence in 
clinical practice many patients use a combined ap-
proach, for example, adjusting diet, medications, life-
style, muscle function and bowel habit simultaneous-
ly, depending on the result of an initial assessment.
[199,200] Studies of combinations of education, diet 
or	luid,	and	behavioural	therapies,	which	have	been	
identiied	in	this	review,	are	included	by	topic	of	the	
intervention in the respective section above. A limita-
tion of these studies is that the contribution of the 
individual components to the overall effect, or the ef-
fect of the order of components, has not been deter-
mined and remains unknown. 

f) Summary of evidence on bowel management 
and retraining programs

There is limited evidence on many topics in this 
area. In particular there are no studies on effects 
of bowel habit training, scheduled toileting, resisting 
urgency, and rectal evacuation in adults with faecal 
incontinence. However, rectal irrigation can reduce 
faecal	 incontinence	 when	 irst-line	 conservative	
therapies fail (Evidence Level 2) .

g) Recommendations for practice 

	 •		Rectal	irrigation	is	recommended	for	patients	
who do not respond to other conservative 
therapies and as part of a combined approach 
of therapies (Recommendation Grade C)

	 •		Attempt	to	establish	a	bowel	routine	(Recom -
mendation Grade C)

	 •		Urgency	resistance	training	is	possibly	useful	
for urgency. (Recommendation Grade D)

	 •		No	 recommendation	 on	 toileting	 methods	 is	
given due to lack of evidence. (Recommen -
dation Grade D)

h) Recommendations for research

	 •		Randomized	 clinical	 trials	 of	 rectal	 irrigation	
are needed.

	 •		Research	is	needed	in	all	other	areas	of	bow-
el training. 

1. GOALS

With the recognition that severity is subjective, treat-
ment should be allocated according to symptom 

VII. TREATMENT WITH MEDICATION
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proile	and	patient	lifestyle.	The	goals	of	this	section	
are to identify the drugs and other medical interven-
tions that have been used to treat faecal inconti-
nence and to evaluate the evidence regarding their 
eficacy	(See Table 2 ).	Drugs	can	be	combined	for	
synergistic effect, helping reduce individual doses; 
loperamide plus codeine phosphate, and loper-
amide plus amitriptyline are examples. Conserva-
tive management of faecal incontinence has fo-
cused exclusively on three mechanisms:

	 •		Reduction	of	diarrhoea.	Diarrhoea	 is	 consis-
tently found to be a strong risk factor for fae-
cal incontinence. 

	 •		Increasing	 resting	 anal	 canal	 pressure.	 Low	
resting anal canal pressure is a risk factor 
for passive faecal incontinence, and is com-
monly seen following some types of anorectal 
surgery (e.g., ileal pouch procedures, sphinc-
terotomy, abdominoperineal pull-through for 
imperforate anus).

	 •		Treatment	or	prevention	of	constipation.	Con-
stipation is frequently found to be a risk factor 
for faecal incontinence, especially in children 
and the elderly.

2. SEARCH METHODS

The Medline database and the Cochrane reviews 
[201,202] were searched for studies in any lan-
guage	 and	 any	 year	 through	October	 2011	 which	
matched the following search terms: “Faecal incon-
tinence”	 OR	 “anal	 incontinence”	 AND	 “drug”	 OR	
“medical	 management”	 OR	 “medical	 treatment;”	
“Faecal	incontinence”	OR	“anal	incontinence”	AND	
“loperamide”	 OR	 “diphenoxylate;”	 “Faecal	 inconti-
nence”	OR	 “anal	 incontinence”	AND	 “laxative”	OR	
“polyethylene;”	 “Faecal	 incontinence”	OR	 “anal	 in-
continence”	 AND	 “phenylephrine	 gel.”	 Additional	
articles	were	identiied	by	examining	systematic	re-
views.[202-204]

3.  REVIEW OF EVIDENCE ON MEDICATIONS 
FOR FAECAL INCONTINENCE

a) Treatment of diarrhoea-associated faecal in -
continence with antidiarrhoeal drugs

1. LOPERAMIDE AND DIPHENOXYLATE 

The most extensively tested drug treatment for 
diarrhoea-associated faecal incontinence is lop-
eramide.	We	 identiied	 7	 studies	 in	 adult	 subjects	
[177,205-209] and 3 studies in children.[210-212] 
These studies all have methodological weakness-
es including small sample sizes, use of crossover 
designs, or they are case series. Loperamide is a 
synthetic opioid with µ-agonist activity and coinci-
dental calcium channel blocking actions. By slowing 
gut	transit,	increasing	luid	reabsorption	and	reduc-
ing secretion, loperamide thickens stool consisten-
cy and reduces stool frequency. It also has direct 
sphincter actions, attenuating the anorectal inhibi-

tory	 relex	and	 increasing resting anal pressure. It 
is at least as effective as codeine, and superior to 
diphenoxylate in chronic diarrhoea, with a tendency 
to reduce faecal incontinence more effectively than 
the other agents. The availability of a syrup formula-
tion offers the opportunity of titrating the dose more 
inely	to	avoid	the	side-effect	of	constipation.	Some	
authors advocate using the drug before meals to re-
duce postprandial bowel urgency. Tolerance does 
not seem to develop with chronic administration, 
and	the	safety	proile	is	excellent	with	both	regular	
and as-required use.

Diphenoxylate,	a	natural	opioid,	is	usually	combined	
with atropine to reduce abuse potential. It crosses the 
blood–brain	barrier	 to	produce	central	nervous	sys-
tem side-effects and, when combined with atropine, 
can cause anticholinergic effects. It is less effective 
than loperamide. Codeine phosphate is another opi-
ate derivative, with side-effects of nausea, tolerance 
and dependence. Its clinical effects are similar to 
those of loperamide, but it is harder to titrate and ad-
verse effects become prominent with time.

Studies	 generally	 support	 the	 eficacy	 of	 loper-
amide for decreasing diarrhoea-associated faecal 
incontinence. The most important of these stud-
ies	are	briely	summarized	below:	Palmer	and	col-
leagues[205] compared loperamide (average of 4.6 
mg per day) to codeine (average of 103 mg per day) 
and diphenoxylate (average of 12.5 mg per day) in 
30 patients with diarrhoea, of whom 19 had faecal 
incontinence prior to treatment. However, change in 
faecal incontinence was not the primary outcome 
measure. Loperamide was superior to diphenoxyl-
ate and similar to codeine with respect to decreased 
stool frequency, improved stool consistency, and re-
duced	side-effects.	Although	not	statistically	signii-
cant, there was a trend for less faecal incontinence 
while taking loperamide compared to diphenoxylate. 

Fox and colleagues [209] tested different doses of 
loperamide against placebo in a double-blind cross-
over study of 10 obese subjects who were soiling as 
a result of taking orlistat for weight control. These 10 
subjects were selected for study because they had 
previously been found to soil while taking orlistat. In 
this study, loperamide decreased soiling and faecal in-
continence and increased resting anal canal pressure. 
Lauti’s	 group	 [177]	 compared	 loperamide	 plus	 ibre	
supplementation	 to	 loperamide	with	 a	 low	 ibre	 diet	
and	placebo	ibre	supplement	 in	 the	irst	adequately	
powered study. This was a double-blind crossover 
study with order of treatments counterbalanced. Re-
sults	showed	a	signiicant	improvement	in	continence	
relative to baseline in both groups, but the addition of 
ibre	to	loperamide	did	not	increase	beneit.	

Sze and Hobbs [179] investigated the additional bene-
it	of	loperamide	over	methylcellulose	in	an	unblended	
study of 69 patients. Forty-six percent of patients were 
“cured” by the combined treatment, although loper-
amide had a tendency to cause constipation, which 
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Table 2: Effectiveness of Drug Therapy

Citation Sample Study Design Major Findings Adverse Events Comments
Guillemot 
et al.228

Santoro 
et al.213

Demirci 
et  al.229

Lauti et 
al.177

Remes-
Troche 
et al.230

Sze 
& 
Hobbs179

Bharucha 
et al.217

24 patients (16 biofeedback 
(BF) treated and 8 
anti-diarrhoeal and enema 
treated), mixed aetiology.  
12 controls.  30 month follow-up

At	30	months,	non-signiicant	change 
in Wexner score in both BF-treated 
(17.8 to 14.4) and medical-treated 
(17.0 to 18.0) groups.  More marked 
BF change at 6 months.
Faecal incontinence scores reduced 
from median 16 (maximum 18) 
pre-treatment to 3.  Treatment 
reduced amplitude and frequency of 
rectal contractions and improved 
sphincter pressure.

Dry mouth or drowsi-
ness in 4 patients 
(22%)  nil withdrew

None reported

Nil major – palatability 
of supplements caused 
1 patient (3%) to 
withdraw

Side effects in 7 (33%), 
constipation 4 (19%), 
bloating (9%) and 
headache 1 (5%).  

Constipation with 
loperamide, relieved by 
dose alteration.

6 (50%) had adverse 
effects.  5 (42%) had 
skin reaction, 3 (25%) 
fatigue, 2 (16%) postural 
hypotension and 2 
(16%) dry mouth.

Effects suggested to be 
mediated by anti-muscarinic 
slowing of transit, and 
improved ano-rectal 
coordination.

Low quality – time lapse of 
many years between stages, 
not clear algorithm applied 
prospectively in all subjects.  
Stage II – small numbers, no 
attrition rate details

Marked inter-individual 
variation, hence importance 
of tailoring fibre to individual 
symptom profile.

Poor palatability

side effects improved with 
dose reduction.

40 of 59 used loperamide.  
Power calculation aimed to 
detect 46% difference in 
open study.

Unclear whether effects 
most marked in those with 
baseline looser stool

Nil	signiicant Low quality study.Unblinded RCT

Open study of 20 mg 
amitriptyline for 4 weeks18 patients and 24 controls 

(latter for anal physiology 
measurements)

Two stage study.
Stage I:  287 tertiary referred 
patients.  Multiple aetiologies 
(including transit disorders), 
mixed treatments based on 
consensus algorithm.
Stage II: 36 patients, mixed 
aetiology including transit 
disorders outcomes measured 
at median of 2 months after 
treatment.
63 randomised (49 completed 
both phases of cross-over) 
consecutive referrals to 
specialist centre.

21 patients with faecal 
incontinence treated with 
cholestyramine plus biofeed-
back and matched cohort of 21 
with faecal incontinence who 
underwent biofeedback alone.

59 patients and 10 controls 
(latter recruited if declined 
active treatment).  Outcomes: 
overall improvement and 
Pescatori score at 8 weeks.

12 women with urge-predominant 
faecal incontinence and mixture 
of sphincter integrity.  Outcomes: 
diary data, faecal incontinence 
symptom severity score, faecal 
incontinence QoL, anorectal 
physiology

Stage I:  intention to assess 
proportion of patients suitable 
for medical treatment.  
Quantiied	by	Pescatori	scale.

Stage II: uncontrolled trial of 
eficacy	of	medical	therapy	–	
unclear duration of treatment.  
Wexner score outcome

Double-blind randomized 
cross-over trial, each treatment 
was 6 weeks.  Treatment A = 
low-residue diet sheet, placebo 
ibre	and	loperamide	
Treatment	B	=	psyllium	ibre,	
low and high residue diet sheet 
and loperamide.
Prospectively collected data 
which was retrospectively 
compared between groups.  
Median cholestyramine dose 
4gm

Prospective unblinded 
controlled study of methyl-
cellulose with or without 
loperamide.

Open label, uncontrolled study 
of 4 weeks clonidine via patch 
(0.2mg/day).

Stage I:  44% recommended drug 
treatment (anti-diarrhoeal, laxatives, 
enemas or anti-depressants), 18% 
biofeedback and 35% surgery.

Stage II: 22% “cured,” 39% improved, 
39% unchanged (non-compliance 
11%, untreatable transit issues 17%, 
faecal incontinence despite “normalis-
ing” transit 11%).

Faecal incontinence severity index 
(FISI) scores fell from baseline 31 to 
18 for treatment A and 19 for 
treatment B.  No differences between 
treatments in terms of faecal 
incontinence severity or quality of life 
(FIQL).

Improved stool frequency and 
consistency with cholestyramine only, 
not biofeedback.  faecal incontinence 
symptoms and global satisfaction 
similar in both groups.  Physiological 
measures improved in both groups.

27 patients (46%) “cured” by 
intervention, equally whether solid or 
liquid stool incontinence.

Clonidine reduced stool frequency 
and proportion of patients with 
>50% reduction of faecal inconti-
nence episodes (9 of 12, 75%) and 
faecal incontinence days (8 of 12, 
67%).  No changes manometry, but 
slight increased rectal capacitance 
with clonidine.
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was	modiied	by	dose	reduction.	Taken	together,	these	
studies suggest that loperamide may be more effec-
tive	 than	 ibre	 supplementation	 alone	 for	 the	 treat-
ment of diarrhoea-associated faecal incontinence. An 
earlier study by Bliss et al.,[178] which is reviewed in 
Section	16.5,	showed	that	ibre	supplementation	with	
either psyllium or gum arabic improved diarrhoea as-
sociated faecal incontinence, more than placebo.

2. OTHER ANTIDIARRHOEAL  DRUGS

Santoro and colleagues [213] carried out an uncon-
trolled study of the tricyclic antidepressant, amitrip-
tyline, given 20 mg at bedtime, in 18 patients with 
faecal incontinence; diarrhoea was not required. 
Thirteen of 18 became continent and 3 reported 
improvement.	 The	 authors	 attributed	 the	 beneits	
to increased anal resting pressure and decreased 
numbers of “rectal motor complexes.” This study 
suggests that amitriptyline and other tricyclic anti-
depressants	are	of	possible	beneit	for	treating	fae-
cal incontinence. Sucralfate is a formulation of alu-
minium hydroxide used primarily for the treatment 
of duodenal ulcers; it has the property of coating 
the stomach lining. An early study suggested that 
sucralfate might reduce diarrhoea secondary to ra-
diation proctitis in patients receiving radiotherapy 
for pelvic cancer.[214] However, subsequent large 
randomized	controlled	trials	have	shown	no	signii-
cant	beneit	for	diarrhoea	[215]	and	a	worsening	of	
faecal incontinence [216] in this patient population. 
Bharucha et al.[217] undertook a 4 week trial of a 
clonidine patch. There was a modest reduction of 
stool frequency and improvement of continence. 

3. MECHANISM OF ACTION

Three possible mechanisms of action have been 
identiied	 in	 these	studies	of	 the	drug	 treatment	of	
diarrhoea-related faecal incontinence: loperamide, 
diphenoxylate, amitriptyline and clonidine appear 
to work in part by decreasing bowel movement fre-
quency through an effect on motility and absorption. 
Fibre supplements (reviewed in Section 4 above), 
on the other hand, work by binding more water into 
the stools. Resting anal canal pressures were re-
ported to be increased in response to loperamide 
[206,207] and amitriptyline.[213]

b) Drugs for increasing anal canal pressure in 
patients with passive faecal incontinence

A subgroup of patients with faecal incontinence 
has	passive	incontinence,	deined	as	faecal	incon-
tinence that is not preceded by a sensation of ur-
gency to defecate and that occurs without aware-
ness. This is believed to be related to decreased 
resting pressure in the anal canal, due to an im-
paired internal anal sphincter and/or to decreased 
sensation	for	rectal	distension.	A	speciic	aetiology	
for passive faecal incontinence is the patient with 
a colectomy (usually for ulcerative colitis) with a 
surgically constructed ileal reservoir connected to 
the anal canal.[218]

1. PHENYLEPHRINE GEL

Phenylephrine gel, an alpha-1 adrenergic agonist, 
has been investigated for the treatment of passive 
faecal incontinence in several studies.[219-223] In an 
initial study of 36 patients with intact sphincters, no 
signiicant	 beneit	 was	 seen.[223]	 Two	 subsequent	
studies	[219,222]	suggested	a	beneit	of	phenyleph-
rine gel, but a recent randomized controlled trial in 35 
patients with passive incontinence secondary to low 
anterior	resection	failed	to	show	a	beneit.[221]	Thus,	
the clinical utility of phenylephrine gel (if any) may 
be limited to patients with passive incontinence as-
sociated with ileal pouches.L-erythro methoxamine 
gel, an alpha-1 adrenoreceptor agonist similar to 
phenylephrine, has also been shown in two proof-
of-concept studies to increase internal anal sphincter 
resting pressure,[224,225] although no clinical trial 
data are available as yet.

2. VALPROATE  SODIUM

The gamma-amino butyric acid transaminase in-
hibitor, valproate sodium, also increases anal canal 
resting pressure. It was compared to placebo in a 
double-blind, randomised crossover study [226] in 
17 patients with diarrhoea-related faecal inconti-
nence secondary to colectomy and ileoanal anasta-
mosis. The drug decreased faecal incontinence epi-
sodes and stool frequency relative to baseline and 
increased anal canal pressure, whereas placebo 
did not have these effects. In a second randomized 
controlled trial by the same investigators [227] pa-
tients with ileal pouches were treated with valpro-
ate	sodium	or	placebo.	There	was	a	signiicant	im-
provement in anal canal pressures, pouch capacity, 
and continence. Therefore, valproate sodium is of 
possible	beneit	in	this	population.

c) Drug treatment of constipation-associated 
faecal incontinence 

Constipation-associated faecal incontinence, some-
times	 referred	 to	 as	 “overlow	 incontinence.”	 It	 is	
more common in children, nursing home residents, 
and in patients with spinal cord injury. The propor-
tion of faecally incontinent nursing home residents 
whose faecal incontinence is attributable to “over-
low	constipation”	is	not	known.	No	studies	of	treat-
ing constipation-associated faecal incontinence in 
adults, outside these groups, were found.

1.  SUMMARY OF EVIDENCE ON MEDICATION AND FAECAL  IN-
CONTINENCE

	 •		Loperamide	is	useful	for	diarrhoea-associated	
faecal incontinence. There is some evidence 
that the loperamide may be superior to di-
phenoxylate (Evidence Level 2).

2. RECOMMENDATIONS FOR PRACTICE 

	 •		Treat	 faecal	 incontinence	 with	 diarrhoea	 with	
anti-diarrhoeal medication (Recommendation 
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Grade C) ; titrate the dose to individual re-
sponse. (Recommendation Grade C)

	 •		We	are	unable	to	recommend	sphincter	modi-
fying drugs. (Recommendation Grade D)

3. RECOMMENDATIONS FOR RESEARCH 

	 •		Additional,	well-designed	studies	are	needed	
to validate the common clinical practice of us-
ing laxatives to treat constipation-associated 
faecal incontinence.

	 •		There	is	a	need	for	further	research	on	prep-
arations, doses and combination therapies 
for all types of faecal incontinence and all 
patient subgroups

	 •		The	 potential	 for	 topical	 treatments	 is	 high,	
but there will need to be formal clinical trials 
of such agents. 

 

 

Pelvic floor muscle training (PFMT), biofeedback, 
and electrical stimulation are distinctly different 
therapeutic techniques for treating faecal inconti-
nence; see descriptions below.  These techniques 
are compared to each other or combined in some 
studies (e.g., biofeedback combined with electri-
cal stimulation).  

1. PELVIC FLOOR MUSCLE TRAINING

Pelvic	 loor	 muscle	 training	 (PFMT)	 is	 also	 called	
Kegel exercise training, after its developer. [231] 
The	patient	 is	 instructed	 to	contract	 the	pelvic	loor	
muscles including the external anal sphincter and 
puborectalis while keeping abdominal wall muscles 
relaxed and to do this multiple times each day with 
the	 goal	 of	 strengthening	 pelvic	 loor	 muscles.	 	 In	
a typical protocol, the patient may be instructed to 
squeeze for 10 seconds while continuing to breathe 
deeply so that the abdominal wall muscles do not 
also contract.  Ten to 20 such 10-sec squeezes are 
separated	by	20	second	periods	of	pelvic	loor	relax-
ation.		Often	patients	are	instructed	to	squeeze	10-20	
times in a block and to repeat this block of exercises 
3-5 times a day.  The patient may be taught how to 
perform this exercise using only verbal or written in-
structions,[232] or they may be given verbal feedback 
on their performance by the therapist during a digital 
rectal examination.[233,234] However, electronic or 
mechanical devices are not often used to amplify the 
sensory information available to the patient on how 
well they are performing the exercises.  

2. BIOFEEDBACK

Biofeedback training is distinguished from PFMT 
by the use of electronic or mechanical devices to 
augment the intrinsic sensory information avail-

able to the patient on how well they are contract-
ing their pelvic floor muscles.  The purpose of this 
type of training is to ensure that patients learn 
the appropriate way to contract the pelvic floor 
muscles while keeping abdominal wall muscles 
relaxed.  Such training is intended to strengthen 
pelvic floor muscles and it is usually combined 
with instructions to practice PFMT at home be-
tween clinic visits.  Another feature of many bio-
feedback training protocols is sensory training 
or coordination training.  As a consequence of 
neurological injuries, many patients lose the abil-
ity to recognize sensations associated with the 
movement of stool into the rectum and may fail 
to contract the pelvic floor muscles in order to 
avoid stool leakage.  In sensory training, a bal-
loon-tipped catheter is introduced into the rectum 
and distended with varying volumes of air to help 
the patient learn to recognize weaker distensions.  
Coordination training is a variant of sensory train-
ing and refers to having the patient practice con-
tracting pelvic floor muscles in response to any 
sensation of rectal distention until this becomes a 
well-practiced habit.[138]

3. ELECTRICAL STIMULATION

Electrical stimulation from probes placed in the 
anal canal or from electrodes on the perineum 
adjacent to the anus has also been used to treat 
faecal incontinence.  In typical applications, stim-
ulation is performed daily at home using a battery 
operated electrical pulse generator connected to 
the	anal	electrodes.	[234]	Different	theories	have	
been advanced to account for how this might fa-
cilitate continence. [234] In the earliest applica-
tions, electrical stimulation was used at intensi-
ties that triggered a contraction of the pelvic floor 
muscles, and patients were encouraged to try to 
augment the contractions produced by electrical 
stimulation or to try to reproduce these contrac-
tions.	[234]	Others	have	suggested	that	the	stim-
ulation of afferent nerves by lower intensities of 
electrical stimulation may help by increasing the 
sprouting of synapses peripherally or the size of 
the receptive fields for these nerves in the brain. 
[235]  Electrical stimulation is sometimes com-
bined with biofeedback. [236]

4. METHODS 

The effectiveness of PFMT, biofeedback, and 
electrical stimulation was  assessed by this com-
mittee  in 2008.  In this review, we summarize the 
recommendations made in the Fourth Internation-
al Consultation on Incontinence [173] and update 
the recommendations for PFMT, biofeedback, and 
electrical stimulation from non- implanted devices 
by reviewing in detail articles published between 
January 2008 and January 2012. The faecal in-
continence surgery committee (Committee 17) 
updated	 the	review	on	electrical	stimulation.	Da-
tabases searched were PubMed, Web of Science, 

VIII. PELVIC FLOOR MUSCLE EXER-
CISES, BIOFEEDBACK, AND ELEC-

TRICAL STIMULATION
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Cochrane Reviews, and (for drug treatment) EM-
BASE.  These searches were limited to studies 
in which the subjects were adult humans.  No re-
strictions were placed on language of publication.  
The	search	terms	were:	(Faecal	incontinence	OR	
Anal	 incontinence)	 AND	 (Biofeedback	 OR	 Neu-
romuscular	conditioning	OR	Pelvic	floor	exercise	
OR	 Kegel	 exercise	 OR	 Neuromodulation	 OR	
Drug	treatment	OR	Antidiarrheal	OR	Loperamide	
OR	 Laxative	 OR	 Nifedipine	 OR	 Phenylephrine	
OR	 Cholestyramine	 OR	 Clonidine).	 In	 addition,	
the following individual authors were searched: 
A Bharucha, C Norton, B Southwell, SS Rao, M 
Kamm, A Wald, F Azpiroz, P Enck, M Crowell, and 
R Mittal.  The bibliographies of identified studies 
were also searched for additional references.  

This	search	 identiied	665	 references	which	were	
reviewed by title and abstract for relevance and 
the relevant ones were assigned to the following 
4 sets.  Minor overlap between lists was allowed 
and reviews were included to allow us to check for 
additional references.  The reference sets were 
(1)	 Biofeedback	 (69	 references),	 (2)	 Pelvic	 loor	
exercise (9 references), (3) Electrical stimulation 
without implanted device (13 references), and (4) 
Drug	treatment	(25	references).	 	These	reference	
sets were assigned to separate reviewers and read 
carefully to identify randomized controlled trials 
(RCTs), cohort studies with appropriate compari-
son groups, and a few uncontrolled cohort studies 
which were included because they addressed key 
issues such as long-term maintenance of treatment 
effects.  After eliminating duplicate references and 
studies containing fewer than 10 patients per treat-
ment condition, 6 studies published since January 
2008 met inclusion criteria (Table 3 ).  

5.  SUMMARY OF ICI 2008 ASSESSMENT 

a)  ICI 2008 assessment of pelvic loor muscle 
exercises

The review of the literature in the previous ICI report 
[173]	 identiied	 several	 RCTs	 in	 which	 PFMT	was	
used as a control condition to determine whether 
the addition of biofeedback to PFMT yielded greater 
improvements, but only one RCT which attempted 
to isolate the contribution of PFMT by comparing 
education and advice alone to education and ad-
vice plus PFMT. [137] This study (described above) 
was well designed and adequately powered.  No 
greater	beneit	was	observed	 for	PFMT	compared	
to advice.  Based on this evidence, the reviewers 
in 2008 concluded that PFMT may be as effective 
as biofeedback and that advice alone may be as 
effective as PFMT.

b)  ICI 2008 assessment of biofeedback therapy 
[173]

In the last International Consultation on Inconti-
nence [173] the working committee concluded that, 

“In contrast to the mostly favourable outcomes re-
ported in uncontrolled studies, randomized con-
trolled trials have generally found no additional 
beneit	 when	 biofeedback	 was	 added	 to	 either	 a	
comprehensive behavioural and medical manage-
ment program, or to digitally taught sphincter exer-
cises” [page 1358].  The reviewers noted that very 
few studies have reported process measures, such 
as pre-post changes in sphincter strength or rectal 
sensory thresholds, which are targeted by biofeed-
back therapy, and presumed to account for any 
improvements in continence, and they questioned 
whether this should be required, before a biofeed-
back treatment protocol can be said to be respon-
sible for an improvement in faecal incontinence.  
The committee concluded that biofeedback “…is 
possibly effective but currently unproven” [page 
1359].	 	Only	the	following	three	RCTs	were	avail-
able for review in 2008: 

Heymen et al. [237] randomized 40 patients with 
faecal incontinence to one of 4 groups: (a) EMG 
biofeedback during clinic visits, (b) EMG biofeed-
back plus sensory training with a balloon during 
clinic visits, (c) EMG biofeedback in the clinic plus 
use of an EMG biofeedback trainer at home, and 
(d) EMG biofeedback plus sensory training in the 
clinic plus daily use of an EMG biofeedback trainer 
at	 home.	 	 There	 were	 no	 signiicant	 differences	
between groups, but the study was underpowered 
with only 10 patients per group.

Norton et al. [137] randomized 171 patients to 
one of 4 groups: (a) education and management 
advice provided by a nurse clinical specialist; (b) 
advice plus PFMT taught verbally and by digital 
rectal exam; (c) advice, PFMT, and instrumented 
biofeedback which included both sensory and 
strength training; and (d) advice, PFMT, biofeed-
back, and daily home practice with an EMG bio-
feedback unit.  There were up to nine 40-60 minute 
sessions in each group (median number of ses-
sions	completed	was	5).		There	were	no	signiicant	
differences between groups in subjective rating of 
improvement, change in Vaizey Continence Scale 
scores, or change in frequency of faecal inconti-
nence.	 	Speciically,	 there	was	no	greater	 rate	of	
improvement in the biofeedback group (53% im-
proved) compared to the advice and education 
only group (54% improved).  A limitation of the 
study was that 49% of patients rated their inconti-
nence severity as “minor” at baseline, and the me-
dian frequency of incontinence before treatment 
was only once per week.

Solomon et al. [233] randomized 120 patients 
with mild to moderate faecal incontinence to one 
of three groups: (a) manometric biofeedback, (b) 
trans-anal ultrasound biofeedback in which the ul-
trasound image was visible to the patient in real 
time, and (c) PFMT taught by a therapist who pro-
vided verbal feedback during digital rectal exami-
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nation.  There were no differences between groups 
on the Pescatori or St. Mark’s incontinence sever-
ity scales, subjective ratings of improvement, qual-
ity of life, or manometrically measured squeeze 
pressures.	 	 However,	 there	 were	 signiicant	 dif-
ferences from pre-treatment to post-treatment on 
most outcome measures.  

c)  ICI 2008 assessment of tibial nerve transcu -
taneous electrical stimulation from non-im -
plantable devices

In the previous ICI report, [173] studies of tibial 
nerve transcutaneous electrical stimulation were re-
viewed by the faecal incontinence surgery commit-
tee. [238] In the absence of any controlled studies, 
this committee concluded that tibial nerve stimula-
tion was an investigational technique and did not 
endorse it for clinical use.

6.  UPDATE: REVIEW OF EVIDENCE FOR 
2008-2012

 Five  studies published between January 2008 
and January 2012 met criteria for review (Table 
3). Two studies were RCTs comparing manomet-
ric biofeedback to PFMT, [232,239] a third RCT 
compared different methods of performing PFMT, 
[240] and the last evaluated the effects of PFMT 
vs. no PFMT on the prevention of anal inconti-
nence (i.e., inclusion of flatus incontinence) dur-
ing pregnancy and post-partum. [241] Another 
large cohort study [242] was included because it 
addresses the duration of biofeedback effects by 
following subjects until 60 months.  

The Heymen et al. study [232] is important be-
cause	 of	 its	 novel	 design:	 All	 patients	 were	 irst	
treated for 4 weeks with a conservative treatment 
protocol that emphasized patient education and 
normalization	 of	 stool	 consistency	 with	 ibre	 or	
non-prescription medication.  This run-in protocol 
included only what is considered standard care for 
faecal incontinence, but the educational compo-
nent was enhanced by (a) using schematics of the 
anatomy	 of	 the	 pelvic	 loor	 and	 images	 from	 de-
faecography to teach them why they were inconti-
nent, and (b) having patients keep diaries of bowel 
accidents and stool consistency.  At the end of 4 
weeks, patients were asked whether they had ex-
perienced “adequate relief” of faecal incontinence, 
and	the	21%	who	answered	afirmatively	were	ex-
cluded from the rest of the trial.  The remaining 
patients who did not report adequate relief had 
been randomly assigned before the run-in period 
to either biofeedback plus PFMT or PFMT alone. 
These interventions were presented in such a way 
that there were no differences between groups in 
the	expectation	of	beneit.		The	biofeedback	inter-
vention combined strength training with sensory 
and coordination training, and was delivered in 5 
one-hour sessions spaced approximately 2 weeks 
apart.  PFMT was taught by verbal instruction, not 

with	 the	beneit	 of	 digital	 rectal	 examination.	The	
primary assessment was at 3 months follow-up as 
determined a priori, and patients who reported ad-
equate relief at 3 months were followed up again at 
12 months.  All patients not reporting adequate re-
lief at 3 months were assumed to be non-respond-
ers at 12 months.  

An intent-to-treat analysis at 3 months showed 
that	signiicantly	more	patients	in	the	biofeedback	
group reported adequate relief compared to the 
PFMT-only group (76% vs. 41%).  Continence 
(zero faecal incontinence episodes in the previ-
ous month) was achieved by 44% of biofeedback-
treated patients compared to 21% of PFMT-only 
patients.  Scores on the validated Faecal Inconti-
nence	Severity	Index	[243]	conirmed	signiicantly	
greater improvement in the biofeedback patients 
compared to the PFMT-only patients at 3 months 
and again at 12 months follow-up.  Heymen et al. 
[232] also showed that biofeedback-treated pa-
tients increased their anal canal squeeze pres-
sures and decreased their abdominal wall tension 
during	 pelvic	 loor	 contractions	 signiicantly	more	
than PFMT-treated patients, but changes in sen-
sory	thresholds	were	not	signiicantly	different.

The results of Heymen et al. [232] suggest that 
biofeedback plus PFMT is superior to PFMT alone 
in patients with moderate to severe faecal inconti-
nence.		They	also	show	that	treatment	beneits	for	
both biofeedback and PFMT are not explained by 
nonspeciic	treatment	effects	of	conservative	man-
agement such as education and normalization of 
stool consistency.  Furthermore, these data provide 
evidence that PFMT is more effective than conser-
vative management alone.

Bols et al. [239] reported an RCT which also com-
pared manometric biofeedback plus PFMT to 
PFMT alone.  Eighty patients with moderate to se-
vere faecal incontinence were randomized to these 
two conditions.  Up to 12, 35-minute training ses-
sions were provided, and the primary outcome was 
the Vaizey Incontinence Severity Score.  There 
was	no	signiicant	difference	between	groups,	al-
though there was a trend favouring manometric 
biofeedback: 82.5% of the manomeric group vs. 
66% of the PFMT-only group improved by more 
than one point on the Vaizey scale.  Limitations 
of this study were lack of power, only 75% of the 
numbers calculated beforehand as needed for ad-
equate power were enrolled, and the fact that the 
intervention was provided by 25 different physio-
therapists in private practice settings.  

Bartlett et al.[240] compared exercise regimens, 
i.e., whether the patients were trained to perform 
fast twitch exercises (1 sec duration contractions) in 
addition to slow contractions (10 second squeezes) 
or they only performed slow contractions (10 sec-
ond squeezes). The 72 patients enrolled in this 
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Table 3: Studies of Biofeedback, Pelvic Floor Muscle Training, and Electrical Stimulation from Surface Electrodes

Referen ce 
Coun try 

Popula tion Interven tion Control Outcome  Co mments 

Heymen 
et al.232  
USA 

108 patients with faecal 
incontinence, Mean 
age=59.6 years, 77% 
females. 
Patients excluded if they 
responded to run-in of 
medical management. 
Patients randomized to 
groups prior to run-in 

Manometric biofeedback (BF) taught 
in 6 biweekly sessions of 60 min 
each. Patients taught to   coordinate 
sphincter contraction with sensation 
of balloon distention. Also performed 
pelvic	loor muscle exercises (PFME) 
daily. Only difference from control 
was BF. 

PFME taught by verbal 
instruction. Instructed to 
squeeze 100X/day. 
Returned for biweekly 
sessions to review diary 
and receive further 
instructions. Matched to 
BF group  on therapist 
contact time and 
expectancy. 

Groups comparable at 
baseline. At 3 mo. follow-
up, BF showed greater 
decrease in FISI than 
PFME. 76% of BF reported 
adequate relief at 3 mo vs. 
41% PFME. Greater 
improvement maintained at 
12 mo follow-up. Complete 
continence in 44% of BF vs. 
21% of PFE. 

Strengths:  Exclusion of 
subjects responding to 
medical management and 
use of intent to treat 
analysis. Weakness: Most 
assessments not 
performed by blinded 
assessor. No differences 
in quality of life 
improvement.  

Bols et al.239 

Netherlands 
80 FI patients with Vaizey 
severity score >12 
(possible range 0-24).  
Excluded patients with 
absent squeeze pressure, 
chronic diarrhea, overlow 
incontinence, rectal 
prolapse, and soiling only. 
Mean age 60; 90% 
females 

  

insensitive rectum, patient was 
trained to respond to smaller 
volumes; for hypersensitive rectum, 
patient was trained to tolerate larger 
volumes using progressive distension 

received coordination training. PFME 
training was individualized with goal 
of improving strength and duration of 
squeeze. Sessions were 45 min. 

PFME training was 
individualized with goal 
of improving strength 
and duration of 
squeeze. In both arms 
patients received up to 
12 sessions in 9-week 
period. Sessions were 
35 min. long. 

Primary outcome was 
Vaizey severity score which 
was not signiicantly 
different between groups. 
82.5% of RBT group and 
66% of PFME-only group 
improved >1 on Vaizey 
scale. Some secondary 
outcomes favoured RBT. 

Limitations:  Lack of 
power: only 75% of 
required sample size for 
adequate power was 
included. The use of 25 
different physiotherapists 
from private practice may 
have resulted in 
inconsistent treatment. 

Bartlett  

et al. 240 

Australia 

72 patients with onset of 
faecal incontinence 
following colorectal cancer 
surgery were randomized 
to two groups. Mean age 
62 years; 73.6% female 

All patients received 4 weekly 
manometric BF sessions plus PFME 
training in sustained, 10 sec 
squeezes. The experimental group 
received additional practice of 1/sec  
rapid m aximal contractions.  

Equivalent number and 
type of BF sessions 
combined with PFME 
training of sustained, 
10 sec  contractions. 
The only difference was 
no rapid exercises.  

Both groups improved with 
no difference between 
groups. Attrition rate was 
22-29%.  
 

Major limitation: 
Heterogeneity of 
population and small 
sample sizes (type 2 error 
 

Bo et al.241 

Norwa
y 

105 sedentary primiporous 
women without history of 
faecal incontinence 

PFME taught as part of group 
exercise class 2X/week for 12 wks. 
Patients performed 3 sets of 12 
maximal contractions per class. Only 
group verbal instructions provided. 

Controls received usual 
care. 

No difference in number of 
women reporting	latus or 
faecal incontinence during 
pregnancy or at 6 wks. 
post-partum. 

Study was underpowered. 

Lacima et 
al.242  

Spain 

Cohort of 95 patients 
incontinent of solid stool 
referred for BF. Mean age 
61 years; 85% females. 
Excluded patients with 
recent obstetric injury, 
cloaca defect, and rectal 
prolapse 

Manometric BF combined strength 
training, sensory training, and 
coordination training for	ive 45-
min.sessions. Daily PFME were also 
prescribed. 

No treatmen t. Cohort of 
40 patients referred to 
the same clinic for 
evaluation but BF was 
not recommended and 
no treatment for faecal 
incontinence was 
prescribed. 

At 60 months  follow-up  
86% of the BF group were 
continent or had >75% 
reduction in faecal 
incontinence frequency 
compared to 26% of 
untreated controls. 

Strength: 60 month follow-
up. Weakness: patients 
were not randomized to 
treatment. The BF group 
had greater average faecal 
incontinence severity than 
controls at baseline.  

 

PFME. RBT  was individualized: For 
Rectal balloon  training ( RBT) + 

and urge resistance. All patients 
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1. BACKGROUND

The experience of faecal incontinence has been stud-
ied from a qualitative perspective since 1999 and 
tied with quality of life. Qualitative methods focus on 

IX. QUALITATIVE RESEARCH ON 
THE EXPERIENCE OF FAECAL IN-

CONTINENCE AND QUALITY OF LIFE

study had an onset of faecal incontinence following 
colorectal cancer therapy.  Both groups improved 
with no difference between groups.  

Lacima et al. [242] followed a cohort of 95 patients 
whom he treated with biofeedback and PFMT and 
followed up 60 months later.  What makes this 
study worth including is that the authors showed 
that even at 60 months following training, 86% of 
the biofeedback/PFMT group were continent or 
had at least a 75% reduction in the frequency of 
faecal incontinence.

7. TIBIAL NERVE PERCUTANEOUS STIMULATION

There has been persisting interest in the use of 
tibial nerve stimulation for the treatment of fae-
cal incontinence, reflected by the publication of 
several uncontrolled case series. [244,245] The 
theory behind this treatment derives from tradi-
tional Chinese medicine which identifies the pos-
terior tibial nerve as an acupuncture point where 
stimulation can inhibit bladder contraction.  Stim-
ulation is done either using surface electrodes 
applied over the tibial nerve at the level of the 
ankle or by inserting a needle electrode into 
the region of the tibial nerve.  Published case 
series [244,245] show a modest benefit for ap-
proximately half of patients tested, and in the ab-
sence of controlled studies, this technique must 
still be regarded as investigational.  

Another variation of electrical stimulation is trans-
abdominal electrical stimulation accomplished by 
passing electric current between an electrode on 
the abdominal wall and one on the back.  This has 
so far been used only in children with slow transit 
constipation, [246] many of whom have encopre-
sis.  Reports show improved transit time, [247] 
improved quality of life, [244] and reduced encop-
resis. [245] This technique may find application 
in adults with overflow faecal incontinence but is 
currently regarded as investigational.  

8. SUMMARY OF EVIDENCE

•		Manometric	biofeedback	training	is	possibly	effec-
tive.  A new high quality study provides support 
for the hypothesis that biofeedback, when provid-
ed by an experienced therapist, is more effective 
than	pelvic	loor	exercises	alone,	but	the	variabil-
ity between studies suggests that results may be 
dependent on the training and experience of the 
therapist. (Evidence Level 1 )

•		PFMT	is	possibly	effective	for	the	treatment	of	fae-
cal incontinence.  New evidence shows that PFMT 
alone	signiicantly	improves	outcomes	for	patients	
who have not responded to conservative manage-
ment. [232] (Evidence Level 2 ) 

•		There	is	no	support	for	the	hypothesis	that	adding	
“fast twitch” contractions to PFMT improves conti-
nence outcomes. (Evidence Level 2 )

•		There	is	no	support	for	the	addition	of	electric	stim-
ulation from non-implanted devices in the treat-
ment of faecal incontinence. (Evidence Level 2 )

9. RECOMMENDATIONS FOR PRACTICE  

•		PFM	exercises	are	recommended	as	an	early	in-
tervention in the treatment of faecal incontinence 
as part of a conservative management bundle of 
interventions, based upon low cost and morbidity 
and	weak	evidence	suggesting	eficacy.	(Recom -
mendation Grade B ).

•		The	use	of	biofeedback	as	a	treatment	for	faecal	
incontinence is recommended after other behav-
ioural and medical management has been tried, if 
adequate symptom relief is not obtained, given the 
numerous positive outcomes from uncontrolled tri-
als, limitations in the current RCTs and low mor-
bidity associated with its application. (Recom -
mendation Grade B ).

•		Based	 on	 currently	 available	 evidence	 it	 is	 not	
possible to recommended electrical stimulation for 
faecal incontinence. (Recommendation Grade C )

10. RECOMMENDATIONS FOR RESEARCH  

•	 There is a need to conduct further RCTs to deter-
mine	whether	speciic	biofeedback	and	pelvic	loor	
muscle exercise protocols can alter physiological 
parameters of ano-rectal function with concomi-
tant changes in bowel control.  

•		Clear	 description	of	modalities	and	evaluation	of	
different elements of biofeedback

•		Adherence	monitoring

•	Standardisation	of	outcome	measures

•	Long	term	follow	up

•	Robust	patient-focused	outcome	measures

•		Understanding	of	physiological	effect	and	relation-
ship to symptom change

•		Work	 on	 clinically	 meaningful	 improvement	 and	
distinguishing cure from improvement rates

•		The	 exploration	 of	 possible	 synergies	 between	
urinary and faecal incontinence interventions and 
evaluations should be considered in study designs.
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the intensive investigation of the particular, and the 
meaning of a phenomenon, in this case, faecal incon-
tinence. Because qualitative studies generate large 
amounts of quality text data small purposeful sample 
sizes are used to accomplish their aims. These stud-
ies focus on studying the context or experience of a 
phenomena rather than measurement of variables. 
Sample sizes in the 14 studies included in this review 
ranged from 9 to 100 for qualitative phenomenologi-
cal, grounded theory and descriptive studies, to 186 
participants in an open ended questionnaire interview, 
for a total of 462 participants. Three studies received 
a grade of C but were included in the review because 
the evidence was relevant and substantiated by other 
quality studies.

The studies below have used a number of qualita-
tive methods to explore the experiences of quality 
of life using phenomenological, grounded theory 
and qualitative descriptive designs using in-depth 
interviews, one study used one question with a rat-
ing scale, and one study used a semi-structured 
interview questionnaire. A thematic analysis was 
completed on the content of the quality of life stud-
ies,	and	the	following	ive	themes	were	derived	and	
used as categories for the review of content: issues 
relating to relationships, time, body, sexuality and 
diet.	 Of	 the	 twelve	 studies	 reviewed	 on	 faecal	 in-
continence, 4 studies focused on community living 
women, one study of women in a nursing home with 
pelvic	loor	dysfunction,	one	study	of	community	liv-
ing men, 4 studies of community living adults, and 
studies	of	speciic	diseases	causing	faecal	inconti-
nence	including	spinal	biida	and	multiple	sclerosis.	

2. CRITERIA FOR EVALUATION

Over	the	last	25	years	there	has	been	an	extensive	
debate about the best methods and criteria to evalu-
ate qualitative research studies. Criteria for the eval-
uation of qualitative research was synthesized using 
the most recent literature on quality and rigor, and is 
included here. These criteria were used to critique 
studies, strengths and limitations were noted, and a 
grade was given for practice recommendation.

In the last 10 years new ideas and criteria have been 
designed and are now being applied to evaluate 
qualitative studies.[248-257] The qualitative research 
studies on faecal incontinence (faecal incontinence) 
and quality of life, related to faecal incontinence, will 
be analyzed according to these new criteria summa-
rized below. The strength of the evidence provided 
by an individual study depends upon the individual 
study design to maximize application to practice. A 
grading procedure has been developed here to rate 
studies for their applicability to practice from A to C. 

a) Type of study – The qualitative evidence pyramid 

1) Qualitative metasynthesis

2)  Interpretive designs including phenomenology, 
grounded theory, ethnography.

3)		Descriptive	 qualitative	 designs	 using	 content	
analysis (including inductive and deductive con-
tent analysis approaches, analysis of focus group 
data, photovoice, participatory action research, 
single or multiple case studies).

4) Surveys with semi-structured open-ended questions. 

b) Criteria for evaluation of qualitative studies

1)  There is a set of discernable research pur-
poses or questions that are suitable for quali-
tative inquiry.

2)  The purpose or questions are linked with a criti-
cal review of the literature and key studies are 
included identifying a gap or misunderstanding of 
the phenomenon.

3)  There is a guiding frame of reference for the 
study	that	its	the	target	phenomenon.

4)  There is congruence between the method and 
the research purpose.

5)		The	sampling	plan	is	purposeful	and	its	the	pur-
pose and method.

6)		The	sample	size	and	coniguration	it	the	purpose	
and sampling strategy.

7)  Inclusion and exclusion criteria are described 
and appropriate for the purpose.

8)		Data	 collection	 techniques	 and	 sources	 it	 the	
purpose, method and sample.

9)	The	analysis	plan	its	the	purpose	and	method.

10)		Data	are	 suficiently	analyzed	and	 interpreted,	
data is re-represented and category or thematic 
meaning is apparent. The interpretation or de-
scription is distinguishable from the original 
data collected.

11)  The participants’ voices are heard through ex-
amples highlighting the categories or themes of 
the	indings.

12)  Concepts and ideas are well developed and 
linked to each other and to the data.

13)  The results offer new insight into the phenom-
enon	 studied	 and	 transferability	 of	 indings	 is	
evident.

14)		Relexivity	 is	 addressed	within	 the	 context	 of	
the study.

15)  Evidence of an audit trail of how key decisions 
were made is clear. Strategies to achieve rigor 
are described.

16)	Study	speciic	limitations	are	summarized.

17)  Ethical considerations are attended to and 
described.
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c) Levels of evidence 

Level 1:  A study would include all criteria. Excellent 
evidence leads to a practice recommenda-
tion. 

Level 2:   A study should include criteria numbered 
1, 4 - 13, 17. Moderate evidence leads to 
a possible practice recommendation (more 
evidence is needed). 

Level 3:   A study does not include the majority of cri-
teria for evaluation. Poor evidence that does 
not lead to a practice recommendation. 

d) Grades of recommendation

Grade A  recommendation: Grade A recommenda-
tion includes studies with evidence levels 1-2 (the 
qualitative evidence pyramid).

Grade B.  Grade B recommendation includes stud-
ies with evidence levels 2-3.

Grade C . Grade C recommendation includes stud-
ies with evidence levels 3 or lesser quality. 

3. SEARCH METHOD

In order to gain a deeper understanding of the ex-
perience of having faecal incontinence from the 
perspective	 of	 the	 client,	 the	 PUBMED	 database	
(from 2000 to 2011) was searched using the follow-
ing subject headings and key words: qualitative re-
search; anal, bowel, faecal and incontinence; qual-
ity of life and faecal incontinence; and quality and 
rigor in qualitative research. Additional articles were 
identiied	by	examining	reference	lists	from	articles,	
articles in press by the authors and other system-
atic reviews. This search yielded over 600 studies of 
which only 16 used qualitative methods and 11 were 
used for evaluation of qualitative methods. These 
articles included topics on the experience of fae-
cal incontinence from the perspectives of men and 
women, faecal incontinence and colorectal cancer, 
incontinence and sexuality, quality of life and fae-
cal	 incontinence,	pelvic	loor	dysfunctions	and	frail	
elderly women, diet strategies to manage faecal in-
continence, goals of faecal incontinence manage-
ment, life with post-natal faecal incontinence, and 
spina	biida.

4.  REVIEW OF EVIDENCE ON THE EXPERI-
ENCE OF FAECAL INCONTINENCE AND 
QUALITY OF LIFE 

The review of the evidence on the experience of 
faecal incontinence and quality of life begins with 
a study review including the study purpose, design 
and critique of the design and the evidence level. 
The	indings	were	overlapping	 for	most	studies	so	
that	the	study	indings	are	summarized	in	a	follow-
ing	section	using	ive	categories	of	experience/qual-
ity	 of	 life	 that	 were	 identiied:	 relationships,	 time,	
bodily symptoms, sexuality, and diet. 

A descriptive qualitative study conducting unstruc-
tured interviews of 20 women’s experiences of 
faecal incontinence from Britain focused on the 
assessment of symptoms of incontinence, coping 
strategies and the provision of continence aids.[258] 
The	quality	of	the	study	was	fair	to	good.	Details	of	
the analysis procedure were not clear and partici-
pant’s voices were not included in the report. Addi-
tionally	relexivity	concerns	were	not	addressed.	

The purpose of a descriptive qualitative study in the 
United Kingdom was to identify question items for a 
quality symptom and quality of life assessment for 
individuals with anal incontinence.[259] Three sub-
studies addressed the purpose. First, seven clinical 
experts were asked to characterize symptom items of 
anal incontinence, second,[284] free text comments 
from patients involved in a treatment intervention trial 
were collected, and third, 31 qualitative interviews 
were conducted with people with anal incontinence. 
The study design was strong and inclusive of clini-
cians and patients. A grounded study method was 
mentioned as the study design but no substantive the-
ory	was	developed	and	relexivity	was	not	addressed.	

Another descriptive qualitative study in Sweden 
explored faecal incontinence in adults with spina 
biida.[260]	 Using	 semi-structured	 interviews	 with	
11 subjects, themes were generated using content 
analysis. The rigor of this study was good with in-
sightful	 indings	 and	 powerful	 quotations	 used	 to	
illustrate the interpretations of the participants’ ex-
periences.	 Speciics	 of	 the	 analysis	 process	were	
not given which was a weakness. The concept of 
relexivity	was	not	addressed.	

A phenomenological study using 10 community 
dwelling women was conducted on dietary issues 
in the US.[145] The study was a secondary analysis 
of the dataset collected in a larger study by Peden-
McAlpine, Bliss, and Hill.[261] Content focused spe-
ciically	on	diet	and	the	meaning	of	the	role	of	diet	
and food related to faecal incontinence. Narrative 
interviews were conducted with the women and the 
design of the study was strong with few limitations 
although	relexivity	was	not	mentioned.	

A descriptive qualitative study, conducted in the US 
on	 frail	 elderly	women,	with	pelvic	 loor	dysfunction,	
in nursing homes, interviewed 25 women ages 65-
96.[262] The purpose of the study was to increase 
understanding of the views of frail elderly women in 
residential care related to quality of life, and values 
and	preferences	for	pelvic	loor	care.	The	study	design	
was	strong	and	used	NVIVO	as	a	tool	to	identify	repre-
sentative categories. The categories derived were not 
speciically	related	to	the	aims.	One	limitation	was	that	
the	criterion	of	relexivity	was	not	addressed.	

A study in the U.S.[263] interviewed clients about their 
goals for faecal incontinence management as part of 
a	RCT	on	dietary	ibre.	The	main	purpose	and	source	
of data in this study was not an interpretive qualitative 
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exploration. A semi-structured interview questionnaire 
was used to elicit goals from 189 people with faecal 
incontinence. The study design was methodologically 
sound and the overall quality was excellent. 

A phenomenological study on community living 
women was conducted in the USA to investigate 
the lived experience of women managing faecal in-
continence.[261] The study used in-depth narrative 
interviews with women between the ages of 37 and 
78. The study design was excellent although issues 
of	relexivity	were	not	mentioned.	

A phenomenological study on 11 community living 
men, between the ages of 48-85, was conducted in 
the USA to investigate the lived experience of men 
managing faecal incontinence.264 The study used 
in-depth narrative interviews with men between the 
ages of 37-78. The study design was excellent al-
though	issues	of	relexivity	were	not	mentioned.	

A study from England was conducted to explore the 
impact of incontinence on an individual’s sexuality 
and to identify the impact of health interventions for 
the management of incontinence on sexuality.[265] 
A quota sample of 27 subjects who were being suc-
cessfully managed and those being unsuccessfully 
managed were interviewed. The study design was 
strong although the inclusion/exclusion criteria used 
for	quota	sampling	was	not	speciic	and	 relexivity	
and limitations were not addressed. 

One	study	from	Denmark	explored	how	post-partum	
women experience and cope with faecal incontinence.
[266] In-depth unstructured interviews were conduct-
ed with 9 women ages 28-50 and analyzed with a 
grounded theory analysis technique for analysis. This 
study	was	of	good	quality	however	relexivity,	ethical	
considerations, and limitations were not noted. 

A qualitative analysis was conducted on letters sent 
to the Multiple Sclerosis Society in the UK after a 
letter regarding constipation was printed in the So-
ciety’s newsletter.[267] More than 100 letters and 
emails were received from Society members dis-
cussing their bowel problems and were analyzed 
using a qualitative approach. The study quality was 
good however the detail of the analysis was lacking. 

A study in the UK investigated aspects of distress, 
expressed by colorectal cancer patients, to produce 
a more detailed account of the illnesses’ impact on 
their identities and self-understanding.[268] Thirty-
nine men and women participated in in depth inter-
views from across the UK. The sample included 19 
men and 20 women ranging from 33 to 87 at the time 
of the interview. The study design was strong and 
the	indings	portrayed	a	powerful	experience	of	these	
participants.	No	report	of	relexivity	was	noted.	

A qualitative descriptive study conducted unstruc-
tured	interviews	with	10	women	who	had	latal	or	fae-
cal incontinence, post-vaginal delivery, with a view 
to improve an existing quality of life scale for faecal 

incontinence.[269] The authors came to interesting 
conclusions about relevant parameters to measure 
in younger women with faecal incontinence, but it is 
not	clear	if	these	concepts	are	relective	of	the	par-
ticipants’ voices. The collection technique, analysis 
and concept development were not explained. 

A qualitative descriptive study completed guided 
interviews with 22 community living adults with fae-
cal incontinence.[270] The aims of the study were 
to explore the participants’ experiences of faecal 
incontinence on lifestyle, quality of life and how 
they adapted management strategies. Another aim 
was to learn about their disclosures and reasons for 
seeking help from health professionals. Grounded 
theory was stated as the method although a sub-
stantive	 theory	 was	 not	 produced	 in	 the	 indings.	
The	 indings	 were	 not	 well	 interpreted	 and	 linked	
together. Some insightful information was learned 
from the study, about faecal incontinence, that was 
corroborated by other quality studies. 

A descriptive qualitative study was conducted in Brit-
ain to validate a draft questionnaire measuring qual-
ity of life issues with community living women with 
faecal incontinence.[271] Twenty-seven women with 
longstanding faecal incontinence problems were 
invited to participate in one of 2 focus groups. The 
mean	age	of	the	women	was	51.	No	speciic	proce-
dures	for	data	analysis	were	included	and	relexivity	
and	ethical	 issues	were	not	mentioned.	Study	ind-
ings were similar to those of other quality studies. 

5.  LIVING WITH FAECAL INCONTINENCE AND 
RELATIONSHIPS – SUMMARY OF EVIDENCE

	 •		Men	 and	 women	 found	 that	 faecal	 inconti-
nence was a perceived threat to their so-
cial acceptability, privacy and relationships.
[258,261,262,264,265,269] (Evidence Level 1)

	 •		Who	to	tell	about	the	faecal	incontinence	prob-
lem and when was a matter of great concern. 
Usually family, close trusted friends and co-
workers were told because it could not be kept 
a total secret,[258,261,264] (Evidence Level 1)

	 •		Discussing	the	problems	with	others	who	suf-
fered from faecal incontinence was comforting 
and allowed conversation about how to man-
age the problem.[261,264] (Evidence Level 1)

	 •		Humor	was	used	as	a	 resource	 to	avoid	hu-
miliation and embarrassment in dealing with 
daily symptoms of faecal incontinence and 
relationships, even though feelings of shame 
and humiliation persisted.[259, 261, 264] (Ev-
idence Level 1)

	 •		Men	and	women	spoke	about	their	discomfort	
in being with ‘mixed company’ and their con-
cerns about a possible accident. Gender was 
an issue in relation to perceived social risk.

[261,264] (Evidence Level 1)
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	 •		Men	 and	women	 described	 trying	 to	 protect	
themselves from the unpredictability of their 
symptoms and kept up a façade to keep the 
secret of faecal incontinence from others.
[259] (Evidence Level 2)

 •		Support	 from	spouses	was	noted	 to	be	very	
important for men and women.[258, 261, 264, 
266] (Evidence Level 1)

	 •		Relationships	with	healthcare	providers	were	
not helpful in providing advice concerning 
symptom management and control. Misin-
formation or no information was commonly 
given.[258-261, 264] (Evidence Level 2)

	 •		Women	 reported	 feeling	embarrassed	and	hu-
miliated by having their faecal incontinence 
problem minimized or trivialized by rude or blam-
ing health care providers leading, to the feeling 
of marginalization.[259,261] (Evidence Level 1)

	 •		Women	had	concerns	about	entering	into	new	
relationships and there was an expressed con-
cern about fear and shame of having to disclose 
their bowel problems.[259] (Evidence Level 2)

	 •		Anxiety	was	 present	 in	 both	men	 and	wom-
en who suffered from the uncertainty of so-
cial isolation because of faecal incontinence.
[145,258-261,264,266] (Evidence Level 2) 

a) Recommendations for practice

	 •		Health	 care	 providers	 need	 to	 acknowledge	
the problem of faecal incontinence compas-
sionately, and initiate the assessment and dis-
cussion of faecal incontinence symptoms, so 
they can be properly managed. The stigma, 
embarrassment and sensitivity associated 
with faecal incontinence compel clinicians to 
refrain from giving dismissive or blaming re-
sponses that may retard future care seeking 
and contribute to the under reporting of faecal 
incontinence. (Recommendation Grade A)

	 •		Health	care	professionals	can	facilitate	gender	
sensitive support groups and sharing of practi-
cal knowledge of faecal incontinence symptom 
management. (Recommendation Grade A)

	 •		Primary	care/generalists	should	 refer	patients	
to incontinence specialists when unable to pro-
vide therapeutic advice or treatment. (Grade B)  

b) Recommendations for research

	 •		Investigate	the	use	of	humour	as	a	therapeutic	
coping strategy for dealing personally with the 
symptoms of faecal incontinence

	 •		Deining	 the	 attitudes	 and	 treatment	 goals	 of	
health professionals treating faecal inconti-
nence would be helpful to the identify some of 
the barriers to effective treatment. 

	 •		Assess	 the	value	of	gender	sensitive	support	
groups to facilitate sharing of practical man-
agement strategies for faecal incontinence 
symptom management. 

6.  LIVING WITH FAECAL INCONTINENCE 
AND TIME AND PLANNING – SUMMARY OF 
EVIDENCE

	 •		Participants	 describe	 spending	 a	 signiicant	
amount of time planning for and worrying 
about accidents.[261,264] (Evidence Level 1)

	 •		Men	 and	 women	 perceived	 that	 their	 symp-
toms of faecal incontinence grew worse with 
aging in relationship to severity, onset and du-
ration.[261,264] (Evidence Level 1)

	 •		Men	 and	 women	 had	 symptoms	 for	 months	
or years before seeking help for the condition.
[261,264] (Evidence Level 1)

	 •		Women	 reported	 that	 the	 frequency	 of	 stool	
leakage was unpredictable and because of this, 
they needed to be vigilant and prepared for the 
unexpected. [259,261] (Evidence Level 2)

	 •		Planning	 and	 management	 strategies	 of	 fae-
cal incontinence to avoid an accident included: 
morning bathroom rituals, changing the location 
of their workstation (relative to the bathroom), 
altering eating habits (foods and timing), taking 
a	ibre	supplement,	or	using	anti-diarrheal	prod-
ucts.[258-261,264] (Evidence Level 2)

	 •		Many	women	discussed	packing	‘kits’	of	absor-
bent products, cleansing supplies, extra cloth-
ing as a routine part of planning to leave their 
home.[258,261] (Evidence Level 2)

	 •		Women	postponed	business	meetings	because	
of the faecal incontinence.[261] (Evidence Level 1)

	 •		Women	 reported	 the	 frequency	of	 stool	 leak-
age was unpredictable and because of this 
they needed to be vigilant and prepared for the 
unexpected.[258,261] (Evidence Level 2)

	 •		Space	was	experienced	as	a	measure	of	risk	ex-
posure for faecal incontinence and personal space 
shrank inward or expanded related to perceived 
comfort or lack of perceived social safety.[258, 
260, 261, 264, 265, 268, 272] (Evidence Level 2)

	 •		Seeking	 out	 the	 location	 and	 availability	 of	
a bathroom was a major consideration in all 
dimensions of space outside the home.[258-
262,264,267] (Evidence Level 2)

	 •		Travel	was	limited	to	places	that	felt	comfortable	
and	signiicant	planning	was	done	to	prevent	an	
accident. faecal incontinence limited travel for 
the family.[254,261,264,266] (Evidence Level 2)

	 •		Women	 and	 men	 experienced	 heightened	
anxiety about faecal incontinence symptoms 



1476

and the risk of accidents in public spaces.
[258,260,261,264] (Evidence Level 2)

	 •		Work	 life	 presented	 complicated	 situations	 for	
both men and women and limited some people’s 
ability to engage in productive work outside the 
home.[261,264,268] (Evidence Level 2)

	 •		Symptoms	related	to	faecal	incontinence	were	a	
common reason for early retirement for both men 
and women.[268,261,264] (Evidence Level 2)

a) Recommendations for practice

	 •		Recommend	 that	 clinicians	 share	 indings	
of practical management strategies, such as 
preparing cleansing kits and locating public 
restrooms, with other patients who have fae-
cal incontinence to help them self-manage 
their experiences better. (Recommendation 
Grade A)

	 •		Recommend	coaching	clients	on	how	 to	plan	
for and reduce unpredictable incontinence ac-
cidents and/or their embarrassment; teach pa-
tients strategies to go to social situations and 
into	public	more	conidently	by	supporting	self-
eficacy	(this	could	include	education	on	prod-
ucts, packing a change of clothes, disposable 
wipes, using a bowel diary to plan schedules, 
etc.). (Recommendation Grade B)

b) Recommendations for research

	 •		Study	 interventions	 that	 promote	 enhanced	
self-eficacy

	 •		Evaluate	effectiveness	of	using	a	bowel	diary	
or keeping a routine schedule to reduce incon-
tinence accidents in public

	 •		Evaluate	effect	of	public	education	campaigns	
on normalizing elimination and raising aware-
ness that incontinence is a treatable condition

7.  LIFE LIVING WITH FAECAL INCONTI -
NENCE AND BODILY SYMPTOMS, SELF 
ESTEEM AND BODY IMAGE – SUMMARY 
OF EVIDENCE

	 •		Across	all	studies	 feelings	of	shame	and	em-
barrassment related to faecal incontinence 
were noted. (Evidence Level 1)

	 •		Women	felt	stigmatized	because	of	the	faecal	
incontinence problem and stigmatized them-
selves.[258,261,266] (Evidence Level 2)

	 •		Men	and	women	reported	that	their	emotional	
life	 and	 self-conidence	 was	 undermined	 be-
cause of the faecal incontinence and embar-
rassment.[258,261,264,266] (Evidence Level 2)

	 •		Men	and	women	reported	changes	in	body	im-
age and self esteem as a result of their inability 
to control the symptoms of faecal incontinence.
[259,261,264] (Evidence Level 2)

	 •		Not	talking	about	the	problem	and	denying	the	
faecal incontinence was a coping mechanism 
used to protect themselves from a threat to 
self-esteem and to prevent public embarrass-
ment.[266] (Evidence Level 2)

	 •		faecal	 incontinence	 caused	 women	 to	 view	
themselves as shameful, impure, or unworthy.
[260,266] (Evidence Level 2)

	 •		Some	women	 reported	 the	 need	 for	 psycho-
logical consultations because of the feeling 
of	 being	 insuficient	 and	 vulnerable.[259,266]	
(Evidence Level 2)

	 •		Unpredictability	 of	 the	 type	 and	 timing	 of	 an	
faecal incontinence event and its magnitude 
were key issues discussed by men and wom-
en.[145,261] (Evidence Level 2)

	 •		faecal	 incontinence	 was	 a	 consequence	 of	
exercise, heavy chores, and lifting.[260] (Evi-
dence Level 2)

	 •		Bodily	 sensations	 associated	 with	 the	 symp-
toms included sensations in the intestines, itch-
ing, burning, cramping, feelings of incomplete 
bowel movements, and odour associated with 
latus.	 Other	 symptoms	 discussed	 included	
leaking stool without feeling the need to def-
ecate and false abrupt and urgent sensations 
usually indicative of defecation. Men lost con-
idence	in	symptoms	to	alert	them	to	faecal	in-
continence due to the unpredictability of faecal 
incontinence.[260,261,264] (Evidence Level 2)

	 •		Skin	excoriation	around	the	anus	was	reported,	
because of frequent bowel movements, soiling 
and excessive cleaning.[261] (Evidence Level 2)

 •		Women	 were	 attentive	 to	 their	 body	 image	
and dressed carefully to conceal pads and 
wore dark clothing when outside the home 
to hide stains if an accident should happen.
[259,261,265] (Evidence Level 2)

	 •		Men	 and	women	wore	 only	 small	 disposable	
pads that were not obvious through their cloth-
ing. Large diaper like, pads were avoided 
because of their visibility beneath clothing.
[259,261,264] (Evidence Level 2)

	 •		The	essential	theme	in	the	phenomenological	
study of men managing faecal incontinence 
was ‘secret resignation’ where men came to 
accept that the consequences of faecal incon-
tinence were normal for them.[264] (Evidence 
Level 1)

	 •		The	essential	theme	in	the	phenomenological	
study of women managing faecal incontinence 
was ‘controlling the body out of control’ as 
women tried to control all aspects of their life 
in relationship to the faecal incontinence and 
avoiding accidents.[264] (Evidence Level 2)
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	 •		Major	 goals	 of	 people	 experiencing	 faecal	
incontinence were to have fewer dietary re-
strictions, eliminate faecal leakage especially 
during exercise, less reliance on public toilet 
accessibility,	 more	 conidence	 in	 controlling	
faecal incontinence symptoms and a normal 
daily routine.[263] (Evidence Level 2)

	 •		A	 sense	 of	mastery	 and	 new	 self-conidence	
was perceived by some after years of success-
fully dealing with the symptoms of faecal incon-
tinence.[270] (Evidence Level 2)

a) Recommendations for practice

	 •		Acknowledge	 and	 provide	 empathy	 for	 the	
common feelings of shame and embarrass-
ment (Recommendation Grade B)

	 •		Raise	awareness	with	clients	and	general	pub-
lic that faecal incontinence can often improve 
with conservative treatment and is not some-
thing that must be “put up with” in private (Rec-
ommendation Grade A)

	 •		Recommend	that	conservative	symptom	man-
agement for faecal incontinence includes edu-
cation about causes of faecal incontinence, 
diet	modiications	including	ibre	supplements,	
behavioural	 strategies	 such	 as	 pelvic	 loor	
muscles exercises and biofeedback, anti-motil-
ity medications, and use of absorbent products 
such as pads and briefs. (Recommendation 
Grade A)

	 	•		Recommend	 that	 health	 care	 professionals	
share	positive	coping	strategies	 identiied	by	
participants, with other people managing the 
symptoms of faecal incontinence, that include 
privacy issues in the bathroom, counsel-
ling, restricting activity, carrying a change of 
clothes, humour, knowing the location of toi-
lets when out, care of diet, choosing clothes 
carefully, careful cleansing and use of pads. 
(Recommendation Grade B)

	 •		Recommend	 that	 clinicians	 consider	 patient’s	
goals when developing a plan for faecal incon-
tinence. (Recommendation Grade A)

	 •		Requesting	that	people	complete	a	daily	stool	
diary is recommended when accurate informa-
tion of faecal incontinence severity is impor-
tant. (Recommendation Grade A)

	 •		Appropriate	referral	to	psychologists	should	be	
made	 to	manage	 issues	 of	 self-eficacy,	 self-
esteem and depression. (Recommendation 
Grade B)

b) Recommendations for research

	 •		Determine	how	goal	setting	and	tailoring	inter-
ventions for faecal incontinence is effective in 
promoting adherence to a management plan. 

	 •		Evaluate	whether	 training	 to	pay	attention	
to body sensations might reduce inconti-
nence accidents. 

	 •		Studies	 of	 the	 effectiveness	 of	 interven-
tions to promote a positive body image and 
increase self-esteem despite faecal inconti-
nence are needed, 

	 •		Future	 studies	 should	 focus	 on	 the	 phenom-
enon of secret resignation as a method of 
coping by men, and effective techniques for 
treating these attitudes to assist them with im-
proved communication with healthcare provid-
ers and care seeking.

	 •		Studies	are	needed	on	approaches	to	educate	
and support men and women in adopting prac-
tices for managing faecal incontinence, the 
associated odour and urgency symptoms as 
well as to evaluate the successfulness of their 
practices.[264]

8.  LIVING WITH FAECAL INCONTINENCE AND 
SEXUALITY – SUMMARY OF EVIDENCE

	 •		Although	asked	about	sexuality	and	intimacy	
women were reticent to discuss their sexuality 
or the effect of their symptoms on their sexual 
functioning.[259,261] (Evidence Level 2)

	 •		Some	women	 felt	 there	were	no	 changes	 in	
their sexual drive.[266] (Evidence Level 2)

	 •		Women	arranged	 timing	of	sex	 to	meet	 their	
needs and the needs of their husbands in re-
lation to the symptoms of faecal incontinence.
[266] (Evidence Level 2)

	 •		Women	reported	a	range	of	psychosocial	issues	
including lack of sexual arousal or a desire for 
abstinence.[259,260,265] (Evidence Level 2)

	 •		Choice	of	clothing	was	an	outward	expression	
of sexuality and faecal incontinence and UI re-
stricted clothing to wearing patterned materials 
in order to avoid people detecting an accident.
[265] (Evidence Level 2)

	 •		Men	and	women	reported	continually	washing	
themselves to avoid smelling.[272] (Evidence 
Level 2)

	 •		There	was	a	lack	of	discussion	of	sexual	con-
cerns by health care providers after surger-
ies that affected sexual functioning.[265,268] 
(Evidence Level 2)

a) Recommendations for practice

	 •		Recommend	 that	clinicians	ask	directly	about	
the impact of faecal incontinence on clients’ 
sexuality. (Recommendation Grade B)

	 •		Recommend	that	clinicians	establish	a	comfort-
able, stigma-free climate in order to elucidate 
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the impact on sexuality and teach practical 
strategies. (Recommendation Grade A)

b) Recommendations for research

	 •		Interventions	that	minimize	stool	leakage	during	
intercourse,	such	as	pelvic	loor	muscle	therapy

	 •		Develop	and	test	intervention	s	to	improve	sex-
uality altered by faecal incontinence

9.  LIVING WITH FAECAL INCONTINENCE AND 
DIET ISSUES – SUMMARY OF EVIDENCE

	 •		Men	and	women	discussed	fasting	or	not	eat-
ing for a number of hours or days as a strate-
gy to deal with faecal incontinence symptoms 
outside the home.[145,259,261,264,266] (Ev-
idence Level 2)

	 •		Altering	 the	 timing	of	meals	 to	avoid	an	acci-
dent was a common management strategy for 
faecal incontinence.[145,258,261,264] (Evi-
dence Level 2)

	 •		Restricting	foods	noted	to	lead	to	faecal	incon-
tinence, included sweets, alcohol, onions.[145] 
(Evidence Level 2)  chocolate, rich and spicy 
foods, caffeine, fruits, greasy, fat, fried foods, 
and dairy products [145] (Evidence Level 2)

	 •		Limiting	portion	or	meal	size	was	a	strategy	to	
limit faecal incontinence.[145,261] (Evidence 
Level 2)

	 •		Avoiding	 gas	 producing	 foods	 such	 as	 pea	
soup,	onions,	cabbage,	caulilower	and	dairy	
products,	was	used	as	a	treatment	for	latus.
[145,254,261,264] (Evidence Level 2)

	 •		Increasing	 luids	 was	 another	 practice	 used	
as a management technique for constipation.
[145,261] (Evidence Level 2)

	 •		Some	women	 reported	 using	 protracted	 vol-
untary constipation as a management tech-
nique for leakage for up to 1 month.[260] 
(Evidence Level 2)

	 •		Increasing	dietary	ibre	and	 taking	ibre	sup-
plements along with digestive enzymes and 
yogurt were noted as treatments for faecal in-
continence.[145,261,264] (Evidence Level 2)

	 •		Women	reported	eating	foods	they	enjoyed	at	
home and then dealt with the consequences of 
faecal incontinence symptoms.[145,261,269] 

(Evidence Level 2)

	 •		Women	 lacked	 therapeutic	guidance	 regard-
ing	 diet	 modiications	 and	 adapted	 recom-
mendations from other gastrointestinal dis-
orders such as IBS and lactose intolerance 
or	 approached	 diet	 modiication	 by	 trial	 and	
error.[145,261] (Evidence Level 2)

a) Recommendations for practice

	 •		Diet	is	an	important	self-care	strategy	for	fae-
cal incontinence. Recommend that clinicians 
include teaching of successful strategies in-
cluding timing of food intake, restricting food 
amounts to minimize leakage, avoiding ag-
gravating foods, increasing water intake, and 
increasing	 the	consumption	of	yogurt,	high	i-
bre	foods	or	a	ibre	supplement.	Recommend 
Grade B

	 •		Recommend	 clinicians	 ask	 about	 dietary	 re-
strictions, as not all strategies employed by 
clients with faecal incontinence are helpful or 
evidence-based. (Recommendation Grade B)

b) Recommendations for research

							•			Determine	the	effectiveness	of	diet	restrictions	
and	supplementation	and	modiications	in	food	
preparation in reducing faecal incontinence 

	 •		Assess	the	effect	of	timing	of	food	intake	in	a	
bowel management program

A revised algorithm for the initial management of 
faecal incontinence has been developed based on 
a review of new evidence in the literature within 
the context of previous evidence and consensus of 
an international group of experts on faecal inconti-
nence. (See summary of the recommendations and 
algorithms at the end of this book.) 

X. ALGORITHM 
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Therapy for faecal incontinence is readily divided 
into non-surgical and surgical therapy. Selection of 
speciic	therapy	is	based	upon	a	number	of	consid-
erations, including the severity of incontinence and 
structural integrity of the anal sphincter.

Conservative	therapy	is	most	applicable	to	relative-
ly	mild	cases	of	 incontinence.	Biofeedback	retrain-
ing	can	be	attempted	for	incontinence	of	any	cause	
or	severity,	as	the	therapy	is	painless	and	risk-free.	
These	treatments	are	discussed	in	detail	elsewhere	
in	this	monograph.

The	most	widely	accepted	surgical	therapy	for	fae-
cal incontinence is overlapping sphincteroplasty. 
Typical	of	other	well-established	therapies,	the	evi-
dence	 base	 supporting	 this	 approach	 is	 paradoxi-
cally	 less	 robust	 than	 that	 supporting	more	 recent	
treatment	options.	Sphincteroplasty	is	useful	only	in	
cases	 in	which	 there	 is	an	anatomic	sphincter	de-
fect,	and	it	has	been	reported	to	provide	satisfactory	
results	 in	many	 case	 series.	However,	 several	 re-
cent	studies	have	now	shown	that	results	of	sphinc-
teroplasty	deteriorate	with	time	[1,2].

A	number	of	operations	were	developed	in	the	early	
to	mid	 20th	 century	 to	 provide	 a	 treatment	 option	
for	 patients	whose	 native	 sphincter	 was	 either	 in-
tact	but	weak	or	not	reparable.	Muscle	transposition	
procedures	using	either	gluteus	maximus	or	graci-
lis	 were	 devised	 to	 create	 a	 functional	 biological	
neosphincter,	 but	 the	approach	did	not	gain	wide-
spread	 popularity.	 The	 Parks	 postanal	 repair	 was	
devised	in	1975	to	treat	patients	with	 incontinence	
due	to	pelvic	neuropathy	[3].

Dissatisfaction	 with	 available	 operations	 for	 fae-
cal	 incontinence	 led	 to	 development	 of	 a	 variety	
of	 novel	procedures	during	 the	 last	20	years.	The	
stimulated	(dynamic)	graciloplasty	and	the	artiicial	
anal	sphincter	were	devised	as	salvage	procedures	
for	patients	who	had	failed	or	were	not	candidates	
for	standard	therapy.	A	more	recent	approach	is	the	
use	of	sacral	nerve	stimulation,	which	was	adopted	
for	 this	 purpose	 from	 its	 previously	 better-deined	

I.  INTRODUCTION role in detrusor overacitivity incontinence and idio-
pathic	 urinary	 retention.	Moreover,	 there	 has	 also	
been	a	trend	towards	development	of	minimally	in-
vasive approaches to faecal incontinence, such as 
the	use	of	injectable	biomaterials.

Several	important	caveats	apply	to	interpretation	of	
the results of surgery for faecal incontinence report-
ed	in	the	literature.	First,	the	vast	majority	of	reports	
are	 uncontrolled	 case	 series.	 Randomised	 con-
trolled studies are rare, and those reported include 
only	small	numbers	of	patients	[4].	Second,	numer-
ous	quantitative	measures	have	been	used	to	report	
outcomes,	but	only	recently	have	any	of	these	been	
validated, such as the Faecal Incontinence Quality 
of	Life	(FIQL)	instrument.	Third,	criteria	for	“success-
ful”	 outcomes	 have	 been	 variable	 and	 often	 arbi-
trary.	Fourth,	the	quality	of	data	reported	is	variable,	
though	 it	has	generally	 improved	with	 the	passage	
of	time.	Chart	review	has	been	supplanted	by	patient	
questionnaires	and	interviews	by	independent	data	
auditors;	daily	continence	diaries,	the	most	stringent	
form	 of	 data	 collection,	 have	 become	 increasingly	
commonplace	(though	not	routine).	Despite	the	fact	
that	studies	using	 lax	data	collection	are	certain	 to	
report	better	 results	 than	 those	using	methodology	
that	 is	 more	 stringent,	 of	 necessity,	 composite	 re-
views	of	surgical	results	 include	studies	using	vari-
ous	methods	of	data	collection.	Finally,	 results	are	
not	 always	 reported	on	an	 intention	 to	 treat	 basis,	
particularly	in	the	implantable	device	literature.

Search Methods

Pubmed	search	was	 conducted	 to	 identify	 studies	
published	on	 the	use	of	surgery	 for	 faecal	 inconti-
nence	in	children	and	adults.	Keywords	used	were	
faecal	 incontinence	 and	 surgery.	 Full	 text	 copies	
of	 studies	 deemed	 to	 be	 potentially	 relevant	were	
obtained.	Priority	was	given	to	systematic	reviews,	
randomised	controlled	trials,	and	controlled	clinical	
trials;	if	those	were	unavailable	or	inadequate,	com-
parative	 observational	 studies,	 case	 series,	 case	
reports	 and	 narrative	 reviews	 were	 also	 included.	
Reviewers	were	not	blinded	 to	 the	names	of	stud-
ies’	authors,	 institutions	or	publications.	 In	view	of	
the	nature	of	the	guideline,	priority	was	given	to	the	
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reports	with	 large	number	of	patients	and	long	fol-
low-ups	assessing	eficacy	of	surgical	interventions.	
Particular	emphasis	was	placed	on	those	reporting	
techniques	and	functional	outcome	including	quality	
of life after an operation.

Non-English	 language	 papers	 were	 noted	 but	
excluded	 from	 the	 review	 unless	 they	 con-
tained	an	English-language	abstract	providing	
sufficient	information.

1. SPHINCTER REPAIR

Anal	sphincter	repair	is	the	term	used	to	describe	
primary	repair	of	the	anal	sphincter	mechanism	fol-
lowing	direct	trauma.	The	most	common	indication	
is	following	childbirth	and	repair	in	this	situation	is	
usually	 performed	 by	 the	 attending	 obstetrician.	
Colorectal	surgeons	are	more	commonly	involved	
in	primary	repair	of	injury	that	is	the	result	of	blunt	
or	 penetrating	 trauma.	 Occasionally,	 the	 anal	
sphincter	mechanism	is	damaged	during	anorectal	
surgery for other anal pathology particularly sur-
gery	for	anal	istula.

In	 Western	 obstetric	 practice,	 the	 incidence	 of	
overt	 anal	 sphincter	 injury	 (grade	 3	 or	 4	 tear)	 is	
low,	3-	5%	following	primiparous	delivery	and	0.5-
1%	 following	 second	 and	 subsequent	 deliveries	
[5].	When	prospectively	 looked	 for	with	 endoanal	
ultrasound, the actual incidence of anal sphinc-
ter	 injury	 is	 higher	 [6,7].	 A	 meta-analysis	 of	 717	
vaginal	deliveries	found	an	incidence	of	new	anal	
sphincter	 defects	 of	 27%	 in	 primiparous	 and	 9%	
in	 multiparous	 women	 using	 2D	 endoanal	 ultra-
sound	 [8].	 3D	 ultrasonography	 suggests	 that	 the	
incidence	is	somewhat	less,	perhaps	11%,	follow-
ing	 primiparous	 delivery	 [9].	 The	 risk	 factors	 for	
sphincter	injury	include	instrumental	vaginal	deliv-
ery,	 prolonged	 second	 stage	 of	 labor,	 fetal	 mac-
rosomia,	and	a	persistent	occipital	position	of	 the	
fetal	head	[7,10-12].	Midline	episiotomy	is	associ-
ated	with	higher	incidence	of	anal	sphincter	injury	
and	the	angle	of	mediolateral	episiotomy	may	also	
inluence	perineal	outcome	[13].	A	policy	of	restric-
tive	use	of	episiotomy	may	reduce	the	incidence	of	
anal	sphincter	injury	[14].

Obstetric	 injury	 of	 the	 perineum	 is	 classiied	 as	 a	
irst	 degree	 tear	 if	 conined	 to	 vaginal	 epithelium	
and	skin,	second	degree	if	the	perineal	muscles	are	
torn,	third	degree	if	the	anal	sphincter	muscles	(ex-
ternal:	EAS;	 internal:	 IAS)	are	 torn,	 (3a:	 less	 than	
50%	EAS	 torn;	 3b:	more	 than	 50%	EAS	 torn;	 3c:	
IAS	torn)	or	fourth	degree	if	both	EAS	and	IAS	and	
rectal	or	anal	mucosa	are	torn	[15].	Primary	repair	of	
an	obstetrical	tear	is	correctly	termed	anal	sphincter	
repair	and	is	usually	performed	by	the	obstetrician	
immediately	 after	 delivery,	 most	 commonly	 in	 the	
delivery	 room	under	 local	 or	 epidural	 anaesthetic.	

However	 recent	 guidelines	 issued	 by	 the	 Royal	
College	 of	 Obstetricians	 and	 Gynaecologists	 in	
the	UK	recommend	that	all	such	repairs	should	be	
performed	in	an	operating	room	with	adequate	ex-
posure,	lighting	and	adequate	anaesthesia	[16].	By	
tradition,	the	technique	of	repair	has	been	a	direct	
oppositional	repair	of	the	severed	EAS,	however	an	
overlapping	 technique,	 as	 commonly	 used	 in	 sec-
ondary	repair	(vide	infra),	has	been	recommended	
as	it	obligates	identiication	and	adequate	mobiliza-
tion	of	the	severed	ends	of	the	EAS	[17].	The	IAS,	
if	damaged,	 is	dificult	 to	 identify	separately	and	is	
usually	 repaired	 en	 block	with	 the	 anal	 canal	mu-
cosa	in	a	complete	or	4th	degree	tear.	Mahoney	et	
al	[18]	however	have	shown	that	persistence	of	an	
IAS	defect	is	adversely	associated	with	continence	
outcome	following	repair	of	a	3rd	or	4th	degree	tear,	
while	Roos	et	al	 [19]	have	 found	 that	women	with	
major	tears	(grade	3c	or	4)	were	signiicantly	more	
likely	 to	 have	 ultrasound	 evidence	 of	 a	 persisting	
IAS	 or	 combined	 IAS	 and	 EAS	 defect	 following	
obstetric	 repair.	 Such	 women	 were	more	 likely	 to	
have	poor	 functional	outcomes.	Separate	repair	of	
the	IAS	has	been	advocated	[17];	however	as	with	
overlapping EAS repair, separate repair of the IAS 
requires	 good	 anatomical	 knowledge	 and	 meticu-
lous	technique	and	it	is	probable	that	these	factors	
are	 relected	 in	 the	 improved	 outcomes	 reported,	
rather	than	the	actual	technique	used.	Thus,	McNi-
col	et	al	[20]	have	reported	full	continence	in	39/45	
(86%)	women	who	underwent	primary	repair	using	
a	standardized	overlapping	repair	without	separate	
identiication	and	repair	of	the	IAS.

There	 have	 been	 six	 randomised	 clinical	 trials	
[17,21-25],	one	meta-analysis	[26],	and	a	systemat-
ic	review	[27]	that	have	investigated	different	tech-
niques	of	 immediate	 primary	 anal	 sphincter	 repair	
following	obstetric	injury.	Four	trials	have	found	no	
difference	between	the	overlapping	and	end-to-end	
repairs.	One	 trial	 found	 the	overlapping	procedure	
superior and one found the end-to-end procedure to 
be	superior.	Thus	it	appears	 inappropriate	to	favor	
one	 type	 of	 repair	 over	 another	 [26].	 [LEVEL OF 
EVIDENCE: 1]	However,	all	studies	were	small	and	
it	 is	dificult	 to	control	 for	 the	skill	of	 the	 individual	
obstetrician	 performing	 the	 repair.	 With	 regard	 to	
the	suture	material	used	in	repair,	a	randomised	trial	
found	 no	 difference	 in	 outcomes	 between	 braided	
and	 monoilament	 absorbable	 sutures	 with	 12	
months	follow-up	[22],	while	Parnell	et	al	[28]	found	
no	difference	in	outcome	in	a	case	series	of	patients	
between	absorbable	and	permanent	sutures.	[LEV-
EL OF EVIDENCE: 2 ]

As	 colorectal	 surgeons	are	 in	 general	more	 famil-
iar	with	the	anatomy	of	the	anal	canal,	it	has	been	
suggested	that	primary	anal	sphincter	repair	might	
be	best	performed	by	a	colorectal	surgeon	than	an	
obstetrician	[29].	Nordenstam	et	al	[30]	concluded,	
in	a	single	institution	study	of	165	women,	that	tech-
nique	and	expertise	 impact	on	 the	outcome	of	pri-

II. SURGERY FOR ADULT FAECAL 
INCONTINENCE
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mary	repair	and	that	if	needed,	the	repair	could	be	
safely	delayed	until	such	expertise	was	available.	In	
a	similar	study,	Soerensen	et	al	 [31]	 found	no	ad-
verse	outcome	with	delayed	primary	repair;	thus,	re-
pair	can	be	safely	delayed	until	adequate	expertise	
is	 available.	 Co-operation	 between	 obstetric	 and	
colorectal	 surgical	 colleagues	 can	 result	 in	 much	
improved	 outcomes	 [20],	 while	 a	 structured	 train-
ing	programme	for	obstetric	trainees	also	improves	
clinical	outcomes	[32].	[LEVEL OF EVIDENCE: 2 ]

There	have	been	two	randomised	trials	of	post-op-
erative	management	of	the	bowel	after	primary	anal	
sphincter	repair.	These	have	shown	beneit	in	use	of	
a	laxative	rather	than	a	constipating	regimen	but	no	
advantage	 to	 the	addition	of	a	stool	bulking	agent	
[33,34].	[LEVEL OF EVIDENCE: 1 ]

Alteration	 in	 faecal	 continence	 occurs	 in	 approxi-
mately	 13	 -	 17%	 of	 women	 following	 primiparous	
vaginal	 delivery,	 even	 in	 the	 absence	 of	 a	 recog-
nised	 sphincter	 tear	 [6,35,36].	 The	 prevalence	 is	
greater if urgency of defaecation is included as a 
symptom	[7].	MacArthur	et	al	[37]	found	latal	incon-
tinence	in	27%	of	7,879	women	surveyed	12	weeks	
after	 delivery.	 [LEVEL OF EVIDENCE: 2 ]	 Fenner	
et	 al	 [38]	 found	 that	 women	 who	 had	 sustained	
third	 and	 fourth	 degree	 tears	 were	 more	 likely	 to	
have	bowel	incontinence	than	women	without	anal	
sphincter	 injury	 6	 months	 following	 delivery.	 This	
was	more	pronounced	 in	women	with	 a	 history	 of	
4th	degree	tear.	Samarasekera	et	al	[39]	have	found	
long-term	effects	on	anal	continence	and	quality	of	
life	following	postpartum	anal	sphincter	injury.	Oom	
et	al	[40]	have	suggested	that	concomitant	injury	to	
the	pelvic	loor	may	be	an	associated	determinant	of	
outcome	in	addition	to	adequacy	of	sphincter	repair.	
[LEVEL OF EVIDENCE: 2 ]	

Management	of	subsequent	labor	following	a	previ-
ous	 anal	 sphincter	 tear	 must	 take	 account	 of	 ob-
stetric	 risk	 factors,	 symptoms	 of	 incontinence	 and	
patient	preferences.	Harkin	et	al	 [12]	 found	an	ap-
proximately	5	 fold	 increase	 in	 the	 incidence	of	 re-
current	sphincter	tear	compared	to	the	incidence	of	
irst	sphincter	 injury	during	second	 labor.	Fynes	et	
al	[41]	found	that	women	with	altered	continence	af-
ter	irst	vaginal	delivery	were	at	risk	of	deterioration	
if delivered vaginally on their second pregnancy. 
Cesarean	delivery	before	 the	onset	of	 the	 second	
stage	of	labor	was	found	to	be	protective	[42];	how-
ever,	Nelson	et	al	[43]	in	a	systematic	review	found	
that	 pregnancy	 rather	 than	 delivery	 was	 a	 more	
important	in	predicting	post	partum	continence.	Re-
cently,	Scheer	et	al	[44]	have	conirmed	that	subse-
quent	vaginal	delivery	 is	reasonable	 in	asymptom-
atic	women	after	a	previously	repaired	third	degree	
tear.	[LEVEL OF EVIDENCE: 3 ]

	A	number	of	studies	have	looked	at	long-term	out-
comes	after	repair	of	a	3rd	or	4th	degree	tears	and	
all	 have	shown	an	 increasing	prevalence	of	 conti-
nence	 disorders	 with	 age.	 These	 indings	 parallel	

those	 of	 the	 general	 population	 of	 parous	women	
who	 have	 not	 had	 a	 recognised	 tear	 [45-47].	 Eo-
gan	 et	 al	 [48]	 found	 in	 a	 study	 of	 women,	 10,	 20	
and	30	years	following	delivery	that	onset	of	meno-
pause	was	the	most	signiicant	determent	of	symp-
toms,	whereas	Mous	et	al	[49]	found	the	incidence	
of	 incontinence	 increased	with	 age	 irrespective	 of	
menopausal	 status.	 Fornell	 et	 al	 [50]	 found	 that	
subjective	 and	 objective	 anal	 function	 after	 anal	
sphincter	 injury	 deteriorates	 with	 time	 and	 subse-
quent	deliveries.	A	persistent	defect	in	the	IAS	was	
also	 found	 to	be	an	 important	determinant,	an	ob-
servation	supported	by	Mahony	et	al	 [18].	 [LEVEL 
OF EVIDENCE: 3]	 There	 is	 some	 evidence	 that	
hormone	 replacement	 therapy	may	 be	 of	 value	 in	
women	 who	 develop	 symptoms	 post	 menopause	
[51].	[LEVEL OF EVIDENCE: 2 ]

2. SPHINCTEROPLASTY

The	term	anal	sphincteroplasty	is	used	to	describe	
secondary or delayed reconstruction of the anal 
sphincter	musculature,	 injury	 to	 which	 has	 either	
not	 been	 recognised	 at	 the	 time	 of	 injury	 or	 the	
outcome	 of	 primary	 repair	 has	 been	 unsatisfac-
tory.	Anterior	sphincteroplasty	is	the	most	common	
type	 of	 reconstruction	 performed	 because	 of	 the	
association	 with	 obstetric	 injury.	 In	 this	 situation,	
the	anal	sphincter	muscles	and	perineal	body	have	
separated	 leaving	 a	 horseshoe	 type	 conigura-
tion	to	the	anal	sphincter	mechanism,	with	a	large	
defect	 in	 the	 anterior	 quadrant.	Occasionally,	 the	
defect	 is	 such	 that	 the	 anal	 and	 vaginal	mucosa	
have	healed	to	form	a	cloacal	defect.	Anal	sphinc-
ter	defects	related	to	previous	anal	istula	surgery	
or	direct	trauma	are	usually	less	complex	and	are	
not	associated	with	a	deicient	perineum.

The	 decision	 to	 perform	 anal	 sphincteroplasty	 is	
based	 on	 an	 assessment	 of	 symptoms	 and	 the	
anatomical	 extent	 of	 the	 sphincter	 defect	 [52]	 .	 In	
assessing	 symptoms	 one	 of	 several	 continence	
scores	 should	 be	 used.	 The	 two	 most	 commonly	
applied are the Cleveland Clinic Continence Score 
[53]	and	the	St	Mark’s	Continence	Score	[54].	In	ad-
dition	a	quality	of	life	instrument	should	be	applied	
[55]	.	Endoanal	ultrasound	is	helpful	in	deining	the	
extent	of	anal	sphincter	 injury.	3D	endo	anal	ultra-
sonography	 may	 provide	 further	 information	 [9].	
Pelvic	loor	assessment	using	fMRI	[56]	or	multiple	
contrast	 defeacating	 proctography	 [57]	 are	 valu-
able	in	the	assessment	of	a	more	global	pelvic	loor	
injury.	 The	American	 Society	 of	 Colon	 and	Rectal	
Surgeons considers as surgical indication those 
symptomatic	patients	with	localized	defects,	without	
deining	exactly	the	minimum	size	of	the	injury	de-
tected	as	indication	for	this	surgery	[58].	[LEVEL OF 
EVIDENCE: 4]	

Other	 causes	 of	 disordered	 continence	 should	 be	
excluded	e.g.	inlammatory	bowel	disease,	colorec-
tal	 cancer	 and	 neurological	 lesions.	 Patients	 with	
background	IBS	are	more	likely	to	be	symptomatic	
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than those	more	predictable	bowel	habit	and	equiv-
alent	anal	sphincter	defects	[59]	.	Pelvic	loor	elec-
trophysiological	assessment,	while	not	essential,	 if	
performed,	should	be	comprehensive	and	not	con-
ined	 to	measurement	 of	 pudendal	 nerve	 terminal	
motor	latency	[60].

For	symptomatic	patients	with	a	less	than	one	quad-
rant	anal	sphincter	defect,	a	trial	of	dietary	modiica-
tion, stool regulating drugs and physiotherapy is ap-
propriate.	There	are	limited	data	regarding	the	role	
of	 biofeedback	 with	 or	 without	 electrical	 augmen-
tation	 [61,62],	 however	 a	 recent	 Cochrane	 review	
concluded	there	were	insuficient	data	to	allow	de-
initive	assessment	[63].	[LEVEL OF EVIDENCE: 2 ]	

For	 patients	 with	 a	 more	 than	 one	 quadrant	 anal	
sphincter defect, anal sphincteroplasty is appropriate 
[4,15,52].	 Preoperative	 counseling	 should	 identify	
post	operative	wound	healing	as	the	most	common	
dificulty.	The	majority	of	patients	can	expect	signii-
cant	improvement	in	continence	after	the	procedure	
with	a	mean	of	66%	reporting	excellent	of	good	re-
sults	in	the	short	term	[52].	Concomitant	repair	of	a	
cloacal	defect	or	vaginal	istula	should	be	undertaken	

[64-66].	 There	 is	 no	 evidence	 that	 a	 defunctioning	
colostomy	 improves	 outcome.	 The	 results	 of	 anal	
sphincteroplasty	in	recent	series	reporting	more	than	
50	patients	are	given	in	Table 1 [1,2,52,67-84].

Anal	sphincteroplasty	is	usually	performed	in	the	li-
thotomy	 position	 although	 adequate	 exposure	 can	
be	 obtained	 in	 the	 prone	 jack-knife	 position.	 Full	
bowel	 preparation	 is	 not	 needed,	 although	 most	
would	give	a	cleansing	enema	pre-operatively.	The	
conventional	incision	is	an	inverted	‘V’	that	may	be	
closed	as	an	inverted	‘Y’	as	described	by	Parks	[85].	
If anterior levatorplasty or rectocele repair is con-
templated,	 a	 posterior	 fourchette	 incision	 with	 the	
patient	in	lithotomy	may	have	advantages	[76].	The	
external	anal	sphincter	is	usually	repaired	using	an	
overlapping	 technique	 without	 separate	 identiica-
tion	and	repair	of	 the	 IAS	 [15],	however,	Maslekar	
et	al	[82]	attribute	their	good	long	term	results	to	a	
selective policy of separate repair of the IAS. There 
has	been	one	small	randomised	trial	of	direct	versus	
overlapping	sphincteroplasty	which	showed	similar	
outcomes	[86].	Occasionally	the	EAS	defect	 is	not	
full	thickness	and	overlapping	repair	in	such	circum-

Authors (ref) Year Number of 
patients 

Follow–up 
months 

Continent %  
(excellent  / goo d) 

Fleshman et al [67] 1991 55 12 72 

Engel et al [68] 1994 55 15 79 

Londono-Schimmer et al [69] 1994 94 60 50 

Oliveira et al [70] 1996 55 29* 71 

Gilliland et al [71] 1998 77 24* 55$ 

Young et al [72] 1998 54 18* 86$ 
Malouf et al [1] 2000 55 77 49 

Karoui et al [73] 2000 74 40 47 

Osterberg et al [74] 2000 51 12 58 

Morren et al [75] 2001 55 40 56 

Tan et al [76] 2001 50 28 50 

Halverson and Hull [2] 2002 71 69 25 

Bravo Gutierrez et al [77] 2004 130+ 120 6 

Madoff# [52] 2004 891  66 

Norderval et al [78] 2005 71 27 41 

Zorcolo et al [79] 2005 93 70* 55 

Trowbridge et al [80] 2006 86 67 11 

Barisic et al [81] 2006 65 80* 48 

Maslekar et al [82] 2007 64 84* 80 

Oom et al [83] 2009 120 111* 38 

Gleason et al [84] 2011 74 32 77 

Table 1. Published results of anal sphincteroplasty since 1990, including series with 50 or more

# metanalysis
* Median follow-up 
+ 130/190 available for 10 year follow-up
$ deined as “successful”
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stances	would	require	division	of	the	residual	intact	
ibres	to	facilitate	overlap.	Oberwalder	et	al	[87]	have	
found	in	a	small	series	of	patients	that	imbrication	of	
the	EAS	in	such	cases	is	associated	with	outcomes	
similar	to	formal	overlapping	sphincteroplasty.

Initial success of sphincteroplasty is related to 
whether	 the	 anal	 sphincter	 defect	 is	 corrected	
[68,88].	 Early	 failure	 is	 usually	 associated	 with	 a	
persisting	 defect	 identiiable	 using	 endoanal	 ul-
trasound	 [89].	This	may	 be	 amenable	 to	 a	 further	
attempt	 at	 repair	 [88,90,91].	 There	 is	 however	 in-
creasing	evidence	that	continence	outcomes	dete-
riorate	 with	 long-term	 follow-up	 [15,52,92].	 Zutshi	
et	al	 [93]	 found	 in	a	cohort	of	31	patients	 followed	
for	10	years	after	overlapping	sphincteroplasty	that	
continence	deteriorates	over	 time.	Mevik	et	al	 [94]	
also	 identiied	 signiicant	 deterioration	 over	 time	
while	Bravo	Gutierrez	et	al	[77]	found	that	only	6%	
of	patients	retained	full	continence	10	years	follow-
ing	anal	sphincteroplasty.	The	effect	of	age	at	time	
of	 operation	on	 long-term	 function	 is	 controversial	
[93,95,96],	however	long-term	effects	of	aging	and	
menopause	coupled	with	atrophy	of	the	sphincters	
may	be	relevant	[15,97].	[LEVEL OF EVIDENCE: 3 ]	

Pre-operative physiologic testing is helpful in the 
overall	 management	 of	 patients	 with	 faecal	 incon-
tinence,	however	 the	value	of	anal	manometry	and	

pelvic	loor	electrophysiological	assessment	as	prog-
nostic	 indicators	 for	 outcome	 following	 sphinctero-
plasty	is	controversial	[98].	There	are	no	established	
parameters	 that	 reliably	 predict	 outcome	 following	
sphincteroplasty	[82,99].	Patients	with	an	unsatisfac-
tory	clinical	outcome	follow	sphincteroplasty	may	be	
considered,	if	suficiently	symptomatic,	for	adjunctive	
sacral	 neuromodulation	 (vide	 infra)	 [100].	 [LEVEL 
OF EVIDENCE: 4]

3. POST-ANAL REPAIR

Post-anal	 repair	 was	 irst	 reported	 by	 Sir	 Alan	
Parks	in	1975	[3].	This	procedure	was	designed	to	
increase the length of the anal canal, restore the 
ano-rectal	angle	and	re-create	the	lap	valve	mech-
anism,	 which	 at	 the	 time	 was	 thought	 essential	
for	 maintaining	 faecal	 continence.	 Success	 rates	
ranged	 from	 15%	 to	 83%,	 depending	 on	 the	 dei-
nition	 of	 the	 success,	 the	 length	 of	 follow-up,	 and	
possibly	 the	cause	of	 incontinence.	The	published	
studies regarding post-anal repair include three 
systematic	 reviews	 of	 randomised	 controlled	 trials	
(level	1)	[4,101,102],	two	randomised	controlled	tri-
als	(level	1	[103]	and	2	[104]),	two	non-randomised	
cohort	studies	(level	2)	[105,106],	8	case	series	of	
good	quality	(level	3)	[107-114]	and	11	case	series	
of	poor	quality	(level	4)	 [3,115-124].	The	results	of	
post-anal	repair	are	shown	in	Table 2 	[3,103-124].

Outcomes Authors (ref) Year 
Number of 
patients 
(female) 

Median or mean 
follow-up: months

 

(range) 
Continent to Solid 
and Liquid (%)  

Symptomatic 
 improvement  

Evidence  
level 

Parks [3] 1975 75 (68) ns (180 or less)
 

83% ns 4 
Browning and Parks [107] 1983 42 (36) ns ( 1or less ) 81% ns 3 
Keighley [115] 1984 89 (ns) ns (6 or more) 63% 84% 4 

Ferguson [116] 1984 9 (8) ns ( ns ) 67% ns 4 

van Vroonhoven and Schouten[117] 1984 16 ns (3 or more) 63% 75% 4 

Henry and Simson [118] 1985 242 (193) 11 ( 0.5 - 27 ) 60% ns 4 

Habr-Gama et al [119] 1986 42 (39) 12 ( 12 ) 52% ns 4 

Womack et al [105] 1988 16 (14) 26 (15 or more) 38% 88% 2 

Scheuer et al [108] 1989 39 (ns) ns ( ns ) 15% 70% 3 

Yoshioka and Keighley [109] 1989 116 (?) 60 ( ns ) 24% 81% 3 

Rainey et al [120] 1990 42 (37) 42 ( 6 - 95 ) 31% 71% 4 

Scott et al [121] 1990 62 (56) ns ( ns ) 45% 82% 4 

Laurberg et al [122] 1990 28 (28) ns ( ns ) 32% 75% 4 
Orrom et al [106] 1991 17 (ns) 15 ( ns ) 59% ns 2 

PAR: 12 (12) 24 42% 42% 

ALP: 12 (12) 22 33% 50% Deen et al [103] 1993 

TPFR:12 (12) 28 

(22 - 28) 

67% 83% 

1 

Engel et al [110] 1994 38 (34) 43 ( 15 - 126 ) 21% 50% 3 

6 ( 6 ) 50% 83% 
Jameson et al [111] 1994 36 (33) 

25 ( 6 - 72 ) 28% 53% 
3 

Setti-Carraro et al [112] 1994 34 (34) 73 ( 61 - 95 ) 26% 82% 3 

Rieger et al [123] 1997 19 (ns) 96 ( 24 - 120 )  37% 58% 4 

PAR: 11 (11) 3  ( 3 ) 27% 45% 
van Tets et al [104] 1998 

TPFR: 9 (9) 3  ( 3 ) 22% 33% 
2 

Matsuoka et al [113] 2000 20 (20) 36 ( 12 - 90 ) 35% 35% 3 

Abbas et al [114] 2005 44 (44) 36 (24 - 216) 23% 68% 3 

Mackey et al [124] 2010 57 (53) 109 (26 - 224) 26% 79% 4 

ns: not stated; PAR: postanal repair; AL P: anterior levatorplasty; TPFR: total pelvic	loor repair  

Table 2. Postanal repair for faecal incontinence
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Subsequent	 observational	 studies	 with	 a	 median	
follow-up	of	more	than	5	years	revealed	that	conti-
nence	deteriorated	with	time.	Despite	60%	to	80%	
of	 patients	 reporting	 persisting	 symptomatic	 im-
provement,	only	one-third	were	actually	continent	
to	 liquid	or	 solid	 stool	 [109,112,114,123].	Even	 in	
the	most	recent	study	reporting	the	long-term	out-
come	of	post-anal	repair	[124],	only	26%	reported	
none	 to	minimal	 incontinence,	with	 the	Cleveland	
Clinic	 incontinence	score	being	between	0	and	5,	
while	79%	improved	symptomatically	with	a	mean	
follow-up	 of	 9.1	 years.	 Possible	 explanations	 for	
deterioration	 of	 continence	 following	 initial	 im-
provement	 included	 unrecognised	 denervation	
and/or	muscular	 injury	of	the	sphincter	and	pelvic	
loor	musculature,	and	the	presence	of	occult	anal	
sphincter disruption, particularly in the studies re-
ported	 before	 endoanal	 ultrasonography	 or	mag-
netic	resonance	imaging	were	available.	Moreover,	
physiological	 and	 radiological	 evaluations	 before	
and	 after	 postanal	 repair	 have	 not	 demonstrated	
consistent changes in anal canal length, resting 
pressure, voluntary contraction pressure, ano-
rectal	 sensitivity	 and	movement	 of	 the	 ano-rectal	
angle	[104-107,125].	These	reports	of	increasingly	
poor	 outcomes	have	diminished	 the	 popularity	 of	
this	procedure	signiicantly.

Deen	et	al	 [103]	 in	a	randomised	controlled	trial,	
comparing	 three	 procedures	 in	 36	 women	 with	
neuropathic	faecal	incontinence,	found	that	com-
plete	continence	was	achieved	in	42%	of	patients	
after	post-anal	repair,	33%	after	anterior	 levator-
plasty	 and	 67%	 after	 total	 pelvic	 floor	 repair.	 In	
contrast,	 van	 Tets	 et	 al	 [104]	 conducted	 a	 ran-
domised	 controlled	 trial	 comparing	 post-anal	 re-
pair	and	total	pelvic	floor	repair	in	20	women	with	
neurogenic	 faecal	 incontinence.	Complete	 conti-
nence	to	solid	or	liquid	stool	was	achieved	in	27%	
of	patients	after	post-anal	repair	and	in	22%	after	
total pelvic floor repair.

4. NON-STIMULATED MUSCLE TRANSPOSITION 

A	variety	of	muscle	transposition	procedures	have	
been	 devised	 for	 the	 treatment	 of	 faecal	 inconti-
nence. Early efforts focused upon the use of trans-
posed	skeletal	muscle	to	supplement	the	function	
of	a	weak	or	disrupted	anal	sphincter.	Early	in	the	
20th	 century,	 a	 number	 of	 surgeons	 utilized	 glu-
teus	maximus	muscle,	 transposed	 in	 a	 variety	 of	
conigurations,	to	create	a	neosphincter	[126,127].	
In	 1952,	Pickrell	 et	 al	 [128]	 described	 the	 use	 of	
transposed	gracilis	muscle	to	create	a	neosphinc-
ter for incontinent children.

Published	 series	 of	 gracilis	 transposition	 are	
uncontrolled	 and	 demonstrate	 variable	 success	
rates	[129-138].	[LEVEL OF EVIDENCE: 3 ]	One	
study	 reviewed	 the	 functional	 results	of	gracilo-
plasty	longitudinally	in	22	patients	followed	for	a	
median	63	months	[139].	18	patients	(81%)	were	

improved	at	6	months,	though	only	one	regained	
normal	 continence.	 Results	 deteriorated	 in	 5	
patients	 during	 subsequent	 follow	 up.	 Bilateral	
gracilis	transposition	has	been	used	successfully	
in	several	small	series	[130,140].

Success	 rates	 following	 gluteus	 transposition	
have	 likewise	 been	 variable	 [141-145].	 [LEVEL 
OF EVIDENCE: 3 ]	 A	 prospective	 randomised	
trial	 in	 women	 with	 post-obstetric	 neuropathic	
incontinence	 showed	 similar	 significant	 degrees	
of	 improvement	 following	 both	 gluteus	 maximus	
transposition	 and	 total	 pelvic	 floor	 repair	 [146].	
A	 recent	 retrospective	 review	 of	 25	 gluteoplasty	
patients	 reported	 restoration	of	continence	 in	18	
patients	(72%)	and	partial	restoration	in	an	addi-
tional	4	patients	(16%).	Donor-site	and	peri-rectal	
complications	occurred	in	16	patients	(64%)	[147].

5. STIMULATED MUSCLE TRANSPOSITION

The	 transposition	 of	 the	 gracilis	 muscle	 to	 re-
construct	the	anal	sphincter	was	first	performed	
in	 children	 in	 1952	 [128].	 The	 blood	 supply	 is	
primarily	 from	 a	 single	 proximal	 artery	 that	 al-
lows	 excellent	 mobility	 for	 transposition	 [148].	
Successful	electrical	 stimulation	of	a	previously	
transposed	gracilis	muscle	was	 first	 reported	 in	
1988	[149],	and	case	series	from	2	independent	
centers	 were	 simultaneously	 reported	 in	 1991	
[150,151].	 Baeten	 et	 al	 [150]	 showed	 improved	
continence	 in	 8	 of	 10	 patients;	 Williams	 et	 al	
[151]	in	12	of	20.

Even	after	successful	muscle	transposition,	func-
tional	 outcomes	 are	 limited	 by	 two	 physiological	
factors.	First,	patients	are	unable	 to	consciously	
maintain	 tonic	 contraction	 of	 their	 neosphincters	
over	 long	 periods	 of	 time.	 Furthermore,	 even	 if	
patient	volition	were	not	a	problem,	gracilis	mus-
cle is poorly suited to tonic contraction. While the 
external	anal	sphincter	comprises	predominantly	
slow-twitch,	 fatigue-resistant	 type	 I	 fibres,	 the	
gracilis	muscle	 comprises	predominantly	 type	 II,	
fast-twitch	 fibres	 that	 are	 rapidly	 fatigable	 [152].	
Graded	 electrical	 stimulation	 transforms	 type	 II	
into	 type	 I	 muscles	 fibres	 [153],	 and	 use	 of	 an	
implantable	 electrical	 pulse	 generator	 has	 been	
shown	to	convert	transposed	gracilis	to	a	muscle	
with	 predominantly	 type	 I	 fibres	 [150-152].	 The	
gracilis	muscle	is	well	suited	to	electrical	stimula-
tion	due	 to	 the	 relatively	constant	proximal	 loca-
tion	of	 the	neurovascular	bundle,	which	 is	easily	
identified	at	surgery	[154].

The	results	of	stimulated	graciloplasty	are	shown	
in Table 3 	 [155-165].	 [LEVEL OF EVIDENCE: 
2]	 In	 1995,	 Baeten	 reported	 his	 results	 in	 52	
patients,	 with	 38	 (72%)	 becoming	 continent	 af-
ter	 surgery	 [155].	 In	a	 subsequent	paper	by	 this	
group	 published	 in	 2003,	 200	 patients	 followed	
for	 a	median	of	 261	weeks	were	 reported	 [163].	
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The	overall	success	rate	was	72%.	Patients	with	
incontinence	due	 to	 trauma	had	 the	best	 results	
(82%	 success),	 while	 patients	 with	 incontinence	
due	to	congenital	anorectal	malformation	had	the	
worst	 results	 (52%	 success).	 138	 complications	
were	 reported,	 including	disturbed	evacuation	 in	
32	patients	 (16%),	 infection	 in	24	 (12%),	pain	 in	
16	(8%)	and	pulse	generator	displacement	 in	12	
(6%).	 Ten	 patients	 (5%)	 had	 anorectal	 perfora-
tions,	7	of	whom	eventually	obtained	a	successful	
outcome.	Rosen	et	al	[166]	reported	restoration	of	
continence	in	9	of	10	patients	treated	by	dynamic	
graciloplasty	using	a	“split-sling”	wrap	configura-
tion.	Sielezneff	et	al	[167]	treated	16	patients	and	
13	had	improved	continence.	However,	8	patients	
suffered	morbidity,	resulting	in	33	subsequent	ad-
missions	and	23	reoperations.

Three	 multicenter	 prospective	 trials	 of	 dynamic	
muscle	 plasty	 have	 been	 performed	 to	 date	 [158-
160].	 In	each	of	 these	studies,	patients	served	as	
their	own	controls.	No	randomised	prospective	trials	
have	been	performed.

Madoff	et	al	[158]	studied	139	patients	from	12	cen-
ters,	128	of	whom	had	gracilis	wraps	and	11	gluteus	
wraps.	Of	those	patients,	104	were	treated	for	fae-
cal	incontinence,	and	35	underwent	total	anorectal	
reconstruction	 following	 abdominoperineal	 resec-

tion	for	cancer.	Success	rates	for	graciloplasty	were	
71%	 for	 patients	 with	 acquired	 incontinence	 and	
50%	for	those	with	incontinence	due	to	a	congenital	
abnormality.	There	were	a	total	of	138	complications	
for	the	entire	group.	Wound	complications	(41	major	
and	35	minor)	were	both	the	most	prevalent	and	the	
most	 consequential.	 Other	 complications	 included	
pain	in	28	patients	(22%),	hardware	problems	in	14	
(11%)	 and	 tendon	 detachment	 in	 4	 (3%).	Centers	
with	signiicant	prior	experience	with	the	procedure	
had	substantially	fewer	major	wound	complications	
(17.4	 vs.	 33.1%)	 and	 signiicantly	 higher	 success	
rates	(80%	vs.	47%).

Mander	et	al	[159]	reported	the	results	of	dynamic	
graciloplasty	 in	 64	 patients	 with	 refractory	 faecal	
incontinence	 treated	 at	 7	 centers.	 There	 were	 24	
infectious	 complications,	 5	 of	which	 involved	 peri-
neal	wound	breakdown	and	3	of	which	required	re-
operation.	 44	 (69%)	 patients	 became	 continent	 to	
solid	stool	1	month	following	stoma	closure.	Evacu-
ation	problems	developed	in	16	patients	(25%),	and	
this	lead	to	failure	in	14.	At	a	median	of	10	months	
follow-up,	29	patients	had	a	good	functional	result.	

Baeten	et	al	[160]	reported	the	results	of	dynamic	
graciloplasty	 in	 123	 patients	 treated	 at	 20	 cen-
ters	as	part	of	the	Dynamic	Graciloplasty	Therapy	
Study	Group	(DGTSG).	The	aims	of	this	study	were	

Aut hors (ref) Y ear Number of 
patients 

Follow-up Per centage c ontinent* 

Baeten et al [155] 1995 52 25.2 months (mean) 73 

Geerdes et al [156] 1996 67 32.4 months (mean) 78 

Cavina et al [157] 1998 31 37.8 months (mean) 85 

Madoff et al [158] 1999 131 24 months (median) 66 

Mander et al [159] 1999 64 16 months (median) 69 

Baeten et al [160] 2000 123 23 months (mean) 74 

     

Wexner et al [162] 2002 83 24 months 53 

Rongen et al [163] 2003 200 16.3 months (median) 72 

Pennickx et al [164] 2004 60 48 months (median) 55 

Tillin et al [165] 2006 49 43 months (median) 70 

Hassan et al [169] 2010 31 67 months (median) 71 

 

Table 3. Dynamic Graciloplasty: General measures of continence

* variable deinitions; does not necessarily denote perfect continence. Issues of divergence in technique arose from these 
studies, each of which has seen increasing consensus in the literature despite a lack of randomised trial data. Thus, 
intramuscular (vs. epineural) electrodes are now universally employed, and diverting stomas and ‘vascular delay’ prior to 
muscle transposition are no longer utilized.



1496

to	assess	both	the	safety	and	eficacy	of	this	treat-
ment;	189	adverse	events	occurred	in	91	patients,	
including	 one	 death	 due	 to	 pulmonary	 embolism.	
There	were	18	major	and	31	minor	infectious	com-
plications.	 There	 were	 42	 instances	 of	 therapy-
associate	pain,	occurring	variably	in	the	donor	leg,	
at	the	anal	canal,	or	at	the	device	site.	There	were	
11	 lead	dislodgements	but	no	problems	with	 lead	
breakage	or	pulse	generator	malfunction.	A	follow-
up	study	showed	full	or	partial	recovery	from	these	
complications	in	87%	of	patients.	[161]	This	study,	
in	 contrast	 to	 others,	 was	 based	 upon	 data	 from	
daily	 continence	 diaries.	A	 successful	 result	 (de-
ined	as	a	50%	or	greater	decrease	in	incontinent	
events	in	patients	without	pre-existing	stomas)	was	
achieved	in	63%	of	patients	after	one	year.	Another	
follow-up	of	this	patient	cohort	demonstrated	stable	
success	rates	at	18	months	(55%)	and	24	months	
(56%)	[162].	Statistically	signiicant	improvements	
in the physical and social function scales of the 
SF-36	were	also	recorded	at	12	months.

A	 multicenter	 retrospective	 trial	 from	 Belgium	 us-
ing	 dynamic	 graciloplasty	 treated	 60	 patients	with	
27	failures	[164].	Continence	was	achieved	in	78%	
of	the	group.	However,	more	than	half	(26	patients)	
required	 the	use	of	antegrade	continence	enemas	
or	 other	measures	 to	maintain	 continence.	 Seven	
patients	had	a	permanent	stoma	constructed.	Sev-
enty-ive	complications	occurred	with	61	total	reop-
erations.	Loss	of	muscle	stimulation	occurred	in	22	
patients;	10	were	due	to	issues	speciic	to	the	stim-
ulator	and	leads,	4	were	due	to	technical	failure	of	
the	muscle	wrap.	Functional	outcome	was	directly	
associated	with	 a	maintenance	 of	 stimulation	 and	
initiation	of	stimulation	within	50	days	of	surgery.

Very	 few	 studies	 have	 examined	 the	 long	 term	 re-
sults	 with	 dynamic	 muscle	 wraps.	 Thornton	 et	 al	
[168]	reported	on	the	5-year	follow	up	of	38	patients	
who	 had	 undergone	 dynamic	 graciloplasty.	 Of	 the	
33	patients	available	 for	 follow-up	by	 telephone	 in-
terview,	 obstructive	 defaecation	 was	 a	 problem	 for	
11%	of	 the	cohort	and	16%	had	been	converted	 to	
a	permanent	colostomy.	Of	those	with	a	functioning	
graciloplasty	(22	patients)	who	reported	a	faecal	in-
continence	score	of	less	than	12	(range	0-24),	50%	
reported	problems	with	obstructive	defaecation	and	
64%	felt	their	bowel	habits	had	negatively	impacted	
their	 quality	 of	 life.	 Long-term	 complications	 were	
primarily	 related	 to	 stimulator	 issues;	 ten	 patients	
required	 15	 operations	 to	 replace	 stimulator	 com-
ponents.	 However,	 72%	 of	 patients	 reported	 pain,	
swelling	or	paresthesias	of	 the	donor	 leg	and	27%	
reported	sexual	dysfunction.	Hassan	et	al	 [169]	 re-
ported	follow-up	of	31	patients	who	underwent	graci-
lis	muscle	transposition	with	periodic	electrical	stimu-
lation	and	postoperative	supplement	of	biofeedback.	
Twenty-two	patients	(71%)	reported	improvement	at	
ive-years.	Nine	patients	(29%)	were	deemed	failure	
requiring	further	surgical	intervention	(colostomy	for-
mation,	contralateral	dynamic	gracilis	muscle	trans-
position,	 implantation	 of	 artiicial	 bowel	 sphincter).	

Six	patients	developed	perineal	wound	infections	(5	
resolved	with	 antibiotics,	 1	 required	 surgical	 drain-
age),	 and	 2	 patients	 had	 evacuation	 dificulties	 re-
quiring	regular	enemas.	Those	who	underwent	oper-
ation	due	to	traumatic	injury	to	sphincters	had	better	
outcome	 (82%	 improvement)	 compared	 to	 patients	
with	congenital	faecal	incontinence	(55%).

Tillin	et	al	 [165]	performed	a	prospective	case-com-
parison	 study	 of	 49	 patients	 who	 had	 a	 dynamic	
graciloplasty	and	87	patients	who	either	refused	the	
surgery	or	were	not	offered	the	surgery.	The	primary	
outcomes	evaluated	were	symptoms,	quality	of	 life,	
anxiety,	 and	 depression.	 Of	 the	 treated	 group,	 the	
procedure	failed	completely	in	15	patients.	At	two	year	
follow-up,	two-thirds	of	patients	were	either	never	or	
rarely	incontinent	to	liquid	or	solid	stool.	Up	to	50%	of	
patients	with	a	satisfactory	outcome	 reported	disor-
dered	evacuation	and	8	other	patients	were	deemed	
failures	due	to	this	problem.	However,	in	comparison	
to	 the	 87	 patients	 who	 did	 not	 undergo	 treatment,	
there	were	signiicantly	more	patients	in	the	dynamic	
graciloplasty	group	who	reported	a	greater	than	20%	
improvement	 in	 their	 incontinence	scores.	However,	
the	treated	group	also	had	a	signiicantly	worse	pain	
as assessed on a validated pain scale. 

Chapman	et	al	[170]	performed	a	systematic	review	
of	 dynamic	graciloplasty	 for	 faecal	 incontinence	on	
behalf	of	the	Australian	Safety	and	Eficacy	Register	
of	New	Interventional	Procedures-	Surgical	 (ASER-
NIP-S).	 The	 authors	 reviewed	 37	 original	 articles	
published	 between	 1991	 and	 October	 2000.	All	 of	
the	papers	were	judged	to	be	of	low-evidence	qual-
ity,	as	all	but	one	paper	were	case	series,	and	 the	
sole	 comparative	 study	 utilized	 historical	 controls.	
Mortality	excluding	cancer	deaths	was	1%	(95%	con-
idence	 interval	 1-3%)	 and	morbidity	 1.12	 (95%	CI	
0.14	-	2.08)	events	per	patient.	Success	was	variably	
deined	between	studies,	but	was	reported	as	rang-
ing	 from	 42-58%.	 The	 ASERNIP-S	 Review	 Group	
determined	that	“the	safety	of	the	procedure	cannot	
be	determined	at	the	present	time	due	to	an	incom-
plete	 and/or	 poor-quality	 evidence	 base”	 and	 that	
“eficacy	 is	 established.”	 Tan	 et	 al	 [171]	 examined	
three	treatments	for	faecal	incontinence	including	dy-
namic	graciloplasty,	artiicial	bowel	sphincter	and	end	
stoma.	They	concluded	that	 the	most	cost	effective	
intervention	was	 an	 end	 stoma,	 the	 artiicial	 bowel	
sphincter	was	most	cost-effective	after	10	years	and	
that	dynamic	graciloplasty	should	only	be	considered	
as	an	alternative	in	highly	specialized	centers.

6. ARTIFICIAL ANAL SPHINCTER

Artiicial	 sphincters	 can	 be	 deined	 as	 any	 kind	 of	
implanted	 device	 intending	 to	 replace	 or	 reinforce	
the	sphincteric	mechanism	that	normally	closes	the	
bowel	end.	They	aim	to	be	a	substitute	to	the	normal	
sphincters.	As	such,	it	 is	necessary	that	they	be	ef-
icient	for	both	terminal	bowel	functions:	continence	
and	evacuation;	 that	 their	 implantation	be	safe	and	
reproducible,	with	a	limited	need	for	patient/medical 
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intervention	and	follow-up	after	implantation;	and	i-
nally	that	they	be	cost	effective.

There	 is	 active	 laboratory	 research	 at	 a	 preclinic	
phase	for	new	artiicial	devices.	Different	parts	of	the	
world	are	involved,	including	China	with	a	novel	elec-
tro-magnetic	 anal	 sphincter	 with	 sensor	 feedback	
currently	tested	on	animals	[172-174],	US	with	bioen-
gineered	tissue	designed	to	mimic	the	function	of	the	
internal	anal	sphincter	[175,176],	and	Germany	with	
a	new	version	of	the	previously	described	“German	
artiicial	sphincter	system”	(GASS),	now	consisting	of	
an	inlatable	cuff	connected	to	a	combined	implant-
able	 micropump,	 luid	 reservoir	 and	 microproces-
sor	 [177].	These	various	prototypes	have	not	been	
implanted	 yet	 in	 humans	 but	 clinicians	 have	 to	 be	
aware	of	any	development	of	these	innovations.

Artiicial	 sphincters	 currently	 used	 in	 humans	 are	
silicone-made,	pressure-regulated	devices	restoring	
continence	through	an	inlatable	cuff	placed	around	
the	lower	rectum	or	upper	anal	canal.	Three	models	
have	been	proposed	on	the	market.	Over	the	5	last	
years,	no	publication	has	reported	any	results	 from	
the	implantation	of	two	of	them:	the	prosthetic	bowel	
sphincter	(PBS)	developed	by	Finlay	in	UK	and	the	
Agency	for	Medical	Innovations	(AMI)	soft	anal	band	
system	once	popular	 in	Germany	and	Austria.	The	
only	 currently	 available	 data	 concern	 the	 Acticon	
Neosphincter	(American	Medical	Systems,	AMS)	ar-
tiicial	bowel	sphincter	(ABS).

The	ABS,	a	modiied	model	of	the	AMS	800	artiicial	
urinary	sphincter	has	been	in	use	since	1996	for	fae-
cal	incontinence	management.	In	short,	it	comprises	
a	luid-illed	cuff	 that	encircles	and	compresses	 the	
anal	canal.	A	pressure-regulating	balloon	is	implant-
ed	in	the	retropubic	space	of	Retzius.	The	system	is	
controlled	by	a	pump	placed	 in	 the	 labia	majora	or	
scrotum	which	is	accessible	to	the	patient.	To	initiate	
defaecation,	squeezing	the	pump	empties	the	cuff	by	
a	luid	transfer	into	the	balloon,	allowing	for	the	pas-
sage	of	stool.	The	cuff	then	reills	automatically	from	
pressure	built	up	in	the	balloon.

The	role	of	the	ABS	in	the	treatment	of	faecal	incon-
tinence	has	been	conirmed	in	reports	from	different	
groups	 [178-182].	 [LEVEL OF EVIDENCE: 2 ]	ABS	
use	has	 been	 supported	 in	 the	 current	 recommen-
dations	of	both	the	United	Kingdom’s	National	Insti-
tute	 for	Health	 and	Clinical	 Excellence	 (NICE)	 and	
the	American	Society	of	Colon	and	Rectal	Surgeons	
(ASCRS)	 [58,183].	The	ABS	 is	especially	 indicated	
for	 patients	 with	 “severe	 end-stage	 faecal	 inconti-
nence,”	especially	those	with	major	sphincter	disrup-
tions that preclude direct sphincter repair, or those in 
whom	sphincter	repair	has	failed.	For	many	of	these	
patients,	creation	of	a	permanent	end	colostomy	 is	
the	 only	 remaining	 therapeutic	 alternative.	 Howev-
er,	generalizability	of	 the	published	 results	 remains	
doubtful	as	the	majority	of	the	series	come	from	ex-
pert	centers	that	have	developed	particular	expertise	
in	the	implantation	of	artiicial	sphincters.

a) Functional Results of ABS

The	 artiicial	 bowel	 sphincter	 provides	 good	 resto-
ration of continence for solid and liquid stool in pa-
tients	who	retain	 the	device,	with	all	studies	report-
ing	almost	similar	data	(Table 4 )	[179-181,184,185].	
Implantation	of	an	ABS	was	successful	 in	27	out	of	
33	 patients	 in	 a	Dutch	 series	with	 a	 signiicant	 im-
provement	in	Williams	faecal	continence	score	at	17	
month	follow-up	[180].	In	a	series	from	France,	a	new	
transvaginal	approach	 to	 implant	 the	cuff	has	been	
tested	 [178].	 It	was	 successful	 in	 23	 out	 of	 32	 pa-
tients	(71.9%),	with	a	device	that	remained	activated	
for	 a	 mean	 follow-up	 of	 41	 (range	 18-75)	 months,	
resulting	in	a	signiicant	decrease	in	Wexner	inconti-
nence	score	from	18.4	to	6.8	and	no	dyspareunia	in	
sexually	active	patients	 [179].	Long	 term	data	 from	
Spain	reported	a	inal	success	with	an	activated	ABS	
in	9	out	of	17	cases	(53%)	allowing	for	a	decrease	in	
CCF	score	from	a	median	of	17.5	preoperatively	to	
10	at	66	month	follow-up	and	a	signiicant	improve-
ment	 in	QOL	 [184].	 In	 the	 report	 of	 a	 large	 single-
center	 experience	 of	 ABS	 implantations,	 including	
52	patients	(46	women)	implanted	over	the	past	10	

Aut hors  (ref) year No of 
pts 

mean or median  
Follow-up (mo) 

No (%) of 
function ing 

devi ce  

Overa ll  
Comp lication 

(%) 

 "Su ccess "  in 
patients w ith a 

function ing device 

Evidence 
level 

Michot et al [179] 2010 32 41  
(range,18-75) 

       23 (71.9) 28.1 CCF-FI from 18.4 to 
6.8  

2 

Melenhorst et al [180] 2008 33 17.4 (0.8-106.3)        26 (81) 21 Williams score from 
4.8 (4–5) to 2.1 

2 

Wexner et al [181] 2009 47 39 ± 28 
(range, 3-108) 

       16  (34) 41.2 CCF-FI from 18.4  to 
ns 

2 

Ruiz Carmona et al [184] 2009 17 68 
 (range, 3-133) 

         9  (53) 100 CCF-FI from 17.5 to 
10  

2 

Wong et al [185] 2011 52 64.3 ± 46.5        35  (67.3) 50 
CCF-FI from 16.7 

(range, 12–20) to 5.6 
(range, 0–17) 

2 

 
CCF-FI:Cleveland Clinic Florida Fecal Incontinence (0: full continence - 20: worst incontinence); ns: not stated.  
"Success" is deined as "continence to solid and liquid stool without signiicant obstructed defaecation,	otherwise	deined	in	each	study" 

Table 4. Artiicial anal sphincter for faecal incontinence with Acticon Neosphincter®
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years	with	85	devices	and	a	mean	follow-up	of	64.3	
±	46.5	months,	35	patients	(67.3%)	had	a	functioning	
device	at	 review.	A	signiicant	 improvement	 in	both	
CCF	 (P	<	0.0001)	and	FIQL	 (P	=	0.0286)	was	ob-
served	[185].	Some	patients	of	this	study	with	an	ac-
tivated	ABS	were	matched	to	a	group	of	successful	
SNS	patients	to	compare	their	respective	functional	
outcomes.	 Although	 this	 study	 had	 several	 limita-
tions,	 it	showed	that	 the	ABS	achieved	signiicantly	
better	control	of	continence,	albeit	at	the	expense	of	
more	symptoms	of	outlet	obstruction	postoperatively	
and	a	similar	quality	of	life	for	the	2	groups	of	15	pa-
tients	 each	 [186].	 [LEVEL OF EVIDENCE: 2 ]	 This	
risk	 of	 constipation	 after	 implantation	 of	 an	ABS	 is	
a	real	concern	as	the	cuff,	even	when	opened,	can	
narrow	enough	the	anal	canal	to	prevent	a	complete	
and	easy	evacuation.	It	has	been	well	measured	in	
a	series	of	44	patients	with	55%	of	them	expressing	
some	sort	of	constipation	or	outlet	obstruction	[187].

b)  Surgical Risks and Postoperative Complica -
tions of ABS

Besides	an	evident	beneicial	effect	 in	 treating	se-
vere	 faecal	 incontinence,	 the	 above-mentioned	
studies	have	conirmed	the	high	risk	of	failure	after	
implantation	 due	 to	 infection	 and	 mechanical	 fail-
ure.	However	severe	morbidity	is	rare	and	no	mor-
tality	 has	 been	 ever	 reported.	 Explantation	 of	 the	
device	generally	solves	 the	problems	without	 long	
term	sequelae.

The	primary	concern	with	ABS	implantation	is	infec-
tion.	 In	 the	 report	 from	 the	Cleveland	Clinic	 23	 of	
51	 (41.2%)	 implantations	 became	 infected	 [181].	
Among	 these,	 18	 (35.3%)	 developed	 as	 an	 early-
stage	(before	ABS	activation)	and	5	(5.9%)	a	 late-
stage	 infection.	 On	 multivariable	 analysis	 the	 au-
thors	found	that	the	time	between	ABS	implantation	
and	irst	bowel	movement	and	a	history	of	perineal	
sepsis	were	independent	risk	factors	for	early-stage	
infection.	This	may	explain	some	variations	in	infec-
tion	rate	when	compared	to	European	reports	where	
great	care	is	taken	in	bowel	preparation	before	de-
vice	 implantation.	Series	 from	France	and	Holland	
each	reported	a	21%	infection	rate	[179,180].

Mechanical	 failure	 is	 now	 a	 well-recognised	 com-
plication	after	ABS	implantation.	The	most	common	
cause	 is	 microperforation	 at	 the	 folds	 of	 the	 cuff	
membrane,	which	leads	to	a	loss	of	luid	and	pressur-
ization	of	 the	system.	Cuff	perforation	 is	easily	per-
ceived	by	the	patient	as	both	a	return	to	incontinence	
and	development	of	a	non-functioning	control	pump.	
Cuff	perforation	relects	intrinsic	wear-and-tear	of	the	
device	components	over	time	and	contributes	to	the	
number	of	revision	procedures,	especially	in	patients	
with	 satisfactory	 functional	 ABS	 results.	 Revision	
rate	is	directly	proportional	to	the	length	of	follow	up.	
With	a	mean	follow-up	of	more	than	5	years,	half	of	
a	series	of	52	patients	required	revision	surgery	after	
a	mean	of	 57.7	 ±	 35.0	months,	with	 73.1%	due	 to	
a	leaking	cuff	[185].	Although	ABS	reimplantation	is	

usually easy in the encapsulated area of the previ-
ous	device,	the	risks	of	infection	and	impaired	func-
tion	are	real	and	account	for	some	long-term	failures.	
Furthermore,	 the	need	 for	 reimplantation	 increases	
the	overall	treatment	costs.	These	concerns	suggest	
that	an	appropriate	component	upgrade	by	the	man-
ufacturer	might	 lead	 to	 improved	 long	 term	 results	
and	a	lower	cost	basis	for	this	therapy.

Cost	 issues	 have	 been	 assessed	 in	 a	 complex	
health	economics	study	[188].	The	authors	aimed	to	
assess	cost-effectiveness	of	ABS,	dynamic	gracilo-
plasty	and	end-stoma	in	the	treatment	of	faecal	in-
continence.	Based	on	an	assessment	of	incremen-
tal	cost-effectiveness	 ratio	 (ICER),	 they	concluded	
from	 published	 data	 and	 expert	 opinion	 that	 the	
all	 three	 procedures	 were	 cost-effective	 with	 the	
end-stoma	most	cost-effective	over	a	5-year	period	
(ICER	GB£4,719	 /QALY)	 and	 the	ABS	most	 cost-
effective	over	a	10	year	period	(GB£5,387/QALY).

Careful patient selection and sound operative 
technique	 are	 critical	 components	 of	 success	 for	
artiicial	 sphincter	 implantation.	 Exclusion	 criteria	
include	morbid	obesity,	 insulin-dependent	diabetes	
mellitus,	Crohn’s	disease,	pelvic	sepsis	and	radia-
tion	proctitis.	Individuals	who	practice	anoreceptive	
intercourse are not candidates for the procedure. It 
is also vital to ensure that all patients are adequate-
ly	motivated	and	have	suficient	manual	dexterity	to	
operate the device independently.

At	 present,	 ABS	 is	 not	 commercially	 available	
due	 to	 a	 manufacturing	 hold	 by	 the	 FDA.	 This	
situation	 is	 especially	 difficult	 for	 those	 waiting	
for revision surgery.

Studied	in	small	trials,	but	not	yet	clinically	available,	
the	magnetic	anal	sphincter	(MAS)	(FENIX™;	Torax	
Medical,	Inc.,	Shoreview,	MN	-	US)	is	a	novel	device	
designed	 to	 augment	 the	 native	 anal	 sphincter.	 It	
consists	of	a	series	of	titanium	beads	with	magnetic	
cores	 hermetically	 sealed	 inside.	 The	 beads	 are	
interlinked	with	 independent	titanium	wires	to	form	
a	 lexible	 ring	 that	 rests	 around	 the	 external	 anal	
sphincter	in	a	circular	fashion.	The	device	is	manu-
factured	 in	 different	 lengths	 based	on	 the	 number	
of	beads	(14	to	20)	necessary	to	accommodate	the	
variation	in	anal	canal	circumferences.

One	 of	 the	 advantages	 of	 this	 still	 investigational	
device	over	the	previous	artiicial	sphincters	is	that	
it	begins	working	immediately	once	implanted,	with-
out	 the	need	 for	 further	manipulation	by	either	 the	
patient	or	surgeon.	The	procedure	for	 implantation	
is	also	substantially	simpler	than	the	ABS	because	
access	to	 the	perineum	alone	 is	required.	The	de-
vice	is	place	under	luoroscopic	guidance.

A	 recent	 multicenter	 feasibility	 study	 demonstrat-
ed	 good	 short-term	 restoration	 of	 continence	 with	
limited	 complications	 [189].	 In	 a	 subsequent	 non-
randomised	 comparative	 cohort	 study	 assessing	
results	of	the	magnetic	anal	sphincter	and	the	ABS,	
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it	was	shown	 that	 the	2	devices	were	similarly	ef-
fective in restoring continence and quality of life, 
without	 any	 difference	 in	 morbidity	 [190].	 [LEVEL 
OF EVIDENCE: 3]	Further	comparative	studies	with	
other	 innovative	 treatments	 of	 faecal	 incontinence	
such	as	SNS	are	getting	underway.

Based	on	these	results,	FENIX™	has	been	granted	
CE	mark	on	November	2011	and	its	commercial	use	
has started in selected centers in Europe. Further 
reports	from	more	centers	are	expected.

Presently	 the	 place	 of	 the	magnetic	 anal	 sphinc-
ter	 in	 the	 treatment	 algorithm	 of	 faecal	 inconti-
nence	remains	to	be	determined.	It	appears	to	be	
a	promising	innovation	as	it	offers	a	less	invasive	
and	simpler	alternative	of	anal	reinforcement	than	
the	ABS.	However,	with	only	short-term	 follow-up	
available,	 it	 remains	 to	 be	 seen	 if	 the	 MAS	 can	
withstand	the	test	of	time.

7. SACRAL NERVE STIMULATION

Sacral	nerve	stimulation	(SNS)	was	irst	applied	for	
the	treatment	of	faecal	incontinence	in	1994	by	Mat-
zel	et	al	[191]	in	patients	with	functional	deicits	of	the	
anal	sphincter	but	no	morphologic	defect.	The	con-
cept of recruiting residual function of an inadequate 
anorectal	 continence	 organ	 by	 electrostimulation	
of its peripheral nerve supply, i.e. the sacral spinal 
nerves,	was	adapted	from	the	ield	of	urology	in	the	
early	 1990s	 [192],	 where	 it	 has	 been	 used	 since	
1981	 [193].	The	 rationale	 for	 applying	SNS	 to	 fae-
cal	incontinence	was	based	on	both	clinical	observa-
tions	and	anatomic	considerations	(from	the	former,	
the	 beneicial	 effect	 on	 bowel	 habits	 and	 anorectal	
continence function and increased anorectal angula-
tion and anal canal closure pressure seen in urologic 
patients;	 from	 the	 latter,	 the	 demonstration	 by	 dis-
section of a dual peripheral nerve supply of the stri-
ated	pelvic	loor	muscles	that	govern	these	functions	
[192],	with	 the	sacral	 spinal	nerves	being	 the	most	
distal	common	location	of	this	dual	nerve	supply).	It	
was	hypothesized	 that	stimulating	 the	sacral	spinal	
nerves	could	both	enhance	physiologic	function	and	
improve	the	symptoms	of	faecal	incontinence.

a) Technique

SNS	 has	 become	 a	 minimally	 invasive	 technique	
with	 low	morbidity.	The	 surgical	 technique	 can	 be	
divided	into	two	stages:

As	 no	 other	 predictors	 of	 SNS	 outcome	 exist	 at	
present,	patients	are	uniformly	selected	 for	opera-
tive	 implantation	 of	 a	 permanent	 neurostimulation	
device	on	the	basis	of	clinical	 improvement	during	
test	stimulation.	This	irst	stage,	termed	percutane-
ous	 nerve	 evaluation	 (PNE),	 is	 used	 to	 conirm	 a	
satisfactory neural response and then to evaluate 
the	clinical	effect	of	stimulation	before	implantation	
of	a	permanent	device.	Therapeutic	trial	stimulation	
is	performed	for	one	to	three	weeks,	a	period	sufi-
cient	to	prove	its	therapeutic	effect--commonly	con-

sidered a decrease in the frequency of incontinence 
episodes	 (documented	by	bowel-habit	diary)	by	at	
least	 50%	 and	 reversibility	 after	 discontinuation.	
Two	technical	options	are	used	for	PNE:	a	tempo-
rary,	 percutaneously	 placed,	 unipolar	 test	 stimula-
tion	lead	(or	multiple	leads)	that	will	be	removed	at	
the	end	of	this	phase;	or	operative	placement	of	a	
quadripolar	lead,	the	so-called	“foramen	electrode,”	
close to a target nerve. This electrode can stay in 
place	and	be	used	for	permanent	stimulation	if	the	
trial	is	effective.	Today	most	commonly	a	minimally	
invasive	 technique	 places	 this	 foramen	 electrode	
with	 a	 modiied	 anchoring	 device,	 the	 so-called	
“tined	lead,”	through	a	trochar.	For	screening,	both	
types	of	 leads	are	connected	to	an	external	pulse,	
the	tined	lead	with	a	percutaneous	extension	cable.

The	 second	 stage	 is	 implantation	 of	 a	 permanent	
electrode	 and	 neurostimulator	 if	 screening	 is	 suc-
cessful.	Patients	with	a	 temporary	 lead	 require	si-
multaneous	implantation	of	the	pulse	generator	and	
the	 quadripolar	 lead,	 most	 commonly	 as	 a	 tined	
lead	procedure.	Those	with	a	foramen	electrode	al-
ready	 in	 place	 for	 screening	will	 undergo	 removal	
of	the	percutaneous	extension	before	placement	of	
the	pulse	generator	(so-called	“two-stage	implant”)	
[194].	Bilateral	placement	of	foramen	electrodes	re-
mains	the	exception,	based	either	on	improved	out-
come	 of	 bilateral	 stimulation	 during	 the	 screening	
phase	[195]	or	on	conceptual	considerations	[196].	
The	 pulse	 generator	 is	 placed	 subcutaneously,	
usually	in	the	gluteal	area	or	under	certain	circum-
stances	 in	 the	 abdominal	 wall.	 It	 is	 activated	 and	
stimulation	 parameters	 are	 set	 early	 after	 surgery	
by	 telemetry;	 it	 can	 be	 deactivated	 by	 the	 patient	
with	a	small,	handheld	device	commonly	referred	to	
as	a	“patient	programmer.”

A	 small	 retrospective	 study,	 comparing	 the	 earlier	
use	 of	 an	 open	 electrode	 placement	 technique	 to	
the	current	 tined	 lead	placement	demonstrated	no	
difference	in	outcome	[197].	The	infection	rate	was	
slightly higher in patients undergoing open elec-
trode	placement	(11%	vs.	8%).	Although	responses	
to	temporary	stimulation	and	the	permanent	device	
are	 comparable,	 therapeutic	 outcome	 for	 perma-
nent	SNS	appears	 to	be	best	when	both	sensory/
anal	motor	and	toe	lexion	responses	are	achieved	
during	test	stimulation	[198].	

b) Patient Selection and Indications

Today, a variety of causes leading to faecal incon-
tinence	 can	 be	 treated	with	SNS.	During	 the	 initial	
SNS	experience,	only	patients	presenting	with	dei-
cient	 function	but	no	morphologic	defect	of	 the	stri-
ated	 anal	 sphincter	 and	 levator	 ani	 were	 eligible	
[192,199,200].	However,	because	of	the	high	predic-
tive	value	of	the	test	stimulation,	a	more	pragmatic,	
trial-and-error approach to patient selection evolved. 
Patients	are	now	selected	for	SNS	based	upon	PNE	
results rather than conceptual considerations of the 
potential	mechanism	of	action.	Test	stimulation	is	in-
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dicated,	not	by	an	underlying	physiologic	condition,	
but	 by	 the	 existence	 of	 an	 anal	 sphincter	 with	 re-
duced	or	absent	voluntary	squeeze	function	and	ex-
isting	relex	activity,	indicating	an	intact	nerve-muscle	
connection	(conirmed	by	intact	anocutaneous	relex	
activity	or	by	muscular	response	to	pudendal	stimula-
tion	with	the	St.	Mark’s	electrode)	[199].

At	present,	the	test	stimulation	is	the	only	reliable	
mode	 for	 selecting	 patients	 who	 will	 likely	 ben-
eit	 from	 permanent	 therapeutic	 stimulation.	 Vari-
ous studies have focused on potential predictors 
of	success	of	SNS.	 In	a	study	by	Gourcerol	et	al	
[201],	 age	 was	 the	 only	 variable	 related	 to	 suc-
cess	 of	 temporary	 stimulation.	 In	 patients	 with	 a	
permanent	implant,	neurologic	disorders,	delay	of	
the	left	bulbocavernosus	relex	and	a	prolonged	or	
absent	bulbocavernosus	relex	were	more	frequent	
in	 patients	 with	 successful	 outcome.	 In	 another	
cohort	analysis,	 the	need	 for	 repeated	 temporary	
procedures	was	associated	with	failure	during	the	
screening	 in	 univariate	 and	 multivariate	 analysis	
[202].	 A	 low	 threshold	 to	 obtain	 motor	 response	
during	temporary	lead	placement	was	revealed	to	
be	associated	with	improved	outcome	only	in	uni-
variate,	but	not	in	multivariate,	analysis.	Evidence	
of	 anal	 sphincter	 injury	 was	 related	 to	 a	 greater	
risk	of	failure	during	temporary	testing,	but	not	with	
permanent	implant.

In	a	large	single-center	study	comprising	245	pa-
tients	with	 test	 stimulation	 and	169	patients	with	
permanent	implant,	Govaert	et	al	[203]	determined	
in	univariate	analysis	 that	older	age	 (>70	years),	
presence	 (but	 not	 size)	 of	 an	 external	 sphincter	
defect, and the need for repeated procedures af-
ter	 initial	 failure	were	 significantly	 related	 to	 fail-
ure	of	 test	 stimulation.	 In	multivariate	 regression	
analysis	presence	of	an	external	sphincter	defect	
and	need	 for	 repeated	procedures	 remained	sig-
nificant.	The	permanent	implant	was	successful	in	
76.9%	of	the	patients,	but	no	predictor	was	found	
to	 be	 significantly	 related.	 In	 a	 cohort	 of	 55	 pa-
tients	 with	 permanent	 SNS,	 Brouwer	 and	Duthie	
[100]	 demonstrated	 that	 continence	 scores	 did	
not	 differ	 significantly	 in	 those	with	 a	defect,	 pu-
dendal neuropathy, or previous sphincter repair. 
Melenhorst	et	al	[204]	found	no	difference	in	out-
come	with	chronic	SNS	in	patients	after	sphincter	
repair	and	those	with	an	external	sphincter	lesion	
of	up	to	33%	of	the	circumference;	they	concluded	
that	 a	 morphologically	 intact	 sphincter	 is	 not	 a	
prerequisite	 for	 successful	 SNS.	 In	 244	 patients	
undergoing	 test	 stimulation	 with	 a	 success	 rate	
of	78.3%,	Maeda	et	al	 [205]	determined	 that	 low	
amplitude	 of	 the	 sensory	 threshold	 during	 PNE	
and	 lead	 placement	 anterior	 to	 the	 sacral	 cortex	
are	positive	predictors	of	PNE	outcome.	No	other	
demographic,	 physiologic	 or	 morphologic	 vari-
able	was	a	negative	predictive	factor.	 In	a	cohort	
of	200	patients	with	permanent	SNS	 from	6	cen-
ters	 [206]	 only	 loose	 stool	 consistency,	 a	 history	

of	 diarrhoea	management	 by	 medical	 treatment,	
and	low	stimulation	intensity	were	associated	with	
improved	medium-term	outcome.	Multivariate	 re-
gression	analysis	confirmed	that	stool	consistency	
and	stimulation	intensity	were	independent	predic-
tive factors of success or failure of SNS.

In	 a	 cohort	 of	 45	 consecutive	 patients,	 temporary	
stimulation	 was	 successful	 in	 32	 (71%).	At	 a	me-
dian	follow-up	of	33	months,	the	neurostimulator	re-
mained	in	place	in	25	(55%)	and	active	in	23	(51%).	
No	statistically	signiicant	differences	were	found	in	
the	 characteristics	 (including	 anorectal	 physiologi-
cal	workup)	of	 the	32	patients	who	underwent	 im-
plantation	and	the	13	who	did	not	or	in	those	23	with	
a	functioning	stimulator	[207].

Altomare	 et	 al	 [208]	 in	 a	 comparative	 study	 of	 48	
patients	 demonstrated	 in	 univariate	 and	multivari-
ate analysis that quadripolar electrode use for test 
stimulation	 leads	 to	better	 clinical	outcome	 than	a	
unipolar electrode.

In	summary,	none	of	 the	variables	usually	 consid-
ered	 in	 a	 preoperative	 workup	 are	 of	 any	 help	 in	
selecting the appropriate patient for chronic SNS. 
[LEVEL OF EVIDENCE: 3 ]

Contraindications to SNS include pathologic condi-
tions	of	the	sacrum	preventing	adequate	electrode	
placement	 (such	as	spina	biida),	 skin	disease	at	
the	 area	 of	 implantation,	 anal	 sphincter	 damage	
requiring	a	sphincter	substitute	(e.g.	artiicial	bowel	
sphincter,	dynamic	graciloplasty),	trauma	sequelae	
with	micturition	disorders	or	 low	bladder	capacity,	
pregnancy,	 bleeding	 complications,	 psychological	
instability,	 low	 mental	 capacity,	 limited	 cognitive	
function	 that	 interferes	 with	 the	 operation	 of	 the	
neurostimulation	 device,	 need	 for	magnetic	 reso-
nance	 imaging,	 and	 the	 presence	 of	 an	 implant-
able	 deibrillator	 or	 a	 cardiac	 pacemaker.	A	 case	
series	has	shown	the	relative	safety	of	the	use	of	
SNS	in	the	presence	of	a	cardiac	pacemaker	when	
monitored	intraoperatively.	If	the	distance	between	
the devices is greater than eight inches, interfer-
ence	is	unlikely	[209].

c) Mechanism of Action

The	mechanism	of	action	of	SNS	remains	uncertain.	
Clinical	outcome	has	been	seen	to	correlate	with	re-
sults	of	anorectal	physiology	studies,	but	the	effect	of	
chronic	 stimulation	 varies	 greatly	 among	 published	
reports	 [199,200].	 Data	 are	 in	 part	 contradictory	
and	 inconclusive	 and	 sometimes	 not	 reproducible.	
The	 effect	 appears	 to	 be	 somatomotor	 [210-217],	
somatosensory	 [210],	 autonomic	 nervous	 system-
based	 [210,212,218],	 and	 mediated	 by	 somatovis-
ceral	 relexes	 [219,220].	 The	 effects	 appear	 not	 to	
be	 limited	 to	 the	continence	organ	per	se,	but	also	
to	the	central	nervous	system:	corticoanal	excitabil-
ity	in	patients	with	faecal	incontinence	was	found	to	
be	 reduced	with	SNS	 [221];	 in	 successfully	 treated	
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patients	 cerebral	 somatosensory	 evoked	 potential	
(SEP)	 latencies	were	higher	at	baseline	than	in	the	
normal	population,	whereas	they	were	normal	in	pa-
tients	with	SNS	failure.	Success	was	also	associated	
with	 a	 fall	 of	 the	SEP	 latency	 to	 the	 normal	 range	
after	one	month	of	SNS	at	40	Hz	[222].	SNS	induces	
changes	 in	 anal	 representation	 on	 the	 primary	 so-
matosensory	 cortex	 [223].	 The	 central	 nervous	 ef-
fect	 induced	by	SNS	changes	during	 its	 course:	at	
its initiation, changes are seen in the contralateral 
frontal	cortex,	relecting	focus	attention;	subsequent	
changes are found in the ipsilateral caudate nucleus, 
an	area	related	to	learning	[224].

Qualitative	 (or	 quantitative?)changes	 are	 seen	 in	
anal,	 rectal	and	colonic	motility,	such	as	 reduction	
of	spontaneous	rectal	motility	complexes	[225,226],	
spontaneous	 anal	 sphincter	 relaxation	 [225],	 re-
duction	of	antegrade	 transport	 from	the	ascending	
colon	and	 increased	 retrograde	 transport	 from	 the	
descending	 colon	 at	 defaecation	 [227],	 increase	
rectal	perception	thresholds	[228,229]	and	improve	
pelvic	loor	contraction	during	SNS	[229].	The	ind-
ings	on	rectal	capacity	with	SNS	have	been	incon-
sistent:	unaltered	[230-232]	or	increased	[225,233].	
No	 changes	 in	 gastric	 retention,	 gastric	 emptying,	
small	 bowel	 transit	 or	 colonic	 passage	were	 seen	
with	scintigraphic	measurements	during	SNS	[234].	

An	 effect	 on	mucosal	 neurochemistry	 during	 SNS	
has	also	been	shown,	with	elevation	of	Substance	P	
and	TRPV1	levels	[235],	although	the	relevance	of	
each	of	these	has	not	been	proven	in	speciic	patho-
physiological	conditions.	The	mechanism	of	action	
is	most	 likely	multifactorial	 and	 dependent	 on	 the	
underlying	condition.	[LEVEL OF EVIDENCE: 4 ]

d) Outcome

The	results	of	permanent	SNS	after	pragmatic,	tri-
al-and-error,	patient	selection	are	shown	 in	Table 
5	 [100,206,207,210-213,235-251].	 Most	 studies	
have	 encompassed	 patients	 with	 heterogeneous	
pathophysiologic	 conditions,	 and	 they	 vary	 with	
regard	 to	design	and	patient	number,	but	 there	 is	
general	 agreement	 regarding	 the	 test	 stimulation	
for	selection	for	permanent	implant.	Most	common-
ly,	clinical	outcome	is	reported	as	an	improvement	
in	 the	 number	 of	 incontinence	 episodes	 or	 days	
with	 incontinence	 during	 the	 period	 of	 observa-
tion, changes in the Cleveland Clinic Incontinence 
Score, and quality of life.

In	a	irst	multicenter	prospective	trial	of	SNS	adherent	
to	the	initial,	conined	spectrum	of	indications,	Matzel	
et	al	 [238]	 reported	37	patients,	34	of	whom	under-
went	a	permanent	implant.	Not	only	were	the	frequen-
cy	of	incontinence	episodes	and	the	CCIS	score	im-
proved	signiicantly,	so	too	was	the	ability	to	postpone	
defaecation.	These	effects	were	attained	immediately.

Leroi	et	al	[240]	reported	a	double-blind,	cross-over	
multicenter	study	in	34	patients	with	 faecal	 incon-
tinence	 treated	 with	 SNS.	 Three	 months	 after 

implantation,	patients	were	randomised	in	a	double-
blind	manner	to	on-	or	off-stimulation	for	a	2-month	
period,	with	 reversal	of	 the	activation	mode	after	1	
month.	Of	these,	24	of	27	randomised	patients	com-
pleted	 the	 2-month	 trial.	 A	 signiicant	 decrease	 in	
median	 frequency	 of	 faecal	 incontinence	 episodes	
was	 noted	 during	 the	 on-stimulation	 period.	 No	
signiicant	 change	was	observed	between	on-	and	
off-stimulation	 for	 frequency	 of	 urgency	 episodes,	
delay	in	postponing	defaecation,	or	median	number	
of	 bowel	movements	 per	 week	 (10.2	 and	 11.1	 for	
on	and	off,	respectively).	There	was	a	trend	towards	
greater	improvement	in	the	Cleveland	Clinic	Inconti-
nence	Score	during	on-stimulation	(8.5	vs.	10.5;	ns).	
A	total	of	24	patients	(89%)	considered	that	they	had	
improved	 during	 the	 on	 period	 compared	 with	 17	
(63%)	during	the	off	period.

Melenhorst	et	al	[213]	published	the	largest	mid-term	
follow-up,	single-center	study,	with	100	patients	un-
dergoing	permanent	SNS.	Late	 failure	occurred	 in	
21	 patients	 as	 deined	 by	 a	 relapse	 of	 symptoms	
to	 less	 than	 50%	 improvement	 over	 baseline,	 im-
plementation	of	another	 therapy	 for	 faecal	 inconti-
nence,	or	patient	dissatisfaction.	The	mean	time	for	
deinitive	 failure	was	13.6	months	 (range	3–42.4).	
There	was	no	evidence	of	technical	failure	such	as	
lead	migration	or	lead	breakage.

A	 report	 by	Rosen	et	 al	 [210]	 highlights	 the	effect	
of	 SNS	 in	 a	 cohort	 of	 patients	 of	whom	75%	 suf-
fered	from	faecal	incontinence	of	neurologic	origin.	
Frequency	of	 incontinence	episodes/week	was	 re-
duced	from	6	to	2	at	15	months’	follow-up.

In	 a	 recent	 larger	 multicenter	 study	Wexner	 et	 al	
[247]	 conirmed	 the	 eficacy	 of	 SNS	 in	 reducing	
symptoms	 of	 faecal	 incontinence:	 of	 112	 patients	
with	 permanent	 SNS	 followed	 for	 a	 mean	 of	 28	
months	(2-69),	83%	experienced	a	≥50%	improve-
ment,	 including	 41%	 who	 gained	 complete	 conti-
nence	(at	12	months).

Mellgren	et	al	[251]	reported	the	same	cohort	after	a	
mean	follow-up	of	3.1	years	(0.2	–	6.1	years).	With	
a	 complete	or	partial	 data	 set	 available	 in	64%	of	
the	patients,	a	≥	50%	reduction	of	incontinence	epi-
sodes	was	seen	in	86%,	with	40%	achieving	perfect	
continence.	Symptom	 improvement	 resulted	 in	 im-
proved	quality	of	life,	which	was	stable	over	follow-
up.	 If	 a	 “last	observation	carried	 forward	analysis”	
is	performed,	the	50%	reduction	of	symptoms	at	3	
years	is	a	78%	success	rate;	 in	a	“modiied	worst-
case	 analysis”--with	 all	 missing	 data	 classiied	 as	
failure--the	success	rate	at	3	years	is	59%.

The	 indings	 of	 sustained	 symptomatic	 improve-
ment	 with	 extended	 follow-up	 are	 in	 accordance	
with	 several	 other	 series	 focusing	 on	 long-term	
outcome:	a	sustained	effect	was	seen	in	74%	of	52	
patients	after	5	years	[245];	in	84%	after	a	median	
follow-up	of	7.1	years	(5.6-8.7)	[252];	and	in	6/9	with	
follow-up	of	7	–	14	years	[253].
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Hollingshead et al [249]  2011  86 33‡ 8.5  1.3 15 9 

Lim et al [250] 2011  41 51 ns ns 11.5‡ 8.0‡ 

Mellgren et al [251] 2011  83 37.2 9.4  1.7 ns ns 

SPHINCTER LESIONS  Defect size (degree) 

Melenhorst et al [204] 2008  20 22.6 8.3  1.4 ns ns EAS: 17–33 

Jarrett et al [257] 2008  8 26.5‡ 5.5 1.5 15‡ 9.5‡ EAS: 30–150 

Vitton et al [258] 2008  5 14‡ ns ns 15‡ 6‡ EAS: 45–180 

Chan et al [259] 2008  21 12 13.8  5 15.7 1 EAS: 90–120 

Boyle et al [260] 2009  15 nr 7.5‡  1.5‡ 12 9 EAS: 90–180 

Ratto et al [261] 2010  10 33 25.6  0.8 18 10 IAS: 60–180 EAS:30–170  

Dudding et al [262] 2010  8 46 9.9  1 ns ns IAS defect 

Brouwer et al [100] 2010  20 20 ns ns 15‡ 7‡ EAS, extent nr 
DISTINCT CONDITIONS 

Jarrett et al [263] 2005  2 12 9.8  1 ns ns Post rectal resection 

Ratto et al [196] 2005  4 19.5 12 2.5 16.3 4.5 Post rectal resection ± 
chemoradiation 

De Miguel et al [264] 2010  15 12‡ ns ns 19.2 6.2 Post rectal resection ± 
chemoradiation 

Jarrett et al [265] 2005  4 12 12.2  2 ns ns Post rectal prolapse 

Robert-Yap et al [266] 2010  9 36‡ 3‡ 1‡ 15‡ 5‡ Post rectal prolapse 

Jarrett et al [267] 2005  12 12‡ 9.2 2.4 ns ns Spinal cord injury 

Holzer et al [242] 2007  29 35‡ 2.3 0.67 ns ns Neurogenic  

Duelund-Jakobsen et al [268] 2011  91 46‡ 6.3‡ 0.8‡ ns ns Idiopathic incontinence 

 

Incontinence 
episodes per week 

Incontinence 
Score (CCIS*) 

Authors (ref) Year No. of 
patients 

Follow-up 
(months) 

Before 
SNS  (base-line) 

SNS 
(last FU) 

Before SNS 
(base-line) 

SNS 
(last FU)

HETEROGENOUS ETIOLOGIES †  

Rosen et al [210] 2001 16 15‡ 6 2 ns ns 

Ganio et al [211] 2001 16 15.5 5.8 0 ns ns 

Rippetti et al [235] 2002 4 24 12 2 12.2 9.8 

Matzel et al [236] 2003 16 32.5 ns ns 16 2 

Altomare et al [237] 2004 14 14‡ 7 0.5 15 2 

Matzel et al [238] 2004 34 24‡ 16.4 2.0 ns ns 

Jarret et al [212] 2004 46 12‡ 7 1 14 6 

Rasmussen et al [239] 2004 34 6 ns ns 18 7 

Leroi et al [240] 2005 34 7‡ 3.5‡ 0.5‡ 16‡ 10‡ 

Keneick et al [241] 2006 19 24‡ 12 0 ns ns 

Holzer et al [242] 2007 29 35‡ 2.3 0.67 ns ns 

Hetzer et al [243] 2007 37 13 ns ns 14 5 

Tan et al [244] 2007 53 12 9.5 3.1 16 1.2 

Melenhorst et al [213] 2007 100 25.5 10.4 1.5 nr nr 

Vallet et al [207] 2008 32 37 ns ns 16.1 4.9 

Altomare et al [245] 2009 60 74 3.5 0.7 15 5 

El-Gazzaz et al [246] 2009 24 28‡ 4.5 1.5 12 4.7 

Wexner et al [247] 2010 120 28 9.4 1.4 ns ns 

Michelsen et al [248] 2010 126 24 8.3 0.6 16 10 

Brouwer et al [100] 2010 55 18 ns ns 15‡ 5.2 

Gallas et al [206] 2010 200 12‡ 4‡ ns 14‡ 6.5‡ 

Table 5. Sacral nerve stimulation (SNS) for faecal incontinence

*CCIS: Cleveland Clinic Faecal Incontinence Score: 0 = fully continent, 20 = worst incontinence; 
†Limited to studies reporting incontinence episodes/week and/or CCIS at last follow-up 
‡Denotes median; otherwise all data are presented as mean. ns: not stated; FU, follow-up



1503

In	most	studies,	quantitative	measures	are	used	to	
describe	 the	clinical	beneit,	such	as	days	with	 in-
continence	episodes	or	absolute	numbers	of	incon-
tinence	episodes	per	period	of	observation,	ability	
to	postpone	defaecation	(in	minutes),	and	percent-
age	of	improvement.	Even	though	published	reports	
differ	 with	 regard	 to	 patient	 population,	 a	 general	
pattern	 of	 outcome	 can	 be	 observed:	 when	 com-
pared	with	baseline	status,	 the	clinical	outcome	 is	
signiicantly	improved.

The	majority	of	studies	report	the	outcome	based	on	
a	per	protocol	approach	(PP):	 the	outcome	report-
ing	is	limited	to	those	patients	with	a	permanent	im-
plant after successful testing. The infrequently used 
intention-to-treat	protocol	 (ITT)	approach	analyses	
all patients considered for the therapy and undergo-
ing	PNE	 test.	Thus,	 those	are	 included	who	 failed	
PNE,	who	are	lost	for	follow-up	or	who	died.	In	one	
study	with	 245	 patients	 undergoing	PNE	 and	 176	
patients	 subsequently	 being	 implanted,	 132	 pa-
tients	 were	 treated	 with	 SNS	 for	 a	 median	 follow	
up	of	33	months	(ITT	53.9%,	PP.	75.0%).	Outcome	
was	good	or	acceptable	in	103	patients	(ITT:	42,1%,	
PP:	58.5%),	limited	or	reduced	requiring	additional	
or	alternative	treatment	in	20	patients	(ITT:	11.8	%,	
PP:	16.5%)	[254].

In	a	meta-analysis	of	publications	 from	2000-2008	
comprising	 790	 patients,	 28	 studies	 compared	 in-
continence	episodes	per	week	before	and	with	SNS,	
and	14	studies	compared	incontinence	scores.	Both	
outcome	 criteria	were	 signiicantly	 decreased.	An-
other	 nine	 studies	documented	 the	ability	 to	 post-
pone	defaecation,	and	this	criterion	also	was	signii-
cantly	improved	[255].	[LEVEL OF EVIDENCE: 2 ]

An	 increasing	body	of	evidence	 indicates	 that	SNS	
may	 also	 be	 a	 treatment	 option	 for	 patients	 with	
sphincter	defects,	unrepaired	or	after	attempted	an-
atomic	 reconstruction.	 The	 presence	 of	 an	 internal	
anal sphincter defect on endoanal sonography is re-
portedly	unrelated	to	the	success	of	permanent	SNS	
[202].	Since	the	irst	report	that	three	of	ive	patients	
with	 ultrasound	 evidence	 of	 sphincter	 disruption	
measuring	 25–33%	 of	 the	 circumference	 beneited	
from	chronic	SNS	[256],	several	studies	have	been	
published	 (Table 5 )	 [100,204,257-262].	The	origins	
and	morphologic	indings	regarding	the	extent	of	the	
sphincter	gap	differ	 in	these	studies,	but	 lesions	up	
to	180°	have	been	treated.	It	appears	that	outcome	
is	 not	 dependent	 on	 the	 radial	 extent	 [257,260].	A	
signiicant	 improvement	 in	 clinical	 function,	 mea-
sured either as frequency of incontinence episodes 
or	 Cleveland	 Clinic	 Incontinence	 Score,	 has	 been	
seen	in	a	substantial	number	of	patients	in	all	studies	
[100,204,257-262].	Follow-up	is	still	limited.

Melenhorst	 et	 al	 showed	 that	 the	 primary	 use	 of	
SNS	in	patients	with	a	sphincter	gap	17-33%	of	the	
circumference	 appeared	 to	 result	 in	 an	 outcome	
similar	to	its	use	after	failed	sphincter	repair	[204].	
In	another	study,	SNS	in	6	of	8	patients	with	faecal	

incontinence	related	to	obstetric	full-thickness	anal	
sphincter	 lesions	of	>30-150º	resulted	 in	 improved	
frequency	 of	 incontinence	 episodes	 (from	 5.5	 to	
1.5	per	week),	 improved	ability	 to	postpone	bowel	
emptying,	and	improved	FIQL	quality-of-life	scores	
at	a	median	follow-up	of	26.5	months	[257].	No	cor-
relation	between	improvement	and	the	radial	extent	
of	 the	 sphincter	 defect	was	 seen.	 In	 patients	with	
internal	and	external	sphincter	disruption	owing	 to	
Crohn’s	disease	SNS	was	demonstrated	to	be	ben-
eicial	in	one	study	[258].

In	 a	 comparative	 cohort	 study	 [259],	 the	 effect	 of	
permanent	SNS	was	reported	in	53	patients	with	ei-
ther	an	intact	external	anal	sphincter	(N=	32	(37.5%	
after	sphincter	 repair))	or	an	external	anal	sphinc-
ter	 lesion	(N=21	(81%	after	prior	sphincter	repair))	
of	<90°	(N=11)	or	90-120°	(N=10).	Improvement	in	
symptoms	and	quality	of	life	was	achieved,	and	out-
come	 after	 12	months	was	 not	 statistically	 signii-
cantly	 different	 between	 both	 groups.	 [LEVEL OF 
EVIDENCE: 3]

The	 therapeutic	 potential	 of	 SNS	 has	 also	 been	
demonstrated	 in	 some,	 mostly	 small,	 case	 series	
and	individual	case	reports	of	patients	with	distinct	
pathological	 conditions	 or	 well	 deined	 anorectal	
physiology	 indings	 (Table 5 )	 [196,242,263-268]:	
e.g.	 muscular	 dystrophy	 [269],	 proctocolectomy	
with	 ileoanal	 J-Pouch	 reconstruction	 for	 colitis	
[270],	 neurologic	 dysfunction	 including	 spinal	 disc	
prolapse	[267],	rectal	prolapse	repair	[265,266],	and	
rectal	resection	for	cancer	[263]	with	or	without	neo-
adjuvant	 chemoradiation	 [196,264,271],	 and	 after	
neoadjuvant	and	adjuvant	chemoradio/radiotherapy	
for	 endometrial	 and	 anorectal	 cancer	 [272,273].	
[LEVEL OF EVIDENCE: 4 ]

In	a	 randomised	controlled	 trial	Tjandra	et	al	 [274]	
compared	the	effect	of	SNS	for	severe	faecal	incon-
tinence	with	supervised	optimal	medical	therapy	that	
comprised	pelvic	loor	exercises,	bulking	agents,	and	
dietary	manipulation.	Permanent	SNS	in	53	patients	
was	signiicantly	better	than	conservative	treatment	
in	 60	 patients:	 Cleveland	 Clinic	 Continence	 Score	
1.2	 vs.	 14.1;	 incontinence	 episodes/week	 3.1	 vs.	
9.4;	days	with	incontinence/week	1	vs.	3.3;	lifestyle	
3.31	vs.	2.31;	coping/behavior	2.68	vs.	1.86;	depres-
sion/self-perception	 3.25	 vs.	 2.64;	 embarrassment	
2.76	vs.	1.78.	[LEVEL OF EVIDENCE: 2 ]

e) Quality of Life 

As	with	 indications,	outcome	assessment	has	also	
evolved,	 and	 aspects	 of	 quality	 of	 life	 have	 been	
added	 to	 the	 evaluation	 (Cleveland	 Clinic	 Conti-
nence	 Scoring	 System,	 SF-36	 and	 FIQL	 Score.)	
The	 therapeutic	 impact	 of	 SNS	 is	 most	 evident	
when	 a	 disease-speciic	 quality-of-life	 instrument,	
the FIQL scale, is applied.

In	the	irst	study	to	apply	this	instrument,	the	multi-
center	clinical	trial	by	Matzel	el	al	[238],	FIQL	score	
was	 signiicantly	 increased	 in	 all	 4	 scales;	 SF-36	
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scores	 improved	 in	7	of	8	scales,	 the	greatest	be-
ing social	 functioning	 and	mental	 health,	 but	 only	
the	former	reached	statistical	signiicance.	A	similar	
result	 was	 published	 by	 Leroi	 et	 al	 [240]	 with	 the	
French	 version	 of	 the	 FIQL:	 at	 the	 inal	 follow-up	
visit,	improvements	in	lifestyle,	coping	behavior,	de-
pression,	 and	 self-perception	 and	 embarrassment	
were	signiicant.	Hetzer	et	al	[243]	demonstrated	a	
signiicant	improvement	of	the	median	Gastrointes-
tinal	Quality	of	Life	Index	score	with	permanent	SNS	
from	a	baseline	of	96	(range	47–128)	to	107	(range:	
36–128)	at	6	months	post-implantation.

In	most	studies	on	outcome,	quality-of-life	evaluation	
is	 a	 secondary	 endpoint	 [196,	 200,	 210,	 238,	 240,	
242,	243,	249	-	252,	259,	263,	265,	267,	274,	275].	
When	used,	the	inding	of	improved	quality	of	life	is	
consistently	 related	 to	 symptom	 relief	 and	 remains	
stable	with	longer	follow-up	[245,	251,	252,	276].

In	a	meta-analysis	 [255]	of	34	studies	with	790	pa-
tients,	SF-36	score	data	were	analysed	from	7	stud-
ies	with	 98	 to	 102	 patients	 and	ASCRS	FIQL	data	
from	9	studies	comprising	199	patients:	SF-36	out-
come	 was	 signiicantly	 increased	 in	 all	 categories	
(physical	 functioning,	 social	 functioning,	 role	 physi-
cal,	 role	 emotional,	 mental	 health,	 vitality,	 general	
health)	with	 one	 exception	 (bodily	 pain).	 FIQL	 out-
come	 was	 signiicantly	 increased	 in	 all	 categories	
(lifestyle,	 coping/behavior,	 depression/self-percep-
tion,	embarrassment).

In	 a	 two-center	 study	 of	 patients	 with	 permanent	
SNS	 for	 a	median	 of	 46	months	 (11-122),	 108	 of	
127	patients	responded	to	questionnaires	regarding	
bowel	 habits	 and	 quality	 of	 life.	 Using	 a	 non-vali-
dated	score,	75.8%	reported	satisfaction,	which	 in	
most	was	related	to	clinical	improvement.	However,	
at	last	follow-up	11	of	23	patients	who	had	failed	to	
achieve	a	50%	reduction	 in	 incontinence	episodes	
reported	satisfaction,	and	6	of	 these	had	more	 in-
continence	episodes	than	at	baseline	[268].	[LEVEL 
OF EVIDENCE: 2]

f) Cost Beneit 

Permanent	 SNS	 is	 expensive;	 however,	 its	 cost-ef-
fectiveness	has	been	demonstrated	in	several	Euro-
pean	nations.	Hetzer	et	al	[277]	compared	the	costs	
of	SNS	with	those	of	conservative	treatment,	anterior	
sphincteroplasty,	 dynamic	 graciloplasty,	 and	 stoma	
creation	 in	 34	 consecutive	 patients.	The	5-year	 cu-
mulative	cost	 for	SNS	was	€19,333,	compared	with	
€35,965	 for	 a	 stoma	 (with	 annual	 costs	 of	 €5,339)	
and	€34,953	for	dynamic	graciloplasty	(annual	costs	
€1,659).	The	equivalent	 cost	 for	 conservative	 treat-
ment	was	€3,895,	and	 the	overall	median	 real	 cost	
for	an	anterior	sphincteroplasty	was	€5,327.	Muñoz-
Duyos	et	al	[276]	analysed	the	direct	medical	costs	of	
SNS	in	a	series	of	47	patients	undergoing	57	PNEs	
and	 the	 consequent	 29	 patients	 with	 a	 permanent	
unilateral	implant	for	a	median	follow-up	of	34.7	(2.3-
81.2)	months.	The	 cost	 totaled	 €371,434,	 including	
€31,7791	 for	 the	 devices.	 In	 patients	 without	 anal	

sphincter	damage	SNS	provided	0.34	 incontinence-
free	life-years	and	entailed	additional	costs	of	€1,054,	
which	generates	a	cost-effectiveness	ratio	of	€16,181	
per	 quality-adjusted	 life-year	 (QALY).	 The	 nation-
ally	accepted	threshold	is	around	€30,000/QALY.	The	
economic	impact	of	the	introduction	of	SNS	would	be	
to	add	0.07-0.1%	to	the	care	of	these	patients.

In	 a	 decision-analysis	 model	 based	 on	 prospec-
tively	 collected	 data	 in	 70	 patients	 undergoing	
test	stimulation	and	implantation	of	the	permanent	
SNS	 device,	 incontinence	 episodes/week	 were	
reduced	 from	6	 at	 baseline	 to	 0.5.	Dudding	 et	 al	
[278],	 based	 on	 direct	 medical	 and	 non-medical	
costs,	 found	 an	 incremental	 cost-effectiveness	
ratio	 (ICER)	 for	 SNS	 of	 GB£25,070	 per	 QALY	
gained.	 It	 cost	 GB£1,038	 per	 year	 to	 achieve	 a	
median	 reduction	 of	 238	 incontinence	 episodes,	
equal	to	GB£3.61	per	reduced	episode.	The	ICER	
of	GB£25,070	per	QALY	was	within	the	nationally	
accepted	GB£30,000	per	QALY	threshold.

In	 a	 similarly	 designed	 study	 based	 on	 published	
reports	 and	 expert	 opinion,	 Indinnimeo	et	 al	 [279]	
found	 that	 the	 ICER	 is	 €28,285	 per	QALY	 gained	
in	patients	with	a	structurally	deicient	anal	sphinc-
ter	and	€30,662	per	QALY	in	patients	with	an	intact	
anal	sphincter.	Both	are	below	the	national	thresh-
old	 of	 €40,000	 per	 QALY	 gained.	 Budget-impact	
analysis	 demonstrated	 that	 the	 implementation	 of	
SNS	would	have	an	estimated	impact	of	0.56%	over	
a	5-year	period	on	 the	budget	allocated	 for	 faecal	
incontinence	treatment.	[LEVEL OF EVIDENCE: 3 ]

g) Safety 

SNS	is	a	relatively	safe	procedure	[247,280].	A	re-
cent	meta-analysis	[255]	is	in	accordance	with	ear-
lier	 reports,	which	describe	a	 relatively	 low	 late	of	
complications	 [199,200]	and	a	need	 for	device	 re-
moval	in	only	approximately	5%	because	of	loss	of	
effect,	symptom	deterioration,	pain	from	lead	dislo-
cation,	or	infection.	The	results	of	the	meta-analysis,	
which	covered	the	period	2000	–	2008	and	includ-
ed	 patients	 undergoing	 the	 more	 invasive,	 open-
approach	 electrode	 placement	 technique,	 found	 a	
complication	rate	of	 less	than	15%	in	665	patients	
with	a	permanently	implanted	device.	In	only	3%	did	
the	device	need	to	be	removed.	In	patients	in	whom	
infection	has	necessitated	removal,	re-implantation	
at	a	later	date	has	reportedly	been	successful	[274].	

In	 a	 recent	 FDA	 study	with	 strict	monitoring	 of	 ad-
verse	 events,	 334	 were	 reported	 in	 99	 patients	 at	
three-year	follow-up;	67%	occurred	in	the	irst	year,	
and	most	 required	 no	 or	minimal	 intervention.	 The	
adverse	 events	 included	 pain	 at	 the	 implant	 site	
(28%),	paresthesia	 (15%),	change	 in	 the	sensation	
of	 stimulation	 (12%),	 implant	 site	 infection	 (10%)	
[247],	 urinary	 incontinence	 (6%),	 diarrhoea	 (6%),	
and	leg	pain	(6%).	Half	of	the	infections	required	sur-
gical	 intervention	with	removal	of	 the	device	 in	5	of	
6	patients	 [251].	A	single	 report	with	a	consecutive	
series	of	87	patients	over	a	mean	follow-up	of	48.5	
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months	describes	the	need	for	revisional	surgery	in	
41%,	 one-third	 for	 device-related	 failure,	 including	
24%	for	removal	[281].	In	a	French	multicenter	study	
comprising	 200	 consecutive	 patients	 with	 a	 mean	
follow-up	of	12	months,	the	rate	of	device-related	ad-
verse	events	was	24.5%	[206].

Major	 complications	 are	 rare:	 one	 case	 report	 of	
a	 life-threatening	haemorrhage	after	elective	 tined	
lead	electrode	removal	has	been	published	[282].

A	 recent	 review	of	 48	 cohort	 studies	 (45	 for	 faecal	
incontinence	and	3	for	constipation)	documented	the	
postoperative	 issues	 in	 the	 1661	 patients	with	 test	
stimulation	and	1600	patients	with	a	permanent	SNS	
implant	 [283]:	 it	 found	 that	 the	 incidence	of	 subop-
timal	outcome	was	12.1%,	pain	13%,	and	 infection	
3.9%.	The	most	common	problem	during	test	stimu-
lation	was	 lead	dislodgement	 (5.3%).	The	 reported	
incidence	rate	 for	suboptimal	outcome	–	 loss	of	ef-
icacy	or	lack	of	eficacy	–	ranged	between	0%	and	
27%.	 Systematic	 literature	 review	 suggests	 a	 pos-
sible	underreporting	of	suboptimal	outcome	and	ad-
verse events. In one single study, the rate of adverse 
event	reached	up	to	85.2%	in	patients	with	a	median	
follow-up	of	11	months:	 loss	or	 lack	of	eficacy	and	
pain	 or	 discomfort	 accounting	 for	 88.5%	 of	 these	
[254].	[LEVEL OF EVIDENCE: 3 ]

8. POSTERIOR TIBIAL NERVE STIMULATION

a) Introduction

Posterior	tibial	nerve	stimulation	has	it	origin	in	pain	
treatment	 as	 transcutaneous	 electrical	 stimulation	
(TENS).	 Its	 use	 for	 the	 treatment	 of	 faecal	 inconti-

nence	(irst	published	in	2003	[284])	is	an	adaptation	
of	 its	 successful	 application	 in	 the	 ield	 of	 urology,	
stemming	 from	 the	early	1980s	 [285-287].	Only	 re-
cently,	 based	 on	 the	 therapeutic	 success	 of	 sacral	
nerve	stimulation,	has	 there	been	an	 increasing	 in-
terest	 in	 this	 alternative	 approach	 of	 neuromodula-
tion.	The	number	 of	 publications	 is	 still	 limited	 and	
the	evidence	low;	however,	several	clinical	trials	are	
currently	ongoing.	Larger	patient	studies	are	awaited.

b) Techniques

Two	 different	 techniques	 are	 used:	 percutaneous	
stimulation	with	a	needle	electrode	[288]	and	trans-
cutaneous	 stimulation	with	 surface	 adhesive	 elec-
trodes	[289].	In	both	techniques	current	is	delivered	
by	positioning	the	active	electrode	close	to	the	pos-
terior	tibial	nerve	proximal	to	the	medial	malleolus.	
Adequate	placement	is	conirmed	by	inducing	digi-
tal	plantar	lexion,	and	the	ground	pad	is	placed	in	
the	proximity.	Both	systems	are	powered	by	a	por-
table	 pulse	 generator.	 The	 stimulation	 parameter	
are	set	arbitrarily,	mostly	to	0.2	ms,	a	current	below	
the	 threshold	 for	motor	 response	ranging	between	
0.5-9.0	mA,	and	a	frequency	usually	to	10	–	20	Hz.

Although	 the	 stimulation	 parameters	 themselves	
are	fairly	uniform,	there	is	no	general	agreement	re-
garding	the	protocol:	duration	and	pattern	of	stimu-
lation;	interval	between	sessions;	basic	or	“top-up”	
treatment	(Table 6 )	[289-295].

c) Patient Selection and Indications

Indications	 vary	 substantially	 among	 the	 proof-of-
principle	studies.	A	prospective	observational	design	

Incontinence 
epis odes per w eek 

Incontinence 
Score  (CCIS) 

Aut hors (ref)* Y ear Nr . of 
patients 

Follow-up 
(months) 

Before  
PTNS 

(baseline) 

 
PTNS 

(last FU) 

Before PTNS 
(baseline) 

 
PTNS 

(last FU) 

Treatment  

PERCUTANEOUS  STIMULATION 

de la Portilla et al [290] 2006 16 9 ns ns 13.2 7.4 4 weeks 
30 min/ week 

Govaert et al [291] 2009 22 12 ns ns 11.5 5.9 6 weeks 
30 min/week 

Boyle et al [292] 2010 31 9* ns ns 13* 7* 12 weeks 
30 min / 3-4 d 

Hotouras et al [293] 2011 15 passive 6 4.0 3.0 11.5 9.4 6 -12 weeks 
1-2 x 30 min/week 

Hotouras et al [293] 2011 25 urge 6 4.0 0.0 11.0 8.3 6 -12 weeks 
1-2 x 30 min/week 

Hotouras et al [293] 2011 60 mixed 6 5.0 1.0 12.8 9.1 6 -12 weeks 
1-2 x 30 min/week 

TRANSCUTANEOUS STIMULATION 

Queralto et al [289] 2006 10 4 ns ns 11.4 5.4 4  weeks 
20 min/d 

Vitton et al [294] 2009 12 3 ns ns 13.1 12.3 12 weeks 
20 min/d 

Eléouet et al [295] 2010 32 6 ns ns 14.5† 11.4† 4  weeks 
20 min/d 

 

Table 6. Tibial nerve stimulation for faecal incontinence

* limited to studies with ≥ 10 patients included
†, denotes median, otherwise all data are presented as mean; ns: not stated; FU, follow-up
CCIS: Cleveland Clinic Faecal Incontinence Score: 0 = fully continence, 20 = worst incontinence
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predominates,	with	mostly	single-center	trials	and	a	
limited	number	of	patients.	 Inclusion	criteria	 range	
from	 idiopathic	 faecal	 incontinence	 [289,290,292]	
and	incontinence	owing	to	inlammatory	bowel	dis-
ease	 [294],	 to	 faecal	 incontinence	with	 internal	 or	
external	sphincter	lesions	or	a	combination	of	both,	
some	 after	 obstetric	 trauma	 [290,292,296].	 PTNS	
has	been	applied	 for	passive,	urgency,	and	mixed	
incontinence	 [293].	 Symptom	 improvement	 has	
been	 demonstrated	 with	 PTNS	 for	 faecal	 inconti-
nence	after	partial	spinal	injury	in	two	cases	[297].

d) Mechanism of Action

No	studies	 have	been	performed	 to	 elucidate	 dis-
tinctly	 the	 effect	 of	 PTNS	 on	 symptoms	 of	 faecal	
incontinence. Several hypotheses of a potential 
mechanism	 of	 action	 have	 evolved	 based	 on	 the	
experience	of	the	use	of	PTNS	in	urology	and	on	an	
analogy	drawn	from	indings	of	physiological	chang-
es	with	sacral	nerve	stimulation,	but	none	of	these	
hypotheses	 has	 been	 systematically	 explored.	 In	
one	study	signiicant	changes	in	maximal	squeeze	
pressure	only	was	seen	after	6	months	 [290];	oth-
ers	demonstrated	no	changes	in	physiological	mea-
surements	[289].	An	improvement	in	rectal	sensory	
threshold	and	 resting	and	squeeze	pressures	was	
reported	 in	 two	 patients	 after	 partial	 spinal	 injury	
[297].	In	another	study	the	clinical	eficacy	of	PTNS	
was	found	to	be	independent	of	damage	to	the	anal	
sphincter	[298].	[LEVEL OF EVIDENCE: 4 ]

e) Outcome

All	studies	demonstrate	an	improvement	in	outcome	
measures,	although	outcome	 is	not	described	uni-
formly	(Table 6 ).	Most	commonly,	clinical	eficacy	is	
monitored	with	the	Wexner	Incontinence	Score	and/
or the recording of faecal incontinence episodes. 
Where	 incontinence	 episodes	 per	month	were	 re-
ported	and	differentiated	by	stool	consistency,	 in	a	
study	of	13	patients,	reduction	at	3	months	was	sig-
niicant	for	all	categories:	wind,	baseline	6	(0-17.5)	
vs.	0	(0-0)	episodes/month;	liquid,	10	(5-29.5)	vs.	0	
(0-4);	and	solid,	18	(0-30)	vs.	0	(0-0)	[290].

In	all	studies	outcome	reporting	 is	 limited	to	short-
term	 follow-up.	 Postponement	 of	 defaecation	 was	
found	to	be	signiicantly	 increased	at	6	weeks	and	
sustained	at	12	months	[291].	In	one	study	the	me-
dian	 increase	 in	 the	ability	 to	defer	was	3	minutes	
(0-26)	 in	patients	suffering	 from	urge	 incontinence	
[292].	[LEVEL OF EVIDENCE: 4 ]

f) Quality of Life. 

If	 measured,	 instruments	 of	 quality-of-life	 record-
ing	also	demonstrate	an	improvement	with	therapy	
[291].	 Comparisons	 between	 success	 and	 failure,	
however,	 have	 not	 depicted	 conditions	 predictive	
of	symptomatic	improvement	[291,295].	In	patients	
with	 subjective	 improvement,	 quality	 of	 life	 was	
signiicantly	better	after	3	and	6	months’	 follow-up	
[295,296].	[LEVEL OF EVIDENCE: 4 ]

g) Safety

Reports	on	safety	are	limited,	but	none	of	the	studies	
found	relevant	side	effects.	Mild,	procedure-related	
reversible	adverse	events,	such	as	gastrodynia	and	
numbness	 in	 the	 leg	 for	2	hours,	were	 reported	 in	
one	study	[291].	[LEVEL OF EVIDENCE: 4 ]

9. INJECTABLE BIOMATERIALS

Injection	of	bulk-enhancing	agents	into	the	anal	ca-
nal to treat faecal incontinence has continued to gain 
popularity	since	the	last	review.	Although	injectable	
agents	for	urinary	incontinence	(UI)	have	had	vari-
able	success,	they	offer	the	beneit	of	performing	an	
outpatient	 procedure	 without	 anesthesia	 and	 with	
minimal	morbidity.	This	has	resulted	in	their	contin-
ued	use	for	urinary	incontinence	[299,300],	as	well	
as	 in	more	 research	on	different	 injectable	agents	
for use in faecal incontinence. The ideal agent for 
injection	 should	 be	 biocompatible,	 non-allergenic,	
non-immunogenic,	 easy	 to	 inject,	 and	 should	 not	
migrate	within	 the	 tissues.	No	agent	 currently	has	
all	these	properties.	Agents	that	have	a	diameter	of	
80	mm	are	 felt	 to	 be	 less	 prone	 to	migration,	 but	
agents	 with	 a	 larger	 particle	 size	 require	 a	 larger	
bore	needle	to	inject,	which	put	them	at	a	higher	risk	
for	leakage	from	the	injection	site.	The	results	of	all	
injectable	biomaterials	used	for	faecal	incontinence	
to	date	are	shown	in	Table 7 	[301-324].

Injectable	agents	for	 faecal	 incontinence	were	irst	
used	in	1993	when	Shaik	[301]	treated	11	patients	
with	injections	of	polytetraluoroethylene	paste	into	
the	anal	submucosa.	After	18-24	months	of	follow-
up,	64%	reported	complete	cure	and	36%	had	par-
tial	improvement.	Shaik	[302]	subsequently	treated	
14	 patients	 with	 autologous	 fat	 injections	 with	 a	
reported	100%	success	rate	at	2-3	months	and	all	
patients	who	lost	continence	to	gas	or	stool	became	
continent	 after	 repeat	 injections.	 There	 were	 no	
complications	 using	 either	 agent.	 However,	 other	
reports of autologous fat injection have resulted 
in	 death	 from	 pulmonary	 fat	 embolism	 [325],	 and	
a	 randomised	clinical	 trial	 using	 fat	 for	UI	 demon-
strated	no	eficacy	over	placebo;	thus,	it	is	currently	
not	used	for	faecal	incontinence	[325].

Other	agents	used	for	injection	in	the	past,	that	have	
not	 achieved	 widespread	 use	 include	 micro	 bal-
loons,	bovine	dermal	collagen,	and	polyacrylamide	
hydrogel	(Bulkamid).	A	series	of	six	patients	injected	
with	 self-detaching	 cross-linked	 silicone	micro	 bal-
loons	 with	 a	 biocompatible	 iller	 material	 demon-
strated	 fairly	good	 results,	with	Browning-Parks	 in-
continence	scores	for	the	group	decreasing	from	16	
to	5	(range	0-20)	[305].	However,	sterilization	issues	
have prevented the ongoing use of this product.

The	 irst	 reported	 injections	 of	 glutaraldehyde	
cross-linked	 synthetic	 bovine	 dermal	 collagen	
(Contigen)	 for	 faecal	 incontinence	 included	 17	
patients	[303],	11	(65%)	of	whom	showed	marked	
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Aut hors  (ref) Year Agent # 
Pts. Injection  techn ique  # 

Sites Volume  Su cces s 

Shaik [301] 1993 Polytetraluoroethylene paste 11 Transanal 2 0.5ml 64%  

Shaik [302] 1995 Autologous fat 14 Transanal 2 50-60ml 100%  

Kumar et al [303] 1998 Glutaraldehyde cross-linked 
synthetic bovine dermal 
collagen  

17 Transanal 1-3 Up to 2ml 65% pts improved 

Malouf et al [304] 2001 PTQ implants 10  1-4 5-11.5ml 60% initial improvement, 20% long-term 

Feretis et al [305] 2001 Microballoons with 
biocompatible hydrogel 

6 Transanal 3-5 0.9ml in 
balloon 

Browning-Parks Incontinence score 16 to 
5 

Davis et al [306] 2003 Carbon-coated zirconium 
oxide beads 

18 Transanal  1-4 1.28ml 83% pts improved 
CCF-FIS 11.9 to 8.1 

Tjandra et al [307] 2004 PTQ implants 82 Intrasphincteric with and 
without ultrasound 

4 2.5ml CCF-FIS w US: 14.5 to 3 
Without US: 14.5 to 11 

Stojkovic et al [308] 2006 Glutaraldehyde cross-linked 
synthetic bovine dermal 
collagen 

73 Transanal  
 

3 1.7ml 63% improved 
CCF-FIS 10 to 6 

Dehli et al [309] 2007 Zuidex 4 Transanal to 
Submucosal 

4 1.4ml St Marks Incontinence score 19.25 to 
15.75, 75% pts impr 

Siproudhis et al [310] 2007 Polydimethylsilozane 
elastomer silicone biomaterial 

22 Intrasphincteric 3 2.5ml No difference in CCF-FIS: 13.8 to 11.7 
PMDS,  
14.6 to 11.4 placebo  

de la Portilla et al 
[311] 

2008 PTQ implants 20 Transsphincteric 3 2.5 ml CCF-FIS 13.5 to 4.5 

Altomare et al [312] 2008 Carbon-coated zirconium 
oxide beads 

33 Transsphincteric 4 8.8ml CCF-FIS 12 to 8 
AMS 89 to 73 

Cross-linked porcine dermal 
collagen 

5 Transsphincteric 3 9ml St Marks Incontinence score 15 to 12.5 

Polyacrylamide hydrogel 5 Transsphincteric 3 15ml St Marks Incontinence score 15 to 12.5 

Maeda et al [313] 2008 

Saline 22     

Ganio et al [314] 2008 Calcium Hydroxylaptatite 
Ceramic Microspheres 

10 Transphincteric to 
submucosal site 

4 1ml FISS 85.6-28 
FIQL impr  subsc 

Soerensen et al [315] 2009 PTQ silicone biomaterial 33 Transsphincteric to 
Intrasphincteric 

3 2.5ml CCF-FIS score 12.7 to10.4 
18% pts sig impr 

PTQ 20 Intrasphincteric 4 2.5ml No complications, more pts with >50% 
improvement 
CCF-FIS 11.45 to 3.8 
sig impr FIQL and SF12 

Tjandra et al [316] 2009 

Durasphere 20 Submucosal 4 2.5ml More complications 
CCF-FIS 11.45 to 7 
No change FIQL andSF12 

Bartlett & Ho [317] 2009 PTQ 74 Intrasphincteric 4 2.5ml 70% continent CCF-FIS=0 30% CCF-FIS 
20 to 3.5 

Aigner et al [318] 2009 Durasphere 11 Intrasphincteric to 
submucosa 

3-4 Avg. 2.82ml CCF-FIS 12.7 to 4.91, FIQL 2/4 subscl 
improved 

Oliveira et al [319] 2009 Silicone PTQ 35 Transsphincteric to 
intrasphincteric site 

3 2.5ml CCF-FIS 11 to 3.5 
 

Danielson et al [320] 2009 NASHA 34 Transanal to submucosa 4 1ml # episodes/4wks 
22 to 9 

Beggs et al [321] 2010 Durasphere 23 Intersphincteric 4 2.8ml CCF-FIS 18.7 to 10.9 
FIQL impro 

Stephens et al [322] 2010 Ethylene Vinyl Alcohol EVOH 21 Intrasphincteric  Max 8 1-2ml FISI 32.8 to 22 
CCF-FIS 11 to 6.9 
FIQL 2/4 subs impr 

Ratto et al [323] 2011 Polyacrylonitrile cylinder 14 Transdermal to 
intrasphincteric 

4 NA CCF-FIS 12.7 to 5.1 
FIQL and SF36 impr 

NASHA 136 Graf et al [324] 2011 

Placebo 70 

Transanal submucosal 4  1ml 52% vs. 31% had >50% reduction in 
incont episodes 
No difference in CCF-FIS:14 to 2.5 
NASHA Dx ,13 to 1.7 placebo  

 

 

4  

US: endoanal ultrasound guidance
CCF-FIS: Cleveland Clinic Florida Faecal Incontinence Score
FISS: Faecal Incontinence Scoring System
AMS: American Medical Systems score
FISI: Faecal Incontinence Severity Index

Table 7. Injectable biomaterials
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symptomatic	 improvement	 at	 8	 months.	 A	 much	
larger	 series	 of	 73	 patients	 was	 then	 reported	
[308]	 in	which	 subjects	 received	 injections	of	 1.7	
ml	 of	 collagen	 transanally	 into	 the	 rectal	 submu-
cosa	 in	 three	separate	areas	 just	proximal	 to	 the	
anal	canal.	Overall,	63%	reported	an	improvement	
in	 their	 incontinence	 and	 the	 49	 patients	with	 id-
iopathic	 incontinence	(no	sphincter	defect	and	no	
pudendal	 neuropathy)	 had	 a	 signiicant	 decrease	
in	their	Wexner	Faecal	 Incontinence	Score	(CCF-
FIS,	range	0-20).	The	disadvantages	of	using	syn-
thetic	collagen	are	its	potential	to	be	allergenic	and	
degrade	over	time.	Furthermore,	its	success	in	uri-
nary	incontinence	has	been	limited	[299].	

A	pilot	study	conducted	in	2008	examined	two	oth-
er	 products,	 cross-linked	 porcine	 dermal	 collagen	
(Permacol),	 and	 polyacrylamide	 hydrogel	 (Bulka-
mid)	[313].	Ten	patients	with	passive	faecal	inconti-
nence	to	liquid	or	solid	stool	who	had	failed	conven-
tional	treatments	were	prospectively	randomised	to	
receive	either	of	the	two	products.	The	needle	was	
irst	inserted	into	the	skin	2	cm	from	the	anal	margin	
and	the	product	was	then	injected	trans-sphincteri-
cally.	The	median	volume	to	achieve	closure	of	the	
anal	canal	under	direct	vision	was	9	ml	for	Bulkamid	
and	15	ml	for	Permacol.	The	St	Mark’s	incontinence	
score	 decreased	 at	 6	 weeks	 for	 both	 groups,	 but	
this	 decrease	was	 sustained	 at	 6	months	 only	 for	
the	Bulkamid	group.	This	pilot	study	lacked	power	to	
determine	if	these	two	treatments	for	faecal	inconti-
nence	differed	signiicantly.	Unfortunately,	no	other	
follow-up	studies	have	been	reported.

Several	other	injectables	have	been	used	for	faecal	
incontinence	with	variable	results.	In	one	of	the	few	
adequately	 powered,	 randomised	 controlled	 trials	
using	injectables,	44	patients	were	randomised	to	re-
ceive	transdermal	injections	of	polydimethylsilozane	
elastomer	silicone	biomaterial	(PDMS)	or	saline	into	
the	 intersphincteric	space	[310].	Three	2.5ml	 injec-
tions	were	performed	using	 local	 anesthesia.	Only	
the	 patients	 were	 blinded	 to	 the	 treatment.	 There	
was	 no	 difference	 in	 the	 percentage	 of	 patients	 in	
the	two	groups	who	had	a	successful	treatment,	de-
ined	as	having	a	CCF-FIS	score	<8	or	the	decrease	
in	CCF-FIS	scores	post	treatment.	The	saline	group	
tolerated	treatment	better	and	had	fewer	adverse	ef-
fects overall. Thus, the study concluded that the use 
of	PDMS	should	not	be	recommended.

Three	 smaller	 studies	 using	 other	 products	 have	
shown	 some	 promise	 although	 the	 testing	 was	
much	less	rigorous.	In	one	of	these	studies,	calcium	
hydroxylaptatite	 ceramic	 microspheres	 (Coaptite)	
were	injected	transphincterically	to	four	submucosal	
sites	using	1ml	at	each	site	with	 the	patient	under	
local anesthesia. The average Faecal Incontinence 
Scoring	 System	 (FISS)	 score	 for	 10	 patients de-
creased	from	85.6	to	28	at	12	months	(p=0.008)	and	
the	 lifestyle,	 coping	 and	 behavior/embarrassment	
subscales	of	the	Faecal	Incontinence	Quality	of	Life	

Scale	(FIQL)	showed	improvements	(p<0.05).	Ano-
rectal	manometry	also	showed	better	resting	pres-
sures	 (40	 to	 47	mmHg,	 p=0.018).	 There	 were	 no	
complications,	but	one	patient	experienced	leakage	
of	product	 from	 the	 injection	site	 that	 required	an-
other	injection	[314].	In	the	second	of	these	smaller	
studies,	21	patients	received	ethylene	vinyl	alcohol	
(EVOH)	injections	with	1-2	ml	in	up	to	8	sites	in	the	
intersphincteric space under general or local anes-
thesia.	At	12	months,	Faecal	Incontinence	Severity	
Index	 (FISI)	 scores	 dropped	 from	 32.8	 to	 22	 and	
CCF-FIS	scores	decreased	from	11	to	6.9.	Two	sub-
scales	of	the	FIQL	improved	signiicantly	and	repeat	
anorectal	manometry	demonstrated	some	increase	
in	 anal	 canal	 length	 and	 resting	 pressures	 [302].
The	 third	 and	 most	 recent	 of	 these	 small	 studies	
reported	on	14	patients	who	 received	 transdermal	
injections	 of	 polyacrylonitrile	 cylinders	 (Gatekeep-
er	 prosthesis)	 into	 the	 intersphincteric	 space.	The	
CCF-FIS	score	decreased	from	12.7	to	5.1(p<0.01)	
and	 there	 were	 no	 complications.	 Location	 of	 the	
prostheses	was	documented	by	ultrasound	and	no	
dislodgement	was	seen	at	1	year	[323].

The	 two	 most	 common	 injectables	 used	 to	 treat	
faecal	 incontinence	 are	 silicone	 biomaterial	 (Mac-
roplastique,	 Bioplastique,	 PTQ	 implants)	 and	 py-
rolytic	 carbon-coated	 zirconium	 oxide	 beads	 (Du-
rasphere).	Injectable	silicone	biomaterial	has	been	
used	 extensively	 for	 urinary	 incontinence.	 It	 con-
sists	of	polydimethylsiloxane	particles	suspended	in	
a	bioexcretable	carrier	hydrogel	of	polyvinylpyrrol-
idone.	Two	pilot	studies	using	Bioplastique	for	fae-
cal	incontinence	in	2001	and	2002	[304,326]	led	to	
increased	use	of	this	product	in	Europe	and	it	was	
renamed	PTQ	implants	(PTP	implants	in	Australia).	
Malouf	et	al	[304]	studied	10	patients	with	passive	
incontinence	who	received	circumferential	or	single	
site	injections	of	Bioplastique.	At	six	weeks,	six	pa-
tients	showed	either	marked	improvement	or	com-
plete	cessation	of	leakage	and	an	additional	patient	
improved	after	a	second	injection.	However,	after	six	
months,	only	two	of	seven	patients	had	maintained	
marked	improvement.	Complications	included	anal	
pain and ulceration at the injection site. In the larg-
est	study	of	PTQ	injection	to	date	[307]	82	patients	
with	 severe	 faecal	 incontinence	were	 randomised	
to	receive	PTP	implants	either	with	or	without	endo-
anal ultrasound guidance for injection. All patients 
had	a	signiicant	improvement	in	their	CCF-FIS.	At	
12	months,	this	score	decreased	from	14.5	to	3	in	
the	 ultrasound	 guidance	 group	 and	 from	 14.5	 to	
11	 in	 the	non-ultrasound	group.	Six	 patients,	 two	
from	 the	 ultrasound	 guidance	 group,	 complained	
of	pain	at	the	injection	sites.	There	were	no	other	
complications.	The	ultrasound	guidance	group	had	
more	signiicant	improvement	in	resting	pressures	
and	quality	of	 life	scores.	The	same	 investigators	
injected	PTQ	 into	seven	patients	with	passive	 in-
continence	 after	 haemorrhoidectomy	 and	 found	
signiicant	improvement	CCF-FIS	and	quality	of	life	
scores	in	all	patients	[327].
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Several	other	 series	have	been	 reported	PTQ	use	
for	 faecal	 incontinence	 [311,315,317,319].	 In	 all	 of	
them,	2.5ml	of	product	was	injected	into	3-4	sites	in	
the intersphincteric space and CCF-FIS decreased 
signiicantly.	 In	one	study	of	20	patients,	 the	CCF-
FIS	decreased	signiicantly	from	13.5	to	4.5	at	one	
month	 and	 slowly	 increased	 to	 9.4	 at	 two	 years,	
which	was	a	still	a	signiicant	improvement	from	the	
baseline	score.	Quality	of	life	scores	also	improved,	
but	 there	 was	 no	 effect	 on	 resting	 and	 squeeze	
pressures	measured	at	baseline	and	3	months	after	
injection.	 Seventy	 percent	 of	 patients	 experienced	
pruritus ani and one patient developed an infection 
at	an	 injection	site	 [311].	 In	a	study	of	33	patients,	
CCF-FIS	decreased	from	12.7	to	10.4	at	one	year,	
yet	 quality	 of	 life	 was	 not	 improved	 [315].	 Both	 of	
these	 studies	 examined	 implant	migration	 and	 63-
84%	of	patients	had	detectable	implants	at	the	site	
of	injection	by	ultrasound,	though	this	did	not	seem	
to affect clinical response. The largest of these stud-
ies	is	notable	for	its	sample	size	of	74	patients	and	
that	half	of	 these	subjects	were	men.	 It	 found	 that	
70%	of	patients	reported	complete	satisfaction	with	
their	 continence	 (post-treatment	 CCF-FIS	 =0)	 and	
in	 the	 remaining	30%,CCF-FIS	decreased	 from	12	
to	3.5	at	33	months	with	associated	 improvements	
in	 quality	 of	 life	 measures.	All	 patients,	 but	 espe-
cially	 those	who	became	continent,	 had	signiicant	
improvements	 in	mean	 resting	pressures,	squeeze	
pressure	and	mean	anal	canal	length.	Worse	results	
were	seen	 in	women	with	pudendal	neuropathy	or	
those	for	whom	biofeedback	had	already	failed	[317].	
Another	 study	 speciically	 compared	 the	 anorectal	
manometry	of	patients	injected	with	PTQ	with	that	of	
normal	controls	and	found	that	after	injection	in	the	
symptomatic	patients	there	was	a	similar	decrease	
in	CCF-FIS	with	associated	 improvements	 in	FIQL	
scores.	The	symptomatic	patients	had	lower	resting	
and	 squeeze	 pressures	 than	 controls	 at	 baseline	
and	these	pressures	did	not	improve	with	injection.	
However,	these	patients	did	have	elongation	of	their	
high	pressure	zone,	as	well	as	improvements	in	the	
asymmetry	 index,	 indicating	 that	 morphologic	 but	
not	physiologic	changes	had	occurred	with	injection	
[319].	The	only	report	of	long-term	results	for	inject-
able	 agents	was	 for	 Bioplastique	 [328].The	 5-year	
outcome	 for	 6	 patients	 injected	 with	 Bioplastique	
in	1999	 included	a	median	St.	Mark’s	 incontinence	
score	that	was	essentially	unchanged	from	11	to	13	
(range	9-20).	One	patient	 had	undergone	a	 colos-
tomy,	but	four	of	the	ive	remaining	patients	reported	
subjective	 improvement	 in	 their	 incontinence	 and	
better	quality	of	life	scores.

The	other	 commonly	used	 injectable,	Durasphere,	
is	 non-reactive	 and	 not	 biodegradable.	 However,	
the	beads	are	known	 to	migrate	within	 the	 tissues	
and	 require	a	 large	bore	needle	 to	 inject	 the	 sub-
stance.	 The	 injected	 substance	 is	 placed	 in	 the	
submucosal	plane	using	either	a	transanal	or	inter-
sphincteric	approach.	The	initial	trial	[306]	assessed	
the	short	and	long-term	eficacy	in	18	patients	with	

an internal anal sphincter defect refractory to con-
servative	 management.	 About	 1.3ml	 was	 injected	
in	 the	submucosal	plane	at	 the	site	of	 the	sphinc-
ter	defect	in	1-4	sites	until	adequate	anal	sphincter	
symmetry	 was	 restored.	 At	 12	 months,	 CCF-FIS	
and	 patient	 satisfaction	 scores	 were	 signiicantly	
improved.	Fifteen	of	18	patients	reported	 improve-
ment	in	their	incontinence.	An	abstract	presented	by	
Weiss	et	al	[329]	also	demonstrated	improvement	in	
ten	patients	who	were	only	 followed	 for	3	months.	
In	a	larger	study,	33	patients	with	minor	or	medium	
severity	faecal	 incontinence	(CCF-FIS	<	14	and/or	
American	Medical	Systems	 (AMS)	score	<	89)	 re-
ceived	 injections	 (mean	of	 8.8	ml	 (range	2-19	ml)	
of	 Durasphere	 into	 the	 submucosa	 at	 the	 level	 of	
the	dentate	 line	using	an	18-gauge	needle	at	 four	
different	sites	 [312].	After	a	mean	 follow-up	period	
of	21	months,	the	CCF-FIS	for	the	group	decreased	
signiicantly	 from	12	 to	8	and	 the	AMS	score	 from	
89	 to	73	but	 the	 faecal	 incontinence	speciic	qual-
ity	 of	 life	 measures	 did	 not	 change.	 Resting	 and	
squeeze	pressures	also	increased	12	months	after	
injection.	Adverse	events	included	anal	pain	in	two	
patients,	 asymptomatic	 leakage	of	material	 in	one	
patient,	 and	 distal	migration	 of	 product	 in	 two	 pa-
tients.	A	study	of	11	patients	 in	which	about	2.8ml	
of	 Durasphere	 was	 injected	 into	 3-4	 sites	 in	 the	
submucosal	space	reported	a	decrease	in	CCF-FIS	
from	12.7	to	4.9	at	2	years	with	improvements	in	the	
coping	and	embarrassment	subscales	of	 the	FIQL	
at	6	months.	Although	manometry	pressures	did	not	
change initially, the resting and cough pressures 
were	higher	at	2	years	than	at	1	year	[318].

The	 most	 recent	 study	 using	 Durasphere	 injected	
the product using a slightly different approach. In all 
23	subjects,	the	product	was	injected	into	the	inter-
sphincteric	 space	 in	 four	 sites.	Again,	 about	 2.8ml	
of	product	was	injected	at	each	site.	At	12	months,	
patients	had	a	decrease	in	the	CCF-FIS	from	18.7	to	
10.9	and	an	increase	in	FIQL	score	from	46	to	55.8.	
Mean	 squeeze	pressures	on	anorectal	manometry	
increased	signiicantly	at	12	months.	Adverse	com-
plications included prolonged pain in one patient and 
a	sterile	perianal	luid	collection	in	another	[321].

Only	one	trial	compared	the	safety	and	eficacy	of	
PTQ	and	Durasphere	[316].	Sample	size	was	calcu-
lated	to	detect	a	50%	reduction	in	the	CCF-FIS	post	
injection.	Thus,	40	patients	with	faecal	incontinence	
(mean	CCF-FIS	11.45)	were	randomised	to	receive	
either	PTQ	or	Durasphere.	Both	groups	were	similar	
in	terms	of	age,	medical	history,	faecal	incontinence	
severity	and	quality	of	 life	scores,	as	well	as	ano-
rectal	manometry	results.	Although	the	Durasphere	
group	had	a	more	signiicant	reduction	in	CCF-FIS	
at	 2	 weeks	 (11.45	 to	 8.25	 vs.	 11.45	 to	 10.9),	 the	
PTQ group had a greater reduction in CCF-FIS at 
6	 weeks,	 6	months	 and	 12	months	 (4.6,2.95	 and	
3.8	vs.	7.65,	6.2	and	7),	and	had	no	complications.	
The	 Durasphere	 group	 had	 several	 complications	
including	 anal	 pain	 (5%),	mucosal	 erosion	 (10%),	



1510

arthritis	 and	 skin	 rashes	 (5%).	 Furthermore,	 the	
PTQ group	demonstrated	 signiicant	 improvements	
in	 general	 and	 faecal-incontinence-speciic	 quality	
of	 life	scores	that	were	not	seen	in	the	Durasphere	
group.	Thus,	the	conclusion	was	that	PTQ	was	safer	
and	more	effective	than	Durapshere	for	the	treatment	
of	faecal	incontinence	[316].

The	 newest	 injectable	 agent	 to	 be	 used	 for	 faecal	
incontinence	 is	 dextranomer-	 hyaluronic	 acid	 co-
polymer	 (Zuidex,	 NASHA	Dx).	 Dextranomer	micro-
spheres	are	suspended	in	non-animal	stabilized	hy-
aluronic	acid.	As	with	other	injectable	agents,	Zuidex	
has	 been	 used	 to	 treat	 urinary	 incontinence	 [330]	
and a pilot study of four patients reported no adverse 
events	 and	 a	median	 decrease	 in	St	Marks	 incon-
tinence	 score	 of	 3.5	 points(19.25	 to	 15.75)	 [309].	
In	a	subsequent	study	of	34	patients	who	 received	
transanal	 injections	 into	 the	 submucosa	 just	 above	
the	dentate	 line	(about	1ml	of	product	was	 injected	
into	 four	 sites),	 the	 median	 number	 of	 incontinent	
episodes	 in	a	 four-week	period	dropped	 from	22	 to	
9	 [320].	When	 response	was	 deined	 as	 a	 50%	or	
greater	decrease	in	number	of	incontinent	episodes,	
56%	of	 patients	were	 deined	 as	 responders	 at	 12	
months.	 No	 adverse	 events	 were	 reported.	 These	
indings	 led	 to	a	 randomised	double-blinded	sham-
controlled	 trial	 of	 206	patients	 randomised	 in	a	2:1	
fashion	 to	 receive	 NASHA	 Dx	 or	 placebo	 injection	
[324].	The	patients	and	the	evaluating	 investigators	
were	blinded	 to	 the	 treatment.	More	patients	 in	 the	
treatment	group	had	50%	or	greater	reduction	in	the	
number	of	incontinence	episodes	(52%	versus	31%	
of	controls;	p=0.009),	but	the	change	in	CCF-FIS	did	
not	differ	after	treatment	between	groups	(14	to	2.5	in	
the	treatment	group	vs.	13	to	1.7	in	placebo	group).	
The	FIQL	was	only	signiicantly	improved	compared	
to	 placebo	 for	 the	 coping	 and	 behavior	 subscale.	
Both	groups	had	a	high	retreatment	rates:	82%	of	pa-
tients	in	the	NASHA	Dx	group	received	reinjection	of	
product	and	87%	of	patients	in	the	control	group	had	
repeat	sham	injection.	The	NASHA	Dx	group	had	sig-
niicantly	more	adverse	events,	including	proctalgia,	
rectal	bleeding,	pruritus,	diarrhoea,	constipation,	fe-
ver,	and	two	serious	complications	of	rectal	abscess	
and	prostatic	abscess.	The	control	group	had	more	
injection	site	bleeding	[324].	The	most	recent	study	of	
NASHA	Dx	was	reported	in	an	abstract	of	21	patients	
who	 received	 injections	 of	 1ml	 of	 product	 in	 four	
sites	of	submucosa.	There	were	no	adverse	events	
and	 61%	 of	 patients	 had	 a	 signiicant	 decrease	 in	
incontinence	episodes	at	3	months	and	56%	had	a	
sustained	improvement	at	22	months.	The	CCF-FIS	
decreased	from	16.8	to	12.3	but	was	not	signiicant.	
Improvement	in	FIQL	scores	were	noted	[331].

In	summary,	studies	of	 injectable	biomaterials	com-
prise	several	small	case	series	that	in	general	show	
short-term	eficacy	and	only	three	randomised	trials,	
two	of	which	compared	PMDS	and	NASHA	Dx	to	pla-
cebo,	and	a	third	that	compared	PTQ	to	Durasphere.	
These	trials	indicated	that	PMDS	should	not	be	used,	
PTQ	appears	to	be	better	than	Durasphere	in	terms	

of	both	safety	and	eficacy,	and	that	NASHA	Dx	has	
some	evidence	of	eficacy	compared	to	placebo.	Two	
systematic	reviews	[332,333]	and	a	Cochrane	review	
[334]	have	been	published	 recently	 that	 review	 the	
data	for	all	injectable	agents	for	faecal	incontinence.	
Due	to	the	poor	methodology	and	small	sample	sizes	
of	most	of	these	studies,	none	of	these	reviews	could	
establish	adequate	evidence	to	support	the	eficacy	
of	any	of	these	agents.	However,	one	review	did	ind	
that	in	a	multivariate	analysis,	use	of	the	intersphinc-
teric, instead of transanal or trans-sphincteric routes 
of	injection,	was	associated	with	a	higher	complica-
tion	rate.	Furthermore,	PTQ	and	Coaptite	were	sig-
niicant	predictors	of	short-term	outcome	and	use	of	
local	anesthesia	was	associated	with	a	 lower	 likeli-
hood	of	success	[332].	[LEVEL OF EVIDENCE: 3 ]

10. COLOSTOMY

A	permanent	colostomy	 is	usually	 formed	as	a	 last	
resort	for	severe	faecal	incontinence	when	all	other	
interventions	have	failed.	Because	colostomy	is	gen-
erally	regarded	as	a	failure	of	treatment,	its	effective-
ness,	perioperative	complications,	and	impact	on	the	
quality	 of	 life	 have	 never	 been	 properly	 evaluated	
except	 for	 patients	 with	 functional	 bowel	 disorders	
after	spinal	cord	injury	[335,336].	For	a	speciic	role	
of	 colostomy	 for	 these	patients,	please	 refer	 to	 the	
speciic	chapter.	Not	only	for	patients	with	spinal	cord	
injury,	 but	 also	 for	 general	 population	 with	 severe	
faecal	 incontinence,	 colostomy	 is	 a	 frequently	 suc-
cessful	 management	 strategy	 that	 restores	 dignity	
and	allows	them	to	regain	social	function.

No	randomised	controlled	trials	or	non-randomised	
cohort	 studies	 have	 been	 reported	 regarding	 co-
lostomy	for	faecal	 incontinence,	and	only	one	sys-
tematic	 review	 (level	 4)	 [188],	 one	 case	 control	
study	 (level	4)	 [337]	and	 two	case	series	 (level	4)	
[338,339]	were	identiied.

Colquhoun	et	al	 [337]	conducted	a	cross-sectional	
postal	 survey,	 comparing	 quality	 of	 life	 between	
71	patients	with	faecal	 incontinence	and	39	with	a	
colostomy	 created	 for	 rectal	 cancer,	 complicated	
colonic diverticular disease or faecal incontinence. 
Analysis	 of	 the	 Short	 Form	 36	General	Quality	 of	
Life	Assessment	revealed	signiicantly	higher	social	
function	 score	 in	 the	 colostomy	 group	 than	 in	 the	
faecal	incontinence	group	(0	vs.	-0.6,	p=0.022).	An	
age- and gender-adjusted regression analysis of the 
Faecal Incontinence Quality of Life score revealed 
signiicantly	higher	scores	in	the	coping	(2.7	vs.	2.0,	
p=0.005),	 embarrassment	 (2.7	 vs.	 2.2,	 p=0.014),	
and	lifestyle	scales	(3.2	vs.	2.7,	p=0.14)	in	the	co-
lostomy	group	compared	to	the	faecal	incontinence	
group.	The	authors	 concluded	 that	 a	 colostomy	 is	
a	viable	option	for	patients	who	suffer	from	severe	
faecal	incontinence	and	offers	a	deinitive	cure	with	
improved	quality	of	life.

Tan	et	al	[188]	performed	a	systematic	review,	spe-
ciically	 comparing	 the	 cost-effectiveness	 between	
end	stoma	 (ES),	artiicial	anal	 sphincter	 (AAS)	and	
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dynamic	graciloplasty	(DG).	The	quality-adjusted	life	
years	 (QALYs)	 and	 the	 incremental	 cost-effective-
ness	ratio	(ICER)	were	compared	between	the	three	
procedures,	 by	 obtaining	 the	 probability	 estimates	
for patients	with	faecal	 incontinence	from	published	
data,	with	being	supplemented	by	expert	opinion.	The	
end	stoma	was	the	most	cost-effective	therapy	at	5	
years,	with	a	QALY	gain	of	3.45	for	GB£16,280	and	
an	ICER	of	GB£4,719	/QALY,	compared	to	AAS	(4.38	
for	GB£23,569;	GB£5,387	/QALY)	and	DG	(4.00	for	
GB£25,035;	GB£6,257/QALY).	After	10	years,	AAS	
became	 the	 most	 cost-effective	 surgical	 interven-
tion,	with	a	QALY	gain	of	8.384	for	GB£32,397	and	
an	 ICER	of	GB£3,864/QALY,	 compared	 to	ES	 (6.9	
for	GB£27,910;	GB£4,046	/QALY)	and	DG	(7.678	for	
GB£35,165;	 GB£4,580	 /QALY).	 The	 results	 of	 this	
study,	however,	must	be	interpreted	with	great	cau-
tion,	because	 it	 is	not	an	 interventional	study	but	a	
systematic	review	with	a	rather	complicated	method-
ology	and	a	variety	of	possible	biases.

Norton	et	al	 [338]	examined	patients’	view	of	a	co-
lostomy	by	conducting	a	questionnaire	study	of	pa-
tients	who	had	a	colostomy	created	to	manage	their	
faecal	 incontinence.	 Sixty-nine	 people	 (58	women)	
responded.	When	patients	were	asked	 to	 rate	 their	
ability	to	live	with	their	stoma	now	on	a	scale	of	0-10,	
the	median	score	was	8	(range	0	–	10).	The	major-
ity	(83%)	felt	that	the	stoma,	within	the	past	month,	
restricted	their	life	“a	little”	or	“not	at	all”.	Eighty-four	
percent	answered	that	they	would	“probably”	or	“dei-
nitely”	choose	to	have	the	stoma	again.	When	they	
were	 asked	 the	 question	 “compared	 to	 when	 you	
were	 incontinent,	 how	much	 change	 has	 having	 a	
stoma	made	 to	 your	 overall	 quality	 of	 life?”	 on	 the	
scale	 of	 -5	 (much	worse)	 to	 +5	 (much	 better),	 the	
median	rating	was	+4.5	(range	-5	to	+5).	The	authors	
concluded that health care professionals should dis-
cuss	the	option	of	a	stoma	with	incontinent	patients	
because	of	the	overwhelming	positive	outcomes.

An	 end	 sigmoid	 colostomy	without	 proctectomy	 is	
usually	recommended	as	a	procedure	of	choice	for	
patients	who	elect	colostomy	for	the	management	of	
their refractory faecal incontinence. Creating such a 
colostomy,	however,	does	not	always	solve	all	 the	
problems	of	patients	with	faecal	incontinence.	Cat-
ena	et	al	[339]	reported	a	retrospective	chart	review	
of	44	patients	(35	women)	who	underwent	elective	
end	 sigmoid	 colostomy	 for	 faecal	 incontinence	 of	

various etiologies. After	colostomy	formation	19	pa-
tients	(43%)	were	asymptomatic,	while	the	other	25	
experienced	such	problems	with	their	rectal	stump	
as	diversion	colitis	and	mucus	 leakage.	Of	 the	25	
patients,	12	(27%	of	the	total)	underwent	a	second-
ary	proctectomy	due	 to	 the	 rectal	stump	problems	
suficient	 to	warrant	 the	operation.	Histological	ex-
amination	 revealed	 diversion	 colitis	 in	 6	 patients.	
The	 factor	 associated	 with	 proctectomy	 was	 age,	
with	 younger	 patients	 being	more	 likely	 to	 require	
rectal	excision.	The	authors	concluded	that	data	are	
insuficient	 to	 recommend	 primary	 proctectomy	 in	
patients	with	severe	faecal	incontinence	warranting	
permanent	end	sigmoid	colostomy.

11. PUBORECTAL SLING

The	puborectal	sling	operation	was	irst	reported	by	
O’Rourke	 in	1974	[340].	 In	 this	procedure,	an	arti-
icial	 sling	 is	 routed	 behind	 the	 anorectal	 junction	
and	its	two	ends	are	ixed	to	the	pubic	bone,	pulling	
the	anorectal	junction	up	forward	with	some	tension.	
Similar	 to	 the	postanal	 repair,	 the	 rationale	of	 this	
operation is the restoration of the anorectal angle 
normally	maintained	by	puborectal	muscle.	For	the	
treatment	 of	 female	 urinary	 stress	 incontinence,	 a	
similar	procedure,	called	 tension	 free	vaginal	 tape	
(TVT),	has	been	performed	with	a	reasonable	suc-
cess	rate	of	81-93%	[341].

No	 systematic	 reviews,	 non-randomised	 cohort	
studies	 or	 case	 control	 studies	 have	 been	 report-
ed	 regarding	 puborectal	 sling	 operation	 for	 faecal	
incontinence,	 whilst	 one	 prospective	 comparative	
study	(level	2)	[342],	one	case	series	of	good	quality	
(level	3)	[343]	and	three	case	series	of	 low	quality	
(level	 4)	 [340,344,345]	 were	 identiied.	 Results	 of	
the	puborectal	 sling	operation	are	shown	 in	Table 
8 [340,342-345].

O’Rourke	 [340]	irst	 reported	 the	sling	operation	us-
ing	Dacron	mesh	for	the	treatment	of	3	patients	with	
full	 rectal	prolapse	as	well	as	4	with	mucosal	partial	
rectal	prolapse	and	faecal	incontinence.	Two	patients	
developed a sinus or sinus discharge at the site of the 
insertion	of	 the	 sling,	 and	 the	sling	was	 removed	 in	
one.	Out	of	the	4	patients	with	faecal	incontinence	and	
partial	 prolapse,	3	were	 reported	 to	have	 “beneited	
considerably”	 from	 the	 procedure	 although	 a	 formal	
evaluation	 of	 the	 faecal	 incontinence	 was	 not	 per-
formed	and	the	follow-up	period	was	not	documented.

Aut hors  (ref)  year Study 
design 

Material 
used 

No of 
pts 

mean  
or median 

fo llow-up (mo)
 

No (%) of 
functioning slings 

 
Overa ll  

Comp lication 

 "Su ccess "  in 
patients w ith a 

function ing sling
 

"Su ccess " 
in  inten tion  

to  treat 
Evidence 

level 

O'Rourke [340] 1974 case series Dacron 
band sling 

4 ns 4 (100%) 25% 75% 75% 4 

O'Rourke & 
Egerton [344] 1985 case series 

rolled 
mersilene 

mesh 
2 ns ns ns ns ns 4 

Shaik [345] 1991 case series Telon sling 31 24-48 31 (100%) 3% 84% 84% 4 
Yamana et al 
[343] 2004 case series polyester 

mesh sling 8 6 7 (88%) 25% 100% 88% 3 

two fascia 
lata slings 22 12 22 (100%) 9% 64% 69% Shaik & Shaik 

[342] 
2009 PCS 

one fascia 
lata sling 22 12 22 (100%) 0% 36% 69% 

2 

PCS: prospective comparative study ; ns: not stated        
 

Table 8. Puborectal sling
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O’Rourke	 and	 Egerton	 [344]	 reviewed	 24	 patients	
in	 whom	 the	 sling	 operation	 was	 performed	 using	
a	 strip	 of	 rolled	 mersilene	 mesh.	 This	 procedure,	
however,	was	performed	mainly	for	the	treatment	of	
rectal	prolapse,	while	 it	was	conducted	because	of	
faecal	 incontinence	alone	only	 in	 two	out	of	 the	24	
patients,	and	the	outcomes	regarding	the	continence	
were	not	formally	evaluated.

Shaik	 [345]	 reported	 another	 sling	 operation	 called	
puborectoplasty	 utilizing	 a	Telon	 sling	 for	 faecal	 in-
continence.	Out	of	the	31	patients	who	had	been	in-
continent	to	solid	stool	and	underwent	this	procedure,	
“good	results”	were	achieved	in	26	patients	(84%)	af-
ter	a	 follow-up	period	of	between	2	and	4	years:	20	
became	continent	to	solid	and	liquid	stool	as	well	as	
latus;	 6	 to	 solid	and	 liquid	 stool	 but	 not	 to	 latus;	 4	
to	solid	stool	only;	and	only	one	remained	incontinent	
to	solid	stool.	Postoperative	complications	included	a	
wound	infection	only	in	one	patient,	which	responded	
to	antibiotics	without	requiring	the	sling	removal.

Shaik	 and	 Shaik	 [342]	 conducted	 a	 prospective	
study	comparing	two	fascia	lata	slings	(double	loop)	
in	22	patients	and	one	fascia	lata	sling	(single	loop)	
in	22	 for	 the	 treatment	of	 faecal	 incontinence.	After	
12	months	 follow-up,	 “good	 results”	were	achieved	
in	14	(63%)	and	8	(36%)	by	the	double	loop	and	the	
single	loop,	respectively,	and	its	difference	was	sta-
tistically	 signiicant.	Postoperative	 complications	 in-
cluded	supericial	 infection	 in	 two	patients	of	single	
loop,	which	responded	to	antibiotics	without	requiring	
the	sling	removal.

Yamana	et	al	[343]	performed	the	perineal	puborec-
talis	sling	operation	in	8	patients	with	passive	faecal	
incontinence	 using	 polyester	 mesh	 sling.	A	 wound	
infection	developed	in	one	patient	which	responded	
to	antibiotics,	while	a	 rectal	ulcer	developed	 in	one	
requiring	 the	sling	 removal.	 In	 the	6	month	evalua-
tion	 of	 the	 remaining	 7	 patients,	 all	 reported	 some	
extent	 of	 improvement	 of	 their	 faecal	 incontinence.	
Both	the	Faecal	Incontinence	Severity	Index	and	the	
Cleveland	Clinic	 Faecal	 Incontinence	Score	 signii-
cantly	 improved	 from	27	 to	9	and	 from	13	 to	5,	 re-
spectively.	Moreover,	all	parameters	in	Faecal	Incon-
tinence	Quality	of	Life	Scale	signiicantly	 improved:	
lifestyle	from	2.1	to	3.6;	coping/behavior	from	1.5	to	
3.4;	depression/self	perception	from	2.3	to	3.7;	and	
embarrassment	from	2	to	3.6.

Faecal	incontinence	is	common	in	children	who	have	
anorectal	 malformations,	 spinal	 problems	 and	 sur-
gery	 for	Hirschsprung’s	disease.	Despite	advances	
in	technique	for	anatomic	corrective	surgeries,	many	
patients	 continue	 to	 suffer	 from	 persistent	 inconti-
nence.	 This	 guideline	mainly	 focuses	 on	 anorectal	
malformations	 and	 corrective	 surgeries	 along	 with	
their	results	and	subsequent	management	in	case	of	
persistent	incontinence.	Other	surgical	interventions	
used	less	frequently	were	also	reviewed.

1. ANORECTAL MALFORMATIONS

Anorectal	malformations	occur	once	in	every	3000-
5000	live	births.	Although	the	severity	of	malforma-
tion	varies,	it	is	invariably	associated	with	defaeca-
tory	problems	 including	 incontinence.	The	surgical	
advances	 have	 been	 most	 prominent	 in	 last	 few	
decades,	 particularly	 with	 the	 advent	 of	 posterior	
sagittal	approach.	[LEVEL OF EVIDENCE: 3 ]	This	
technique	 has	 enabled	 surgeons	 to	 visualise	 the	
anatomy	 under	 direct	 vision	 and	 perform	 correc-
tive	 surgeries	more	 accurately	 [346,347].	 In	 brief,	
a	mid-sagittal	incision	is	performed	and	the	sphinc-
ter	mechanism	is	completely	divided	in	the	midline.	
The	rectum	is	separated	from	the	genitourinary	tract	
and	moved	down	to	 the	perineum.	The	most	chal-
lenging aspect of the operation is the separation of 
the	rectum	from	the	vaginal	or	urinary	 tract,	which	
effectively	 requires	 creating	 two	 walls	 out	 of	 one	
septum	without	damaging	each	structure.	This	ap-
proach can also used for reoperation in anorectal 
malformations	[348]	and	can	also	be	applied	for	re-
construction	of	severe	perineal	trauma	[349].

For	both	male	and	 female	babies,	urethral-perineal	
istula	is	the	simplest	istula	to	correct.	These	require	
the	 so-called	 ‘minimal	 posterior	 sagittal	 approach’	
which	enlarges	the	stenotic	oriice	and	relocates	the	
rectal	oriice	posteriorly	within	the	limits	of	the	sphinc-
ter	 complex.	 For	 males	 with	 recto-urethral-bulbar	
istula	or	recto-urethral-prostatic	istula	and	females	
with	recto-vestibular	istula	or	cloaca	with	short	(less	
than	 3cm)	 common	 channel,	 posterior	 sagittal	 ap-
proach	 is	 the	main	operation	performed.	For	males	
with	higher	istulas	such	as	recto-bladder	neck	istula	
and	other	complex	and	unusual	defects	and	females	
with	 cloaca	 with	 long	 (greater	 than	 3cm)	 common	
channel	and	complex	defects,	 the	posterior	sagittal	
approach	 needs	 to	 be	 coupled	with	 abdominal	 ac-
cess	which	can	be	either	laparoscopy	or	laparotomy	
[350].	 There	 has	 been	 no	 robust	 evidence	 to	 sug-
gest	superiority	of	laparoscopy	in	terms	of	outcome	
[351,352]	 though	 better	 visualisation	 and	 assess-
ment	of	 istula	have	been	advocated	as	an	advan-
tage	of	this	approach	[353,354].

Cloacal	 repair	 is	 the	most	challenging	amongst	 the	
corrective	 surgeries	 for	 anorectal	 malformations.	A	
recent	operative	advance	 in	cloacal	 repair	 is	a	ma-
neuver	 called	 total	 urogenital	mobilization	whereby	
the	 rectum	 is	 separated	 from	 the	 vagina	 and	 both	
vagina	and	urethra	are	then	mobilized	together.	The	
advantage of this technique is to avoid separating 
rectum,	vagina	and	urethra	completely	which	 is	not	
feasible	all	the	time	and	risks	damaging	these	struc-
tures during the procedure. This technique avoids 
the	risk	of	urethrovaginal	istula	and	vaginal	stricture	
previously	 reported	as	complications	 in	10%	of	 the	
cloacal	repair	and	also	gives	enough	mobilization	to	
allow	more	 than	 50%	 of	 all	 cloacal	 repairs	without	
opening	the	abdomen	[355,356].

Functional	outcomes	depend	on	 the	severity	of	 the	
malformations.	A	review	of	more	than	1000	anorec-

III. SURGERY FOR PAEDIATRIC FAE-
CAL INCONTINENCE
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tal	malformation	cases	showed	100%	of	babies	who	
had	perineal	istula	repair	achieved	continence.	Ap-
proximately	55%	of	patients	who	had	been	operated	
for	 recto-vestibular	 istula	 had	 bowel	 control.	 Any	
malformations	more	complicated	resulted	in	only	up	
to	 30%	achieving	 continence.	All	 patients	who	had	
recto-bladder	 neck	 istula	 repair	 were	 incontinent.	
In	cloacal	repair	the	length	of	the	common	channel,	
shorter	 or	 longer	 than	3cm,	appears	 to	be	 the	dis-
tinct	prognostic	factor	in	terms	of	functional	outcome	
[357].	 Overall	 it	 is	 estimated	 that	 nearly	 40%	 will	
have	voluntary	bowel	movement	and	no	soiling	but	
some	of	them	may	still	lose	bowel	control	in	case	of	
severe	diarrhoea	and	25%	of	all	repairs	will	result	in	
total	incontinence	[358].

For	 the	 group	 of	 patients	 with	 persistent	 inconti-
nence	following	the	corrective	surgery,	the	next	aim	
will	be	to	keep	the	colon	clean	to	avoid	unpleasant	
accidents	 and	 improve	 quality	 of	 their	 life.	A	 good	
option	 is	 implementation	 of	 a	 bowel	 management	
programme	whereby	 the	 patient	 and	 family	 are	 in-
structed	 in	 the	use	of	daily	enema,	manipulation	of	
diet	 and	medication	 to	 remain	 clean	 [359].	 This	 is	
also	a	good	treatment	for	constipation,	which	is	the	
most	common	dificulty	after	corrective	surgery	[360].

Although	most	 young	 children	 accept	 their	 parents	
administering	 enemas,	 when	 they	 get	 older	 they	
want	privacy	and	 rectal	 enemas	on	daily	basis	be-
comes	an	unpleasant	routine.	 In	such	cases,	conti-
nent	appendicostomy	 is	a	 feasible	option,	whereby	
a	conduit	for	the	administration	of	an	antegrade	con-
tinence	enema	(ACE)	is	created.	First	described	by	
Malone	 [361]	 it	has	become	an	 important	option	 in	
paediatric	surgery	for	functional	bowel	disorder.	

According	 to	 the	 initial	 description	 by	 Malone,	
appendicostomy	 was	 created	 by	 dividing	 the	 ap-
pendix	 at	 its	 base	 and	 reimplanting	 by	 a	 reverse	
manner	 into	 the	cecum,	which	was	 then	exterior-
ized	through	the	right	lower	quadrant.	Malone	later	
revised	 it	 and	 the	 reimplantation	 of	 appendix	 is	
no	longer	considered	necessary	[362].	Levitt	et	al	
[363]	 introduced	utilizing	the	appendix	 in	situ	and	
added	 caecal	 plication	 to	 prevent	 relux	 of	 stool	
and	 exteriorizing	 through	 umbilicus	 fold	 render-
ing	 it	 less	noticeable.	This	appears	 to	 yield	good	
long-term	results	[364]	though	a	recent	study	has	
shown	 that	 caecal	 ixation	 and	wrap	may	 be	 un-
necessary	 for	 appendicostomy	 [365].	The	 beneit	
of a variation called orthotopic continent appendi-
ceal	stoma	 is	not	clear	 [366].	However,	construc-
tion	of	appendicostomy	with	burial	of	the	appendi-
ceal	tip	appears	to	help	avoid	problems	of	exposed	
mucosa	 such	 as	 bleeding	 and	mucus	 discharge.	
From	this	perspective,	a	few	techniques	have	been	
suggested	such	as	V-Y	lap	 [362]	and	Y-appendi-
coplasty	[367].	For	patients	without	an	appendix,	a	
neoappendix	could	be	formed	from	ileum	or	cecum	
[368-370].	Laparoscopic	antegrade	continence	en-
ema	procedure	has	been	reported	to	yield	as	good	
result	as	open	procedure	[371-374].

This	procedure	 is	not	a	cure	 to	 the	problem	but	a	
more	acceptable	method	 for	many	 children	 to	 en-
gage	 in	 a	 bowel	management	 programme	without	
the	 need	 for	 rectal	 enemas.	 Success	 rate	 is	 vari-
able	between	61-96%	[362,368,375-379]	with	older	
children	 beneiting	 more	 [380].	 Satisfaction	 with	
the	 treatment	 is	 reported	 to	 be	 as	 high	 as	 93%	
[363,381,382].	[LEVEL OF EVIDENCE 3 ]

As	with	any	operation,	 there	are	 known	complica-
tions	associated	with	antegrade	continence	enema.	
Stomal	stenosis	 is	 the	most	common	complication	
and	 the	 use	 of	ACE	 stopper	 will	 prevent	 it	 in	 the	
short-term	 [383].	 Leakage	 of	 stool	 from	 appendi-
costomy	 is	 another	 common	 complication.	 These	
complications	cause	10-33%	of	patients	to	undergo	
revision	 of	 the	 appendicostomy	 [358,384].	 Stoma	
prolapse,	 pressure	 sore,	 wound	 infection,	 anasto-
motic	leak,	stomal	granulation,	caecal-lap	necrosis	
and	caecal	volvulus	are	less	common	complications	
reported	after	ACE	[385-387].

2.  OTHER CAUSES OF FAECAL INCONTI -
NENCE

Some	children	with	Hirschsprung’s	disease	 follow-
ing pull-through operations and severe constipation 
may	 also	 present	 with	 symptoms	 of	 incontinence	
[388].	Patients	with	spinal	problems	often	lack	bow-
el	 control	 due	 to	paralysis	and	absence	of	 sensa-
tion;	50%	of	the	children	with	spina	biida	suffer	from	
incontinence	[389].	The	majority	of	these	cases	can	
be	 successfully	 managed	 with	 above	 mentioned	
bowel	 management	 programme	 including	 appen-
dicostomy	although	wheelchair-bound	children	with	
spinal neuropathy is a predictive factor for poorer 
outcome	with	ACE	[377].

The	mechanism	 of	 incontinence	 after	 an	 operation	
for	Hirschsprung’s	disease,	anorectal	malformations	
and	severe	constipation	is	thought	to	be	due	to	im-
paired	bowel	motility.	Impaired	bowel	motility	causes	
faecal	impaction,	which	can	lead	to	development	of	a	
dilated	segment	of	bowel	called	‘megarectosigmoid’.	
This	can	subsequently	lead	to	overlow	incontinence	
due	 to	 incomplete	 evacuation	 [390].	Once	 the	 rec-
tum	is	dilated	it	is	refractory	to	conservative	manage-
ment,	and	resection	of	megarectum	or	megasigmoid	
has	been	associated	with	improvement	[390-392].	A	
small	minority	of	patients	(5%)	who	fail	these	options	
may	need	colostomy	[393].

3. OTHER OPERATIONS

Sphincter	 augmentation	 by	 either	 palmaris	 longus	
transposition,	gluteus	muscle	 transposition,	gracilo-
plasty	 or	 levatorplasty	 has	 been	 used	 for	 children	
with	 faecal	 incontinence	albeit	 in	small	series	 [394-
403].	 Dynamic	 graciloplasty	 has	 also	 been	 piloted	
and	50%	of	patients	achieved	complete	continence	
although the study only contained four patients 
[404].	Sacral	nerve	stimulation	has	been	used	 in	a	
small	 open	 label	 study	with	 nearly	 80%	of	 positive	
response	[405].	[LEVEL OF EVIDENCE: 4 ]
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Data regarding the surgical treatment of faecal in-
continence are generally weak. Randomised, con-
trolled studies are few, and practical considerations 
make the likelihood of such studies improbable. The 
quality of data reported in older studies was often 
poor. Problems included heterogeneous patient pop-

-
tinence,” “success,” and “failure”; non-standardized 
and non-validated continence scales; underreporting 

-
sures; variable patient follow up and lack of indepen-
dent assessment of continence outcomes. However, 
there has been a notable improvement in the quality 
of studies reported in the past decade.

The spectrum of surgery for faecal incontinence 
is broad and expanding. Interventions range from 
simple outpatient procedures to major reconstructive 
surgery. As the reported outcomes of these various 
operations are often similar, a sound general prin-

invasive procedure. Major operations associated 
with more profound morbidity should be restricted to 
patients who have failed simpler measures.

1. 
 
SPHINCTER REPAIR (GRADE B)

Sphincter repair is indicated for patients with acute 
traumatic sphincter disruption, such as following ob-
stetrical injury, but many patients experience persist-
ing symptoms.

2. SPHINCTEROPLASTY (GRADE B)

Overlapping sphincteroplasty can be offered to pa-
-

mented sphincter defect. Most patients improve after 
sphincteroplasty, but outcomes deteriorate over time.

3. POST-ANAL REPAIR (GRADE C)

Post-anal repair can be performed with modest suc-
cess in carefully selected patients. However, this pro-
cedure is now rarely performed due to the advent of 
newer treatments.

4.  NON-STIMULATED MUSCLE TRANSPOSI-
TION (GRADE C)

Non-stimulated muscle transposition repair can be 
performed with modest success in carefully select-
ed patients, notably in children. However, this pro-
cedure is now rarely performed due to the advent of 
newer treatments.

5.  STIMULATED MUSCLE TRANSPOSITION 
(GRADE C)

Stimulated muscle transposition has been shown 
to have reasonable success but is associated with 

or in those who have failed other treatments.

6. ARTIFICIAL ANAL SPHINCTER (GRADE B)

-
cant morbidity. It remains a useful technique in care-
fully selected patients, particularly those who have 
failed other treatments.

7. SACRAL NERVE STIMULATION (GRADE B)

SNS is an effective therapy for most patients with 

management. The technique is safe, minimally inva-
sive, and has the unique advantage of allowing a ther-
apeutic trial prior to permanent stimulator implantation.

8.  POSTERIOR TIBIAL NERVE STIMULATION 
(GRADE D) 

Posterior tibial nerve stimulation is an investigational 

and outcome.

9. INJECTABLE BIOMATERIALS (GRADE C)

Most series of injectable biomaterials report reason-
able success rates. However, the optimal injectable 
bulking agent and the technique for its insertion have 
not been established.

10. COLOSTOMY (GRADE C)

Formation of an end colostomy is a reasonable treat-
ment option for patients with refractory faecal incon-
tinence who are able to accept the associated altera-
tion in body image. Colostomy provides restoration 
of a more normal lifestyle and improves quality of life. 
It also could be the most cost-effective in the short to 
medium term, compared to more complicated surgi-

dynamic graciloplasty. Colostomy should not be re-
garded as a treatment failure but rather a reason-
able treatment option for patients whose lives are re-
stricted by faecal incontinence that is not amenable 
to other therapies. An end sigmoid colostomy alone, 
without proctectomy, is recommended. The minority 

their retained rectal stump may eventually require 
proctectomy as a secondary procedure.

11. PUBORECTAL SLING (GRADE D)

The puborectal sling operation seems promising be-
cause it is a simple procedure and yielded reason-
ably good results so far with low complication rate, 
although the number of patients was small with a 
short follow-up period. More prospective studies of 
larger number of patients with a longer follow-up 
period are warranted. They are expected to closely 
evaluate complications such as sling infection, ero-
sion and rectal ulcer that might require the removal 
of the sling.

12.  SURGERY FOR PAEDIATRIC FAECAL IN-
CONTINENCE (GRADE C)

Anorectal malformations should undergo surgical 
repair, most commonly by a posterior sagittal repair. 

IV. CONCLUSIONS
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An antegrade continence enema procedure can be 
considered for children with persistent or refractory 
faecal incontinence.

Despite steady progress in the clinical management 
of faecal incontinence, including the development of 
novel treatment methods since the last International 
Consultation, there remain numerous areas where 
additional research is needed.

1. 
 
BASIC SCIENCE AND PATHOPHYSIOLOGY 

Several animal models of faecal incontinence have 
now been developed that are capable of provided in-
teresting insights into the physiology of normal con-
tinence and the pathophysiology of faecal inconti-
nence [223,406-412]. Further use of these and other 
animal models can be expected to yield valuable in-
formation about pathophysiology and treatment, and 
is strongly encouraged.

2. CELLULAR THERAPY

There is a body of basic research on the use of 
stem or precursor cells of different tissue of origin 
(muscle, fat, bone marrow) in supplementation of 
urinary continence [413]. Recently, Frudinger and 
colleagues[414] have reported successful treatment 
of faecal incontinence using autologous myoblasts 
cultured from a pectoralis muscle biopsy, harvested, 
and injected into the external anal sphincter defect 
using ultrasound guidance. Further research relating 
to the tissue of origin, harvesting and processing of 
graft cells, the technique of implantation and clinical 
outcomes is urgently needed.

3. OUTCOME MEASURES

While there is general agreement that patient-based 
outcome measures are most appropriate for studies 
of faecal incontinence, standardization of the optimal 
instrument or combination of instruments remains a 
central challenge in clinical incontinence research. 
These instruments should be selected based upon 

of faecal incontinence: appropriateness, reliability, 
validity, responsiveness, precision, interpretability, 
acceptability and feasibility [415].

It is unknown if the main outcome measure follow-
ing incontinence treatment ought to be incontinence 
severity, incontinence-related quality of life, or a com-
bination of these factors. The FIQL is a well-validat-
ed quality outcome measure but it yields separate 
scores on 4 individual scales. It is desirable that a 
single score outcome be developed. Furthermore, 
quantitative changes in FIQL have not been an-
chored to the corresponding impact on patient qual-
ity of life and thus remain rather abstract. Additional 
studies, for example using time trade-off techniques, 
are needed to understand the clinical meaning of a 
given change in FIQL.

The FISI severity score is not as broadly used as 
the FIQL, and it appears to require additional valida-
tion work. Continence diaries have been considered 
to be the gold standard measurement, but these 

uenced by the patient’s willingness 

are needed for such terms as seepage and leak-
age, and a standardized measure of faecal urgency 
should be developed. Additional validation work is 
needed to assess the potential effect of recall bias 
in recall-based scoring systems such as the Wexner 
and Vaizey scales. The International Consultation 
on Incontinence Bowel module (ICIQ-B) has recent-
ly been developed, but additional experience with 
this instrument is required [416].

4. CLINICAL TRIALS

There remains a paucity of randomized, controlled 
-
-

cal incontinence therapy, is best demonstrated using 
a randomized trial design, and these types of studies 
are strongly encouraged.

Long-term outcomes following sphincteroplasty 
have demonstrated a substantial fall-off in function 
over many years. Similar long-term data are not 
available for other therapies, including especially 
the more recently developed ones such as SNS 
and injection therapies. Prospective trials funded 
for long-term follow-up and creation of treatment 

Much recent research has been industry funded and 

therapy. There have been very few studies prospec-
tively comparing different treatments, and random-
ized comparative treatment trials are urgently need-
ed. The Committee has in particular noted the need 
for a randomized trial of SNS versus sphincteroplasty 
for individuals with faecal incontinence associated 
with a sphincter injury.

5. DECISION AND COST-BENEFIT ANALYSIS

Given the broad range of potential treatments for 
faecal incontinence and the usual costly proposed 
devices, additional research is needed in the areas 

severe faecal incontinence a comparison against 
stoma care cost would be appropriate.

6. TREATMENT DELIVERY

While there is ongoing research on the epidemi-
ology of faecal incontinence, little is known about 
the true number of patients who have had treat-
ment, who have access to treatment, or who have 
adequate knowledge to seek treatment. Research 
should be directed to identify current treatment 
needs, improve the accessibility of treatment, and 
improve the transmission and distribution of infor-
mation about acceptable treatment options.

V. RESEARCH PRIORITIES
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GENERAL INTRODUCTION

I. INTRODUCTION

In	 the	 developing	 world	 istula	 are	 often	 a	 conse-
quence	 of	 poor	 peri-natal	 care.	 The	 epidemiology,	
aetiology,	diagnosis,	treatment	and	prevention	have	
been	 described	 in	 detail	 during	 the	 recent	 Interna-
tional	Consultations	on	Incontinence.[1,	2]

In	 contrast	 to	 the	 ield	 of	 obstetrical	 istula	 where	
the	numbers	of	patients	are	high,	the	prevalence	of	
non-obstetrical	istula	seems	to	be	much	lower.	The	
published	series	deal	with	small	numbers,	are	usu-
ally	retrospective	and	have	a	low	level	of	evidence.	
The	 published	 obstetrical	 series	 show	 impressive	
numbers	and	demonstrate	the	level	of	skill	that	many	
of	the	istula	surgeons	have	obtained	while	working	
in	dificult	and	isolated	situations.	

In	this	consultation	the	main	focus	has	been	put	on	
iatrogenic	istula	in	the	developed	world.	An	entirely	
new	chapter	was	compiled	on	this	subject.	

Despite	 the	 fact	 that	 the	main	 focus	was	 to	write	a	
chapter	 on	 iatrogenif	 istula,	 in	 this	 edition	 the	 sci-
entiic	summary	of	the	International	Consultation	on	
Vesicovaginal	istula	 in	the	developing	world,	which	
was	held	in	Marrakech,	Marocco	in	2010	was	added	
to	the	text.	

Both	committees	are	convinced	that	obstetric	istula	
surgeons	in	the	developing	world	and	reconstructive	
pelvic	surgeons	in	the	developed	countries	can	learn	
a	lot	from	each	other.	Combining	the	obstetrical	and	
iatrogenic	istula	into	one	chapter	will	facilitate	inter-
action	and	exchange	of	knowledge	and	ideas	in	this	
dificult	ield	of	istula	repair.

The	First	 ICUD-SIU	Consultation	on	Vesico-Vaginal	
Fistula	was	held	 at	 the	SIU	meeting	 in	Marrakech,	
Morocco,	October	13th	–	16th	2010.	The	recommen-
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dations	 are	 evidence-based,	 following	 a	 thorough	
review	of	 the	available	 literature	and	 the	opinion	of	
recognised	 experts	 serving	 on	 the	 six	 committees.		
The	 individual	 committee	 reports	 were	 developed	
and	peer-reviewed	by	open	presentation	and	 com-
ment.	 Review	 of	 the	 literature	 showed	 no	 Level	 1	
evidence	in	that	there	were	no	randomised	controlled	
trials.	All	evidence	was	conined	to	case	series	and	
observational	data:	Level	3	and	4	evidence.	Hence,	
all	recommendations	were	Grade	B	and	C.

The	Scientiic	Committee	 includes	 the	 chairmen	 of	
the	 six	 committees,	 who	 reined	 the	 inal	 recom-
mendations.	 These	 recommendations	 published	 in	
2011,	will	be	periodically	re-evaluated	in	the	light	of	
clinical	 experience,	 technological	 progress	 and	 re-
search.	These	recommendations	are	taken	from	the	
full	 versions	 of	 the	 six	Consultation	 chapters,	 from	
Epidemiology	through	to	Social	Reintegration.	These	
chapters	provide	the	full	documentation	of	the	exist-
ing	scientiic	literature	on	the	six	topic	areas.

The	effect	on	a	woman,	in	the	developing	world,	of	
having	a	VVF	resulting	from	obstructed	labour,	is	di-
sastrous	from	her	point	of	view,	the	family	perspec-
tive	and	for	her	society.	It	is	estimated	that	there	are	
two	million	women,	in	developing	countries,	mainly	
in	sub-Saharan	Africa,	the	Indian	sub-continent	and	
South-	East	Asia,	who	have	either	undetected	or	un-
treated	VVFs.	New	istulas	are	probably	occurring	
at	 the	rate	of	82,000	new	cases	per	year,	yet	only	
10,000	operations	for	istula	closure	are	being	done	
annually.	Hence,	this	leaves	a	huge	unmet	need.

VVF,	in	itself,	is	bad	enough,	but	it	is	also	inextricably	
linked	with	high	maternal	mortality	rate	and	high	in-
fant	death	rate.	Hence	the	solution	to	istula	is	similar	
to	the	solutions	that	will	drive	down	the	maternal	mor-
tality	rate	and	the	infant	death	rate.	The	solutions	are	
not	only	medical,	but	also	social	and	political.

At	 present,	 women	 in	 developing	 countries	 are	 of-
ten	dependent	on	donations	that	reach	their	country	

A. Obstetrical istula

II. WOMEN, FISTULA SURGEONS, 
NGOS AND GOVERNMENTS
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through	 non-governmental	 organisations	 (NGOs)	
and	charities.	 	The	 relationship	between	 the	NGOs	
and	the	istula	surgeons	are	critical.	The	istula	sur-
geons	 are	 the	 experts	 and	 those	 to	 whom	 istula	
women	turn	for	help.	Hence,	it	is	vital	that	the	NGOs	
allow	themselves	to	be	guided	by	the	istula	surgeons	
as	 to	 the	priorities	within	 their	 sphere	of	work.	The	
vital	role	of	the	NGOs	is	to	provide	inancial	and	lo-
gistical	support.	Support	is	also	essential	to	allow	the	
istula	surgeons	to	write	up	their	work.	This	is	often	
a	considerable	problem,	as	their	commitment	to	the	
women	means	that	their	academic	time	is	restricted.	
Nevertheless,	the	data	the	istula	surgeons	generate	
is	 their	 intellectual	 property,	 and	 it	 is	 vital	 that	 they	
retain	primary	authorship	of	all	published	material.	

There	are	an	enormous	number	of	committed	and	
dedicated	individuals	from	both	within	the	develop-
ing	 countries	 and	 from	 developed	 countries	 who	
have	committed	themselves	to	the	cause	of	helping	
women	 with	 this	 dreadful	 condition.	 However,	 the	
long-term	solution	must	see	the	responsibilities	for	
women’s	and	children’s	health	passing	to	 the	gov-
ernments	of	the	individual	countries.	Nevertheless,	
in	the	meantime,	those	many	dedicated	individuals	
will	 continue	 to	 strive	 to	 help	 as	many	women	 as	
possible	return	to	a	life	in	their	own	community.

1. EPIDEMIOLOGY OF VVF

Epidemiological	 studies	 on	 obstetric	 fistula	 are	
inadequate.

•		They	 are	 mainly	 institutionally-based,	 retrospec-
tive	cases	series,	often	written	from	the	perspec-
tive	of	a	single	istula	surgeon

•		The	geographical	coverage	of	epidemiological	re-
ports	is	uneven

•		However,	 better	 and	 more	 relevant	 information	
is	emerging.

The	incidence	of	istula	is	expressed	per	1,000	de-
liveries	and	would	appear	to	be	between	0.1%	rising	
to	1.5	per	1,000	pregnancies	in	rural	areas.

The	major	risk	factors	appear	to	be	age	at	irst	mar-
riage,	 short	 stature,	 pregnancy	 with	 a	 male	 child	
rather	 than	 a	 female	 child,	 failure	 to	 attend	 ante-
natal	 care,	 low	 socio-economic	 status,	 low	 social	
class,	lack	of	employment	and	illiteracy.

The	 consequences	 of	 obstetric	 istula	 include	 di-
vorce	(16-92%),	social	isolation,	worsening	poverty,	
malnutrition,	sexual	dysfunction	and	mental	 illness	
(including	anxiety/depression),	insomnia,	general	ill	
health	and	thoughts	of	worthlessness	and	suicide.	

There	are	 few	detailed	 reports	documenting	 these	
women’s	obstructed	 labours.	The	 time	of	 onset	 of	
labour	 is	rarely	recorded	and	reports	from	delivery	
locations	 may	 disregard	 the	 fact	 that	 the	 woman	
has	 laboured	 at	 home	 for	 days	 prior	 to	 attending	

the	 delivery	 location.	 The	 reason	 for	 the	 woman	
not	receiving	help	rarely	differentiates	between	the	
absence	of	health-seeking	behaviour	and	 the	 lack	
of	 services.	 The	 only	 observational	 study	 showed	
no	substantial	difference	between	VVF	patients	and	
women	who	delivered	without	istula,	both	in	terms	
of	 their	 use	 of	 orthodox	 health	 care	 services	 and	
more	traditional	forms	of	support	before	childbirth.

Recommendations

1.		Community-based	 epidemiological	 studies	 using	
standardised	 and	 validated	 collection	 tools	 with	
acceptable	 sensitivity	 and	 speciicity	 are	 highly	
recommended.	

2.		A	validated	standardised	collection	tool	should	be	
developed	and	used	 in	national	surveys	 to	 facili-
tate	 the	collection	and	comparison	of	data	when	
assessing	 the	 regional,	 continental	 and	 global	
magnitude	 of	 VVF	 and	 the	 distribution	 of	 istula	
world-wide.	

3.		Prospective	longitudinal	community-based	studies	
are	needed	to	estimate	the	incidence	of	obstetric	
istula.	

4.		Observational	 studies	 are	 needed,	 utilising	 ad-
vanced	epidemiological	analyses	for:

			-		Risk	factors	(multivariate	analysis	controlling	po-
tential	biases)

			-	Impacts	and	consequences	of	VVF

			-	Determining	health-seeking	behaviour	

5.		Research	 that	 identiies	 the	 different	 proiles	 of	
women	who	manage	 to	 overcome	 the	 obstacles	
and	successfully	access	health	care,	compared	to	
those	who	do	not,	is	recommended.	

6.		The	 contribution	 of	 other	 factors,	 such	as	 ethnic	
background	 and	 malnutrition,	 needs	 to	 be	 re-
searched	and	understood.

7.		It	 is	 recommended	 that	 there	 is	 long-term	 follow	
up	of	patients	following	istula	repair	to	understand	
their	ongoing	quality	of	life	and	any	long-term	se-
quelae	and	their	ongoing	needs.

2. PREVENTION OF VVF

VVF	 is	 a	 characteristic	 of	 abject	 poverty,	 a	 clear	
marker	of	failure	of	political,	social	and	health	sys-
tems	 to	 protect	 and	 promote	women’s	 health	 and	
their	rights.	Prevention	of	VVF	is	ultimately	linked	to	
prevention	of	maternal	and	infant	mortality	and	is	a	
requirement	of	MDG5	of	2000.

Prevention,	from	the	medical	and	public	health	point	
of	 view,	 mitigates	 the	 effect	 of	 VVF	 in	 the	 overall	
burden	of	pain	and	suffering	the	condition	imposes,	
not	just	on	the	patient	herself,	but	her	family	and	the	
entire	 community.	History	has	shown	 that	 improve-
ments	in	the	functioning	of	local	health	services	dra-
matically	 reduce	 the	 incidence	 of	 maternal	 death,	
infant	mortality	and	vesico-vaginal	istula.	The	follow-
ing	areas	of	health	system	improvement	and	capac-
ity	building	need	to	be	considered:
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•		Enhancing	 professionalism	 among	 health	 care	
workers	to	make	the	system	work	better.

•		Massive	 infrastructural	 developments	 through	
strengthening	existing	government	health	facilities,	
and	advocacy,	to	maximise	the	beneits	that	a	po-
litical	environment	sensitive	 to	 the	needs	of	 these	
women,	is	required.

•		Ensuring	that	facilities	are	properly	equipped,	moni-
tored	and	supervised	with	an	emphasis	on	quality	
as	well	as	quantity	of	service	provision.

Systematic	 improvements	 are	 required	 to	 address	
the	 social	 and	 economic	 inequalities,	 such	 as	 the	
low	status	of	women,	lack	of	education	for	girls,	early	
marriages	 and	 pregnancy,	malnutrition,	 poverty,	 in-
adequate	 health	 and	 transportation	 infrastructure,	
and	 harmful	 traditional	 practices,	 such	 as	 female	
genital	mutilation.	

Health	and	maternal	care	are	inextricably	linked	to	the	
availability	of	inancial	resources,	to	the	individual	in	the	
community	and	within	the	country	as	a	whole:	as	eco-
nomic	conditions	improve,	the	risk	of	VVF	diminishes.

Another	 key	 stratagem,	 in	 preventing	 VVF,	 is	 the	
empowerment	of	women	and	 their	 spouses,	 to	de-
velop	birth	preparedness	plans,	within	the	context	of	
family	planning.	Family	planning	 in	wealthy	 regions	
is	available	according	to	the	choice	of	the	individual,	
whilst	in	other	developing	areas,	such	as	China,	it	is	
actively	encouraged,	or	even	enforced.	Other	com-
ponents	 of	 public	 health	 care,	 such	 as	 addressing	
the	special	nutritional	needs	of	girl	children	and	the	
requirements	of	improving	their	physical	health,	in	or-
der	to	improve	their	physical	growth	and	maturity,	are	
also	very	important.	

Education	 of	 the	 community	 is	 vital	 so	 that	 young	
women	understand	what	VVF	is,	are	made	aware	of	
the	need	 to	engage	 in	 the	ante-natal	care	process,	
and	plan	for	their	delivery,	including	making	transpor-
tation	plans	for	use	when	they	go	into	labour.

Prevention	 strategies	 can	 be	 considered	 in	 public	
health	terms	as	primary,	secondary	or	tertiary:

•		Primary	prevention	addresses	many	of	the	indirect	
causes	which	are	essential	 the	root	causes	of	is-
tula.	It	attempts	to	reduce	or	eliminate	the	risk	of	the	
disease	 and	 by,	 amongst	 other	 actions,	 reducing	
the	high	 levels	 of	 illiteracy	among	women.	 It	 also	
seeks	to	widen	the	cadre	of	care	workers	by	involv-
ing,	for	instance,	traditional	birth	attendants	(TBA)

•		Secondary	prevention	attempts	to	limit	the	severity	
of	the	disease	by	detecting	it	at	its	earliest	stages.

•		Tertiary	prevention	aims	to	mitigate	the	effects	of	the	
existing	disease,	for	example	by	effective	treatment.

The	work	of	Haddon	and	Maine	in	the	Haddon	Matrix	
and	Maine’s	Three	Delays	provide	documented	ap-
proaches	to	the	problems.

Maine’s	Three	Delays:

•		The	irst	 delay:	 the	decision	 to	 seek	care	 is	 inlu-
enced	 by	 the	 socio-economic	 and	 cultural	 factors	
in	 that	 woman’s	 environment.	 These	 can	 include	
the	need	 to	obtain	permission	 from	a	husband	or	
male	family	member	to	seek	care,	or	the	community	
perception	that	only	weak	women	need	assistance	
with	delivery	and	 that	strong	women	can	manage	
delivery	on	their	own.

•		The	 second	delay	 is	 delayed	arrival	 at	 the	health	
facility.	Once	the	irst	delay	has	occurred,	the	sec-
ond	delay	becomes	more	serious.	Road	conditions,	
transportation	and	communication	deiciencies	may	
conspire	to	delay	the	woman’s	arrival	at	a	hospital	
or	birthing	centre.

•		The	third	delay	is	the	delayed	provision	of	adequate	
care	at	the	facility,	and	may	be	due	to	lack	of	staff,	
supplies,	or	electricity.	If	the	lights	are	out	and	there	
is	no	back-up	generator	or	 fuel,	a	caesarean	sec-
tion	cannot	be	done.	If	there	is	no	way	to	reach	a	
doctor	or	medical	oficer	because	there	are	no	tele-
phones,	or	if	equipment	hasn’t	been	sterilised,	then	
timely	surgery	cannot	be	performed.

These	 three	stages	of	delay	disproportionately	af-
fect	the	world’s	poor	and,	in	particular,	those	women	
living	in	rural	areas.

Table 1. Categories of Prevention Strategies: The Haddon Matrix

Primary Preven tion
 

Second ary Preven tion
 

Terti ary Preven tion
 

Nutrition 

Education of girl child and 
engagement of TBAs 
Delayed marriage 

Training of medical staff/midwives 
Roads, ambulance, functioning 
health facilities 
Communication 
Adequate facilities, equipment and 
staff  
Electricity 

Transportation 

Maternity waiting houses 

Field surveys 

Partographs 

Low gynaecological age 

Caesarean section 
(Symphysiotomy) 
Foley catheter drainage 

Treatment /repairs (surgery) 

Physical / social / economic 
rehabilitation and re-integration 
Media campaigns 
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Recommendations
1.		Strong	 community	 support	 is	 required	 to	 de-

velop	 solidarity	 groups	 which	 include	 village	
volunteers	 working	 with	 trained,	 skilled	 and	
traditional	 birth	 attendants,	 depending	 on	 the	
local	customs	and	resources.

2.			The	 components	 of	 the	 three	delays	need	 to	be	
identiied	and	targeted	in	order	to	minimise	the	ef-
fect	of	obstructed	labour.	By	this	process	there	will	
be	other	beneits	for	maternal	and	child	health.

3.		There	should	be	provision	of	adequate	health	fa-
cilities	and	birthing	centres	to	which	women	move	
either	as	soon	as	they	go	into	labour,	or	if	labour	
is	delayed.	Such	facilities	must	provide	emergen-
cy	obstetric	care,	including	caesarean	section.

4.		National	policies	for	maternity	care	should	be	de-
veloped	for	all	countries	whether	or	not	VVF	is	a	
common	complication	of	childbirth

5.		Data	collection	by	local,	national	and	regional	bod-
ies	should	help	to	deine	the	incidence	of	birth	com-
plications,	and	factors	leading	to	the	“3	Delays”.

6.		The	components	of	 the	 “Three	Delays”	need	 to	
be	 identiied	 and	 targeted	 for	 each	 community	
where	there	is	a	high	prevalence	of	complications	
of	childbirth.

7.		Girls,	women	and	communities	should	be	educat-
ed	about	normal	and	abnormal	 labour,	and	facili-
ties	such	as	waiting	houses	should	be	available	for	
pregnant	women	at	risk	for	complicated	deliveries.

8.		Solidarity	 groups	 including	 local	 volunteers	 and	
skilled	 and	 trained	 traditional	 birth	 attendants	
should	be	developed	for	maternal	care.

9.		Birthing	centres	with	the	capability	for	caesarean	
section	should	be	accessible	and	suficiently	af-
fordable	for	women	to	use.

10.		Funding	 should	 be	 made	 available	 to	 retain	
adequate	 trained	 staff	 for	 waiting	 houses	 and	
birthing	centres.

11.		Partographs	 should	 be	 employed	 to	 track	 the	
progress	of	delivery	in	order	to	identify	problems	
and	for	data	collection.

3. UNMET NEEDS IN VVF

There	 is	unmet	need	at	every	 level	of	 the	healthcare	
service	 in	 those	 developing	 countries	 where	 VVF	 is	
a	 signiicant	 problem.	 These	 needs	 span	 from	 fam-
ily	 planning	 through	 obstetric	 care,	 the	 availability	 of	
emergency	 obstetric	 services	 and	 the	 provision	 for	
dealing	with	maternal	and	infant	post-partum	problems.	

Unmet	need	has	not	clearly	been	deined,	although	
the	increasing	gulf	between	the	prevalence	and	in-
cidence	of	istula	and	its	prevention	and	treatment	is	
exceedingly	worrying.	

In	 low	 resource	 countries	 there	 is	 a	 need	 for	 sta-
ble	 and	 enduring	 collaboration	 and	 partnerships	

between	 governments	 and	 non-governmental	 or-
ganisations	(	NGOs),	such	as,	UNFPA,	Engender-
health,	WHO	and	MSF.	These	partnerships	will	go	
some	way	 to	 identifying	unmet	need	and	ensuring	
that	unmet	need	is	reduced.

One	of	the	most	important	aspects	of	the	unmet	needs	
in	 istula	 surgery	 training	has	been	 the	 lack	of	 stan-
dardization.	In	order	that	the	recommendations	below	
can	 even	 be	 partially	met,	 there	 has	 to	 be	 a	 global	
strategy	in	developing	training,	education,	and	ancillary	
support	for	the	surgeons	and	their	associated	teams.	
This	will	be	partially	met	by	the	creation	of	the	global	
competency-based	 istula	 surgical	 training	 manual,	
created	by	the	International	Federation	for	Gynaecol-
ogy	and	Obstetrics	(FIGO)	with	International	Society	of	
Fistula	Surgeons	(ISOFS).	The	purpose	of	this	manual	
is	 to	 enable	health	 care	providers	 to	 acquire	 the	 re-
quired	knowledge,	skill	and	professionalism	to	prevent	
istula	and	provide	holistic	care	to	istula	patients	that	
includes	 medical,	 psychosocial	 and	 surgical	 care.	A	
multi-disciplinary	 team-based	 approach	 is	 encour-
aged	 in	 the	 training	of	each	doctor	and	his/her	 team	
nurses,	physiotherapists	and	other	health	profession-
als.	The	course	is	structured	at	three	levels:	standard,	
advanced	and	expert	levels	of	istula	training.

The	manual	is	made	up	of	several	components:

-  Curriculum Modules

Each	module	has	an	outline	of	 the	course	content,	
that	the	trainee	is	expected	to	be	aware	of.	It	needs	
to	be	used	 in	conjunction	with	recommended	refer-
ences,	and	in	some	cases	with	speciic	Performance	
Based	Assessments	 (PBAs).	 There	 are	 7	modules	
that	need	to	be	undertaken.

- Logbooks of Competency

These	are	 records	of	 the	work	carried	out	by	each	
trainee.	 Each	 must	 be	 signed	 off	 by	 each	 trainer,	
who	will	determine	if	the	trainee	has	observed	a	pro-
cedure,	has	assisted	with	a	procedure	or	 is	able	 to	
work	independently.	The	trainer	will	determine	if	the	
trainee	needs	further	training	in	a	particular	area.

- Performance Based Assessment (PBA) 

Each	 aspect	 of	 surgical	 training	 will	 be	 assessed	
separately	 and	 speciically.	The	 trainees	will	 com-
plete	each	PBA	to	a	standard,	advanced	or	expert	
level	and	ideally	need	the	signature	of	two	or	more	
trainers,	from	two	or	more	training	centres.	It	is	ex-
pected	 that	each	 trainee	will	undergo	a	prolonged	
period	 of	 istula	 training	 at	 one	 or	 more	 centres.	
There	are	15	PBA	to	be	completed	before	a	istula	
surgeon	would	be	deemed	to	be	an	expert,	and	will	
often	require	the	full	24	months	of	training.	Howev-
er,	this	is	a	competency-based	training	manual	and	
each	trainee	will	require	different	lengths	of	time	to	
achieve	each	level	of	expertise.

This	structured	approach	of	 the	competency-based	
manual	will	attempt	to	standardise	and	support	surgi-
cal	training	in	istula	repair.	In	the	process	of	achiev-
ing	this	aim,	it	is	envisaged	that	there	will	eventually	
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be	an	increase	in	the	number	of	training	centres	ac-
credited	for	training	and	eventually	surgeons	trained.

Recommendations

1.		Unmet	need	has	to	be	deined	in	each	country,	and	
within	each	country,	in	each	geographical	region.

2.		The	unmet	need	in	ante-natal	services	needs	to	be	
rectiied	urgently	in	order	to	minimise	the	number	
of	new	istulae	occurring.

3.		The	need	for	education	and	training	has	to	be	ad-
dressed	 for	 birth	 attendants,	 community	 nursing	
and	istula	surgeons.

4.		Training	 centres	 for	 istula	 surgeons	 need	 to	 be	
identiied	and	new	ones	established,	according	to	
population	matrix.	Training	 should	 be	 systematic	
and	 structured,	 using	 assessment	 tools	 such	 as	
those	developed	by	FIGO	with	ISFOS.

5.		Audit	 and	 research	must	 be	 developed	 in	 order	
to	ensure	 that	quality	and	advances	 in	 treatment	
methods	are	ensured.

6.		National	strategies	need	 to	be	developed	 to	em-
power	 individual	 nations	 to	 take	 charge	 of	 the	
women’s	and	children’s	services	in	their	country.

4.  MANAGEMENT OF NEW AND ESTABLISHED 
VVFS

Management	of	VVF	depends	on	whether	the	istula	
is	diagnosed	within	 two	or	 three	months	of	 its	oc-
currence	or	whether	the	woman	presents	 late	with	
an	established	istula.	There	is	evidence	that	early	
catheter	care	will	 result	 in	 the	cure	of	a	signiicant	
minority	of	VVFs.	Algorithm	1	(Figure 1 )	describes	
the	management	of	women	who	have	both	early	is-
tulas,	deined	as	those	that	have	occurred	within	75	

days	of	presentation,	and	established	istulas,	 that	
is	those	that	are	discovered	more	than	75	days	after	
obstructed	labour.

5. CLASSIFICATION OF VVF

The	 Consultation	 believes	 that	 fistula	 audit	 re-
search	is	considerably	hampered	by	the	plethora	
of	 VVF	 classification	 systems,	 of	 which	 we	 be-
lieve	there	are	32.	The	Consultation	feels	that	the	
fistula	system	that	 is	able	 to	 relate	 its	classifica-
tion	 to	 outcome	 is	 the	 classification	 that	 should	
be	used	in	the	next	few	years.	The	Waaldijk	Clas-
sification	 is	 the	 only	 one	 that	 has	 been	 used	 to	
document	sufficient	numbers	of	patients	 from	di-
agnosis	 to	 follow-up	 (Figure 2 ).	Figure 2 	shows	
the	Waaldijk	Classification	which	involves	precise	
measurements	of	 the	distances	between	 the	ex-
ternal	 urinary	meatus	and	 the	distal	 edge	of	 the	
fistula,	 together	 with	 the	 widest	 diameter	 of	 the	
fistula.	Fistulas	are	classified	into	types	1,	2	and	
3.	 Type	 3	 fistulas	 are	 those	 fistulas	 other	 than	
vesico-vaginal	 fistulas	 and	 include	 recto-vaginal	
fistulas	and	uretero-vaginal	fistulas.	The	Waaldijk	
Classification	 of	 Types	 1	 and	 2	 is	 illustrated	 in	
Figure 3 and	described	below.	

If	catheter	drainage	fails,	then	istula	repair	will	be	
necessary.	There	are	certain	principles	behind	is-
tula	repair:

•		Necrotic	tissue	must	be	removed	prior	to	fistula	
repair.

•		Fistula	 repair	 must	 only	 be	 undertaken	 by	 a	
properly	trained	surgeon.

•		Adequate	post-operative	care	is	essential.

•		Proper	follow-up	should	be	arranged.

Figure 1.  Algorithm to describe the management of istula detected early (less than 75 days after obstructed 
labour) or later
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Table 2 	 indicates	 the	 type	 of	 istula	 closure	 that	
should	be	used	depending	on	the	type	of	istula.

Bladder	 /	urethra	direction	of	closure	Pubocervical	
fascia	/	urethral	support	Ant	vagina	wall	closure

Recommendations

1.		The	comprehensive	use	of	an	indwelling	catheter	
with	free	urinary	drainage	should	be	instituted	for	
all	patients	who	have	undergone	either	an	emer-
gency	caesarean	section	or	a	 traumatic	vaginal	
delivery	after	obstructed	labour.

2.		When	 istula	 surgery	 is	 necessary	 the	 woman	
must	be	assured	of	the	surgeon’s	competence	to	
carry	out	her	procedure.	

3.		It	is	recommended	that	further	research	is	needed	
into	the	classiication	of	istula,	not	only	to	further	
validate	the	Waaldijk	Classiication,	but	also	if	oth-
er	classiications	are	proposed	for	development.	

4.		There	is	a	need	to	compare	different	surgical	ap-
proaches	to	istula	within	the	context	of	random-
ized	controlled	trials,	using	the	Waaldijk	Classii-
cation	to	precisely	describe	the	istulas.	

5.		Long-term	follow	up	of	istula	patients	 is	recom-
mended	 in	 order	 to	 study	 the	 outcome	 of	 both	
conservative	 and	 surgical	 management	 and,	 in	
particular,	to	determine	its	effect	on	quality	of	life.

Figure 2. The Waaldijk Classiication for Fistula

Figure 3. The Waaldijk Classiication for Vesico-
Vaginal Fistulas
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Recommendations

Table 2. Surgical Techniques for the Closure of Type l and Type ll VVFs

 Bladder / urethra d irection  
of closure 

Pubo cervi cal fasc ia / 
urethra l suppo rt 

Ant vagina wa ll  
closure 

 
Type l  

 
Any according to common sense 

 
No special measure 

 
Approximate vag edges   

Type llAa  

  Type llAb  

 
Transverse 

  Circumferential  end-to-end  

 
Transverse repair (+ 
ixation) / sling  
Reixation / sling 

 
Transverse adaptation 

 Transverse adaptation  
Type llBa  
  
Type llBb

 

 

Longitudinal (+ transverse) 
urethra tissue 
 

Longitudinal + circumferential  
non-urethra tissue 

 
Fixation / sling 

  

Reixation / sling 

 
Flap 
  

Flap 

6.		When	 reporting	 the	outcome	after	 istula	 repair,	
authors	should	make	a	clear	distinction	between	
istula	 closure	 rates	 and	 post-operative	 inconti-
nence	rates,	specifying	the	time	at	which	follow-
up	was	carried	out.

6.   MANAGEMENT OF THE COMPLICATIONS 
OF VVF

The	 complications	 of	 Vesico-vaginal	 istula	 are	
many	but	include:

•	Persistence	or	recurrence	of	urinary	incontinence

•		Persistence	 of	 lower	 urinary	 tract	 symptoms	 or	
occurrence	of	new	 lower	urinary	 tract	symptoms,	
including	overactive	bladder

•	Urinary	tract	infections

•	Upper	urinary	tract	symptoms,	including	loin	pain

•	Dyspareunia	and	sexual	dysfunction

•	Infertility

•	Neurological	symptoms

•	Psychological	problems	and	mental	illness

1.		A	care	programme	for	failed	repairs	with	persist-
ing	incontinence	after	a	successful	repair,	needs	
to	be	in	place.

2.		It	 is	 recommended	 that	 surgical	 treatment	 of	
post-operative	 stress	 incontinence	 should	 only	
be	considered	six	months	after	istula	repair.

3.		Autologous	material	should	be	used	when	a	graft	
or	sling	is	required	and	there	is	no	place	for	syn-
thetic	sling	material.

4.		In	 order	 to	 prevent	 new	 istulas	 in	 women	who	
become	 pregnant	 after	 a	 istula	 repair,	 waiting	
homes	 should	 be	 provided	 to	 ensure	 that	 each	

woman	 is	 able	 to	 have	 an	 elective	 caesarean	
section	when	she	goes	into	labour.

5.		In	 recurrent	 identiiable	istula	make	sure	of	 the	
size	and	number	and	this	kind	of	istula	is	better	
repaired	 by	 a	 well	 experienced	 istula	 surgeon.	
It	 is	 important	 to	 use	 tissue	 interposition	 like	 a	
Martius	lap	or	ibrin	glue.

6.		With	urinary	tract	infections	or	abscess	formation,	
antibiotics	must	be	given	before	and	after	the	re-
pair,	according	to	culture	and	sensitivities.

7.		Patients	 complaining	 of	 persistent	 leakage	 due	
to	urgency	incontinence	may	try	antimuscarinics,	
botulinum	 toxin	 injection	 or	 even	 augmentation	
cystoplasty	in	small	contracted	or	poorly	compli-
ant	bladders.

8.		Those	with	a	shortened	or	disrupted	urethra,	be-
fore	or	after	repair,	must	be	treated	with	urethral	
reconstruction,	 autologous	 slings	 or	 injection	 of	
bulking	agents,	delivered	trans	or	peri	–urethrally.

9.		In	cases	with	unilateral	or	bilateral	ureteric	 liga-
tion	 or	 injury,	 the	 early	 diagnosis	 is	 life	 saving.	
Patients	must	be	promptly	treated	by	endoscopic	
ureteral	stenting,	PCN	or	ureteric	reimplantation.	

10.		Patients	complaining	of	 contracted	vagina	and	
dysparunea	with	sexual	dysfunction	may	use	lo-
cal	 estrogen,	 vaginal	 dilatation	 or	may	 require	
the	surgical	creation	of	vaginal	laps	to	augment	
the	vagina.	

11.		Patients	who	develop	dropped	foot	may	respond	
to	physiotherapy	or	require	tibialis	tendon	trans-
fer.	Women	with	 neurogenic	OAB	may	 beneit	
from	detrusor	muscle	botulinum	injections	if	an-
timuscarinic	drugs	fail.	

12.		Psychological	 trauma,	 social	 isolation	 and	 de-
pression	is	best	treated	by	counselling	and	psy-
chological	rehabilitation.	
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7.  SOCIAL RE-INTEGRATION OF TREATED 
WOMEN

Social	integration	is	deined	as	appropriate	interven-
tions	that	help	women	with	obstetric	istula	overcome	
physical,	 psychological	 and	 socio-economic	 chal-
lenges,	 freely	 identiied	 by	 themselves,	 in	 order	 to	
enhance	 their	 return	 to	 the	communities	and	social	
networks	of	their	choosing,	such	that	the	risk	of	them	
presenting	with	another	istula	is	minimized.	

The	aim	of	social	re-integration	is	to	break	the	istula	
recurrence/occurrence	 cycle	 in	 which	 the	 woman’s	
physical	state	is	inextricably	connected	to	her	mental	
state	and	her	socio-economic	situation.	

Social	 re-integration	 should	 be	 seen	 as	 happening	
from	the	time	the	leaking	of	urine	becomes	manifest,	
and	every	subsequent	 intervention	should	have	the	
re-integration	of	the	woman,	back	into	her	communi-
ty,	as	the	primary	goal.	So,	social	re-integration	is	the	
responsibility	of	everyone	who	cares	for	the	woman.

Social	re-integration	can	be	usefully	looked	at	within	a	
matrix,	as	shown	in	Table 3 	where	the	three	elements	of	
physical,	psychological	and	socio-economic	status	are	
looked	at	in	terms	of	the	facility	for	treating	the	patient	
within	her	community	and	the	political	environment.

Recommendations

1.		Social	 re-integration	 is	 important	 for	 all	 women	
with	 obstetric	 istula.	 It	 is	 the	 process	 by	 which	
women	are	helped	to	overcome	physical,	psycho-
logical	and	socioeconomic	challenges,	freely	iden-
tiiedby	themselves,	in	order	to	enhance	their	level	
of	 social	 functioning	 in	 communities	 and	 social	
networks	of	their	choosing,	so	that	the	risk	of	will	
presenting	with	another	istula	is	minimised.

2.		Social	re-integration	should	be	used	for	all	women.	
However	 this	 series	of	 interventions	 can	be	per-
formed	 by	 any	 trained	 care	 worker,	 providing	 it	
focuses	on	making	 the	woman	part	of	her	social	
fabric	again,	and	commences	from	the	time	leak-
ing	of	urine	becomes	manifest.

3.		Social	 re-integration	 should	 be	 designed	 to	
break	the	fistula	recurrence	cycle	in	which	the	
woman’s	 physical	 state	 is	 inextricably	 con-
nected	to	her	mental	state	and	her	socio-eco-
nomic	situation.	

4.		Early	successful	surgical	 repair	or	catheter	man-
agement	 is	 highly	 recommended	 and	 is	 likely	 to	
be	the	only	thing	needed	for	social	re-integration.	
Surgery	 should	 be	 performed	 as	 soon	 as	 possi-
ble	by	a	skilled	surgeon,	and	preferably	within	3	
months	of	developing	 the	istula,	 as	 this	 is	 likely	
to	 limit	 the	 length	of	 time	 the	woman	 is	 seen	as	
abnormal	 by	 her	 family	 or	 community	 and	 thus	
perceived	as	an	outcast.	

5.		Social	re-integration	should	start	in	a	designated	
space	 where	 women	 can	 recuperate,	 perhaps	
within	 the	 repair	 facility	 or	 nearby,	 rather	 than	
going	home	and	encountering	the	risk	of	behav-
iours	which	may	make	it	likely	that	a	recurrence	
of	istula	occurs,	due	to	an	exacerbating	physical	
event	such	as	early	sexual	intercourse	or	heavy	
work.	Also,	peer	counselling	is	more	likely	to	be	
available	in	this	space.	

6.			Surgeons	 and	 other	 care	 workers	 should	 con-
sider	 social	 re-integration	 as	 not	 just	 a	 social	
tool	 but	 also	as	a	means	of	 ensuring	 that	 ade-
quate	follow-up	of	the	postsurgical	improvement	
in	quality	of	 life	 is	done	and	reported	on.	At	the	
least,	there	should	be	a	review	of	individually	de-
ined	success	of	surgery	and	surgical	outcomes,	
including	continence	and	return	to	fertility	and/or	
sexual	life,	as	desired	by	the	woman.	

7.		Appropriate	 counselling	 messages	 about	 the	
risk	factors	and	causes	associated	with	fistula	
should	be	targeted	at	 family	members	(includ-
ing	husbands)	and	the	community,	as	this	can	
help	 to	 overcome	 the	 stigma,	 discrimination	
and	 misconceptions	 surrounding	 the	 condi-
tion	 and	 enhance	 her	 community	 inclusion.	 It	
is	then	an	opportunity	to	make	changes	so	that	

Table 3. Social Re-integration Matrix

  
ELEMENT 

 LEVEL 
Facilit y                                       Community                                            Politi cal 

Phys ical 
Impr oved phys ical health 

Early det ection                         Outreach                                       Allocate fund s for  
Rehab ilit ation                                                                                     treatment  
Skill ed surge on                       Health education

 
Timely  repair

 Designated sp ace                    Follow up

 Psyc ho log ical 

Impr oved menta l health 
Psyc hosocia l                             Advo cacy  and                              Raise awaren ess  on 

therapy e.g .                                sens iti sation                                  issues of coun selli ng                                         
stigmatisation

 
                                                         Follow up  

Socio- econo mic 
Incr eased social 
conn ection  

Vocational sk ill                         Microcred it or                             Link up w ith 
traini ng                                       inance                                         ongo ing national  
Lin kage w ith                                                                                    pov erty allevia tion 
Exis ting  programmes               Follow up                                     programmes 
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the	woman	does	not	present	with	another	 fis-
tula	in	the	future.	

8.		Counselling	 should	 be	 seen	 as	 an	 opportunity	
for	health	providers	to	understand	the	socioeco-
nomic,	 psychological	 and	 physical	 experiences	
that	 are	 faced	 by	 girls	 and	 women	 living	 with	
istula,	 before	 and	 after	 surgery,	 so	 that	 they	
may	give	meaningful	help.	This	will	also	help	to	
generate	knowledge	on	social	re-integration	pro-
cesses	and	will	help	in	the	planning	of	a	broader	
range	of	outcomes	for	women	living	with	istula.	

9.		Social	 re-integration	 should	 include	 assistance	
with	 education	 and	 life	 skills,	 and	 encourage-
ment	 of	 private	 initiatives	 through	 vocational	
skills	 development	 and	 microcredit	 support.	 If	
this	 is	 freely	 chosen,	 it	 will	 not	 keep	 a	 woman	
away	 from	her	community	unduly,	and	will	help	
her	 regain	 or	 improve	 her	 previous	 economic	
status	 and	 enhance	 her	 self-suficiency	 and	
community	inclusion.

10.		Social	 re-integration	should	 include	vocational	
skills	training	with	the	aim	of	providing	women	
with	alternative	ways	to	generate	income,	with-
out	 jeopardising	 their	 recuperation,	 by	 teach-
ing	 them	a	 trade	which	 is	economically	 viable	
within	their	community.	

11.		Institutional	re-integration	services	should	be	in-
corporated	into	existing	community	activities	or	
programmes	directed	to	empower	women	(e.g.	
education,	 skills	 training,	 income	 generation,	
self-esteem).	

12.		Re-integration	 programmes	 should	 develop	
criteria	 to	 determine	 where	 support	 with	 so-
cioeconomic	interventions	should	be	given,	as	
funds	may	be	limited	and	fistula	consequences	
can	 vary	 dramatically	 by	 country	 and	 region.	
They	should	also	be	careful	not	to	increase	the	
burden	 of	 stigma	 and	 therefore	 inadvertently	
impede	 re-integration.	 Of	 particular	 concern	
should	 be	 women	 who	 are	 still	 incontinent,	
those	who	 are	 deemed	 incurable,	 those	who	
have	 no	 children	 and	 those	 who	 have	 lived	
with	fistula	for	a	long	period	of	time.

13.		Social	re-integration	programmes	need	to	con-
sider	 the	 potential	 ethical	 dilemmas	 in	 re-in-
tegration	such	as	providing	 targeted	 financial	
support	or	high	value	goods	to	women	with	fis-
tula	in	poor	communities,	other	than	as	part	of	
a	community	approach.

14.		Social	 re-integration	 should	 seek	 to	 involve	
women	 who	 have	 been	 successfully	 re-inte-
grated	 into	 their	 communities.	 These	 women	
can	 be	 termed	 motivational	 mobilisers	 and	
can	 contribute	 to	 community	 mobilisation	
movements	 for	safe	motherhood,	 fistula	case	
mapping	 and	 referrals	 for	 treatment.	Women	

should	have	a	choice	as	to	whether	they	wish	
to	be	involved	in	such	advocacy	activities.	

15.		Social	re-integration	programmes	should	be	moni-
tored	and	evaluated	in	order	to	collect	correlates	
of	success	and	failure	and	to	help	understand	so-
cio-cultural	backgrounds,	so	that	a	context	speciic	
approach	can	be	used	to	design	and	deliver	effec-
tive,	feasible	reintegration	programmes.

Below	is	set	out	the	committee	structure	for	the	Con-
sultation,	within	whose	chapters	 full	details	of	each	
committee’s	work	can	be	found.

Scientiic Committees for 1st Consultation on 
VVF (Chairpersons	in	bold)

1. Epidemiology
																			AHMED,	aifuddin																									(USA)
																			ARROWSMITH,	Steve																	(USA)
                     MULETA, Mulu                        (Ethiopia)
																			KISERUD,Torvid																						(Norway)

2. Prevention Strategy
                   	BANGSER,	Maggy																						(Tanzania)
                    COCHRAN,	Seth																										(USA)
                    EMASU,	Alice									(Uganda)	–Co-chair
                    LENGMANG,	Sunday														(Nigeria)
                     LUSI,	Lyn		                                    (Congo)

KIRYA,	Fred																												(Uganda)
                   DE VRIES, Catherine                   (USA) 

3. UnmetNeeds
ELNEIL, Suzy                                        (UK)
GAME,	Xavier                                    (France)
PATEL,	Naren                                    (UK)
RUSHWAN,	Hamid	                                    (UK)
RUMINJO,Joseph                          (USA)

4. Surgery for Fistula
ABUBAKAR,	Kabiru																	(Nigeria)
RAASSEN,	Tom																													(Kenya)
DE	RIDDER,	Dirk																								(Belgium)
WAALDIJK,	Kees																								(Nigeria)

5.  Complex Fistulae and the Complications af -
ter Fistula Surgery

HILTON,	Paul																																	(UK)
MOURAD, Sherif                        (Egypt)
MWANJE	HARUNA,	Moses				(Uganda)
SHAKER,	Hassan																						(Egypt)
VASAN,	Sirini																														(India)

6. Social Integration
AKHTER,	Sayeba													(Bangladesh)
BROWNING,	Andrew													(Ethiopia)
ESEGBONA, Gloria            (UK/Nigeria)
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Iatrogenic	 urogenital	 istulae	 are	 known	 complica-
tions	 of	 pelvic	 surgery	 and	 oncological	 treatments	
such	 as	 radiotherapy.	 	 For	 example	 a	 high	 quality	
population-based	 case-control	 study	 from	 Sweden	
found	that	the	risk	of	urogenital	istula	was	25	times	
higher	 amongst	 women	 undergoing	 hysterectomy	
(n=180,000)	 compared	 to	 an	 age	 matched	 control	
population	 (n=525,826)	 without	 hysterectomy.	 The	
risk	appeared	to	be	highest	for	laparoscopic	hyster-
ectomy	and	lowest	for	sub-total	hysterectomy	but	ab-
solute	numbers	were	small	with	a	number	needed	to	
harm	of	5,700.[3]

This	section	is	based	on	electronic	searches	of	Med-
line,	 EMBASE	 (from	 1980	 to	November	 2011),	 the	
Cochrane	Database	of	Systematic	Reviews,	Central	
Register	of	Controlled	Trials	(CENTRAL),	Database	
of	Abstracts	of	Reviews	of	Effects	(DARE),	Database	
of	Health	Technology	Assessments,	and	Database	of	
NHS	Economic	Evaluations,	and	 the	NICE	website	
(all	accessed	November	2011);	references	included	
in	 identiied	systematic	and	non-systematic	reviews	
were	evaluated	separately.	Hand	searching	of	recent	
(Jan-December	 2011)	 issues	 of	 major	 American,	
European	and	British	 journals	 in	urology,	gynaecol-
ogy	and	urogynaecology	was	undertaken,	to	capture	
recent	 publications	 not	 yet	 included	 in	 the	 online	
databases.	 ICS,	 IUGA,	AUA,	AUGS	and	SGS	con-
ference	proceedings	for	2011	were	also	reviewed.	It	
was	assumed	that	studies	and	trials	presented	ear-
lier	 than	 this	would	be	 in	press	 if	 they	were	of	suf-
icient	quality	and	maturity	to	justify	inclusion;	hence	
older	 abstracts	 have	 not	 been	 considered.Papers	
offering	any	relevant	data	were	considered.	This	in-
cluded	 systematic	 reviews,	 randomised	 and	 quasi-
randomised	 trials,	 non-randomised	 cohort	 studies,	
case	 controlled	 studies,	 longitudinal	 studies	 and	
case	series	or	reports.	Those	papers	considered	for	
inclusion	were	assessed	for	quality	where	relevant,	
in	terms	of	sequence	generation,	allocation	conceal-
ment,	blinding,	and	handling	of	incomplete	data,	se-
lective	reporting	and	freedom	from	other	biases.	An	
evidence	level	[EL]	was	then	assigned	to	all	included	
studies	according	to	the	ICUD	modiied	version	of	the	
Oxford	Centre	for	Evidence-based	Medicine	system.
[4)	Where	quality	was	considered	to	be	poor	–	as	in	
most	of	the	studies	included	in	these	sections	–	the	
evidence	 level	 was	 reduced	 accordingly.	 Recom-
mendations	(graded	A-D)	were	made	on	the	basis	of	
consistent	or	‘majority	evidence’	identiied.[4]

1. POST-GYNAECOLOGICAL SURGERY

Fistulae	 involving	 the	 lower	 urinary	 tract	 can	occur	
following	any	surgical	procedure	or	 traumatic	event	

to	the	female	reproductive	tract,	bladder,	or	rectum.	
In	developing	countries,	the	most	common	aetiology	
of	istulae	involving	the	lower	urinary	tract	 is	clearly	
obstetric	trauma.	[5]	In	most	developed	countries	in	
which	antenatal	and	intrapartum	care	is	more	readily	
available,	obstetrical	istulae	are	 relatively	 rare	and	
the	majority	of	istulae	are	 related	 togynaecological	
surgery.		The	ratio	of	obstetric	to	gynaecological	is-
tula	appears	 to	be	consistent	at	about	10:90	 in	de-
veloped	countries.	[6]	In	some	developing	countries,	
as	 gynaecological	 procedures	 to	 treat	 benign	 and	
malignant	conditions	of	the	female	reproductive	tract	
are	more	commonly	performed,	the	rate	of	iatrogenic	
istulae	is	increasing	(e.g.	Pakistan).	[7]

The	 types	 of	 istulae	 associated	 with	 gynaecologi-
cal	procedures	may	include	communication	between	
any	 reproductive	 organ	 (uterus,	 cervix,	 Fallopian	
tube,	 vagina),	 intestinal	 tract	 (colon,	 rectum),	 geni-
tourinary	organ	 (bladder,	ureter,	urethra),	and	cuta-
neous	system	(abdominal	wall,	perineum).	The	com-
binations,	 locations,	 and	 severity	 of	 gynaecological	
istulae	vary	with	each	patient.	In	general,	vesicovag-
inal	istulae	 (VVF)	are	 the	most	common	 type.	The	
most	common	causes	of	VVF	as	a	consequence	of	
surgery,	 in	developed	countries	 isan	 injury	 injury	 to	
the	urinary	tract	during	hysterectomy	for	benign	con-
ditions	(60-75%),	followed	by	hysterectomy	for	malig-
nant	conditions	(30%),	caesarean	section	(6%),	and	
obstetric	injuries	(1%).	[8][9]	At	the	ZekaiTahirBurak-
centre	 in	Turkey	25,998	gynaecologic	and	obstetric	
operations	were	performed	over	a	3-year	period.	The	
bladder	was	 the	most	 frequently	 injured	organ.	Uri-
nary	tract	injury	rates	were	reported	to	be	0.49%	for	
the	bladder	and	0.24%	for	the	ureter	in	gynaecologi-
cal	operations,	and	0.18%	for	the	bladder	and	0.01%	
for	the	ureter	in	obstetric	operations.[10]	Overall,	the	
risk	of	pelvic	organ	istula	following	hysterectomy	has	
been	reported	to	be	between	0.1	and	4%.	[11].	It	 is	
important	to	recognize	that	most	urinary	tract	injuries	
do	not	result	in	a	istula.	

The	prevalence	of	genitourinary	 injury	and	istulae	
vary	slightly	from	centre	to	centre.	In	one	US	retro-
spective	 study	 from	 the	Mayo	 clinic,	 gynaecologic	
surgery	 was	 responsible	 for	 82%	 of	 the	 istulas,	
obstetric	procedures	 for	8%,	and	various	 forms	of	
irradiation	 for	 6%,	 and	 trauma	 or	 fulguration	 for	
4%.	The	majority	of	istulae	 followed	 treatment	 for	
benign	conditions.	[12]		The	relative	proportions	of	
the	types	of	urinary	istula	have	changed	with	ure-
thral	istulae	having	increased	from	6	to	13%,	while	
ureteral,	 bladder	 and/	 or	 urethral	 istulae	 having	
dropped	from	20	to	16	and	11	to	7%.	[2]	

Given	the	various	indications	for,	and	types	of	hyster-
ectomies,	it	is	important	to	have	an	understanding	of	
the	 type	of	hysterectomy	since	genitourinary	or	co-
lonic	istula	is	reported	with	all	of	these	procedures.	
The	overall	incidence	of	hysterectomy	complications	
is	estimated	to	be	<2%,	with	bladder	injury	(1.3%)	and	
ureteral	injury	(<1%)	being	most	commonlyreported.	
[13]	 	Traditionally,	 the	most	 common	 route	used	 to	

II. EPIDEMIOLOGY

B. Non-obstetrical istula

I. INTRODUCTION
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remove	 the	 uterus	 for	 benign	 and	 malignant	 gyn-
aecological	 conditions	 is	 abdominal	 (open	 incision,	
laparotomy);	referred	to	commonly	as	total	abdomi-
nal	hysterectomy	(TAH).	The	types	of	hysterectomies	
also	 include	 total	 vaginal	 (TVH),	 laparoscopically-
assisted	 vaginal	 (LAVH),	 total	 laparoscopic	 (TLH),	
and	 subtotal	 or	 supracervical	 abdominal	 (SCH)	 or	
laparoscopic	 (LSH).	 Laparoscopic	 procedures	may	
be	 done	 using	 traditional	 laparoscopic	 techniques,	
robotic	assistance,	and	more	recently,	the	single-site	
umbilical	technique.	

Benign	 and	 malignant	 conditions	 conined	 to	 the	
uterus	are	usually	treated	with	a	simple	hysterectomy	
using	any	of	the	methods	mentioned	above.	More	ad-
vanced	malignant	conditions	are	usually	treated	with	
a	 radical	 hysterectomy	 in	 which	 parametrial	 and/or	
vaginal	dissection	and	 removal	may	be	 involved.	 In	
rarer	 cases,	exenterative	procedures	 to	 remove	 the	
bladder	or	colon	may	be	required	if	malignant	exten-
sion	to	these	organs	is	found.	In	some	centres,	robotic	
radical	 hysterectomies	 have	 been	 more	 commonly	
employed	to	 treat	gynaecological	malignancies.	The	
rate	 of	 urogenital	 istula	 associated	with	 simple	 ab-
dominal	hysterectomy	for	benign	disease	is	often	de-
scribed	as	being	of	the	order	of	1	in	1000.	In	a	national	
study	 from	 Sweden	 the	 rate	 of	 women	 undergoing	
any	istula	surgery	was	reported	as	0.26%	in	women	
having	had	a	hysterectomy	compared	to	0.0007%	in	
those	not	exposed	to	hysterectomy,	with	the	‘number	
needed	to	harm’	being	estimated	at	5700.[14]		From	
Finland	the	rate	of	vesicovaginal	istula	was	reported	
to	be	1	in	1250	after	all	hysterectomies,	1	in	455	after	
laparoscopic,	1	 in	1000	after	 total	abdominal,	and	1	
in	5000	after	 vaginal	 hysterectomy.[15]	The	publicly	
available	 tables	 from	 the	national	hospital	database	
in	England	give	similar	igures	of	1	in	600	after	total	
abdominal	hysterectomy,	and	1	in	5000	after	vaginal	
hysterectomy.[16,	17]	More	detailed	longitudinal	anal-
ysis	of	patient-level	information	from	the	same	datas-
et	suggests	a	rate	of	1	in	788	for	all	types	of	hysterec-
tomy,	1	in	540	for	abdominal	hysterectomy	for	benign	
disease,	1	 in	896	following	vaginal	hysterectomy	for	
benign	disease	 (excluding	prolapse),	and	1	 in	3861	
following	vaginal	hysterectomy	for	prolapse.[18]

Naturally,	 caesarean	 hysterectomy	 is	 a	 recog-
nised	 cause	 of	 fistula,[19]and,	with	 the	 increase	
in	the	number	of	caesarean	deliveries	there	have	

been	 more	 fistulae	 related	 to	 obstetricsurgical	
trauma.	[2]

The	degree	of	bladder	injury	appears	to	be	a	major	
factor	in	iatrogenic	istula	formation.	In	one	study,	
1,317	benign	hysterectomies	were	reviewed	(46%	
abdominal,	48%	vaginal,	and	6%	laparoscopically	
assisted	vaginal)	with	reference	to	risk	factors	for	
VVF	 following	 intraoperative	 injury	 to	 the	 urinary	
tract.	In	all,	34	cystotomies	occurred	with	4	(11.7%)	
developing	a	VVF.	Patients	who	developed	a	VVF	
were	 more	 likely	 to	 have	 a	 large	 cystotomy	 and	
these	 individuals	 trended	 toward	 greater	 tobacco	
use,	larger	uterine	size,	and	more	operative	blood	
loss.	 [20]	 Another	 study	 involving	 3,076	 vaginal	
hysterectomies	 with	 or	 without	 additional	 gynae-
cological	 procedures,	 one	 ureteral	 injuryand	 54	
bladder	 lacerations	were	noted	yielding	a	 total	of	
4	 VVF.	 	 The	 bladder	 lacerations	 occurred	 during	
the	 hysterectomy	 portion	 of	 the	 surgery	 in	 61%	
of	 cases	 and	 during	 the	 additional	 procedures	 in	
39%.	[21](see	Table 1 )

VVFs	 associated	 with	 hysterectomy	 may	 require	
ureteral	reimplantation	in	as	many	as	one-third	of	
the	 cases.	 [22]Ureteric	 trauma	should	 be	 consid-
ered	 in	 any	 hysterectomy	 or	 operative	 obstetric	
procedure	regardless	of	the	dificulty	but	certainly	
in	more	 dificult	 cases.[23]	 Iatrogenic	 ureteric	 in-
jury	may	occur	after	less	common	procedures	such	
as	ureteroscopy,	lumbar	sympathectomy,	abdomi-
nal	trauma,	and	iliac	vessel	ligation.[24]

Altered	 intraabdominal	 anatomy	 such	 as	 that	
due	 to	 previoussurgery,	 extensive	 endometriosis	
and	pelvic	 inflammatory	 disease	have	previously	
been	thought	to	lead	to	an	altered	operative	field	
increasing	the	risk	for	genitourinary	injury;	recent	
evidence	 from	 a	 cohort	 of	 over	 300,000	 women	
having	 hysterecomy	 for	 a	 variety	 of	 indications	
suggests	that	this	may	not	be	the	case.	[18]

The	 overall	 rate	 of	 ureteric	 injury	 from	4998	 pro-
cedures	 in	 these	 studies	 was	 1.5%;	 the	 overall	
sensitivity	 was	 96.1%,	 speciicity	 99.5%,	 positive	
predictive	value	(PPV)	74%,	and	negative	predic-
tive	 value	 99.9%.	The	modest	PPV	 related	 to	 21	
cases	 in	 one	 study	 where	 cystoscopic	 examina-
tion	 revealed	 abnormal	 (sluggish	 or	 absent)	 low	
of	indigo–carmine	dye	through	one	or	both	ureteric	

Table 1. Categories of Prevention Strategies: The Haddon Matrix
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oriices,	but	subsequent	indings	 failed	 to	conirm	
injury.	 For	 every	 200	 cystoscopies	 undertaken	 at	
gynaecological	surgery	therefore	one	might	expect	
to	diagnose	three	otherwise	unsuspected	ureteric	
injuries	but	at	the	expense	of	one	false	positive	‘in-
jury’	that	would	ultimately	be	shown	to	be	normal.

Visco	et	al.	using	a	decision	analysis	model	con-
cluded	that	the	cost-effectiveness	of	routine	intra-
operative	cystoscopy	depends	on	the	rate	of	ure-
teric	injury;	if	the	rate	exceeds	1.5%	for	abdominal	
hysterectomy	and	2%	 for	 vaginal	or	 laparoscopi-
cally-assisted	 vaginal	 hysterectomy,	 then	 routine	
cystoscopy	 is	 cost-effective.	 These	 data	 would	
suggest	 that	 whilst	 the	 routine	 cystoscopy	might	
be	 considered	 clinically	 and	 cost-effective	 at	 the	
time	 of	 prolapse	 and	 incontinence	 surgery,	 its	
place	at	hysterectomy	is	less	clear.

2. ONCOLOGICAL FISTULA

This	 section	 considers,	 where	 the	 literature	 per-
mits,	the	epidemiology	of	fistula	relating	to	malig-
nant	disease	and	 its	 treatment	by	surgery,	 radio-
therapy	and	chemotherapy.	The	literature	relating	
to	 fistula	 of	 oncological	 aetiology	 is	 limited	 both	
in	 quantity	 and	 quality.	 Seventy-six	 papers	 of	
possible	 relevance	were	 identified,	of	which	only	
52	 contained	 any	 relevant	 material.	 Only	 one	
randomised	 trial	 was	 directly	 identified	 from	 the	
literature	 searches,[25]	 although	 one	 non-sys-
tematic	review	of	relevance,[26]	and	two	system-
atic	reviews	were	found;[27,	28]	each	of	the	latter	
contained	only	one	 further	 randomised	 trial.	One	
national	 cohort	 study,	 and	 one	 non-randomised	
cohort	 study,	 are	 included,[18,	 29]	 but	 all	 other	
identified	material	comprised	case	series	or	case	
reports,	 and	 represent	 level	 3or	 lower	 evidence.	
Two	cases	of	duplicate	publication	(i.e.	 the	same	
paper	in	two	journals)	were	found.

In	the	oncological	context,	istulae	may	occur	as	a	re-
sult	of	primary	or	recurrent	malignancy,	or	as	a	con-
sequence	of	cancer	treatment	by	surgery,	radiothera-
py,	chemotherapy,	or	a	combination	of	therapies.

Traditionally,	 malignancies	 involving	 the	 uterus,	
cervix,	 vagina,	 or	 ovaries	 are	 often	 treated	 with	
hysterectomy,	 bilateral	 oophorectomy,	 and	pelvic	
lymph	node	dissection.	 In	many	 cases,	 a	 radical	
hysterectomy	 is	 performed	 in	 which	 the	 uterus,	
cervix,	and	upper	vagina	are	removed.	It	is	gener-
ally	accepted	that	the	more	advanced	the	cancer,	
the	more	 radical	 the	 surgical	 dissection	will	 nec-
essarily	be.	With	cervical	and	uterine	carcinoma,	
oophorectomy	 is	 performed	when	 indicated.	Pel-
vic	 lymphadenectomy	is	done	when	invasive	car-
cinoma	 is	suspected	or	diagnosed.	 In	one	study,	
536	women	underwent	a	radical	hysterectomy	for	
invasive	cervical	cancer.	More	advanced	stage	of	
disease,	obesity,	diabetes,	and	postoperative	sur-
gical	infection	were	predisposing	factors	to	urinary	
tract	 complications.	 In	 this	 study,	 ureteral	 injury	

occurred	 in	 1.32%,	 bladder	 injury	 in	 1.49%	 with	
VVF	 forming	 in	 2.61%	 and	 ureterovaginal	 fistula	
in	 2.43%	of	 cases,	 respectively.	 [30]	 In	 a	 similar	
report,	 1,092	women	with	 cervical	 cancer	 under-
went	a	radical	hysterectomy	with	obligatory	pelvic	
lymphadenectomy.	A	VVF	occurred	in	0.3%	and	a	
ureterovaginal	 fistula	 occurred	 in	 1.4%.	 [31]	The	
rate	 of	 GU	 injury	 likely	 varies	 between	 centres.		
For	example,	 in	one	report	of	479	women	under-
going	 different	 methods	 of	 radical	 hysterectomy	
for	cervical	cancer	over	a	15	year	period,	52	(10.8	
per	 cent)	 had	 urological	 complications	 (17	 blad-
der	and	ureter	injuries,	35	fistulae	and	strictures).	
[32]		In	contrast,	one	institution	reported	that	,	with	
modifications	and	careful	dissection,	ureteric	and	
bladder	injury	have	almost	been	eliminated.[33]

In	 two	 recently	 published	 case	 series,	 one	 of	
fistulae	 specifically	 associated	 with	 gynaeco-
logical	 cancers,[26]	 and	 one	 of	 urogenital	 fistula	
from	all	 causes,[17]	 those	 relating	directly	 to	pri-
mary	 cancer	 were	 uncommon,	 (2/20=10%)[26]	
and	 (2/348=0.6%	 -	 2/66=3%	 of	 the	 oncological	
cases	 in	 this	 series),[17]	 respectively.	 Fistulae	
associated	 with	 cancer	 surgery	 (3/20=15%	 and	
30/348=8.6%	 -	 30/66=45%	 of	 the	 oncological	
cases	 in	 this	series)	or	 radiotherapy	 (15/20=75%	
and	34/348=9.8%	-	34/66=52%	of	the	oncological	
cases	in	this	series)	made	up	a	much	larger	pro-
portion	of	both	series.

Immune-deficiency	may	be	a	 further	 contributory	
factor,	 and	 enterovesical	 fistula	 has	 previously	
been	 reported	 in	 association	 with	 non-Hodgkin’s	
lymphoma	in	HIV-AIDS,[34]	and	vesicovaginal	fis-
tula	 has	 been	 seen	 in	 association	 with	 classical	
Hodgkin’s	affecting	the	vagina	in	a	long-term	pes-
sary	user.[35]

3. CANCER SURGERY

It	is	likely	that	all	operations	carried	out	in	the	pel-
vis	 can	 be	 complicated	 by	 genital	 tract	 fistula	 in	
some	 circumstances.[17]	 Operations	 carried	 out	
with	the	intention	of	curing	malignant	disease	will	
inevitably	carry	a	higher	risk	of	subsequent	fistula	
formation,	as	compared	to	those	undertaken	with	
less	radical	intent.

Following	 radical	 hysterectomy	 for	 cervical	 can-
cer	(Wertheim-Meigs	procedure]	the	rate	of	fistula	
formation	 reported	 from	 case	 series	 is	 between	
0.6%	and	4.4%.[30,	36-41]It	should	be	noted	that	
these	data	are	very	heterogeneous,	some	report-
ing	all	types	of	fistula	together,	i.e.	intestinogeni-
tal	 plus	 urogenital	 fistula,	 and	 some	 reporting	
these	 separately;	 some	 report	 all	 urogenital	 fis-
tulae	 together,	 and	 some	 separating	 vesicovagi-
nal	and	ureterovaginal.	Where	 they	are	 reported	
separately,	 the	 rates	 of	 vesicovaginal	 and	 ure-
terovaginal	fistula	appear	to	be	of	the	same	mag-
nitude	with	both	being	reported	in	between	0.9%	
and	2.5%.	of	cases	[30,	42,	43]	The	data	from	UK	
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cited	above	suggests	a	urogenital	fistula	rate	of	1	
in	95	following	radical	abdominal	hysterectomy	in	
women	with	malignant	disease	as	compared	to	1	
in	540	 for	 total	 (simple)	abdominal	hysterectomy	
for	benign	disease,	and	1	in	2041	for	vaginal	hys-
terectomy	 for	 all	 benign	 disease	 (including	 pro-
lapse).[18]	 Overall,	 the	 rate	 of	 urogenital	 fistula	
appears	 to	 be	 approximately	 9	 times	 higher	 fol-
lowing	radical	hysterectomy	in	women	with	malig-
nant	disease	as	compared	to	that	following	simple	
hysterectomy	 (abdominal	 or	 vaginal)	 in	 women	
with	benign	conditions.[18]

The	risk	of	visceral	 injury	or	subsequent	istula	 for-
mation	following	radical	hysterectomy	undertaken	in	
pregnancy,	or	immediately	following	Caesarean	sec-
tion	isnot	obviously	increased	over	those	carried	out	
electively	in	non-pregnant	individuals;	Monk	&Montz	
described	inadvertent	cystotomy	followed	by	vesico-
vaginal	istula	in	one	of	21	women	operated	on	dur-
ing	or	immediately	after	pregnancy.[44]

Several	 modiications	 to	 the	 conventional	 Wert-
heim-Meig’s	 procedure	 of	 radical	 hysterectomy	
have	 been	 described	 in	 an	 effort	 to	 reduce	 the	
associated	 morbidity.	 The	 Miami	 modiication	 in-
cludes	 vaginal	 reconstruction	 and	 closure	 using	
bladder	 and	 rectosigmoid	 serosa,	 retroperitoneal	
drainage	 through	 abdominal	 suction	 catheters,	
and	 suspension	 of	 the	 denuded	 ureters	 with	 the	
ipsilateral	 obliterated	 hypogastric	 artery.	 One	
prospective	 study	 of	 978	 women	 treated	 by	 this	
procedure	 reported	 a	 urinary	 istula	 rate	 of	 1.4%	
compared	to	4.4%	from	a	literature	survey	follow-
ing	 the	 conventional	 procedure.[36]	 The	Ohkawa	
procedure	 involves	 peritoneal	 sheathing	 of	 the	
ureters;	Blythe	et	al.	undertook	a	non-randomised	
comparison	with	 retroperitoneal	suction	drainage,	
and	 found	 the	conventional	method	 to	be	associ-
ated	 with	 fewer	 ureteric	 complications	 (0/34	 vs.	
4/26	(15.4%)).[45]	Similarly,	Bostofte&Serup	found	
no	beneit	 in	operative	or	postoperative	morbidity	
following	the	application	of	the	Okabayashi	proce-
dure	for	radical	hysterectomy.[32]

Given	 the	 increased	 risk	 associated	 with	 radical	
surgery	 for	malignancy,	 it	 is	 intuitive	 that	 the	 risks	
would	 increase	with	 the	stage	of	disease	and	with	
the	extent	of	the	surgery	undertaken.	There	are	few	
published	 reports	 of	 istula	 following	 exenterative	
surgery.	One	study	noted	a	16%	vesicovaginal	is-
tula	rate	in	19	women	following	exenteration	for	vul-
var	carcinoma;[46]	while	another	describes	a	15%	
bowel	istula	rate	and	an	8%	urinary	istula	rate	from	
a	 series	 of	 75	 exenterations	 for	 recurrent	 cervical	
cancer.[47]	 In	 contrast,	Ungar	 et	 al.	 describe	 only	
one	 ureterovaginal	 istula	 and	 one	 pouch–vaginal	
istula	 in	 212	women	 undergoing	 exenteration	 out	
of	a	total	of	2540	women	treated	for	cervix	cancer	in	
one	centre	over	a	13	year	period	(0.9%).[48]

Harkki-Siren	 et	 al.	 found	 the	 rate	 of	 vesicovagi-
nal	fistula	to	be	over	twice	as	high	following	lapa-

roscopic	 hysterectomy	 compared	 to	 abdominal	
hysterectomy,	 and	 the	 rate	 of	 ureteric	 injury	 to	
be	some	35	times	higher.[15]	The	introduction	of	
laparoscopic	 surgery	 within	 oncology	 is	 seen	 to	
have	considerable	advantages	in	terms	of	patient	
recovery;	the	risk	of	operative	injury	to	bowel	and	
the	 urinary	 tract,	 and	 subsequent	 fistula	 forma-
tion	may	however	remain	a	concern	in	such	cas-
es.	Although	some	studies,	both	case	series	and	
non-randomised	cohorts,	describe	similar	rates	of	
injury	 to	 those	 described	 following	 open	 radical	
surgery,[29,	42,	43,	49,	50]	others	have	reported	
injury	or	fistula	rates	several	times	higher	follow-
ing	 laparoscopic	 radical	 hysterectomy.[37,	 51]	A	
single	 non-randomised	 cohort	 study	 found	 that	
the	risks	of	both	injury	to	the	urinary	tract	and	of	
subsequent	 fistula	 formation	were	 higher	 follow-
ing	 laparoscopically-assisted	 radical	 hysterec-
tomy	 as	 compared	 to	 that	 following	 laparoscop-
ically-assisted	 radical	 trachelectomy	 (Dargent’s	
operation).[29]

The	 risk	of	 urinary	 tract	 injury	 from	minor	 surgical	
interventions	is	in	general	low,	although	the	use	of	
repeat	procedures	may	confer	a	signiicant	increase	
in	risk.	Vesicovaginal	istula	has	been	reported	fol-
lowing	repeated	use	of	CO2	laser	for	vaporisation	of	
vaginal	condylomata,[52]	and	following	cone	biopsy	
of	the	cervix.[53]	In	one	personal	series	of	370	uro-
genital	 istulae,	 4	were	 associated	with	 large	 loop	
excision	of	the	transformation	zone	(LLETZ)	of	cer-
vix,	3	of	which	followed	a	second	LLETZ	procedure	
(Hilton,	personal	communication).

Rarely,	localised	malignancies	have	been	associated	
with	VVF.	One	example	is	a	primary	mixed	mullerian	
vaginal	tumour	reported	in	a	48-year	female.	[54]	The	
mechanism	for	istula	 formation	 is	 likely	 to	be	direct	
invasion	into	the	bladder.

4. RADIATION FISTULA

Pelvic	irradiation	can	be	delivered	by	external	beam	
as	 well	 as	 locally	 (intracavitary/brachytherapy).	
Fistula	 formation	 appears	 to	 be	 slightly	 higher	 for	
postoperative	 external	 radiation	 (1.9%)	 compared	
to	 intravaginal	 brachytherapy	 (0.8%).	 [55]	 It	 does	
not	 appear	 that	 pre-treatment	 factors	 accurately	
predict	those	who	will	develop	istula	related	to	ra-
diotherapy.	[56]

The	literature	in	this	area	is	particularly	heteroge-
neous	in	nature,	with	wide	variation	in	(and	some	
lack	of	clarity	over)	the	tumour	type	and	stage	be-
ing	treated,	the	form	of	radiation	and	the	site	and	
dose	 delivered.	 In	 a	 series	 of	 urogenital	 fistulae	
from	the	UK,	34/348	or	9.8%	were	associated	with	
previous	radiotherapy;	of	those	related	to	gynae-
cological	cancer,	34/66	or	52%	had	undergone	ra-
diotherapy.[17]	In	a	further	series	of	cases	specifi-
cally	related	to	gynaecological	malignancy,	15/20	
or	75%	had	undergone	previousradiotherapy.[26]	
In	both	series	most	cases	followed	radiation	used	
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for	 the	 treatment	 of	 cervical	 cancer,	 although,	
5/34	 or	 15%	 followed	 treatment	 of	 endometrial	
cancer,	 and	 1/34	 or	 3%	 followed	 treatment	 of	 a	
multifocal	 gynaecological	 cancer	 in	 one	 series.
[17]	 Amongst	 a	 series	 of	 216	 radiation-induced	
fistulae,	 the	 time	 to	 diagnosis	 of	 the	 fistula	 was	
made	between	3	months	and	10	years	(mean	21	
months)	 following	 radiation.[57]	 In	 other	 series	
fistulae	have	been	reported	to	develop	or	present	
up	to	30	years	after	the	‘causative’	influence.[17,	
58](Figure 1a 	and	1b)

The	 incidence	 of	 any	 deleterious	 clinical	 impact	
on	the	gastrointestinal	and	urinary	tracts	following	
radiation	 varies	 in	 the	 literature	between	1%	and	
12%,[28,	59-65]	with	istula	rates	of	1%	to	5%.[26,	
66].	 In	 a	 retrospective	 review	 of	 2096	 patients	
treated	 for	 cervical	 cancer	 over	 a	 10-year	 period	
using	 unspeciied	 regimen/s	 of	 radiotherapy,	 38	

patients	(1.8%)	were	found	to	have	developed	is-
tulae,	 all	 of	whom	had	 stage	 IIIa/b	 or	 IV	 disease	
at	presentation.[62]	Of	these	cases,	approximately	
3/4	 involved	the	rectum,	with	1/3	being	combined	
rectovaginal	 and	 vesicovaginal	 istulae;	 1/4	 were	
vesicovaginal	only.[62]

Following	 a	 clearly	 defined	 regimen	 of	 external	
beam	 radiation	 plus	 brachytherapy	 for	 the	 treat-
ment	of	primary	squamous	cell	carcinoma	of	va-
gina	 in	 91	women,	 de	Crevoisier	 et	 al.	 reported	
10.0%	grade	2-3	 urinary	 tract	 toxicity	 (using	 the	
Franco-Italian	glossary)[67]	and	12.1%	grade	2-3	
gastrointestinal	 toxicity.[60]	 Unsurprisingly,	 they	
found	 anterior	 tumour	 location	 to	 be	 correlated	
with	 increased	 risk	 of	 bladder	 toxicity	 and	 de-
creased	rectal	 toxicity.	Two	women	 in	 this	series	
developed	 rectovaginal	 fistulae	 (2%),	 and	 one	
ureterovaginal	fistula	(1%).[60]

Figure 1a. Left: Acute radiation istula; Right: istula 20 years after radiotherapy, both for cervixcarcinoma

Figure 1b.Supratrigonal vesico-perineal radiation istula in a small contracted bladder that occurred 22 years 
after cobalt irradiation for a gynaecological tumour.
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In	a	series	of	10,709	women	treated	by	telebrachy-
therapy	(67.5	Gy)	for	a	range	of	gynaecological	can-
cers	in	one	centre	over	a	22	year	period,	133	(1.2%)	
developed	 urological	 complications	 of	 which	 35	
(0.3%)	developed	istulae.[64]

In	a	series	of	28	women	treated	by	brachytherapy	
for	recurrent	corpus	or	cervix	cancer,	four	patients	
developed	chronic	morbidities	related	to	treatment.	
Three	istulae	were	reported	in	two	patients	(7.1%):	
one	combined	 rectovaginal	and	vesicovaginal	is-
tula	and	one	ureterointestinal	istula;	a	further	pa-
tient	developed	a	ureteric	stricture	and	small	bowel	
obstruction	requiring	resection.[65]

These	data	tend	to	suggest	a	higher	rate	of	fistula	
formation	following	the	application	of	radiotherapy	
in	 locally	 recurrent	 disease	 than	 in	 primary	 dis-
ease.	 From	 a	 small	 series	 of	 urological	 compli-
cations	 following	 radiotherapy	 for	 gynaecological	
cancers,	 14	had	developed	vesicovaginal	 fistula;	
of	 these	 4	 (29%)	 had	 evidence	 of	 tumour	 recur-
rence.[63]	 In	 the	 series	 reported	 by	 Jones	 at	 al.	
326/1161	 (28%)	 developed	 urological	 complica-
tions	over	a	20	year	period;	46	developed	fistulae	
(4%),	 of	 whom	 33	 (72%)	 had	 evidence	 of	 active	
malignant	disease.[39]

When	a	fistula	occurs	after	radiotherapy,	it	is	con-
sidered	 good	 clinical	 practice	 to	 exclude	 tumour	
recurrence	before	attempting	a	fistula	closure.

5. CHEMOTHERAPY

There	 are	 few	 reports	 of	 fistula	 formation	 in	 as-
sociation	 with	 the	 use	 of	 chemotherapy.	 One	
case	report	described	a	patient	who	developed	a	
vesicovaginal	fistula	having	undergone	abdominal	
hysterectomy	for	atypical	endometrial	hyperplasia	
whilst	 taking	tamoxifen	following	a	previousmodi-
fied	 radical	 mastectomy.	 Surgical	 repair	 of	 the	
fistula	 was	 initially	 unsuccessful,	 although	 after	
discontinuing	 the	 tamoxifen	 and	 continued	 blad-
der	drainage,	healing	occurred.[68]	It	was	hypoth-
esised	 that	 the	 impaired	 healing	 was	 a	 result	 of	
the	administration	of	the	hormone	therapy.

6. COMBINATION THERAPIES

Adjuvant	or	neoadjuvant	therapies	are	used	to	in-
crease	the	efficacy	of	the	primary	treatment,	com-
pared	to	its	use	in	isolation.	It	might	be	anticipated	
that	this	would	also	increase	the	range	and	mag-
nitude	of	adverse	effects.	

In	 a	 case	 control	 study	examining	 the	urinary	 tract	
complications	of	 radical	hysterectomy	only	a	single	
vesicovaginal	 istula	 was	 seen	 in	 50	 patients	 (2%)	
–	in	a	patient	receiving	preoperative	irradiation	(45-
50	Gy).[69]	A	small	case	series	found	2/20	or	a	20%	
rate	of	urinary	istulae	following	preoperative	irradia-
tion	 and	 radical	 hysterectomy	 in	 a	 heterogeneous	
group	of	‘high	risk’	cervix	cancers.[70]	A	further	case	
series	 described	 the	 impact	 of	 combined	 external	

whole	pelvic	irradiation	(50	Gy)	and	intravaginal	cone	
boost	 (20-26	Gy)	 following	 radical	 hysterectomy	 in	
108	women.	The	overall	rate	of	istula	formation	was	
3.7%,	 2.2%	 following	 ‘prophylactic’	 radiation,	 and	
10.5%	 in	 ‘salvage’	 cases	 where	 recurrent	 disease	
was	present.[71]

Modarress	et	al.	reported	a	randomised	comparison	
of	 preoperative	 combined	 chemoradiation	 (cisplatin	
plus	 external	 beam	 therapy)	 and	 neoadjuvant	 che-
motherapy	 (cisplatin	 plus	 vincristine)	 followed	 by	
radical	 hysterectomy	 in	 stage	 IB-IIB	 bulky	 cervical	
cancer.[25]Four	 patients	 developed	 hydronephrosis	
(3	 in	 the	 chemoradiation	 group	 –	 13.3%)	 and	 two	
vesicovaginal	 istula	 (both	 in	 the	 chemoradiation	
group	–	6.7%).[25]	Two	further	case	series	reported	
2/36	or	a	5.6%	rate	of	istulae	following	preoperative	
chemoradiation	 (cisplatin	 plus	 brachytherapy)	 fol-
lowed	by	radical	hysterectomy,[72]	and	4/46	or	8.7%	
rate	of	istulae	following	the	use	of	neoadjuvant	and	
postoperative	chemotherapy	using	irinotecan,	cispla-
tin	and	nedaplatin.[73]

A	 large	prospective	case	series	 from	Finland	 found	
an	incidence	of	ureteric	injury	associated	with	hyster-
ectomy	for	benign	pathology	of	0.2%	[10/5279]	with	
the	lowest	rate	associated	with	vaginal	hysterectomy	
and	 no	 difference	 between	 open	 and	 laparoscopic	
abdominal	hysterectomy.[74]	The	incidence	of	imme-
diate	and	delayed	ureteric	injury	during	radical	hys-
terectomy	was	 found	 to	be	1.3%	 [7/536]	and	2.4%	
[13/536]	respectively	in	a	series	from	Serbia;	injuries	
appeared	more	common	after	prolonged	surgery	and	
in	patients	with	diabetes,	obesity	or	wound	infection.
[75]	A	 registry	 study	 from	 the	 United	 States	 found	
an	overall	 incidence	of	ureteric	 injury	during	radical	
hysterectomy	of	0.8%.[76]	Case	series	from	referral	
centres	in	India,	Pakistan,	and	Egypt	showed	that	the	
proportion	of	urinary	tract	injuries	resulting	from	ob-
stetric	or	gynaecological	surgical	trauma	that	primar-
ily	affected	the	ureter	varied	from	1%	to	23%.[77-80]

The	 literature	 relating	 to	 non-obstetric	 fistula	 in-
volving	the	gastro-intestinal	tract	is	sparse	and	of	
poor	 quality.	Although	 literature	 searching	 identi-
fied	 78	 papers	 of	 possible	 relevance,	 less	 than	
half	 of	 these	 contained	 any	 useful	 material;	 no	
randomised	trials	or	truly	systematic	reviews	were	
identified.	One	case	controlled	study	 is	 included,	
but	all	other	identified	material	comprised	case	se-
ries	 or	 single	 case	 reports,	 and	 is	 considered	 to	
represent	level	3-	evidence.

It	should	be	recognised	that,	whilst	in	most	papers	
the	 term	 ‘enterovesical’	 is	used	 to	describe	 fistu-
lae	between	 small	 bowel	 and	bladder,	 and	 ‘colo/
recto-vesical/vaginal’	 to	 describe	 those	 between	

III. URETERIC FISTULA

IV. FISTULA INVOLVING
THE GI TRACT
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large	bowel	 and	bladder/vagina,	 in	 some	 reports	
‘enterovesical’	 appears	 to	 be	 employed	 generi-
cally	 to	 include	all	 fistulae	 involving	 the	gastroin-
testinal	 tract.	 In	 this	 chapter,	 the	 term	 ‘intestino-
vesical’	will	 be	 used	 in	 circumstances	where	 the	
generic	term	is	clearly	more	appropriate.

Whilst	 occasionally	 reported	 congenitally,[81]	
the	most	common	non-obstetric	causes	of	fistula	
involving	 the	 gastro-intestinal	 tract	 are	 diver-
ticular	disease,	Crohn’s	disease,	and	malignant	
disease	or	 its	 treatment.	There	are	 few	data	on	
the	 incidence	 of	 fistula	 formation	 in	 these	 con-
ditions,	although	published	estimates	are	 in	 the	
range	2-6%	in	Crohn’s	disease,[82-84]	and	20%	
in	diverticular	disease.[85]

Intestinal	istulae	in	Crohn’s	disease	most	typically	
involve	 the	 small	 bowel,	 although	 communication	
with	 urinary	 tract	 and	 large	 bowel	 are	 also	 found;	
involvement	 of	 the	 bladder	 was	 reported	 in	 27%	
and	of	the	colon	in	14%	in	one	series.[86]	Two	large	
series	examining	the	urological	complications	in	as-
sociation	with	Crohn’s	disease	reported	that	whilst	
a	majority	 of	 patients	were	 female,	 the	most	 seri-
ous	 complications	 were	 seen	 in	 males;	 most	 sig-
niicantly,	 13/14	or	 93%	of	 the	 ileo-vesical	 istulae	
(described	in	these	series	were	in	men.[82,	87]

Whilst	 clearly	 diverticular	 disease	 involves	 the	
large	bowel	primarily	 in	all	cases,	diverticular	 fis-
tulae	have	been	reported	to	communicate	withthe	
bladder	 in	65%	of	cases,	 the	vagina	or	uterus	 in	
28%	and	small	bowel	 in	7%.[85]	Diverticular	dis-
ease	is	the	most	common	cause	of	colovesical	fis-
tula	 in	most	 reports,	accounting	 for	up	 to	75%	of	
cases,[88-95]	with	 colon	 cancer,	 bladder	 cancer,	
radiotherapy	and	Crohn’s	disease	accounting	 for	
the	remainder.

Although	there	are	no	direct	comparisons	between	
racial	groups,	the	distribution	of	these	causes	may	
vary	between	populations.	Malignancy	and/or	pre-
viousradiotherapy	 account	 for	 53-93%	 of	 cases	
of	colovesical	fistula	reported	from	China,[96,	97]	
presumably	 reflecting	 the	 previously	 low	 preva-
lence	of	inflammatory	bowel	disease.[98]

Previoushysterectomy	 appears	 to	 be	 a	 signifi-
cant	 factor	 in	 the	 incidence	 of	 fistula	 associated	
with	 diverticular	 disease.[99]	 In	 a	 national	 case	
controlled	 study	 from	 Sweden,	 involving	 a	 total	
of	783,245	women	over	a	30	year	period,the	risk	
of	 undergoing	 fistula	 surgery	 increased	 four-fold	
in	 hysterectomised	 women	 without	 diverticulitis	
(hazard	 ratio	 (HR)	 4.0	 (95%	 confidence	 interval	
(CI)	3.5	 to	4.7)),	seven-fold	 in	women	with	diver-
ticulitis	without	hysterectomy	(HR	7.6	(95%	CI	4.8	
to	 12.1))	 and	 25-fold	 in	 hysterectomised	 women	
with	diverticulitis	(HR	25.2	(95%	CI	15.5	to	41.2)).
[100]	Another	study	described	previous	hysterec-
tomy	in	50%	of	colovesical	and	83%	of	colovaginal	
fistulae	associated	with	diverticular	disease.[85]

Evidence statements epidemiology

Recommendations

Urogenital istula are more frequent in women 
who have undergone hysterectomy

2 

The risk of injury to the bowel or urinary tract 
and of subsequent istula formation is higher in 
women with malignant disease undergoing 
radical surgery than in women with benign 
disease undergoing simple surgical procedures 

2 

Several modiications to conventional radical 
hysterectomy have been described, although 
they have not consistently been shown to 
mi t igate  the  r isk    o f   ur inary 	 	istu la 
postoperatively. 

3 

Data on exenterative surgery are inconsistent, 
although the risk of istula formation may be 
higher following exenteration for recurrent 
disease as compared to that following radical 
hysterectomy for the primary treatment of 
malignancy 

3 

The rate of visceral injury and istula formation 
is   inconsistent ly   reported   fo l lowing 
laparoscopically assisted radical hysterectomy, 
but may be somewhat higher than following 
open surgery 

3 

Local   ab lat ive  t reatments  appl ied  in  
gynaecological oncology, whilst apparently 
relatively low risk as single treatments, may 
carry considerable risk for istula formation 
when repeated. 

3 

The rate of istula formation following 
radiotherapy for gynaecological cancer appears 
to be of the same order as that following 
surgical treatment 

4 

The risk of istula formation following 
radiotherapy for locally recurrent malignancy is 
higher than following its use in primary disease 

2 

The use of neoadjuvant or adjuvant therapies is 
likely to be associated with a greater risk of 
istula development than the primary treatment 
alone

 

2 

The most common non-obstetric causes of 
istula involving the gastro-intestinal tract are 
diverticular disease, Crohn’s disease, 
malignancy and radiotherapy. 

2 

The causative factors may vary in different 
populations, with malignancy being more 
commonly reported in association with 
enterovesical istula in China than in other 
countries 

3 

DThe development of istula following 
radiotherapy for primary treatment should 
trigger a search for evidence of tumour 
recurrence
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1. CLINICAL DIAGNOSIS

Leakage	of	stool,	urine,	or	possibly	both	 is	 the	hall-
mark	sign	of	a	istula.The	leakage	is	usually	painless,	
may	be	intermittent	if	it	is	position	dependent,	or	may	
be	 constant.	 Unfortunately,	 intraoperative	 diagnosis	
of	a	GU	or	GI	injury	is	made	in	only	about	half	of	the	
cases	that	result	in	istula.	[101]In	one	study,	36%	of	
VVF	presented	within	1	week	of	a	laparoscopic	hys-
terectomy	and	50%	in	the	second	week.	Most	of	the	
patients	 after	 trans-abdominal	 hysterectomies	 had	
leakage	 in	 the	 second	 week	 (90%).	 [102]	 As	 dis-
cussed	 above,	 more	 extensive	 dissection	 is	 a	 fac-
tor	when	lower	urinary	tract	injury	results	in	a	istula.	
However,	 other	 than	a	 frank	 injury	 such	as	ureteric	
transection,	not	all	 injuries	 result	 in	 the	 formation	of	
a	istula.	With	laparoscopic	or	abdominal	dissection,	
ureteral	 injury	may	occur	anywhere	along	 the	 retro-
peritoneal	ureter	usually	below	the	pelvic	brim.	Since	
the	 injury	 may	 not	 be	 recognised	 during	 surgery,	
post-operative	pain	is	a	key	symptom.	The	cause	of	
vesicovaginal	istulae	after	hysterectomy	varies	with	
the	extent	of	surgery	and	the	amount	of	damage	that	
has	occurred.	 In	an	attempt	 to	determine	causative	
factors	 of	 post-operative	 istulae,	 the	 records	 of	 12	
patients	 who	 had	 developeda	 vesicovaginal	 istula	
after	TAH	were	compared	with	12	consecutive	TAH	
patients	without	istula	formation.	Most	of	the	patients	
who	 developed	 VVF	 had	 excessive	 postoperative	
abdominal	pain,	distension	or	paralytic	ileus,	or	both.	
Haematuria,	 symptoms	 of	 irritability	 of	 the	 bladder,	
prolonged	 postoperative	 fever,	 and	 increased	white	
blood	cell	count	were	also	noted	more	often	in	the	is-
tula	group.	In	contrast,	the	postoperative	course	wa-
susually	uncomplicated	in	the	non-istula	group.	The	
clinical	course	observed	in	many	of	the	patients	with	
vesicovaginal	 istulas	 suggests	 that	 the	 patient	 has	

an	unrecognized	or	recognized	injury	to	the	bladder	
resulting	in	urinary	extravasation.	[103]	It	may	be	pos-
sible	to	abort	the	development	of	many	vesicovaginal	
istulae	by	early	recognition	and	treatment	of	an	un-
suspected	bladder	injury.	It	is	suggested	that	patients	
with	 severe	 abdominal	 pain,	 distension,	 paralytic	 il-
eus,	haematuria	or	symptoms	of	severe	irritability	of	
the	bladder	after	abdominal	hysterectomy	should	be	
investigated	early	for	a	possible	genitourinary	injury.

Another	 possible	 etiology	 of	 VVF	 in	 the	 setting	 of	
laparoscopic	procedures	is	trocar	insertion	injury.	To	
prevent	 this	 the	bladder	should	be	emptiedby	 inter-
mittent	or	continuous	bladder	drainage	prior	to	insert-
ing	the	abdominal	and	pelvic	trocars.	During	the	lapa-
roscopic	procedure,	gaseous	distention	of	the	urinary	
drainage	bag	may	become	evident	indicating	a	hole	
in	 the	bladder.This	 intraoperative	sign	however,	has	
not	been	associated	with	istula	formation.[104]

The	diagnosis	of	VVF	usually	requires	clinical	assess-
ment	often	 in	combination	with	appropriate	 imaging	
or	 laboratory	studies.	Direct	visual	 inspection	(ofice	
evaluation	or	exam	under	anaesthesia)	may	conirm	
the	presence	of	a	istula	however	it	may	not	reveal	the	
extent,	location,	or	course	of	the	istula.	Some	istulae	
are	not	readily	visible.	This	is	particularly	true	with	iat-
rogenic	istula	in	which	the	istula	may	be	high	in	the	
vagina	and	may	involve	the	ureter,	bladder,	or	both.	
Therefore,	most	 physicians	 rely	 on	 adjunctive	 tools	
for	 the	diagnosis	of	VVF.	This	may	 include	 imaging	
studies	in	combination	with	other	modalities	such	as	
cystoscopy.	A	simple	approach	in	the	ofice	setting	to	
conirm	 that	a	istula	 is	present	 is	 to	ill	 the	bladder	
retrograde	with	a	coloured	luid.	This	could	bea	milky	
luid	such	as	baby	formula	or	vital	dye-tinted	water	or	
saline	(methylene	blue,	indigo	carmine).	Direct	visu-
alisation	of	dye	extravasation	or	placement	of	a	tam-
pon	into	the	vagina	to	identify	staining	may	facilitate	
the	diagnosis	of	a	VVF.	(Figure 2 )	A	double-dye	test	

Figure 2. Methylene blue introduced intravesically, demonstrating complex vesico-vagino-vulval istula 
following pelvic fracture (arrows indicate external openings)

V. DIAGNOSIS OF FISTULA
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to	 differentiate	 between	an	ureterovaginal	 and	VVF	
may	be	useful	 in	 some	cases.	The	patient	 is	 given	
phenazopyridine	orally	which	will	 stain	 the	urine	or-
ange	while	 the	bladder	 is	illed	with	blue	luid.	Blue	
tinting	of	the	tampon	leads	to	the	presumptive	diag-
nosis	of	a	VVF	while	orange	staining	is	suspicious	for	
an	ureterovaginal	istula.	[105]

a)  The role of cystoscopy in preventing and di-
agnosing VVF

A	number	 of	 studies	 have	 investigated	 the	 role	 of	
routine	 cystoscopy	 in	 avoiding/detecting	 urinary	
tract	injury	at	pelvic	surgery;	Indraratna	et	al.	have	
recently	reviewed	these.[106]

Gilmour	 et	 al.	 undertook	 a	 systematic	 review	 of	
urinary	 tract	 injuries	 at	 benign	 gynaecological	
surgery	 including	all	studies	of	>500	patients	re-
ported	between	1966	and	1998.	[107]	The	overall	
rate	of	ureteric	injury	from	17	studies	where	cys-
toscopy	was	 not	 undertaken	 (mostly	 hysterecto-
my)	was	168⁄107,068=0.16%.	In	10	studies	where	
cystoscopy	 was	 undertaken	 routinely	 (mainly	
colposuspension	 or	 pelvic	 floor	 reconstruction),	
the	 rate	 of	 ureteric	 injury	 was	 20/3235=0.62%.	
The	 corresponding	 rates	 of	 bladder	 injury	 were	
0.26%	(without	cystoscopy)	and	1.04%	(with	cys-
toscopy).	Although	 the	 rates	 of	 detected	 urinary	
tract	injury	were	approximately	four-fold	higher	in	
those	studies	where	cystoscopy	was	undertaken	
as	a	routine,	it	should	be	noted	that	none	of	these	
studies	was	randomised,	and	routine	cystoscopy	
was	undertaken	predominantly	during	 those	pro-
cedures	with	 intuitively	 the	highest	 risk	of	 injury.	
Summary	statistics	 for	available	studies	evaluat-
ing	the	place	of	routine	cystoscopy	(with	or	with-
out	 intravenous	 indigo-carmine)	 at	 gynaecologi-
cal	surgery	are	given	in	Table 2 .

Cystourethroscopy	may	 provide	 direct	 visualisa-
tion	of	the	fistula.	In	several	series	using	cystos-
copy	 (mostly	 with	 IV	 indigo-carmine)	 the	 sensi-
tivity	 and	 specificity	 in	 detecting	 ureteric	 injury	
intra-operatively	 were	 >95%.	 Depending	 upon	
availability,	radiologic	studies	(cystography,	urog-
raphy,	intravenous	urography,	and	CT	urography)	
may	be	useful.	Ultrasonography	and	colour	Dop-
pler	have	been	used	by	some,	although	their	use	

in	 routine	 practice	 remains	 to	 be	 established.
[108][109]

Urine	may	extravasate	externally	or	internally.	Cre-
atinine	 levels	 in	 the	 urinte	 are	 higher	 than	 serum	
levels.	Therefore,	in	the	setting	of	a	suspected	isu-
la,	testing	the	creatinine	level	in	either	the	extrava-
sated	luid	or	the	accumulated	ascites	and	compar-
ing	this	value	to	the	the	serum	creatinine	levels	will	
conirm	urinary	 leakage	but	not	 the	 location	of	 the	
istula.	Likewise,	testing	potassium	levels	will	show	
higher	levels	compared	to	serum	levels.	[110]

b) Imaging

An	 unstructured	 review	 by	 Narayanan	 et	 al.	 sug-
gested	that	magnetic	resonance	imaging,	particular	
with	T2	weighting,	provided	optimal	diagnostic	infor-
mation	 regardingistula	associated	with	pelvic	ma-
lignancy,	 with	 contrast-enhanced	 CT	 with	 late	 ex-
cretory	phase	an	acceptable	alternative.[111]	These	
newer	modalities	were	considered	to	be	superior	to	
other	X-ray	contrast	techniques	and	ultrasound.

2. DIAGNOSIS OF GI FISTULA

Pneumaturia,	 dysuria	 and/or	 recurrent	 UTI’s	 are	
symptoms	of	a	colovesical	istula	but	may	be	due	
to	other	causes	as	well.Accepting	the	limitations	of	
small	case	series	in	this	regard,	a	number	of	stud-
ies	 have	 investigated	 the	 value	 of	 a	 range	 of	 in-
vestigative	techniques	in	the	detection	and	evalua-
tion	of	enterovesical	or	colovesical	istulae.[90,	92,	
93,	 97,	 112-116]Since	 in	 each	 study	 the	 authors	
have	presented	only	results	on	patients	known	to	
have	 istulae,	 sensitivity	 (true	 positive/true	 posi-
tive	+	false	negative)	may	be	estimated,	however,	
speciicity	(true	negative/true	negative	+	false	posi-
tive),	 positive	 predictive	 value,	 (true	 positive/true	
positive	 +	 false	 positive)	 and	 negative	 predictive	
value	(true	negative/true	negative	+	false	negative)	
cannot	(see	Table 3 ).	No	test	was	shown	to	have	
consistent	 reliability;	 excluding	 those	 investiga-
tions	for	which	only	a	single	report	was	identiied,	
CT	 (53%),	 cystoscopy	 (48%),	 and	 in	 the	 case	 of	
colovesical	istula,	barium	enema	(38%)	were	per-
haps	 the	most	useful;	 intravenous	urography	and	
sigmoidoscopy	or	colonoscopy	appear	to	have	lim-
ited	utility	in	the	diagnosis	of	GI	istula.

Table 2. Data from studies examining the reliability of intra-operative cystoscopy in detecting ureteric injury
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3. RECOMMENDATIONS

The	literature	relating	to	surgical	istula	is	extensive,	
but	of	limited	quality.	356	papers	of	possible	relevance	
were	identiied,	of	which	only	173	contained	any	rele-
vant	material.	Three	systematic	reviews	were	identi-
ied	(albeit	one	only	as	a	protocol),[117-119]	although	
none	contained	 information	of	direct	 relevance.	Six	
randomised	 trials	 were	 identiied	 including	 one on 
causation,[120]	one	on	prevention	of	urinary	tract	in-
jury	at	surgery,[121]	two	on	antibiotic	prophylaxis	at	
the	time	of	reparative	surgery,[122,	123],	and	two	on	
surgical	techniques	applied	to	obstetric	istulae.[124,	
125]	There	was	also	one	quasi-randomised	study	of	
relevance.[126]	 Four	 non-randomised	 cohort	 stud-
ies,[127-130]	and	one	cost-effectiveness	study,[131]	
were	also	identiied.	All	other	identiied	material	com-
prised	case	series	[99]	and	individual	case	reports	or	
procedure	descriptions	[52],	and	represent	level	3or	
4	evidence.	Three	examples	of	duplicate	publication	
were	identiied.

1. CONSERVATIVE MANAGEMENT

a)  Immediate management by catheterisation or 
defunctionalizing

Before	epithelialisation	is	complete	an	abnormal	com-
munication	between	viscera	will	 tend	 to	close	spon-
taneously,	provided	 that	 the	natural	outlow	 is	unob-
structed.	 Normal	 continence	mechanisms,	 however,	
involve	 the	physiological	contraction	and	 intermittent	
relaxation	of	urethral	and	anal	sphincters.	As	a	result,	
although	 completely	 spontaneous	 closure	 of	 geni-
tal	tract	istulae	does	occur,	it	is	the	exception	rather	
than	 the	 rule.	Bypassing	 the	sphincter	mechanisms,	
or	 diverting	 low	 around	 the	 istula,	 for	 example	 by	
urinary	catheterisation,	percutaneous	nephrostomy	or	
defunctionalizing	colostomy,	may	however	encourage	
closure.	Bazi	reported	a	non-systematic	review	of	pa-
pers	including	information	on	the	spontaneous	istula	
closure	of	vesicovaginal	istulae;	whilst	the	data	qual-
ity	of	all	was	poor,	he	identiied	30	studies	from	which	
12	could	be	included;	these	included	cases	that	were	
almost	exclusively	of	surgical	aetiology;	 it	should	be	
noted	that	in	9	of	these	12	studies	the	sample	size	was	
less	than	5	patients.[132]	Few	studies	described	cath-
eter	drainage	in	large	istulae,	although	it	seemed	that	

VI. MANAGEMENT OF
VESICO-VAGINAL FISTULA
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those	of	 less	 than	1cm	diameter	were	most	 likely	 to	
heal	spontaneously.	The	time	between	the	insult	and	
institution	of	drainage	in	cases	of	non-surgical	closure	
varied	widely,	 although	 in	most	 cases	 this	was	 less	
than	3	weeks.	Similarly,	the	duration	of	catheterisation	
prior	 to	 the	 initiation	 of	 conservative	 treatment	 was	
deemed	to	have	been	unsuccessful	varied	consider-
ably,	making	true	estimates	of	the	effectiveness	of	this	
approach	 impossible;	 generally	 this	 varied	 between	
10	days	and	3	months.[132]	Reported	success	rates	
varied	between	0%	and	100%	(although	5	series	had	
a	sample	size	of	1!),	although	in	several	series	it	was	
dificult	to	determine	how	many	women	had	attempt-
ed	conservative	management.[132]	In	large	series	of	
obstetric	istulae	where	a	consistent	approach	to	con-
servative	management	has	been	applied,	spontane-
ous	healing	has	been	reported	in	up	to	28%	of	cases.
[133-135]	In	one	series	of	urogenital	istulae	of	varying	
aetiologies,	spontaneous	closure	was	seen	in	19/238	
or	8.0%	of	surgical	cases,	4/38	or	10.5%	of	obstetric	
cases,	 1/36	 or	 2.8%	 of	miscellaneous	 (largely	 trau-
matic	cases)	and	0/34	or	0.0%	of	radiotherapy	related	
cases.[17]	It	 is	 likely	that	 in	this,	and	many	other	re-
ported	series,	data	are	an	underestimate	of	the	value	
of	 this	 approach	 to	 management,[17]	 nevertheless,	
combining	available	data	(see Table 4)	gives	an	over-
all	spontaneous	closure	rate	 from	348	surgical	istu-
lae	treated	by	initial	catheterisation	of	13%	±	23%.[8,	
17,	 21,	 136-145].	Patients	with	 ongoing,	 continuous	
vaginal	leakage	despite	a	functioning	indwelling	cath-
eter	are	unlikely	to	have	resolution	of	the	VVF	without	
additional	measures	such	as	surgery.		Such	patients	

should	 be	 spared	 prolonged	 catheter	 drainage	 and	
proceed	with	more	deinitive	repair	as	soon	as	medi-
cally	 appropriate.Small	 epithelialized	 istulas	 may	
beneit	 from	minimally	 invasive	 cystoscopic	 electro-
coagulation	of	the	istula	tract,	followed	by	prolonged	
catheter	drainage.	 In	patients	with	istulae	 less	 than	
3.5mm	in	diameter,	11/15	had	successful	istula	tract	
ablation	with	cauterization	and	catheter	drainage	in	a	
study	by	Stovsky	et	al.[146]	In	general,	conservative	
measures	are	successful	in	small	istulas	only,	usually	
less	than	2-3mm	in	diameter.

b) Pharmacotherapies to assist istula closure

Several	 case	 reports	 describe	 successful	 istula	
closure	 following	 the	 induction	 of	 amenorrhoea	
by	 oestrogen,	 oestrogen/progesterone	 combina-
tions,	 or	 luteinising	 hormone	 releasing	 hormone	
analogues,[147]	 in	 the	management	 of	 vesicovagi-
nal,[148]	 and	 more	 frequently,	 uretero-	 or	 vesico-
uterine	istula	following	caesarean	section.[149-153]	
The	overall	closure	rate	in	these	studies	is	88%±16%.	
Spontaneous	 closure	 of	 vesico-uterine	 istula	 has	
also	been	reported	on	a	number	of	occasions,[150,	
154]	with	a	 rate	of	41/786	or	5%	calculated	 in	one	
review.[150]	Whilst	comparison	across	studies	is	ob-
viously	 highly	 problematic	 (especially	 where	 many	
are	single	case	reports,	with	success	rates	of	0%	or	
100%),	it	seems	highly	likely	that	the	rate	of	closure	
following	 hormone	 treatment	 [14/16]	 is	 signiicantly	
higher	 than	 that	 of	 spontaneous	 closure	 [41/786]	
(p<0.0005	–	Fisher’s	exact	test).	

Table 4. Data from studies including rates of spontaneous closure of surgical vesico-vaginal istulae.
n.b. table includes studies considered by Bazi,(132) but only those of known surgical aetiology.
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In	quasi-randomised	controlled	study	(alternate	al-
location)	in	patients	with	continuing	urinary	leakage	
following	ureteric	or	pelvi-calyceal	surgery,	the	use	
of	 intranasal	 desmopressin	 was	 shown	 to	 signii-
cantly	reduce	the	duration	of	leakage	compared	to	
‘watchful	waiting’.[126]	The	use	 of	 such	 treatment	
should	be	avoided	in	patients	with	complicating	fac-
tors	such	as	infection.

It	 should	 be	 recognised	 that	 some	 istulae	 may	
be	 associated	with	minimal	 symptoms,	 and	 even	
if	 persistent	 these	may	not	 require	 surgical	 treat-
ment.	 Small	 distal	 urethro-vaginal	 istulae,	 utero-
vesical	istulae	with	menouria,	colo-vesical	istulae	
associated	with	diverticular	disease,	and	some	low	
recto-vaginal	istulae	may	fall	into	this	category.

c) Palliation and skin care

During	 the	 waiting	 period	 between	 diagnosis	 and	
repair,	 incontinence	 pads	 should	 be	 provided	 in	
generous	quantities	so	that	patients	can	continue	to	
function	socially	to	some	extent	as	well	as	avoid	skin	
complications	related	to	chronic	urinary	leakage.	Uri-
nary	istula	patients	usually	leak	considerably	larger	
quantities	 of	 urine	 than	 those	with	 urethral	 inconti-
nence	 from	whatever	 cause,	 and	 this	 needs	 to	 be	
recognised	in	their	provision	of	supplies.

The	 vulvar	 skin	 may	 be	 at	 considerable	 risk	 from	
urinary	or	 faecal	dermatitis,[155,	156]	particularly	 if	
there	is	additional	radiation	change	in	the	skin;[157,	
158]	 liberal	use	of	silicone	barrier	cream	should	be	
encouraged.	Steroid	therapy	has	been	advocated	in	
the	past	as	a	means	of	reducing	tissue	oedema	and	
ibrosis,	although	these	beneits	are	refuted	and	there	
may	be	a	risk	of	compromise	to	subsequent	healing.	
Some	authors	have	recommended	 local	oestrogen,	
and	 whilst	 empirically	 one	 might	 expect	 beneit	 in	
post-menopausal	women,[159,	160]	or	those	obstet-
ric	istula	patients	with	prolonged	amenorrhoea,[161,	
162]	the	evidence	for	this	is	limited.	

d) Nutrition

To	maximise	the	prospects	for	postoperative	heal-
ing	 it	 is	 essential,	 that	 the	 general	 health	 of	 the	
patient	should	be	optimised.	This	is	most	relevant	
to	obstetric	istula	patients,	where	social	ostracism	
and	 the	 effects	 of	 prolonged	 sepsis,	 may	 com-
monly	result	in	malnutrition	and	anaemia.[163-168]	
Where	there	is	severe	inlammatory	bowel	disease	
the	question	of	an	elemental	diet	or	even	total	par-
enteral	 nutrition	 may	 need	 to	 be	 considered.[96,	
99,	 169-172]	Nutritional	 support	may	 also	 be	 im-
portant	 in	patients	with	malignant	or	 radiotherapy	
induced	 istulae,[173]	 or	 in	 those	 with	 complica-
tions	following	diversion	surgery.[172,	174,	175]

e) Physiotherapy

Obstetric	istulae	are	commonly	associated	with	low-
er	limb	weakness,	foot	drop	and	limb	contracture.	In	
a	 group	 of	 479	 patients	 studied	 prospectively	 27%	
had	 signs	 of	 peroneal	 nerve	 weakness	 at	 presen-

tation	 and	 a	 further	 38%,	 whilst	 having	 no	 current	
signs,	 gave	 a	 history	 of	 relevant	 symptoms.[176]	
Early	involvement	of	the	physiotherapist	in	preopera-
tive	management	and	rehabilitation	of	such	patients	
is	essential.[177]	Although	nerve	injury	is	rarely	seen	
in	 association	 with	 istulae	 of	 other	 (non-obstetric)	
aetiologies,	 the	 value	 of	 physiotherapist	 support	 in	
the	 preoperative	management	 and	 rehabilitation	 of	
patients	with	complex	istulae	or	with	intercurrent	pa-
thologies	should	not	be	under-emphasised.[172]

f) Antimicrobial therapy

Active	infection	in	the	genital	or	urinary	tracts	should	
be	treated	prior	to	attempted	surgical	repair.	In	tropi-
cal	 countries	 the	 treatment	 of	 systemic	 infections	
such	as	malaria,	 typhoid,	 tuberculosis	and	parasitic	
infections	 are	 not	 uncommon	 and	 should	 be	 rigor-
ously	 pursued	 and	 treatment	 undertaken	 before	
elective	 surgery.	 One	 randomised	 trial	 reported	 no	
difference	in	outcome	between	single	dose	IV	genta-
mycin	 and	 continued	 postoperative	 use	 of	 amoxi-
cillin,	 chloramphenicol	 or	 cotrimoxazolein	 obstetric	
istula	patients	(although	re-analysis	suggests	that	a	
difference	 favouring	peri-operative	gentamycin	may	
be	present).[122]	A	further	placebo	controlled	trial	of	
ampicillin	found	no	evidence	of	beneit	from	prophy-
lactic	antibiotics	in	terms	of	istula	closure	or	residual	
incontinence	 following	 repair,	 although	 the	 use	 of	
postoperative	antibiotics	was	reduced.[178]	A	recent	
review	of	obstetric	istula	practices	has	called	for	fur-
ther	trials	in	this	aspect	of	istula	management.[179]	
Opinions	differ	on	the	desirability	of	prophylactic	an-
tibiotic	coverage	for	surgery	in	the	developed	world,	
some	avoiding	their	use	other	than	in	the	treatment	
of	 speciic	 infection,	 and	 some	 advocating	 broad-
spectrum	treatment	in	all	cases.	A	systematic	review	
found	only	weak	evidence	that	antibiotic	prophylaxis	
(compared	 to	 giving	antibiotics	when	 clinically	 indi-
cated)	 reduced	 the	 rate	 of	 bacteriuria,	 pyuria	 and	
symptomatic	urinary	tract	infection	in	female	patients	
undergoing	 abdominal	 surgery	 who	 had	 a	 urethral	
catheter	 for	at	 least	24	hours;	 this	 limited	evidence	
related	to	women	receiving	antibiotics	during	the	irst	
three	postoperative	days	or	 from	postoperative	day	
two	until	catheter	removal.[180]

g) Bowel preparation

Although	 many	 surgeons	 continue	 to	 employ	 me-
chanical	or	stimulant	laxative	bowel	preparation	prior	
to	 recto-vaginal	 istula	 repair,[181]	 and	 may	 even	
suggest	alternative	approaches	to	surgery	where	this	
has	 not	 been	 possible,[94]	 a	 recent	 systematic	 re-
view	that	included	18	trials	(5805	participants),	found	
no	 evidence	 that	 patients	 beneit	 from	 mechanical	
bowel	preparation,	nor	the	use	of	rectal	enemas,	and	
concluded	that	bowel	cleansing	can	be	safely	omit-
ted	 prior	 to	 colonic	 surgery,	 without	 increasing	 the	
risk	of	perioperative	complications.[117]

h) Counselling

Surgical	 (non-obstetric)	istula	patients	are	usually	
previously	healthy	individuals,	who	entered	hospital	
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for	what	was	expected	 to	 be	a	 routine	procedure,	
and	they	end	up	with	symptoms	ininitely	worse	than	
their	 initial	 complaint.	 	 In	 contrast,	 obstetric	 istula	
patients	in	the	developing	world	are	often	social	out-
casts.	In	both	situations	therefore	these	women	are	
invariably	 devastated	 by	 their	 situation;	 signiicant	
impact	on	their	mental	health	has	been	objectively	
conirmed.[182,	183]	It	is	vital	that	they	understand	
the	nature	of	the	problem,	why	it	has	arisen,	and	the	
plan	 for	 management	 at	 all	 stages.	 In	 the	 setting	
of	an	 iatrogenic	istula,	 there	may	be	considerable	
medico-legal	consequences.	 	Conident	but	 realis-
tic	counselling	by	the	surgeon	is	essential	and	the	
involvement	of	nursing	staff	or	counsellors	with	ex-
perience	of	istula	patients	is	also	highly	desirable.	
The	 support	 given	 by	 previously	 treated	 sufferers	
can	also	be	of	immense	value	in	maintaining	patient	
morale,	especially	where	a	delay	prior	to	deinitive	
treatment	is	required.[184]

2. SURGICAL MANAGEMENT

Whilst	most	commonly	occurring	after	hysterectomy,	
virtually	any	operation	undertaken	in	the	pelvis	may	
be	 complicated	 by	 the	 development	 of	 urogenital	
istula.[17]	In	the	series	from	UK	recently	published	
by	 Hilton,	 238/348	 or	 68%	 were	 of	 surgical	 aeti-
ology,	 172	 (72%	of	 surgical	 cases	 and	49%	of	 the	
series)	followed	excision	of	uterus	and/or	cervix.[17]	
It	should	be	borne	in	mind	also	that	so-called	‘mini-
mally	 invasive’	procedures	may	 result	 in	istula	 for-
mation,	including	mid-urethral	tape	procedures,[119]	
and	 peri-urethral	 injections.[185]Minimally	 invasive	
procedures	are	not	without	risk	as	ureterovaginal	is-
tula	has	been	reported	following	a	robotically-assist-
ed	procedure.[186]

a) Timing of surgery

The	most	 appropriate	 timing	 for	 repair	 of	 vesico-
vaginal	 istulae	 remains	 one	 of	 the	more	 conten-
tious	issues	in	this	area.	The	debate	continues	be-

tween	the	advocates	of	early	intervention,	in	order	
to	minimise	 the	 distress	 to	 the	 patient	 from	 con-
tinuing	urinary	 leakage,	vs.	 those	 in	 favour	of	de-
laying	intervention	until	local	inlammatory	change	
has	resolved,	necrotic	tissues	have	sloughed,	and	
the	 patient’s	 recovery	 from	 the	 causative	 event	
completed,	so	as	to	optimise	results.	

There	is	no	consensus	in	the	literature	as	to	the	dei-
nition	of	 ‘early’	 in	 this	context,	with	different	studies	
either	failing	to	specify	at	all,	or	giving	a	broad	range	
of	deinition.	Although	some	studies	have	used	 the	
terms	 ‘immediate’,[187]	 ‘less	 than	 two	weeks’,[188]	
or	 ‘less	than	30	days’,[145]	most	reports	have	con-
sidered	 either	 less	 than	 6	 weeks,[189-191]	 or	 less	
than	3	months,[130,	188,	192,	193]	as	their	deinition	
of	early	intervention.	Although	relatively	few	studies	
have	reported	their	outcomes	for	both	early	and	late	
approaches	 to	management,	 overall	 the	 results	 do	
not	appear	to	be	signiicantly	different	(see Table 5 ).	
The	 overall	 results	 for	 early	management	 are	 esti-
mated	at	91%±6%	and	for	later	management	(where	
provided)	90%±27%	(p=1.00;	Fisher’s	Exact	test).	

b) Outcomes from treatment and follow-up

Comparing	the	outcomes	of	treatment	between	dif-
ferent	 reports	 and	 different	methods	 is	made	 dif-
icult	 by	 the	 inconsistent	 and	 relatively	 ineficient	
outcome	measures	used.	These	have	ranged	from	
the	 apparent	 achievement	 of	 a	 water-tight	 repair	
based	 on	 dye-testing	 in	 the	 operating	 theatre,	 to	
patient	reported	symptoms	at	the	time	of	discharge	
from	hospital.	Follow-up	in	obstetric	istula	patients	
is	inevitably	dificult	in	many	developing	world	cen-
tres,	 but	 even	 amongst	 surgical	 or	 radiotherapy	
cases	 in	 the	 developed	 world,	 relatively	 few	 re-
ports	 describe	examination	 indings	or	 symptoms	
at	later	postoperative	review.	Long-term	outcomes	
and	quality	of	 life	measures	haveonly	rarely	been	
reported.[194,	195]

Table 5. Data from studies examining outcome from vesicovaginal istula repair using an ‘early’ approach 
to management; where comparative data from alternative timings are available these are included.
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c) Surgical approaches

Despite	the	fact	that	there	is	no	universally	agreed	
upon	classiication	of	iatrogenic	istula,	it	is	probable	
that	there	is	a	relationship	between	the	complexity	
of	the	istula	and	the	outcome	of	the	istula	repair.	

The	WHO	published	a	classiication	on	obstetric	istula	
in	2006	that	divided	istula	in	simple	or	complex	istula.	
We	adapted	that	classiication	by	adding	the	radiation	
istula	to	the	complex	istula	group.	(Figure 3 )

1. VAGINAL  PROCEDURES

There	are	two	main	types	of	closure	technique	ap-
plied	 to	 the	 repair	 of	 urinary	 istulae,	 the	 classical	
saucerization	 technique	 described	 by	 Sims,[196]	
and	subsequently	modiied	as	a	partial	colpocleisis	
by	Latzko,[142]	and	the	more	commonly	used	dis-
section	 and	 repair	 in	 layers	 or	 ‘lap-splitting’	 tech-
nique	 (variously	 attributed	 to	 Hayward,	 Collis	 &	
Lawson	 Tait).[197]	 Individual	 surgeons	 inevitably	
employ	these	techniques	somewhat	variably,	and	in	
different	situations,	and	there	are	no	data	compar-
ing	their	outcomes.	

The	conventional	dissection	and	repair	 in	 layers	 is	
entirely	appropriate	for	the	majority	of	post-surgical	
istulae,	 although	modiications	may	be	necessary	
in	 speciic	 circumstances.	 In	 juxta-cervical	 istulae	
in	the	anterior	fornix,	vaginal	repair	may	be	feasible	
if	the	cervix	can	be	drawn	down	to	provide	access.	
Dissection	should	 include	mobilisation	of	 the	blad-
der	from	the	cervix,	and	the	repair	should	usually	be	
undertaken	in	such	a	manner	(usually	transversely)	
to	 reconstruct	 the	 underlying	 trigone	 and	 prevent	
distortion	of	the	ureteric	oriices.	

Vault	 istulae,	 particularly	 those	 following	 hyster-
ectomy,	 can	 again	 usually	 be	 managed	 vaginally.	

The	 vault	 is	 incised	 transversely	 and	mobilisation	
of	 the	 istula	 is	 often	 aided	 by	 deliberate	 opening	
of	the	Pouch	of	Douglas.[198]	The	peritoneal	open-
ing	does	not	require	to	be	closed	separately,	but	is	
incorporated	into	the	vaginal	closure.

Where	 there	 is	 substantial	 urethral	 loss,	 recon-
struction	 may	 be	 undertaken	 using	 the	 method	
described	 by	 ChassarMoir[199]	 or	 Hamlin	 &	
Nicholson.[200]	A	 strip	 of	 anterior	 vaginal	 wall	 is	
constructed	 into	 a	 tube	over	 a	 catheter.	Plication	
behind	 the	 bladder	 neck	 is	 probably	 important	 if	
any	prospect	for	continence	is	to	be	achieved.	The	
interposition	of	a	labial	fat	or	muscle	graft	not	only	
ills	up	the	potential	dead	space,	but	may	also	pro-
vide	additional	bladder	neck	support	and	 improve	
continence	by	 reducing	scarring	between	bladder	
neck	and	vagina.	These	are	indeed	technically	de-
manding	procedures	and	outcomes	of	 such	com-
plex	 repairs	 using	 robust	 measures	 as	 regards	
continence	or	sexual	function	are	lacking.	

With	very	large	istulae	extending	from	bladder	neck	
to	vault,	 the	extensive	dissection	required	may	pro-
duce	 considerable	 bleeding.	The	main	 surgical	 dif-
iculty	is	to	avoid	injuring	the	ureters.	They	are	usu-
ally	situated	close	to	the	supero-lateral	angles	of	the	
istula,	and	 if	 they	can	be	 identiied	endoscopically,	
they	 should	be	 catheterised.	Straight	 ureteric	 cath-
eters	passed	 transurethrally,	 or	double	pigtail	 cath-
eters	may	both	be	useful	 in	directing	the	intramural	
portion	 of	 the	 ureters	 internally;	 nevertheless	 great	
care	must	be	taken	during	dissection.	In	such	cases	
where	 the	ureters	cannot	be	visualized	cystoscopi-
cally,	 interventional	 radiological	 techniques	may	 be	
utilized	to	place	antegrade	ureteral	stents	from	a	per-
cutaneous	nephrostomy	access	tract.

Figure 3. Adapted WHO classiication of istula. Although this classiication was developed for obstetric 
istula initially, it could be relevant for iatrogenic istula as well. (400)

WHO classiication 2006
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2. ABDOMINAL  PROCEDURES

Repair	 by	 the	 abdominal	 route	 is	 indicated	 when	
high	istulae	are	ixed	in	the	vault	and	are	inacces-
sible	 through	 the	 vagina;	most	 typically	 this	might	
be	following	hysterectomy	in	nulliparous	women,	in	
endometriosis,	or	 in	 those	who	have	not	delivered	
vaginally.	Other	 indications	 for	 transabdominal	 re-
pair	 are	 the	 need	 for	 simultaneous	 augmentation	
cystoplasty,	 or	 in	 the	 setting	 of	 a	 ureteric	 injury	
requiring	 reimplantation	 or	 simultaneous	VVF	 and	
ureterovaginal	istula.

A transvesical repair 	 has	 the	 advantage	 of	 be-
ing	entirely	extraperitoneal.	It	 is	often	helpful	to	el-
evate	the	istula	site	by	a	vaginal	pack.		The	ureters	
should	 be	 catheterised	 under	 direct	 vision	 either	
endoscopically	 prior	 to	 skin	 incision,	 or	 following	
opening	of	the	bladder.	The	technique	of	closure	is	
similar	to	that	of	the	transvaginal	lap-splitting	repair	
except	that	for	purposes	of	haemostasis	the	bladder	
mucosa	is	usually	closed	with	a	continuous	suture.

A simple transperitoneal repair 	 is	 relatively	
uncommonly	 employed	 (although	 this	 technique	
does	 seem	 to	 be	 favoured	 by	 some	 using	 the	
laparoscopic	approach	–	see	below),	although	a	
combined	 transperitoneal	 and	 transvesical	 pro-
cedure	 is	 favoured	 by	 many	 urologists	 and	 is	
particularly	useful	for	fistula	repair	following	Cae-
sarean	section.	A	midline	 incision	 is	made	 in	 the	
vault	of	 the	bladder;	 this	 is	extended	downwards	
in	 a	 racquet	 shape	around	 the	 fistula.	The	 fistu-
lous	 track	 is	 excised	and	 the	 vaginal	 or	 cervical	
defect	closed	in	a	single	layer.	The	bladder	is	then	
closed	in	two	layers.

There	 are	 no	 randomised	 studies	 comparing	 ab-
dominal	and	vaginal	approaches;	given	 that	 those	
surgeons	undertaking	both	 routes	 for	 repair	would	
usually	see	speciic	 indications	 for	 the	 two	such	a	
comparison	is	most	unlikely	ever	to	be	seen	as	fea-
sible,	ethical	or	appropriate.	Nine	non-randomised	
cohort	studies	 reporting	 results	 from	both	abdomi-
nal	 and	 vaginal	 procedures	 were	 identiied	 in	 the	
current	 review.[9,	 17,	 128,	 191,	 201-205]	 In	 all,	
these	series	 included	388	vaginal	 repairs	and	345	
abdominal	repairs	with	overall	closure	rates	at	irst	
operation	 of	 89%	and	 87%	 respectively	 (p=0.367;	
Fisher’s	exact	test).	The	same	reports	included	255	
transvesical	repairs	with	a	93%	cure	rate,	and	399	
transperitoneal	 repairs	 with	 an	 89%	 success	 rate	
(p=0.130;	Fisher’s	exact	test)	(see Table 6 ).	

With	 respect	 to	 attempted	 repair	 of	 a	 previously	
failed	VVF	surgery,	the	law	of	diminishing	returns	ap-
pears	to	be	as	evident	in	these	types	of	procedures	
as	in	many	other	forms	of	surgery.		Although	repeat	
operations	 are	 certainly	 justiied,	 the	 success	 rate	
decreases	progressively	with	increasing	numbers	of	
previously	unsuccessful	procedures.	 	 In	a	series	of	
2484	 largely	obstetric	istulae,	 the	success	 rate	 fell	
from	81%	 for	 irst	 procedures	 to	65%	 for	 those	 re-

quiring	2	or	more	procedures.[206]	Series	of	surgical	
cases	 are	 rarely	 large	 enough	 for	 this	 effect	 to	 be	
evident,	although	the	recent	series	published	by	Hil-
ton	found	successful	istula	closure	was	signiicantly	
more	likely	in	the	women	who	had	not	had	attempts	
at	closure	before	referral	(98.2%)	than	in	those	who	
had	one	or	more	previous	unsuccessful	procedures	
(88.2%)	(p=0.003;	Fisher’s	exact	test).[17]

There	 is	 only	 a	 single	 randomised	 trial	 comparing	
aspects	 of	 surgical	 technique;	 Shaker	 et	 al.	 report	
an	RCT	comparing	trimming	of	the	istula	edge	with	
no	 trimming.[125]	Although	 there	was	 no	 statistical	
difference	in	success	rates	between	the	two	groups,	
in	 those	cases	where	 repair	was	unsuccessful	and	
trimming	 had	 been	 undertaken,	 the	 istula	 tended	
to	 become	 larger,	whereas	 those	where	 there	was	
no	 trimming	 were	 more	 likely	 to	 be	 smaller	 upon	
recurrence(see Figure 4 ).[125]

3. LAPAROSCOPIC

Laparoscopic	 repair	of	a	VVF	was	irst	 reported	by	
Nezat	et	al.,	in	1994.[207]	Fifteen	series	were	iden-
tiied	 in	 the	 current	 review,[187,	 207-220]	 (plus	 an	
additional	series	in	which	2	laparoscopic	procedures	
were	undertaken	amongst	a	small	series	of	vaginal	
and	 open	 abdominal	 operations).[205]	All	 reported	
series	are	quite	small	(1-25	cases,	median	6	cases),	
and	in	total	only	119	patients	were	included,	with	an	
overall	 cure	 rate	 of	 92%	 (conidence	 interval	 4%)	
(See	Table 7 ).	It	is	not	clear	from	these	series	wheth-
er	 they	 include	 all	 istula	 repairs	 undertaken	 in	 the	
reporting	centres,	or	whether	 they	were	selected	 in	
some	way;	if	the	latter,	it	is	not	clear	what	selection	
criteria	were	used.	 It	 is	possible	 that	 there	may	be	
both	selection	and	reporting	biases	that	make	it	difi-
cult	to	fully	evaluate	laparoscopic	procedures	against	
alternative	surgical	approaches.

4. ROBOTIC

The	 irst	 report	 of	 a	 robotically-assisted	 repair	 of	
vesico-vaginal	 istula	 was	 from	 Melamud	 et	 al.	 in	
2005.[221]	 Since	 that	 time	 four	 additional	 reports	
have	 been	 identiied,[222-225]	 including	 a	 total	 of	
17	 cases	 (see	Table 7 ).	 The	 reported	 cure	 rate	 is	
100%	in	all	series,	although	the	same	comments	as	
above,	in	relation	to	possible	selection	and	reporting	
biases,	apply	equally	here.	At	this	stage,	whilst	one	
could	state	that	istula	repair	with	robotic-assistance	
appears	to	be	feasible,	 it	 is	not	possible	to	 indicate	
what	its	place	or	potential	advantagesare	over	alter-
native	approaches.

5. FIBRIN GLUE

The	use	 of	 ibrin	 glue	 in	 urological	 indications	was	
reviewed	by	Shekarriz	and	Stoller;[226]	 they	 identi-
ied	nine	reports	(eight	in	human	subjects)	of	the	use	
of	ibrin	glue	 in	istula	repair,	 including	a	 total	of	16	
patients.[227-234]	A	 further	six	more	 recent	 reports	
were	identiied	in	the	current	review,	where	ibrin	glue	
was	used	either	by	endoscopic	injection	or	direct	ap-
plication,	making	a	total	of	now	53	patients	with	istu-
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Table 6. Results from series reporting vaginal and abdominal (transvesical or transperitoneal) repairs in exclusively or largely surgical istulae.
n.b.those studies highlghted in orange give results for vaginal procedures only, those in blue from abdominal (transvesical or transperitoneal), and those in green provide non-
randomised data on both surgical approaches.
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Table 7. Results from series reporting conventional and robotically-assisted laparoscopic istula repairs.n.b.those 
studies highlghted in orange give results for vaginal procedures only, those in blue from abdominal (transvesi-
cal or transperitoneal), and those in green provide nonrandomised data on both surgical approaches.

Figure 4. Forest plots relating trimming of edges at istula surgery

(i) Forest plot of comparison: 1 Trimming vs. no trimming of istula edge, outcome: 1.1 Failure of istula closure

(ii) Forest plot of comparison: 1 Trimming vs. no trimming of istula edge, outcome: 1.2 Recurrence smaller 
than original

(iii) Forest plot of comparison: 1 Trimming vs. no trimming of istula edge, outcome: 1.3 Recurrence larger 
than original
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lae	of	various	aetiologies.[124,	229,	235-239]	Several	
of	these	publications	were	individual	case	reports,	al-
though	there	was	also	one	randomised	trial	compar-
ing	ibrin	glue	(20	patients)	with	a	Martius	graft	 (20	
patients)	 in	obstetric	 istula	patients.[124]	All	 of	 the	
case	reports	described	successful	repair	(1/1=100%	
cure);	the	RCT	reported	13/20=65%	cure;	the	overall	
success	 rate	 therefore	 for	 the	 53	 reported	 patients	
was	77.4%	(conidence	interval	7.3%)	(See	Table 8 ).	
In	one	case	successful	closure	of	a	radiation	induced	
istula	was	reported	from	the	combined	use	of	bovine	
collagen	and	ibrin	glue.[229]	Overall,	the	indications	
for,	 and	 optimal	 patient	 selection	 for	 this	 approach	
are	not	deined.

6. ENDOSCOPIC REPAIR

Mackay	described	a	 technique	for	 transurethral	en-
doscopic	 suture	 repair	 of	 vesico-vaginal	 istula	 in	
1997.[240];	 there	 have	 been	 three	 further	 papers	
using	a	similar	 technique	on	between	one	and	 four	
patients	 (total	 10	 cases).[202,	 240-242]	 Although	
in	 three	of	 these	series	 the	 reported	cure	 rate	was	
100%,	overall,	istula	closure	was	found	in	80%	(con-
idence	interval	24%).

c)  Adjuvant Techniques in the Repair of VVF: 
Tissue Interposition

Tissue	laps	are	often	added	as	an	additional	 layer	
of	 repair	 during	 VVF	 surgery.[243-247]Most	 com-
monly,	such	laps	are	utilized	in	the	setting	of	recur-
rence	after	a	prior	attempt	at	repair,	for	VVF	related	
to	previous	radiotherapy	(described	 later),	 ischemic	
or	 obstetrical	 istula,	 large	 istula,	 and	 inally	 those	
associated	with	a	dificult	or	tenuous	closure	due	to	
poor	tissue	quality.		However,	there	is	no	high	level	
evidence	for	the	use	of	such	laps	in	any	of	these	sit-
uations.	Furthermore,	there	is	no	high	level	evidence	
that	the	use	of	such	laps	improves	outcomes	in	the	
setting	of	an	uncomplicated	VVF.		

For	 those	 VVF	 repaired	 transvaginally,	 a	 labial	 fat	
pad	(Martius	lap)	or	a	peritoneal	lap	can	easily	be	
mobilized.		From	a	transabdominal	approach,	great-

er	omentum	can	be	used	as	an	interposition	lap.

A	 variety	 of	 other	 laps	 including	 gracilis	 muscle	
laps,	 labial	 myocutaneous	 laps,	 seromuscularin-
testinal	laps,	and	rectus	abdominis	lapsas	well	as	
free	grafts	of	bladder	mucosa	have	been	utilized	as	
adjunctive	measures	in	the	repair	of	complex	VVF.
[248-255]

3. POST-OPERATIVE MANAGEMENT.

a) Catheter type

No	studies	were	identiied	comparing	different	cath-
eter	 types	or	 duration	of	 drainage	 following	 istula	
repair.	Most	reports	do	not	describe	their	catheteri-
sation	practices	 in	any	detail;	 in	 those	that	do,	 the	
majority	 have	 employed	 urethral	 catheterisation,	
with	a	small	number	preferring	suprapubic	drainage	
or	a	combination	of	both.	The	reason	for	catheteri-
sation	 is	 to	 ensure	 free	 urine	 drainage	 until	 such	
time	as	the	repair	is	soundly	healed;	for	this	reason	
some	have	advocated	both	suprapubic	and	urethral	
drainage,	 arguing	 that	 whilst	 one	 catheter	 might	
easily	 become	 blocked,	 two	 are	 unlikely	 to	 do	 so	
simultaneously.[17]

b) Duration

There	 appears	 to	 be	 no	 obvious	 consensus	 over	
the	duration	of	catheterisation	recommended	follow-
ing	istula	repair	of	various	types	and	aetiologies.	In	
a	 retrospective	 study	 of	 obstetric	 istula	 patients	 in	
Ethiopia,	 approximately	 equal	 numbers	 of	 patients	
were	 catheterised	 for	 10,	 12	 or	 14	 days.	 Patients	
were	 not	 randomised,	 and	 there	 were	 differences	
between	the	groups	in	terms	of	the	extent	of	urethral	
involvement,	istula	size,	and	degree	of	vaginal	scar-
ring,	with	the	more	extensively	damaged	patients	be-
ing	catheterised	for	longer.	Despite	this,	there	was	no	
signiicant	difference	in	outcome	in	terms	of	the	rate	
of	repair	breakdown,	and	the	authors	therefore	sug-
gested	that	postoperative	catheterisation	for	10	days	
may	be	suficient	in	the	management	of	less	compli-
cated	obstetric	vesico-vaginal	istulae.[256]

Table 8: Studies using ibrin glue in the management of urogenital istula.
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In	 a	 recent	 review	 of	 practices	 amongst	 obstetric	
istula	 surgeons,	 Arrowsmith	 reported	 a	 consider-
able	range	of	practice.	For	‘simple’	istulae,	the	aver-
age	duration	of	bladder	drainage	used	was	12	days	
(range	5-21	days);	for	‘large’	istula	the	average	was	
17	days	(range	0-30	days);	and	for	‘dificult’	istulae,	
the	average	was	21	days	(range	14-42	days).[179]

Studies	of	non-obstetric	istula	management	are	no	
more	 consistent	 in	 their	 description	 of	 duration	 of	
catheterisation.	Most	report	periods	of	between	sev-
en	and	21	days	drainage;	most	typically	10-14	days	
for	surgical	istulae	and	14-21	days	for	radiotherapy-
associated	istulae.	There	is	no	more	than	level	3/4	
evidence	to	support	any	particular	practice	in	these	
aspects	of	istula	management.	

The	 summary	 of	 the	 surgical	management	 of	 VVF	
can	be	found	in	Figure 5-7 .
Conclusions & recommendations

D

D

Spontaneous closure of surgical istulae does 
occur, although it is not possible to establish 
the rate with any certainty; if a vesicovaginal 
istula is diagnosed within six weeks of 
surgery, indwelling catheterisation can be 
considered for a period of up to  9 weeks (i.e. 
up to 12 weeks after the causative event)   

beneit

extrapolated	to	apply	to	istula	surgery	

istula

istulae

use	in	any	speciic	setting

C

Attention should be given as appropriate to 
skin care, nutrition, rehabilitation, counselling 
and	support	prior	to	and	following	istula	repair

Perioperative antibiotic prophylaxis should 
follow local policies

beneit
istula;

inlammation,

 

B

B

C

D

C

 

D

 

C

istulae

istula

There is no beneit from mechanical or laxative 
bowel preparation prior to colonic surgery; it is 
reasonable that this recommendation be 
extrapolated	to	apply	to	istula	surgery	

Surgeons involved in istula surgery should 
have appropriate training, skills, and experi-
ence to select an appropriate procedure for 
each patient

The majority of vesico-vaginal and all urethro-
vaginal istulae can be repaired vaginally, 
regardless of aetiology

Where concurrent ureteric re-implantation or 
augmentation cystoplasty are required, the 
abdominal approach is necessary

A variety of interpositional grafts can be used 
in either abdominal or vaginal procedures, 
although there is little evidence to support their 
use	in	any	speciic	setting

and	support	prior	to	and	following	istula	repair

There is no proven beneit to delayed repair of 
vesicovaginal istula; the timing of repair 
should be tailored to the individual patient and 
surgeon requirements, but can be undertaken 
as soon as any oedema, inlammation, tissue 
necrosis, infection are resolved

There are no high quality data to indicate 
greater cure rates for any one technique as 
compared to others; level 3 evidence indicates 
similar success rates for vaginal and abdomi-
nal, and for transvesical and transperitoneal 
approaches

Figure 5. Treatment recommendations for vesicovaginal istula
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Figure 7. Algorithm for iatrogenic vesicovaginal istula

Fig 6. Treatment recommendations for radiation istula and istula involving the gastro-intestinal tract.
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4. MANAGEMENT OF RADIATION FISTULA

The	 literature	 relating	 to	 the	management	 of	 radio-
therapy-associated	istula	is	again	limited	in	quantity	
and	quality.	Forty-nine	papers	of	possible	relevance	
were	 identiied,	of	which	only	35	contained	any	 rel-
evant	material.	Seven	systematic	reviews	were	iden-
tiied,	although	none	contained	 information	of	direct	
relevance.	No	 randomised	 trials	 and	only	 four	 non-
randomised	 cohort	 studies	 of	 relevance	were	 iden-
tiied.	 All	 other	 identiied	 material	 comprised	 case	
series	 or	 individual	 case	 reports	 or	 procedure	 de-
scriptions,	and	represent	level	3or	4-	evidence.	

Injury	to	the	gastrointestinal	or	urinary	tracts	may	arise	
following	therapeutic	radiation,	with	the	 incidence	of	
complications	increasing	when	the	dose	exceeds	50	
Gy.	The	obliterative	endarteritis	associated	with	 ion-
izing	 radiation	 in	 therapeutic	 dosages	may	proceed	
over	many	years	and	may	result	 in	istula	formation	
long	after	the	primary	malignancy	has	been	treated.
[17,	58]	The	associated	devascularisation	in	the	adja-
cent	tissues	means	that	conventional	surgical	repair	
has	a	high	likelihood	of	failure,	and	may	also	result	in	
re-presentation	with	several	istulae	over	a	period	of	
many	years.	In	those	cases	where	abdominal	repair	
surgery	or	urinary	diversions	are	undertaken,	a	high	
risk	 of	GI	 anastomotic	 leak	 and	 progressive	 sepsis	
has	 been	 reported	 perhaps	 related	 either	 to	 inade-
quate	resection	of	 irradiated	bowel	or	 to	damage	to	
other	organs	at	operation.[59]	All	these	factors	often	
make	the	management	of	post-radiation	istulae	more	
challenging	than	that	of	post-surgical	or	even	obstet-
ric	istulae.	Modiied	surgical	techniques	are	often	re-
quired,	and	indeed,	where	the	same	techniques	have	
been	applied	to	both	surgical	and	post-radiation	istu-
lae,	the	results	from	the	latter	have	been	consistently	
poorer.[203,	 257,	 258]	Spontaneous	healing	 seems	
rarely	if	ever	to	occur,[17,	40]	and	only	one	case	re-
port	was	identiied,	of	a	radiation	istula	presenting	22	
years	after	initial	treatment,	in	which	healing	occurred	
following	 cauterisation	 (for	 biopsy)	 and	 prolonged	
catheter	drainage.[259]

a) Diversion procedures
Because	 of	 the	 wide	 ield	 abnormality	 surrounding	
many	 radiotherapy-associated	 istulae,	 several	 au-
thors	 have	 suggested	 that	 urinary	 and/or	 faecal	 di-
version	should	be	seen	as	the	treatment	of	choice	in	
such	cases.[39,	62,	63,	203]	Others	have	employed	
a	routine	policy	of	preliminary	urinary	and	faecal	di-
version,	with	later	undiversion	in	selected	cases.[260]	
In	 a	 non-randomised	 cohort	 of	 recto-urethral	 istula	
repairs,	Vanni	et	al.	reported	100%	closure	at	irst	op-
eration	in	35	non-irradiated	cases,	compared	to	84%	
in	39	 irradiated	cases.[260]	Additionally,	97%	of	 the	
non-irradiated	 cases	 subsequently	 underwent	 ‘un-
diversion’,	whereas	31%	of	 the	 irradiated	cases	 re-
quired	permanent	faecal	diversion	due	to	a	non-com-
pliant	rectum	or	severe	sphincter	dysfunction.[260]

Some	authors	have	emphasised	 the	place	of	 repair	
in	carefully	selected	cases	of	radiotherapy-associat-
ed	 istulae.[17]	Of	 36	 radiation/malignant	 istulae	 in	
the	 series	 reported	 by	 Hilton,	 although	 11	 declined	

surgery	 or	 died	 before	 treatment,	 and	 6	 underwent	
primary	 diversion,	 of	 the	 19	 (53%)	 who	 underwent	
repair,	 18	 (95%)	 were	 closed	 at	 irst	 operation.[17]	
Finally,	 some	 seem	 to	 take	 the	 view	 that	 diversion	
has	little	or	no	place	in	the	management	of	radiation-
induced	vesicovaginal	istula	in	particular.[57]	Of	216	
radiation-induced	istula	managed	over	a	47	year	pe-
riod	by	Pushkar	et	al.,	210	underwent	a	vaginal	and	
6	an	abdominal	repair	procedure	(although	it	should	
be	noted	that	this	is	a	retrospective	case	series,	and	
whilst	not	stated	in	the	paper,	it	is	possible	that	other	
patients	 not	 included	 in	 this	 review	 actually	 under-
went	diversion).[57]	It	should	be	noted,	however,	that	
with	 this	 almost	 exclusive	 use	 of	 the	 vaginal	 repair	
procedure,	whilst	 a	 cumulative	 closure	 rate	 of	 80%	
was	eventually	achieved	after	4	or	more	operations,	
only	 48%	 were	 closed	 after	 irst	 repair,	 40%	 were	
closed	following	a	second	operation,	52%	following	a	
third	operation,	and	35%	following	a	fourth	operation.	

In	view	of	the	anastomotic	problems	associated	with	
radiation-induced	 istula,	 the	 transverse	 colon	 has	
often	been	 favoured	over	 ileum	as	a	conduit	 in	 this	
context,	to	avoid	the	risk	of	employing	irradiated	bow-
el	 and	 distal	 ureter.[261-263]	 Whilst	 these	 beneits	
seem	clear,	it	should	be	noted	that	high	perioperative	
morbidity	 (37%)	 and	 re-operation	 rates	 (20%)	 have	
been	reported	from	this	procedure.[262]

As	 an	 alternative	 to	 the	 latter	 operation,	 where	
both	 urinary	 and	 faecal	 diversion	 are	 proposed,	
Hampson	et	al.	described	the	technique	of	left	colic	
urinary	diversion	with	distal	transverse	end	colos-
tomy.[264]	This	technique	allows	a	shorter	opera-
tion	time,	and	avoids	the	necessity	for	an	intestinal	
anastomosis.	 In	patients	wishing	 to	 remain	sexu-
ally	active	following	such	procedures,	the	residual	
bladder	or	rectal	wall	may	be	used	to	augment	the	
vagina.[265]	Where	vesicovaginal	istula	co-exists	
with	 signiicant	 bladder	 contracture	 following	 sur-
gery	 or	 radiation,	 an	 abdominal	 (transperitoneal)	
repair	might	be	considered,	along	with	simultane-
ous	 ileocystoplasty,[266,	 267]	 or	 colocystoplasty.
[268]	 Fistula	 repair	 concurrently	 with	 vaginal	 re-
construction	using	sigmoidovaginoplasty	has	also	
been	described	by	Verbaeys	et	al.[269]	Whilst	one	
might	anticipate	a	very	high	operative	and	postop-
erative	morbidity	from	such	complex	multiple	pro-
cedures,	 the	 outcome	 in	 the	 very	 small	 numbers	
reported	appears	to	have	been	good.

b) Repair techniques
Several	 different	 techniques	 for	 the	 vaginal	 re-
pair	of	 fistulae	have	been	reported,	although	the	
methods	 of	 ‘flap-splitting’	 or	 dissection	 and	 re-
pair	 in	 layers	 (variously	 attributed	 to	 Hayward,	
Collis	&	Lawson	Tait),[197]	and	partial	colpoclei-
sis,[142]	have	been	the	most	widely	advocated	in	
radiation-associated	 fistulae.	 Where	 patients	 do	
not	 wish	 to	 maintain	 sexual	 function,	 complete	
colpocleisis	may	be	used	 to	good	effect.[270]	 In	
a	 non-randomised	 cohort	 study,	 Hilton	 reported	
anatomical	 closure	 by	 colpocleisis	 in	 94.7%	 of	
radiation-associated	 cases,	 compared	 to	 96.1%	



1559

from	 a	 range	 of	 repair	 procedures	 in	 fistulae	 of	
surgical	aetiology.[17]

The	 technique	 of	 sigmoid	 exclusion	 or	 isolation	
has	been	described	 for	 the	management	of	 radi-
ation-associated	colo-	or	entero-vesical	and	colo-	
or	entero-vaginal	 fistulas.[271,	272]	Although	 the	
results	have	generally	been	good,	with	the	avoid-
ance	of	a	permanent	urinary	or	faecal	stoma,	Lev-
enback	et	al.	 reported	poorer	results	 than	follow-
ing	resection	of	the	affected	bowel,	largely	related	
to	bleeding	from	the	isolated	segment,	and	bacte-
rial	infection.[272]

c) Interposition grafts

Several	 techniques	 have	 been	 described	 to	 re-
inforce	 fistula	 repair	 in	 different	 sites	 depending	
on	 the	 type	 of	 repair	 undertaken.	 These	 include	
the	 Martius	 bulbocavernosus	 muscle	 and	 la-
bial	 fat	 graft,	 a	 gracilis	muscle	 or	myocutaneous	
graft,	omental	pedicle	grafts,	and	peritoneal	flaps.	
Whilst	 there	 is	no	high	 level	evidence	 to	support	
the	use	of	these	techniques,	the	interposed	tissue	
has	been	presumed	 to	help	by	 creating	an	addi-
tional	layer	in	the	repair,	to	fill	in	‘dead	space’	and	
reduce	 the	risk	of	haematoma	formation	beneath	
the	repair,	to	bring	in	a	new	blood	supply	into	the	
area,	 and	 to	 reduce	 scarring.	 For	 each	 of	 these	
hypotheses,	 interposition	grafts	might	be	consid-
ered	to	have	their	greatest	benefit	in	the	repair	of	
radiation-associated	fistulae.

At	 abdominal	 repair	 of	 vesicovaginal	 or	 recto-
vaginal	 fistulae,	 the	 use	 of	 a	 pedicled	 omental	
graft	 has	 been	 widely	 advocated.[245,	 273]	 The	
omentum	 is	 dissected	 from	 the	 greater	 curve	 of	
the	stomach	and	 rotated	down	 into	 the	pelvis	on	
either	the	right	or	left	gastro-epiploic	arteries;	this	
may	be	used	at	any	transperitoneal	procedure,	but	
has	 its	 greatest	 potential	 advantage	 in	 radiation-
associated	fistulae.

The	 role	of	 interposition	 flaps	 in	 trans-abdominal	
repair	 procedures	 was	 reviewed	 by	 Evans	 et	
al.[247]	 They	 reported	 37	 patients	 with	 fistulae	
of	 largely	 surgical	 aetiology,	 of	 whom	 12	 of	 12	
treated	employing	an	omental	or	peritoneal	 inter-
position	 flap	 were	 cured,	 compared	 to	 16	 of	 25	
managed	without	 interposition	(64%);	 this	 finding	
was	consistent	for	fistulae	of	both	benign	and	ma-
lignant	 aetiology.	 Although	 their	 cases	 were	 not	
randomised,	 and	 the	 authors	 acknowledge	 that	
their	overall	cure	rate	(75%)	was	rather	lower	than	
many	series,	nevertheless,	they	concluded	that	an	
interposition	flap	should	be	recommended,	when	a	
trans-abdominal	repair	 is	undertaken,	particularly	
when	 the	 repair	 is	 performed	 by	 a	 less	 experi-
enced	surgeon.

Although	widely	employed	in	the	context	of	obstet-
ric	fistula	repair	in	the	past,	there	is	no	high	level	
evidence	to	support	the	use	of	the	Martius	graft	in	

this	context	and	there	seems	to	be	a	general	move	
away	 from	 it	 amongst	 obstetric	 fistula	 surgeons.	
One	small	non-randomised	cohort	study	reported	
benefit	 in	patients	with	multiple	or	recurrent	fistu-
lae,	based	on	a	univariate	analysis,[243]	another	
reported	no	advantage	to	the	experienced	obstet-
ric	 fistula	 surgeon.[127]	 In	 the	 series	 of	 fistulae	
of	all	aetiologies	 from	UK	reported	by	Hilton,	 the	
fistula	 closure	 rate	was	 not	 significantly	 different	
between	those	procedures	where	an	interposition	
graft	 (omental	 or	 labial)	was	 (92.0%)	 or	was	 not	
(96.1%)	used	in	the	repair	(p=0.264;	Fisher	’	s	Ex-
act	test).[17]

In	 the	 situation	 of	 vaginal	 repair	 of	 radiation-as-
sociated	 fistula	 Pushkar	 et	 al.	 strongly	 advocate	
the	use	of	the	labial	 fat	graft	 interposed	at	fistula	
repair;[57]	 Hilton	 advocates	 its	 use	 to	 fill	 ‘dead	
space’	 in	 the	 lower	vagina	at	complete	colpoclei-
sis.[17,	270]	 (figure 8 )With	 the	 former	 technique	
closure	at	first	operation	was	48%,[57]	with	the	lat-
ter	95%	closure	at	first	operation	is	described.[17]

Labial	skin	grafts	have	also	been	employed	in	the	
repair	 of	 radiation-associated	 fistulae,	 either	 as	
an	 interposition,	 or	 replacement	 for	 sloughed	 or	
indurated	 vaginal	 skin.	 Labia	 minora	 flaps,	 with	
the	outer	surface	de-epithelialized,[274]	and	labia	
majora	flaps,[275,	276]	have	both	been	described	
in	this	context.

Muscle	and	myocutaneous	grafts	have	also	been	
employed	as	 interposition	 in	 fistula	 repair.	These	
tend	 to	 be	 very	 bulky	 grafts,	 and	 are	 perhaps	
best	 used	 therefore	 in	 circumstances	of	 extreme	
tissue	 loss.	 The	 technique	 of	 rectus	 abdominis	
flap	 interposition	was	 described	 in	 one	 series	 of	
10	 patients,	 although	 none	 of	 their	 cases	 were	
radiotherapy	 related.[277]Viennas	 et	 al.	 reported	
one	case	of	a	radiation-induced	vesicovaginal	fis-
tula	repair	by	this	technique.[252]	Gracilis	muscle	
along	with	selective	use	of	a	buccal	mucosal	over-
lay	graft	has	been	used	 in	recto-urethral	 fistulae,	
with	84%	cure	in	radiation-associated	cases.[260]

d) Other management approaches

In	 patients	 with	 intractable	 urinary	 incontinence	
from	 radiation-associated	 fistula,	 percutaneous	
nephrostomy	 or	 ureterostomy	 might	 be	 consid-
ered.[63]	This	may	in	some	cases	extend	life	per-
haps	inappropriately,	and	where	life	expectancy	is	
deemed	to	be	very	short,	ureteric	occlusion	might	
be	more	appropriate.	Several	methods	have	been	
described,	 including	 the	 insertion	 of	 coils,[278]	
coils	 with	 gelatin	 sponge,[279,	 280]clips,[281]	
nylon	 plugs	 with	 injection	 of	 polidocanol,[282]
Isobutyl-2-cyanoacrylate,[283]	and	balloons.[283-
286]	These	were	reviewed	by	Avritscher	et	al.	with	
success	 rates	 ranging	 from	50%	to	100%	for	 the	
different	methods,	and	with	an	overall	success	of	
77%	in	150	cases	from	nine	papers	reviewed.[287]
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1. LITERATURE REVIEW

The	literature	relating	to	the	management	of	urinary	
istula	involving	the	gastro-intestinal	tract	is	limited	in	
quantity	and	quality.	Forty-six	papers	of	possible	rele-
vance	were	identiied,	of	which	39	contained	any	rel-
evant	material.	One	systematic	review	was	identiied,	
albeit	 of	 only	 indirect	 relevance,	 and	with	 no	men-
tion	of	istula.[117]	A	single	non-systematic	review	of	
the	management	of	 internal	 istulae	 in	Crohn’s	dis-
ease	was	identiied;[288]	this	included	only	a	single	
randomised	 trial,[289]	 although	 this	 did	 not	 include	
patients	with	urinary	istulae.	No	further	randomised	
trials	or	cohort	studies	of	relevance	were	 identiied,	
either	from	within	the	review,	or	independently.	One	
decision	 analysis	 model,[290]	 26	 case	 series	 and	
10	individual	case	reports	or	procedure	descriptions	
were	found,	including	a	total	of	852	patients.

2. NON-SURGICAL MANAGEMENT

In	the	context	of	colo-vesical	istulae	associated	with	
diverticular	disease,	a	surgical	approach	is	most	com-
monly	advocated.	One	non-randomised	cohort	of	30	
patients	 included	 six	 who	 did	 not	 undergo	 surgery,	
four	of	whom	remained	well	 for	periods	of	up	 to	14	
years;	 of	 the	24	who	underwent	 surgical	 treatment,	
ive	(21%)	died	in	the	postoperative	period.[291]

Whilst diversion is used more widely in 
radiation-associated	istulae	of	all	 types	
as	 compared	 to	 non-radiated	 istulae,	
there	 is	 low	 level	 evidence	 that	 repair	
procedures	 can	 achieve	 successful	
istula	 closure	 and	 continence	 in	
appropriately	selected	cases

Where	 urinary	 and/or	 faecal	 diversions	
are	 required,	 attempts	 should	 be	made	
to avoid using irradiated tissues 
wherever	possible,	and	 to	minimise	 the	
potential	for	anastomotic	complications

There	is	low	level	evidence	to	support	the	
use	of	interposition	grafts	when	repair	of	
radiation-associated	istula	is	undertaken

In	patients	with	intractable	urinary	inconti-
nence	 from	 radiation-associated	 istula,	
where	 life	 expectancy	 is	 very	 short,	
ureteric	 occlusion	 might	 be	 considered;	
there	 is	 insuficient	 evidence	 to	 recom-
mend	any	particular	technique
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Figure 8. Martius labial fat graft passed subcutaneously to overlie fistula repair (combined with com-
plete colpocleisis)
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Ileo-vesical	 fistula	 in	 Crohn’s	 disease	 may	 be	
managed	with	antibiotics,	 nutritional	 support,	 of-
ten	 including	 total	 parenteral	 nutrition,	 and	 vari-
ous	 combinations	 of	 immunomodulatory	 agents;	
in	a	non-systematic	review	of	the	management	of	
internal	 fistulae	 in	 Crohn’s	 disease,	 Levy	 &Tre-
maine	describe	the	drugs	that	have	been	report-
ed	to	close	internal	fistulas	partially	or	completely	
including	 azathioprine,	 6-mercaptopurine,	 myco-
phenolatemofetil,	cyclosporine	A,	tacrolimus,	and	
infliximab.[288]

One	case	series	of	500	patients	with	Crohn’s	dis-
ease	 included	17	with	entero-vesical	 fistulas;	 all	
received	 sulfasalazine,	 and	 most	 were	 treated	
with	corticosteroids	and	antibiotics	 intermittently,	
and	eight	 in	addition	received	6-mercaptopurine.	
Although	 it	 is	 not	 clear	 that	 their	 fistulae	 closed	
completely,	 six	 continued	 on	 medical	 treatment	
alone	for	several	years.[84]

Present	 et	 al.	 reported	 a	 placebo	 controlled	 ran-
domised	 trial	 of	 the	 tumour	 necrosis	 factor	 α	
(TNFα)	neutralising	agent	inliximab,	a	murine/hu-
man	chimeric	monoclonal	antibody	that	binds	both	
the	soluble	subunit	and	the	membrane-bound	pre-
cursor	 of	TNFα,	 in	 patients	with	 externally	 drain-
ing	istulae	associated	with	Crohn’s	disease.[289]	
Adverse	events	were	very	common,	but	complete	
resolution	of	all	istulae	was	achieved	in	55%,	and	
50%	reduction	in	istulous	drainage	was	achieved	
in	 68%	 of	 patients	 on	 5mg	 inliximab.	 This	 latter	
study	did	not	 include	 intestino-vesical	istulae,	al-
though	a	case	of	successful	use	of	inliximab	in	an	
ileo-vesical	istula	has	been	reported.[169]

3. SURGICAL MANAGEMENT

The	most	frequently	advocated	surgical	approach	
to	colo-vesical	fistula	in	diverticular	disease	has	
been	 sigmoid	 resection	 with	 primary	 colorectal	
anastomosis,	 and	 closure	 of	 the	 bladder.	 Dis-
section	 of	 the	 fistula	 track	 followed	 by	 closure	
of	 the	 bladder	 and	 bowel,	 with	 interposition	 of	
omentum,	but	without	resection	was	described	in	
three	patients	by	Lewis	&	Abercrombie.[292]This	
approach	should	perhaps	be	reserved	for	cases	
with	 minimal	 diverticular	 disease	 in	 otherwise	
healthy	 bowel,	 where,	 were	 it	 not	 for	 the	 pres-
ence	of	the	fistula,	 there	would	be	no	indication	
for	colonic	surgery.	

One	 series	 of	 74	 patients	 described	 a	 technique	
in	which	only	visible	or	palpable	full-thickness	de-
fects	 in	 the	 bladder	were	 repaired;	 otherwise	 the	
bladder	 was	 not	 repaired,	 but	 simply	 drained	 by	
indwelling	catheter	for	one	week	following	sigmoid	
colectomy	(in	diverticular	disease)	or	small	bowel	
resection	 (in	 Crohn’s	 disease).[91]	 At	 median	 6	
month	 follow-up	 there	was	a	single	 recurrence	of	
a	colo-cutaneous/vesico-cutaneous	istula,	but	no 

recurrence	 of	 the	 colovesical	 istulae.	 Other	 au-
thors	have	similarly	advocated	leaving	the	bladder	
unrepaired	in	patients	with	Crohn’s	ileo-vesical	is-
tulae,	to	heal	by	secondary	intention	with	catheter	
drainage	alone.[87,	293]

The	main	contention	in	the	management	of	intesti-
no-vesical	istulae	has	been	over	the	feasibility	and	
role	of	a	one-stage	management	with	 resection	of	
the	affected	bowel	segment,	primary	anastomosis,	
and	closure	of	the	bladder,	as	compared	to	a	two-	or	
three-stage	approach.	

The	authors	of	many	case	series	have	advocated	
a	 one-stage	 approach	 in	 the	 majority	 of	 cases,	
but	 have	 indicated	 that	 this	 should	 be	 limited	 to	
those	 patients	 whose	 nutritional	 state	 is	 good,	
and	where	there	is	no	evidence	of	severe	inflam-
mation,	 radiation	 injury,	 advanced	 malignancy,	
intestinal	obstruction,	major	medical	problem,	or	
advanced	age.[90,	93,	94,	96,	294,	295]	More	re-
cent	series	have	tended	to	imply	a	greater	advo-
cacy	of	the	one-stage	approach;	Garcea	et	al.	 in	
a	series	of	90	patients	with	colo-vesical	fistula	re-
ported	primary	anastomosis	in	61/65=94%	of	cas-
es	where	left	colon	resection	was	undertaken.[92]
Balaguera	et	al.	argue	against	diverting	colostomy	
or	Hartmann’s	 procedure	 as	 being	 unnecessary,	
and	 possibly	 bringing	 additional	 morbidity.[296]	
Several	 reports	 have	 described	 a	 laparoscopic	
approach	 to	 one-stage	 treatment	 of	 colo-vesical	
fistulae,	 including	a	 total	of	30	patients.[95,	171,	
297,	 298]	The	 overall	 conversion	 rate	was	 seen	
to	be	higher	for	 fistulae	 involving	the	duodenum,	
vagina	 and	 sigmoid	 colon,	 than	 those	 involving	
the	 bladder	 (10%),	 although	 a	 low	 threshold	 for	
conversion	to	open	surgery	was	advocated	in	one	
series.[95]

In	addition	to	the	above	criteria,	it	is	intuitive	that	
the	 more	 complex	 a	 fistula	 track,	 the	 more	 rel-
evant	a	phased	approach	to	treatment	becomes.	
Shackley	et	al.	described	a	series	of	10	patients	
with	highly	complex	 fistulae	 involving	between	3	
and	6	separate	organs/surfaces.[172]	They	advo-
cate	a	 three-stage	multidisciplinary	management	
package,	 involving:	 [1]	 an	 acute	 stage	 involving	
proximal	defunctioning	and	distal	drainage	of	both	
the	 gastrointestinal	 and	 urinary	 tracts	 to	 isolate	
the	fistula,	together	with	the	eradication	of	sepsis;	
[2]	a	recovery	stage	consisting	of	total	parenteral	
nutrition,	 organ	 support,	 radiological	 planning	 of	
surgical	reconstruction	and	intensive	nursing;	[3]	
joint	 urological	 and	 gastrointestinal	 reconstruc-
tive	 surgery,	 when	 the	 patient	 was	 stable,	 nutri-
tionally	 replenished,	 and	 sepsis	 was	 controlled.	
Whilst	the	mean	time	to	reconstruction	was	5	[1-
20]	months,	the	fistulae	were	treated	successfully	
in	all	patients,	with	 functional	 restoration	 in	 four,	
and/or	 diversion	 of	 the	 gastrointestinal	 and	 uro-
logical	tracts	in	six.[172]
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1. GENERAL PRINCIPLES

The	relevant	clinical	principles	are	related	to	pre-
vention,	diagnosis,	management,	and	after	care.	
[299]	Patients	at	higher	risk	of	ureteric	injury	such	
as	those	undergoing	complicated	childbirth,	radi-
cal	or	repeated	pelvic	surgery,	or	surgery	follow-
ing	 pelvic	 radiotherapy	 require	 experienced	 sur-
geons	who	can	identify	and	protect	the	ureter	and	
its	 blood	 supply	 to	 prevent	 injury	 and	 also	 rec-
ognise	injury	promptly	when	it	occurs.	Immediate	
repair	of	any	 intraoperative	 injury	should	be	per-
formed	 observing	 the	 principles	 of	 debridement,	
adequate	 blood	 supply	 and	 tension	 free	 anasto-
mosis	 with	 internal	 drainage	 using	 stents.[300]	
Delayed	presentation	of	upper	tract	injury	should	
be	suspected	in	patients	whose	recovery	after	rel-
evant	abdominal	or	pelvic	surgery	 is	slower	than	
expected,	 if	 there	 is	 any	 fluid	 leak,	 and	 if	 there	
is	any	unexpected	dilatation	of	the	pelvi-calyceal	
system.	Fluid	should	be	sent	for	creatinine	deter-
mination	to	differentiate	serous	from	urinary	leak.	
Repair	of	such	cases	should	be	undertaken	by	an	
experienced	 team	and	may	consist	 of	 conserva-
tive	management	with	 internal	 or	 external	 drain-
age,	 endoluminal	 management	 using	 nephros-

There is limited evidence to support a 
non-surgical or conservative surgical 
approach	in	colo-vesical	istulae	where	there	
are minimal symptoms or evidence of limited 
bowel	involvement	

There	 is	 only	 limited	 low	 level	 evidence	 to	
support a non-surgical approach in colo-vesical 
istula	 associated	 with	 diverticular	 disease;	
nevertheless, in the frail elderly, or in patients 
who	have	limited	symptoms	of	urinary	infection	
or urinary diarrhoea it is reasonable to consider 
a trial of conservative management

There	is	evidence	that	inliximab	is	eficacious	in	
the	treatment	of	external	istulae,	but	only	very	
limited	low	level	evidence	of	eficacy	in	urinary	
istulae	in	association	with	Crohn’s	disease

A one-stage approach to surgery for intestino-
vesical	 istulae	 is	 appropriate	 in	many	 cases,	
but	should	be	 limited	 to	 those	patients	whose	
nutritional	state	is	good,	and	where	there	is	no	
evidence of additional intra-abdominal 
pathology	 (e.g.	 severe	 inlammation,	 radiation	
injury, advanced malignancy, intestinal obstruc-
tion) or major co-morbidity

A laparoscopic approach to one-stage manage-
ment	has	been	shown	to	be	feasible,	although	
there	is	no	high	level	evidence	to	allow	compari-
son	of	outcomes	with	open	surgery
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VIII. MANAGEMENT OF URETERIC 
FISTULA

tomy	and	 stenting	where	 available,	 and	 early	 (<	
3	months)	or	delayed	(>	6	months)	surgical	repair	
when	required.[301]	Surgery	should	again	adhere	
to	the	standard	principles	of	tissue	repair	and	safe	
anastomosis.	Functional	and	anatomical	imaging	
should	be	used	to	follow	up	patients	after	repair	to	
guard	against	late	deterioration	in	function	of	the	
affected	renal	unit.	These	general	aspects	of	care	
of	patients	with	trauma	to	the	upper	tract	and	sub-
sequent	fistula	formation	are	covered	in	standard	
textbooks	 of	 urology	 and	 guideline	 documents.
[300,	301]	This	review	will	concentrate	on	devel-
opments	in	the	past	six	years.

2. EVIDENCE QUALITY

A	 total	 of	 127	 abstracts	 were	 screened	 which	
were	 categorised	 as	 being	 not	 relevant	 [26],	
cases	 reports	 without	 useful	 information	 [63]	
and	 for	 possible	 inclusion	 [38].	 After	 review	 of	
full	 text,	27	were	selected	for	the	review	and	11	
rejected	 due	 to	 duplicate	 information	 (n=7)	 and	
no	relevance	(n=4).	Four	further	possible	papers	
were	identified	from	the	reference	lists	of	includ-
ed	articles	of	which	two	were	included	in	the	re-
view.	The	selected	papers	[29]	included	one	poor	
quality	 randomised	 trial	 [302],	 one	 poor	 quality	
quasi-randomised	 trial	 [303],	 one	 high-quality	
population	 case	 control	 study[3],	 one	 registry	
study[76],	one	systematic	 review[304],	one	cost	
analysis[305],	 14	 cases	 series,	 8	 case	 reports,	
and	one	unstructured	review.

3. EVIDENCE SUMMARY

a) Management of Specific Fistula

1. URINARY LEAK  AFTER RENAL  PRESERVATION SURGERY

A	 large	 case	 series	 identified	 urinary	 fistula,	 de-
fined	 as	 urinary	 drainage	 from	a	 drain	 site	more	
than	 14	 days	 post-operatively,	 in	 4%	 [45/1118]	
of	 patients	 undergoing	 partial	 nephrectomy.[306]	
This	 was	 associated	 with	 larger	 tumours,	 higher	
blood	loss,	and	longer	 ischemia	time,	but	not	the	
mode	of	surgery	(laparoscopic	versus	open).	The	
majority	 resolved	 without	 intervention	 but	 30%	
required	 ureteric	 stent	 insertion	 or	 percutaneous	
drainage.	A	 poor	 quality	 quasi-randomised	 study	
involving	16	patients	with	persistent	leakage	after	
pelvi-calyceal	surgery	despite	stenting	found	that	
use	of	intranasal	desmopressin	40	µg	daily	result-
ed	in	a	shorter	time	to	resolution	of	leak	compared	
to	control.[303]

2. URINARY LEAK  AFTER RENAL  TRANSPLANTATION

A	case	series	 from	Brazil	observed	a	istula	 rate	of	
2.9%	 [31/1046]presenting	 at	 a	mean	 of	 28	 [1-131]	
days	following	transplantation	predominantly	due	to	
distal	ureteric	necrosis	and	with	most	cases	requiring	
open	repair.[307]	Fistula	occurred	more	commonly	in	
patients	with	diabetes	and	was	associated	with	lower	
graft	survival	and	two	deaths	from	sepsis.	A	case	se-
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ries	from	China	observed	istula	development	in	3.5%	
[43/1223]	of	patients	presenting	at	a	mean	(range)	of	
6	[3-20]	days	following	transplantation	again	primar-
ily	due	 to	necrosis	of	 the	distal	 transplanted	ureter.
[308]	 Open	 intervention	 with	 re-implantation	 of	 the	
ureter	into	the	bladder	or	native	ureter	was	required	
in	34	patients,	with	one	other	patient	requiring	trans-
plant	 nephrectomy.	The	 occurrence	 of	 a	 istula	 did	
not	appear	to	prejudice	graft	or	patient	survival.	Initial	
implantation	of	 the	 transplant	 ureter	 into	 the	native	
ureter	appeared	to	result	in	a	lower	rate	of	istula.	A	
further	case	series	 form	Serbia	 found	a	istula	 rate	
following	renal	transplantation	of	2.2%	[5/224]	and	all	
required	open	repair.[309]

3.  URO-ENTERAL  FISTULA FOLLOWING  PERCUTANEOUS RE-
NAL  SURGERY

Case	reports	of	ureterocolic	istulae	occurring	after	re-
nal	cryotherapy,	and	gunshot	trauma	all	resolved	with	
insertion	of	ureteric	stent.[310,	311]	This	is	in	line	with	
previous	accounts	of	 this	complication	following	per-
cutaneous	nephrolithotomy.[312]

4. URETERO-ARTERIAL  FISTULA

A	systematic	 literature	 review	 found	 reports	 of	 139	
cases	 of	 uretero-arterial	 istula	 published	 between	
1899	and	2008.[304]	All	patients	presented	with	hae-
maturia	 with	 25%	 also	 having	 other	 urinary	 symp-
toms	or	back	pain.	Virtually	all	cases	had	a	relevant	

past	 surgical	 history	 particularly	 pelvic	 cancer	 sur-
gery	 (54%)	 and	arterial	 surgery	with	 graft	 insertion	
(31%),	and	61%	had	a	ureteric	stent	in	situ.	The	great	
majority	affected	the	iliac	segment	and	pre-operative	
imaging	 was	 not	 always	 diagnostic.	 A	 total	 of	 18	
(13%)	patients	died	as	a	 result	of	 the	istula.	Many	
vascular	and	urologic	interventions	were	used	either	
alone	or	in	combination.	Later	cases	suggested	that	
endovascular	 repair	 of	 the	 arterial	 defect	 gave	 the	
best	 results	with	 lower	mortality.	Another,	more	 re-
cent	case	series	of	20	patients	also	showed	a	high	
mortality	of	10	–	20%	but	did	not	ind	any	difference	
in	outcome	between	open	or	endovascular	graft	 in-
sertion	techniques.[313]

5. URETEROVAGINAL  FISTULA

Ureterovaginal	 istula	 occurring	 in	 the	 early	 post-
operative	phase	predominantly	after	hysterectomy	is	
the	most	 frequent	 presentation	 to	 urologists	 of	 up-
per	urinary	 tract	istula.	A	 randomised	study	 involv-
ing	3,141	women	undergoing	open	or	 laparoscopic	
gynaecological	 surgery	 lasting	>	30	min	 found	 that	
the	incidence	of	ureteric	 injury	after	prophylactic	 in-
sertion	of	ureteric	stents	(1.2	%	[19/1583])	was	simi-
lar	to	control	(1.1%	(17/1558]).[302]	A	previous	cost	
analysis	from	the	United	States	perspective	suggest-
ed	stenting	was	only	worthwhile	 if	 the	 risk	of	 injury	
was	>	3.2%.[305]	If	 injury	does	occur,	many	cases,	
even	those	with	bilateral	injury,	can	be	managed	by	
endoscopic	techniques.	[314](Figure 9)

Figure 9. Conservative management of bilateral lower ureteric injury. Retrograde ureterogram showing suc-
cessful cannulation of left ureter by guide wire and successful placement of right ureteric stent.
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Table 9: Data from studies including rates of closure of uretero-vaginal istulae with ureteric stenting.

The	use	of	ureteric	stenting	in	patients	with	uretero-
vaginal	istulae	was	reported	 in	11	studies,	 includ-
ing	 126	 patients	 in	 total;[315-325]	 this	 resulted	 in	
closure	in	63	cases	altogether.	Success	rates	were	
between	6%	and	100%,	although	the	overall	closure	
rate	 across	 all	 series	 is	 calculated	 at	 50%	±	 18%	
(see	Table 9 ).

Where	 retrograde	 stenting	 proves	 impossible,	
percutaneous	nephrostomy	and	antegrade	stent-
ing	might	be	considered	if	there	is	some	degree	
of	 pelvicalyceal	 dilatation.	 Ureteroscopy	 may	
also	 be	 helpful,[320,	 324]	 and	 a	 technique	 for	
combined	 antegrade	 and	 retrograde	 uretero-
scopic	 cannulation	 has	 been	 reported.[317]	 In	
one	 report	 all	 cases	 of	 uretero-vaginal	 fistula	
were	 managed	 by	 temporary	 diversion	 using	 a	
percutaneous	nephrostomy	 followed	by	delayed	
repair	 4-6	 weeks	 later,[156]	 and	 a	 similar	 ap-
proach	 was	 taken	 in	 the	 management	 of	 one	
uretero-uterine	fistula.[326]

If	endoluminal	techniques	fail	or	result	in	second-
ary	 stricture,	 the	 abdominal	 approach	 to	 repair	
is	 standard	 and	 may	 require	 end-to-end	 anas-
tomosis,	 re-implantation	 into	 the	 bladder	 using	
psoas	 hitch	 or	 Boari	 flap,	 or	 replacement	 with	
bowel	 segments	 with	 or	 without	 reconfiguration.	
Recent	 case	 series	 suggest	 that	 this	 standard	
surgery	can	be	performed	safely	and	with	reason-
able	operative	times	using	laparoscopic	or	robotic	
techniques	 if	 the	 relevant	skills	and	 facilities	are	
available.[327-329]	A	recent	case	report	has	sug-

gested	that	open	repair	through	the	vagina	is	pos-
sible	if	abdominal	access	is	problematic.[330]

6.  URETERIC FISTULA ASSOCIATED  THE TERMINAL  PHASE 
OF PELVIC MALIGNANCY

Urinary	leakage	is	very	distressing	for	people	dy-
ing	of	 advanced	pelvic	malignancy	but	 palliation	
by	open	diversion	may	be	associated	with	a	high	
rate	 of	 complications.	 Recent	 case	 series	 have	
described	the	technique	of	occlusion	of	the	distal	
ureter	with	coils	or	other	devices	using	an	ante-
grade	 approach	 combined	 with	 chronic	 urinary	
diversion	using	nephrostomy	 tubes.[331-333]Na-
tarajan	et	al	 reported	successful	management	of	
five	patients	with	 two	 requiring	 repeat	emboliza-
tion	 but	 all	 achieving	 good	 palliation	 until	 death	
without	adverse	effects.[331]Shindel	et	al	report-
ed	on	29	patients	with	bothersome	urinary	fistula	
despite	chronic	nephrostomy	drainage,	and	poor	
performance	status.[332]	In	all	cases	palliation	of	
the	 urinary	 leakage	 was	 achieved.	 The	 majority	
of	 patients	 [23/29]	 died	 of	 their	 underlying	 can-
cer	 at	 a	mean	 of	 8	months	 after	 the	 procedure.	
Three	patients	with	benign	disease	subsequently	
underwent	 definitive	 surgical	 diversion	 with	 the	
remaining	2	 lost	 to	 follow	up.	Coil	migration	was	
seen	in	one	patient	without	serious	consequence	
and	there	were	no	other	complications	specific	to	
the embolization.	Kim	et	al	used	the	technique	to	
temporally	 palliate	 five	 women	with	 ureterovagi-
nal	fistula	prior	to	delayed	definitive	repair.[333]
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The	 algorithm	 for	 uretero-vaginal	 fistula	 can	 be	
found	in	Figure 10

1. INTRODUCTION

Urethrovaginal	istulas	are	a	rather	rare	complication	
of	 some	 surgical	 and	 medical	 conditions	 or	 treat-
ments.	Most	of	the	literature	consists	of	small	retro-
spective	 series	 or	 case	 reports.	 There	 are	 no	 ran-
domized	prospective	trials.	

2. AETIOLOGY

Excluding	 obstetric	 aetiologies,In	 the	 developing	
world,	urethrovaginal	istula	may	occur	as	a	result	of	
obstructed	 labor	with	or	without	associated	VVF.	 	 In	

Evidence table

4. RECOMMENDATIONS

Prophylactic ureteric stent insertion does not 
reduce risk of ureteric injury during gynaecologi-
cal surgery

The use of desmopressin may hasten resolu-
tion of urinary leak after pelvi-calyceal surgery

Uretero-arterial	istula	is	associated	with	a	high	
mortality rate  
Antegrade endoluminal distal ureteric occlusion 
combined	 with	 nephrostomy	 tube	 diversion	
often palliates urinary leakage due to malignant 
istula	in	the	terminal	phase

Surgeons undertaking complex pelvic surgery 
should be competent at identifying, preserving 
and repairing the ureter 

Ureteric stents are not required as prophylaxis 
against injury during routine gynaecological 
surgery, while their role in more extensive 
surgery remains to be established

Ureteric	 injury	 or	 istula	may	 be	 suspected	 in	
patients	following	pelvic	surgery	if	a	luid	leak	or	
pelvi-calyceal dilatation occurs postoperatively

Uretero-arterial	 istula	 may	 be	 suspected	 in	
patients presenting with haematuria with a 
history of relevant pelvic surgery and indwelling 
ureteric stent

Elevated	 levels	 of	 creatinine	 in	 drainage	 luid	
following pelvic surgery are suggestive of a 
urinary tract injury
Most	 upper	 urinary	 tract	 istula	 should	 be	
initially managed by conservative or endolumi-
nal techniques where such expertise and 
facilities exist 

Persistent	 ureterovaginal	 istula	 should	 be	
repaired by an abdominal approach using 
open, laparoscopic or robotic techniques 
according to availability and competence
For	 patients	 with	 ureteric	 istula	 associated	
with advanced pelvic cancer and poor perfor-
mance status, palliation by nephrostomy 
tudediversion and endoluminal distal ureteric 
occlusion is an option

IX. MANAGEMENT OF
URETHRO-VAGINAL FISTULA

industrialized	countries	urethrovaginal	istula	in	adults	
mostly	have	an	iatrogenic	aetiology.	(See	Table 10)

In	feminizing	genital	reconstructions	in	children	with	
ambiguous	genitalia	and	surgical	 repairs	of	 cloacal	
malformations,	 urethrovaginal	 istula	 can	 occur	 as	
early	or	late	complications.	[334][335,	336][337,	338]	
Also	in	transsexual	adults	undergoing	female	to	male	
reconstruction,	urethrovaginal	istulae	have	been	re-
ported.	[339]

In	 the	 surgical	 treatment	 of	 stress	 incontinence	 in	
women	with	 bulking	 agents	 [340,	 341]	 or	 synthetic	
slings	 several	 cases	 of	 urethrovaginal	 istula	 have	
been	reported.[342-345]	[119]	(see	Figure 11 )	Even	
conservative	 treatment	 of	 prolapse	 with	 pessaries	
can	 lead	 to	 the	 formation	of	istula,	 if	 these	pessa-
ries	are	neglected	for	an	extended	period	of	time,	al-
though	istula	formation	after	only	2	weeks	of	pessa-
ry	use	has	been	described.[18,	346](see	Figure 12 ).

Trauma	 –	 including	 inappropriate	 catheterisation-	
and	 foreign	 bodies	 are	 obvious	 causes	 of	 istula.	
[347-353]

Urethral	diverticula	and	their	surgical	repair	may	also	
lead	to	urethrovaginal	istula.[354-356]

Urethrovaginal	 istula	 have	 also	 been	 described	 in	
some	Behçet	patients	with	vasculitis	and	local	necro-
sis	of	the	urethrovaginal	septum.	[357,	358]

Irradiation	complications	can	also	result	in	the	forma-
tion	of	urethrovaginal	istula.[359]

3. DIAGNOSIS

Clinical	 vaginal	 examination	 is	 often	 suficient	 to	
diagnose	 the	presence	of	an	urethrovaginal	 istula.	
Urethroscopy	and	 cystoscopy	 can	be	performed	 to	
assess	the	extent	and	location	of	the	istula.	In	cas-
es	of	dificult	diagnosis,	voiding	cystourethrography	
(VCUG)	 or	 ultrasound	 can	 be	 useful.	 [360]	Double	
balloon	urethrography	 is	 the	classic	examination	 to	
show	urethral	diverticulum	and	urethrovaginal	istula,	
but	 3D	MRI	 or	CT	 scan	 is	 becoming	 utilized	more	
widely..	[361-363]

4. SURGICAL REPAIR

Several	techniques	for	urethrovaginal	istula	closure	
have	been	described.	A	vaginal	approach	 is	mostly	
used.	Surgical	 correction	 intends	 to	 create	a	 conti-
nent	 urethra	 that	 permits	 volitional,	 painless,	 and	
unobstructed	 passage	 of	 urine.	 Depending	 on	 the	
size,	localisation	and	aetiology	of	the	istula	and	the	
amount	 of	 tissue	 loss	 urethral	 reconstruction	 tech-
niques	may	be	necessary	to	restore	the	urethra	and	
to	achieve	post-operative	continence.	[347]

a) Vaginal approach

Goodwin	described	 in	 his	 series	 that	 a	 vaginal	 ap-
proach	yielded	a	success	rate	of	70%	at	irst	attempt	
and	92%	at	second	attempt,	but	 that	an	abdominal	
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Figure 10. Algorithm for uretero-vaginal istula

Traumatic Iatrogenic Medical  

Direct trauma Bulking agents Beçhet’s disease 

Foreign body Sling surgery  

 Urethral diverticula repair  

 Catheterisation   

 Irradiation   

Table 10: Etiology of urethrovaginal istula

Figure 11. Urethro-vaginal istula following mid-
urethral tape procedure for SUI.

Figure 12. Fistula in anterior vaginal fornix follow-
ing use of shelf pessary for utero-vaginal prolapse.
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approach	only	leads	to	a	successful	closure	in	58%	
of	cases.	A	vaginal	approach	required	less	operating	
time,	had	less	blood	loss	and	a	shorter	hospitalisa-
tion	time.[364]

Most	 authors	 describe	 surgical	 principles	 that	 are	
identical	to	those	of	vesicovaginal	istula	repair:	iden-
tifying	 the	 istula,	 creation	 of	 a	 dissection	 plane	 be-
tween	 vaginal	 wall	 and	 urethra,	 watertight	 closure	
of	urethral	wall,	 eventual	 interposition	of	 tissue,	and	
closure	of	the	vaginal	wall.	 	Primary	closure	rates	of	
53%-95.4%	 have	 been	 described	 (see	 Table 11).
Pushkar	et	al.	described	a	series	of	71	women,	treated	
for	urethrovaginal	istula.	90.1%	of	istula	were	closed	
at	the	irst	vaginal	intervention.	Additionally	7.4%	were	
closed	during	a	second	vaginal	 intervention.	Despite	
successful	 closure,	 stress	 incontinence	 developed	
in	52%.	The	stress	incontinent	patients	were	treated	
with	 synthetic	 or	 autologous	 slings	 and	 nearly	 60%	
became	dry	and	an	additional	32%	improved.	Urethral	
obstruction	 occurred	 in	 5.6%	 and	was	managed	 by	
urethral	dilation	ororurethrotomy.[365]

Advancement	 laps	 of	 vaginal	 wall	 can	 be	 used	 to	
cover	 the	urethral	suture	 line.	 In	some	cases	more	
advanced	methods	are	used	to	close	or	to	protect	the	
urethral	closure.	

In	 cases	 of	 dificult	 dissection	 and	 visualisation,	
urethral	 sectioning	 has	 been	 advocated.	 [366]	
This	 technique	 is	also	being	used	 in	 the	repair	of	
complex	urethral	diverticula.[367]	Fistulae	that	are	
located	 in	 the	distal	 third	of	 the	urethra	may	also	
be	marsupialized	without	compromising	the	conti-
nence	mechanism.[368]		Distal	urethrovaginal	is-
tula	may	be	entirely	without	symptoms,	and	in	such	
cases,	repair	is	not	mandated.	

Blaivas	advocates	that	vaginal	laps	are	usually	the	
best	 option	 in	 dealing	 with	 urethral	 reconstruction,	
next	to	the	possibility	of	offering	anterior	or	posterior	
bladder	laps.	Options	for	vaginal	repair	of	istula	in-
clude	primary	closure,	peninsula	laps,	bilateral	labial	
pedicle	laps,	and	 labial	 island	laps.	Outcomes	are	
optimised	by	using	exacting	surgical	principles	dur-
ing	repair	and	careful	postoperative	management	by	
an	experienced	reconstructive	surgeon.	[347]

1. LABIAL  AND VAGINAL  FLAPS AND NEOURETHRA

The	simplest	lap	is	a	vaginal	advancement	lap.	[369]

Labial	tissue	can	be	harvested	as	a	pedicled	skin	
flap.	This	 labial	 skin	 can	 be	 used	as	 a	 patch	 to	
cover	 the	 urethral	 defect,	 but	 can	 also	 be	 used	
to	 create	 a	 tubular	 neo-urethra.	 [370,	 371]	 The	
construction	 of	 a	 neo-urethra	 has	 mostly	 been	
described	 in	 traumatic	aetiologies.	 In	some	cas-
es	 a	 transpubic	 approach	 has	 been	 used.	 [372]	
The	numbers	of	patients	 reported	are	small	and	
there	 are	 no	 data	 on	 the	 long-term	 outcome	 of	
fistula	closure	and	continence	rates.	The	underly-
ing	bulbocavernosus	 tissue	can	be	 incorporated	
in	 the	pedicled	 flap	and	probably	offers	a	better	
vascularisation	 and	 more	 bulking	 to	 the	 repair.	
This	 could	 allow	 a	 safer	 placement	 of	 a	 sling	
afterwards,	 in	 those	 cases	 where	 bothersome	
stress	incontinence	would	occur	postoperatively.	
[373,	374]

2. MARTIUS FLAP

While	 in	 obstetrical	 istula	 repair,	 it	was	not	 found	
to	 have	 any	 beneit	 in	 a	 large	 retrospective	 study	
in	440	women,	the	labial	bulbocavernosus	muscle	/	
fat	lap	by	Martius	is	still	considered	by	some	to	be	
an	 important	 adjunctive	measure	 in	 the	 treatment	
of	genitourinary	istula	where	additional	bulking	with	
well	vascularised	tissue	is	needed.	[375]	Rangnekar	
et	al.	report	on	12	patients	with	urethrovaginal	istu-
la,	of	whom	8	were	treated	with	a	Martius	lap	and	4	
with	a	conventional	repair.	Only	one	out	of	the	8	had	
a	istula	recurrence,	while	3out	of	4	of	the	conven-
tional	repairs	broke	down;	it	should	be	noted	howev-
er	that	 these	cases	were	not	randomised	between	
surgical	 techniques.[376]	Punekar	et	al.	described	
15	patients	with	complex	and	recurrent	istula,	us-
ing	 the	 skin	 island	 lap	modiication	with	 excellent	
results.[377]Radopoulus	published	a	small	series	of	
5	recurrent	and	complex	urethrovaginal	istulas	that	
all	 healed	 using	 a	Martius	 lap.[378]The	 series	 of	
non-obstetrical	aetiology	are	small	and	all	of	 them	
are	 retrospective.	 There	 are	 no	 prospective	 data,	
nor	 randomized	studies.[379,	380]	The	 indications	
for	Martius	 lap	 in	 the	 repair	 of	 all	 types	 of	 istula	
remain	unclear.	

Author  N patients Su ccess at irst surgery Su ccess at second surgery  

Blaivas[347] 24  79%   

Goodwin[364] 24  70% 92%  

Lee [12] 50  92% 100%  

Keetel[401] 24  87.5%   

Pushkar[365] 71  90.1% 98.6% 52% incontinent 

Benchekroun[402] 186  53%  Mostly obstetrical 

Henriksson[403] 6  67% 100%  

Kumar[79] 43  95.4% 100%  

 

Table 11: Closure rates of urethrovaginal istula
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3. RECTUS MUSCLE FLAP

Rectus	abdominis	muscle	laps	have	been	described	
by	 some	 authors.	 [381,	 382]Transvaginal	 urethro-
vaginalistula	 closure	was	 performed	 followed	 by	 a	
pedicled	 rectus	 abdominis	 muscle	 lap	 interposed	
between	 the	istula	closure	and	vaginal	suture	 line.	
The	muscle	lap	was	based	on	the	inferior	epigastric	
vessels,	and	provided	additional	support	to	the	ure-
thra,	 bladder	 neck	 and	 bladder	 base.	 Urethrovagi-
nalistula	 repair	 with	 the	 rectus	 abdominis	 muscle	
lap	was	successful	in	all	cases	without	recurrence..	
Of	 the	patients	5	(83%)	were	continent	and	able	 to	
void	to	completion	at	a	mean	follow-up	of	23	months	
(range	2	to	66).

4. OTHER INTERPOSITION MATERIAL

A	 range	 of	 non-traditional	 interposition	 laps	 and	
grafts	have	been	reported	by	several	authors.	All	of	
the	publications	only	report	on	small	patient	numbers	
without	long	term	outcomes	or	continence	data.	

Golomb	 et	 al.	 reported	 the	 use	 of	 a	 fascial	 patch,	
while	adding	a	rectus	fascia	sling	to	a	urethrovaginal	
istula	 repair.[383]	Omentum	 is	 extensively	 used	 in	
abdominal	approaches	to	VVF,	but	Janez	et	al.	used	
it	during	a	vaginal	approach	in	3	patients	with	good	
results.[384]

The	 gracilis	muscle	 can	 be	 used	 as	well,	 although	
the	experience	is	limited.	The	graciloplasty	was	de-
scribed	by	Ingelman-Sundberg	in	1947	and	has	been	
adapted	by	other	surgeons	in	the	treatment	of	istula.	
The	number	of	patients	reported	is	low	as	is	the	qual-
ity	of	the	evidence.	[385-387]

Non-autologous	material	 has	 been	 used	 as	 well.	
Lowman	 et	 al.	 described	 the	 use	 of	 porcine	 der-
mis	interposition	and	a	synthetic	sling	in	an	irradi-
ated	patient.	Other	biodegradable	materials	have	
been	used,	although	the	quality	of	available	data	is	
lowand	 is	 insuficient	 to	advocate	 their	use.	 [388]
[389]	 	 Non-vascularized	 tissue	 grafts	 should	 be	
used	with	 caution	 in	 such	cases	as	 the	aetiology	
of	 the	 initial	 tissue	 damage	 resulting	 in	 istula	 is	
often	ischemic.	

b) Posterior approach

In	cases	of	high	istula	with	dificult	vaginal	access,	
a	perineal	pararectal	approach	has	been	described.	
Some	variations	exist	in	the	incisions	and	dissection	
planes.	 The	 anterior	 sagittal	 transrectal	 approach	
(ASTRA	 technique)	and	 the	posterior	 sagittal	 para-
rectal	approach	only	have	been	reported	in	small	ob-
servational	series.	[390,	391][392-394]

c) Abdominal approach

Female	urethral	injuries	may	cause	serious	morbidity	
with	loss	of	the	entire	urethra	in	some	cases.	Ahmed	
et	al.	reported	the	results	of	construction	of	a	neoure-
thra	by	the	lipped	anterior	bladder-tube	technique	in	
ive	 girls	 aged	 3-18	 years	 (mean	 8	 years).	All	 had	
pelvic	 fractures.	Three	patients	came	with	a	supra-

pubic	 cystostomy,	 one	 was	 totally	 incontinent,	 and	
another	had	an	urethrovaginal	istula.	Three	had	an	
associated	vaginal	injury.	All	ive	patients	underwent	
construction	of	a	neourethra	using	a	lipped	anterior	
bladder-wall	tube	(FABWT)	and	have	been	followed	
for	 18-80	 months	 (mean	 44	 months).	 All	 patients	
were	continent	in	the	daytime	and	three	were	voiding	
spontaneously	without	 the	need	 for	catheterization.		
Two	were	managed	by	clean	intermittent	catheteriza-
tion	 (CIC),	one	per	urethram	and	other	via	a	conti-
nent	abdominal	stoma	(Mitrofanoff).	[395]

A	 retropubicretrourethral	 technique	 has	 been	 de-
scribed	 by	 Koriatim[396]	 This	 approach	 allows	 a	
urethrovesical	 lap	 tube	 to	be	 fashioned	 to	 form	a	
continent	neourethra.	Urodynamic	studies	showed	
that	 the	 proximal	 vesical	 and	 distal	 urethral	 com-
ponents	of	the	neourethra	contribute	to	sphincteric	
function.	For	larger	istula	an	enwrapping	technique	
has	been	described	as	well.[397]

5. COMPLICATIONS

Little	 information	can	be	found	on	complications	af-
ter	urethrovaginal	 istula	 repair.	A	short	 report	on	4	
cases	by	Tehan	et	al.	describes	a	disappointing	ex-
perience	in	the	transvaginal	repair	of	these	istulas.	
These	 authors	 advocate	 a	 suprapubic	 bladder	 lap	
or	 bladder	 tube	 technique	 to	 achieve	 a	 functioning	
urethra.	Complications	following	surgical	repair	have	
been	istula	 recurrence,	urethral	shortening	and	 re-
traction,	persistent	 relux,	bladder	calculi,	and	blad-
der	cancer	[398].

6. FOLLOW UP

In	most	 series	of	 urogenital	 istula	 repair,	 follow-up	
is	 of	 very	 short	 duration.	 Dolan	 et	 al.	 investigated	
urinary	and	sexual	symptoms	and	quality	of	life	in	a	
group	of	31	women	50	months	 (median)	after	 suc-
cessful	 repair	 of	 urogenital	 istula	 using	 the	 Bristol	
Female	Lower	Urinary	Tract	Symptom	questionnaire.
[399]	All	women	had	undergone	urodynamic	investi-
gation	prior	to	their	repair	surgery,	and	only36%	had	
normal	 indings.	Almost	 all	women	 reported	one	or	
more	symptoms,	and	for	65%,	these	caused	at	least	
‘a	bit	of	a	problem’,	although	87%	said	that	their	uri-
nary	symptoms	had	little	or	no	impact	on	their	quality	
of	life.	Symptoms	were	similar	in	urethrovaginal	and	
vesicovaginal	istulae	and	were	not	signiicantly	as-
sociated	with	prior	functional	abnormality.

7. RECOMMENDATIONS

Urethrovaginal	istula	are	preferably	treated	by	
a	vaginal	approach

A	 variety	 of	 autologous	 tissue	 interposition	
techniques	 have	 been	 described,	 but	 their	
value	remains	uncertain

Urethrovaginal	 istula	 repair	 may	 be	 compli-
cated	by	stress	incontinence,	urethral	stricture	
and	urethral	shortening	necessitating	long-term	
follow-up

C

C

C
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1. EVIDENCE ACQUISITION

The unrestricted, fully exploded Medical Subject 
Heading (MeSH) “interstitial cystitis” (including all 
related terms as “painful bladder syndrome”, blad-
der pain syndrome”, or different terms such as 
“chronic interstitial cystitis”, etc.) were used to thor-
oughly search the PubMed database (http://www.
ncbi.nim.nih.gov/pubmed) of the United States Na-
tional Library of Medicine of the National Institutes 
of Health from the years 2009-2011. Three hundred 
forty-nine publications in English or with English ab-
stracts were reviewed.

Abstracts if available and titles of the 349 hits were 
reviewed, focusing on (but not limited to) clinical 
trials, randomized controlled trials, meta-analyses, 
scientiic	guidelines,	and	core	clinical	journals.	The	
literature update ths achieved was added to the pre-
existing database, covering the time period before 
and during 2008 (generated for the 2008 Interna-
tional Consultation on Incontinence[1]) that was es-
tablished according to the same protocol.

Rating of the level of evidence and grade of recom-
mendation was performed according to the Oxford 
Scale. The committee believes that the Oxford sys-
tem for categorizing levels of evidence is primarily 
relevant only for the sections on treatment which 
follow. While the committee’s opinions will be ex-
pressed, where applicable, regarding evidence and 
conclusions for other areas, including diagnosis, ae-
tiology, and pathophysiology, use of the Oxford sys-
tem in this context is more open to interpretation.

2. DEFINITION

Bladder Pain Syndrome (BPS) is a clinical diagnosis 
that relies on symptoms of pain in the bladder and 
or pelvis and other urinary symptoms like urgency 
and frequency. Based on the evolving consensus 
that BPS probably is strongly related to other pain 
syndromes like Irritable Bowel Syndrome, Fibromy-
algia and Chronic Fatigue Syndrome, the European 
Society for the Study of Bladder Pain Syndrome 

I.  INTRODUCTION
(ESSIC)	published	a	comprehensive	paper	on	dei-
nition and diagnosis of BPS.[2] 

BPS	 was	 deined	 as	 chronic	 (>6	 months)	 pelvic	
pain, pressure, or discomfort perceived to be re-
lated to the urinary bladder accompanied by at least 
one other urinary symptom such as persistent urge 
to void or frequency. Confusable diseases as the 
cause of the symptoms must be excluded. Further 
documentation	 and	 classiication	 of	 BPS	 might	
be	 performed	 according	 to	 indings	 at	 cystoscopy	
with	hydrodistension	and	morphological	indings	in	
bladder biopsies. (see Table 2  in section I.1 ) The 
presence of other organ symptoms as well as cogni-
tive, behavioural, emotional, and sexual symptoms 
should be addressed.

This	deinition	has	been	broadly	accepted	although	
actual wording differs somewhat[3]. Because omit-
ting the name “Interstitial Cystitis” might cause 
serious problems in different health systems by 
affecting reimbursement and disability determi-
nations, the name Bladder Pain Syndrome/ Inter-
stitial Cystitis (BPS/IC) could be used in parallel 
with BPS for the time being. In this chapter, as in 
the 2008 Consultation, the term Bladder Pain 
Syndrome largely replaces the older Interstitial 
Cystitis term, but the two are essentially inter -
changeable as there is no accepted deinition 
that clearly delineates the interstitial cystitis 
syndrome from bladder pain syndrome. The 
Consultation believes the latter term more ap -
propriately describes the disorder.

Historically,	 deinitions	 of	 IC	 have	 moved	 from	 a	
severe	inlammatory	bladder	disease	to	a	condition	
described primarily by symptoms (Table 1 ) [3].

The International Continence Society [13] (ICS) 
used the term Painful Bladder Syndrome (PBS) de-
ined	as	“	the	complaint	of	suprapubic	pain	related	
to	bladder	illing,	accompanied	by	other	symptoms	
such as increased daytime and night-time frequen-
cy, in the absence of proven urinary infection or 
other obvious pathology”. ICS reserved the diagno-
sis Interstitial Cystitis (IC) to patients with “typical 
cystoscopic and histological features”, without fur-
ther specifying these. It has however been shown, 
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that only a fraction of patients believed by experts to 
have	BPS	fulil	this	deinition	[14].

In the remainder of this chapter the condition will be 
referred to as bladder pain syndrome (BPS). Some 
of the older literature may be discussed using the 
original terminology in the interests of clarity. Logi-
cally “interstitial cystitis” should include some form 
of	 demonstrable	 inlammation	 in	 the	 bladder	 wall,	
while “bladder pain syndrome” should include pain 
in the region of the bladder. The diagnosis of BPS is 
based on exclusion of other diseases in the bladder, 
urethra, and other pelvic organs including the mus-
culoskeletal system. As with other diseases without 
clear objective diagnostic criteria or pathophysi-
ological explanation, countless theories have been 
put forward without adding much to the delineation 
or understanding of the disease. 

In practice, patients with symptoms of BPS are 
screened to exclude other relevant diagnoses or 
confusable diseases[2], and a focused evaluation is 
performed at the discretion of the physician or cen-
tre. This evaluation might include cystoscopy under 
local or general anaesthesia, bladder distension 
with registration of bladder capacity and/or the pres-
ence of glomerulations and Hunner’s lesion. Blad-
der wall biopsies might be obtained and evaluated 
for	inlammation,	ulcer,	ibrosis,	mast	cells	etc.	The	
evaluation might also include urodynamics with reg-
istration of bladder capacity, compliance and blad-
der stability[15]. One view of the relationship of BPS 
with OAB is graphically depicted in Figure 1 [16].	
The 14% incidence of urodynamic detrusor overac-
tivity in the BPS [17] patients is probably close to 
what one might expect in the general population if 
studied urodynamically [18]. 

In the end, these investigations might prove to be 
normal	 and	 the	 patients	 are	 identiied	 as	 having	
BPS as a diagnosis of exclusion. The relevance of 
urodynamic,	cystoscopic	and	histological	indings	is	
limited by a lack of consistency in technique, and it 
is therefore recommended to use the standardisa-
tions described by ESSIC [2]. 

1. HISTORICAL NOTES

Recent	 historical	 reviews	 conirm	 that	 interstitial	
cystitis was recognized as a pathologic entity dur-
ing the 19th century.[19,20] In his textbook Practi-
cal Observations on Strangulated Hernia and Some 
Diseases of the Urinary Organs, Joseph Parrish, a 
Philadelphia surgeon, described 3 problematic cas-
es of recurrent, severe lower urinary tract symptoms 
in which he made repeated attempts to locate a 
bladder stone, which was the most common source 
for these symptoms in early 19th century America.
[21] As Teichman et al have convincingly argued, 

Table 1: Historical deinitions of interstitial cystitis.

1887 Skene [4] :	 An	 inlammation	 that	 has	 de-
stroyed the mucous membrane partly or wholly and 
extended to the muscular parietes. 

1915 Hunner [5] : A peculiar form of bladder ulcer-
ation whose diagnosis depends ultimately on its re-
sistance to all ordinary forms of treatment in patients 
with frequency and bladder symptoms (spasms). 

1951 Bourque [6]  : Patients who suffer chronically 
from their bladder; and we mean the ones who are 
distressed, not only periodically but constantly, hav-
ing to urinate at all moments of the dav and of the 
night suffering pains every time they void. 

1978 Messing and Stamey [7] :	 Nonspeciic	 and	
highly subjective symptoms of around-the-clock 
frequency, urgency, and pain somewhat relieved by 
voiding when associated with glomerulations upon 
bladder distention under anesthesia. 

1990 Revised NIDDK Criteria : Pain associ-
ated with the bladder or urinary urgency, and, 
glomerulations or Hunner’s ulcer on cystoscopy 
under anesthesia in patients with 9 months or 
more of symptoms, at least 8 voids per day, 1 
void per night, and cystometric bladder capacity 
less than 350cc [8]. 

1997 NIDDK Interstitial Cystitis Database 
Entry Criteria [9] : Unexplained urgency or fre-
quency (7 or more voids per day), OR pelvic 
pain	 of	 at	 least	 6	 months	 duration	 in	 the	 ab-
sence of other definable etiologies.

2008 European Society for the Study of Blad -
der Pain Syndrome (ESSIC)[10] :	 Chronic	 (>6	
months) pelvic pain, pressure, or discomfort per-
ceived to be related to the urinary bladder ac-
companied by at least one other urinary symp-
tom such as persistent urge to void or frequency.  
Confusable diseases as the cause of the symp-
toms must be excluded.

2009 East Asian Guideline [11] : A disease of the 
urinary bladder diagnosed by 3 conditions: lower 
urinary tract symptoms, bladder pathology, and 
exclusion of confusable diseases.  The character-
istic symptom complex (hypersensitive bladder syn-
drome) includes bladder hypersensitivity, usually 
associated with urinary frequency, with or without 
bladder pain. 

2011 American Urological Association [12] : An 
unpleasant sensation (pain, pressure, discomfort) 
perceived to be related to the urinary bladder, as-
sociated with lower urinary tract symptoms of more 
than	6	weeks	duration,	in	the	absence	of	infection	or	
other	identiiable	causes.	

II. HISTORY/NOMENCLATURE/
TAXONOMY
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these patients displayed all of the clinical hallmarks 
of IC including chronic frequency, urgency, dysuria 
and pelvic pain in the absence of demonstrable pa-
thology.[22] Although he used the term repeatedly in 
his manuscript, Parrish did not elaborate upon the 
clinical	 deinition	 of	 “tic	 doloureux,”	 likely	 because	
contemporaneous physicians would have been fa-
miliar with the concept. However, Parrish attributed 
the term Tic doloreux to his mentor, Dr. Phillip Syng 
Physick, who had applied it to patients with severe 
lower urinary tract symptoms with no discernible 
etiology, with the most common etiology during the 
19th century being bladder stones. 

A review of archival material from the Philadelphia 
College of Physicians indicates that by 1808 Phys-
ick	had	developed	a	concept	of	bladder	 inlamma-
tion, a “bladder ulcer,” that produced lower urinary 
tract symptoms in the absence of bladder stone.[19] 
Tic doloureux at its time represented a neurological 
irritation, most often associated with the trigeminal 
nerve but applicable to other sensory distributions 
as well, which produced pain and discomfort in the 
absence	of	injury	or	other	speciic	physical	indings.	
In applying the concept of tic doloureux to bladder 
sensation Parrish was ascribing the paroxysmal 
lower urinary tract symptoms occurring in patients 

to an idiopathic process affecting the nerves of the 
bladder. This sophisticated concept continues to be 
a prominent component of modern theories of BPS 
pathogenesis. Furthermore, Tic doloureux allowed 
him to formulate a diagnosis for those patients who 
chronically manifested the symptoms caused by a 
stone (severe frequency, urgency, dysuria and pel-
vic pain) but had no stone that could be detected. 
That is, he considered a neuropathic etiology in the 
absence of any other tangible causes of bladder 
pain. Clearly, this experience strongly resonates 
with the contemporary diagnosis of BPS. 

50	years	after	Parrish’s	irst	publication	on	the	con-
dition, Skene used the term interstitial cystitis to 
describe	 an	 inlammation	 that	 has	 “destroyed	 the	
mucous membrane partly or wholly and extended to 
the muscular parietes”.[4] Early in the 20th century, 
at a New England Section meeting of the American 
Urological Association, Guy Hunner reported on 8 
women with a history of suprapubic pain, frequen-
cy, nocturia, and urgency lasting an average of 17 
years.[5,23] He drew attention to the disease, and 
the red, bleeding areas he described on the blad-
der wall came to have the pseudonym “Hunner’s 
ulcer”. As Walsh observed, this has proven to be 
unfortunate.[24] In the early part of the 20th century, 

Figure 1: Overactive Bladder (OAB) and its relationship to Bladder Pain Syndrome (BPS). Abrams, P., Han-
no, P., and Wein, A.: Neurourol Urodyn, 24: 149, 2005.

14% incidence
of  urodynamic

detrusor
overactivity in

IC patients
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the very best cystoscopes available gave a poorly 
deined	and	ill-lit	view	of	the	fundus	of	the	bladder.	
It is not surprising that when Hunner saw red and 
bleeding areas high on the bladder wall, he thought 
they	were	ulcers.	For	the	next	60	years,	urologists	
would look for ulcers and fail to make the diagnosis 
in their absence. The disease was thought to be a 
focal, rather than a pancystitis.

Hand	 authored	 the	 irst	 comprehensive	 review	
about the disease, reporting 223 cases.[25] Many 
of	 his	 epidemiologic	 indings	 have	 held	 up	 to	 this	
day.	 His	 description	 of	 the	 clinical	 indings	 bears	
repeating. “I have frequently observed that what ap-
peared to be a normal mucosa before and during 
the	 irst	 bladder	 distention	 showed	 typical	 intersti-
tial cystitis on subsequent distension”. He notes, 
“small, discrete, submucosal hemorrhages, show-
ing variations in form…dot-like bleeding points…lit-
tle or no restriction to bladder capacity.” He portrays 
three grades of disease, with grade 3 matching the 
small-capacity, scarred bladder described by Hun-
ner. Sixty-nine percent of patients were grade 1 and 
only 13% were grade 3. Walsh later coined the term 
“glomerulations” to describe the petechial haemor-
rhages that Hand had described.[24] But it was not 
until Messing and Stamey discussed the “early di-
agnosis” of IC that attention turned from looking for 
an ulcer to make the diagnosis to the concepts that 
1) symptoms and glomerulations at the time of blad-
der distention under anesthesia were the disease 
hallmarks, and 2) the diagnosis was primarily one of 
exclusion.[7,24] However, this description was not 
suitable	 for	deining	 this	disease	 in	a	manner	 that	
would help physicians make the diagnosis and set 
up research protocols.

The National Institute of Diabetes, Digestive, and 
Kidney Disorders (NIDDK) held a major meeting in 
1987 with researchers and clinicians from around 
the	world[26].	This	 ultimately	 resulted	 in	 the	1990 
Revised NIDDK Criteria : Pain associated with the 
bladder or urinary urgency, and , glomerulations or 
Hunner’s ulcer on cystoscopy under anesthesia in 
patients with 9 months or more of symptoms, at 
least 8 voids per day, 1 void per night, and cysto-
metric bladder capacity less than 350cc.[8] 

In order to validate the criteria, which were designed 
not for clinical diagnosis, but rather to ensure that 
patients enrolled in research trials could be agreed 
upon to have the disease, a database with broad en-
try criteria was created. The 1997 NIDDK Interstitial 
Cystitis Database Entry Criteria : Unexplained ur-
gency or frequency (7 or more voids per day), OR 
pelvic	pain	of	at	 least	6	months	duration	 in	 the	ab-
sence	of	other	deinable	etiologies[27]	Urgency	was	
not	deined	in	the	protocol.	Participants	were	given	a	
10 point scale, and those who scored 2 or higher on 
self	 report	satisied	 the	urgency	criteria.	The proto-
col	was	written	in	1992,	a	time	when	the	deinition	of	
“urgency” was not a particularly controversial topic. 

When a comparison of the NIDDK revised criteria 
with the database entry criteria was performed, it was 
apparent	that	up	to	60%	of	patients	clinically	believed	
to have interstitial cystitis by experienced clinicians 
were being missed when the NIDDK research criteria 
were	used	as	a	deinition	of	 the	disease.	 [28]	With	
the demise of the NIDDK criteria as an appropriate 
clinical	deinition	of	the	disorder,	the	last	decade	be-
came an active one from an international standpoint 
in terms of wrestling with the issues of nomenclature, 
taxonomy and diagnosis.[3,29,30]

2. NOMENCLATURE AND TAXONOMY

The literature over the last 170 years has seen nu-
merous changes in description and nomenclature 
of the disease. The syndrome has variously been 
referred to as tic doloureux of the bladder, interstitial 
cystitis, cystitis parenchymatosa, Hunner’s ulcer, 
panmural ulcerative cystitis, urethral syndrome, and 
painful	bladder	syndrome.[4,6,20,22,23,31,32]	The	
term ‘‘interstitial cystitis,’’ which Skene is credited 
with coining and Hunner for bringing it in to com-
mon usage, is a misnomer; in many cases not only 
is	 there	 no	 interstitial	 inlammation,	 but	 also,	 his-
topathologically,	 there	 may	 be	 no	 inlammation	 at	
all.[33-36]	 By	 literally	 focusing	 exclusively	 on	 the	
urinary bladder, the term interstitial cystitis further-
more does not do justice to the condition from both 
the physician’s and the patient’s perspective. The 
textual exclusiveness ignores the high co-morbidity 
with various pelvic, extra-pelvic and non-urological 
symptoms[37] that frequently precede the onset of 
the bladder condition.[38]

With	the	formal	deinition	of	the	term	‘‘painful	bladder	
syndrome’’ by the ICS in 2002, the terminology discus-
sion became an intense international focal point.[13]

•		In	Kyoto	at	the	ICICJ	in	March	2003,	it	was	agreed	
that the term ‘‘interstitial cystitis’’ should be ex-
panded to ‘‘interstitial cystitis/chronic pelvic pain 
syndrome’’ when pelvic pain is at least of 3 months 
duration and associated with no obvious treatable 
condition/pathology[39].

•			The	 European	 Society	 for	 the	 Study	 of	 Intersti-
tial	 Cystitis	 (ESSIC)	 held	 its	 irst	meeting	 in	Co-
penhagen soon after Kyoto. Nomenclature was 
discussed, but no decision was reached, as the 
meeting concentrated on how to evaluate patients 
for diagnosis[15].

•		At	 the	 2003	 meeting	 of	 the	 NIDDK	 titled,	 ‘‘Re-
search Insights into Interstitial Cystitis,’’ it was 
concluded that ‘‘interstitial cystitis’’ will inexorably 
be replaced as a sole name for this syndrome. It 
will be a gradual process over several years. At 
the meeting it was referred to as ‘‘interstitial cys-
titis/painful bladder syndrome’’ in keeping with In-
ternational Continence Society nomenclature.[40]

•		At	the	2004	inaugural	meeting	of	the	Multinational	
Interstitial Cystitis Association in Rome, it was 
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concluded that the syndrome should be referred to 
as ‘‘painful bladder syndrome/interstitial cystitis’’ 
or ‘‘PBS/IC’’ to indicate an intellectual and taxo-
nomical hierarchy within the acronym.[40]

•		The	International	Consultation	on	Incontinence	in	
2004, cosponsored by the ICS and Societe Inter-
nationale d’Urologie in association with the World 
Health Organization, included the syndrome as a 
part of its consultation. The chapter in the report 
was titled, ‘‘painful bladder syndrome (including 
interstitial cystitis),’’ suggesting that the IC formed 
an	 identiiable	 subset	 within	 the	 broader	 syn-
drome.	 Because	 such	 a	 distinction	 is	 dificult	 to	
deine,	within	the	body	of	the	chapter,	co-authored	
by	nine	committee	members	and	ive	consultants	
from four continents, it was referred to as PBS/ IC 
(one inclusive entity).[41]

•		In	 June	 2006	Abrams	 and	 colleagues	 published	
an editorial focusing on the nomenclature prob-
lem.[42] They noted that: “It is an advantage if the 
medical term has clear diagnostic features that 
translate to a known pathophysiologic process 
so that effective treatment may be given. Unfor-
tunately, the latter is not the case for many of the 
pain syndromes suffered by patients seen at most 
pain, gynecological, and urological clinics. For the 
most part these ‘‘diagnoses’’ describe syndromes 
that	do	not	have	recognized	standard	deinitions,	
yet imply knowledge of a pathophysiologic cause 
for the symptoms. Unfortunately the terminology 
used to describe the condition may promote er-
roneous thinking about treatment on the part of 
physicians, surgeons and patients. These organ 
based diagnoses are mysterious, misleading and 
unhelpful, and can lead to therapies that are mis-
guided or even dangerous.” The editorial went on 
to note that a single pathologic descriptive term 

(interstitial cystitis) for a spectrum of symptom 
combinations ill serves patients. The umbrella 
term ‘‘painful bladder syndrome’’ was proposed, 
with	 a	 goal	 to	 deine	 and	 investigate	 subsets	 of	
patients	who	could	be	clearly	identiied	within	the	
spectrum of PBS. It would fall within the rubric of 
chronic pelvic pain syndrome. Sufferers would be 
identiied	according	to	the	primary	organ	that	ap-
pears to be affected on clinical grounds. Pain not 
associated with an individual organ would be de-
scribed in terms of the symptoms.

One can see in this the beginnings of a new 
paradigm that might be expected to change the 
emphasis of both clinical and basic science re-
search, and that removes the automatic presump-
tion that the end-organ in the name of the disease 
should necessarily be the sole or primary target 
of such research.

•At	 the	major	 biannual	 IC	 research	 conference	 in	
the	fall	of	2006,	held	by	the	National	Institute	of	Dia-
betes, Digestive, and Kidney Disorders (Frontiers in 
Painful Bladder Syndrome/Interstitial Cystitis), the 
ESSIC group was given a block of time in which 
to present their thoughts and conclusions. Because 
PBS	 did	 not	 it	 into	 the	 taxonomy	 of	 other	 pelvic	
pain syndromes such as urethral or vulvar pain syn-
dromes, and because IC is open to different inter-
pretations, ESSIC suggested that Painful Bladder 
Syndrome be redesignated as Bladder Pain Syn-
drome (BPS), followed by a type designation. BPS 
is	indicated	by	two	symbols,	the	irst	of	which	corre-
sponds	to	cystoscopy	with	hydrodistention	indings	
(1, 2, or 3, indicating increasing grade of severity) 
and the second to biopsy (A, B, and C, indicating 
increasing	 grade	 of	 severity	 of	 biopsy	 indings)	
(Table 2 ). Although neither cystoscopy with hydro-
distention nor bladder biopsy was prescribed as an 

Table 2: Cystoscopy with hydrodistension.

van de Merwe, J. P., Nordling, J., Bouchelouche, P., Bouchelouche, K., Cervigni, M., Daha, L. K. et al.: Diagnostic criteria, 
classiication, and nomenclature for painful bladder syndrome/interstitial cystitis: an ESSIC proposal. Eur Urol, 53: 60, 2008

1cytoscopy. glomerulations grade II-III
2with or without glomerulations
3histology showing inlammatory iniltrates and/or detrusor mastocytosis and/or granulation tissue and/or intrafascicular ibrosis
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essential part of the evaluation, by categorizing pa-
tients as to whether either procedure was done, and 
if so, the results, it is possible to follow patients with 
similar	indings	and	study	each	identiied	cohort	 to	
compare natural history, prognosis, and response 
to therapy [2]. 

•			As Baranowski et.al. conceived it in early 2008[43], 
BPS	is	thus	deined	as	a	pain	syndrome	with	a	col-
lection of symptoms, the most important of which 
is pain perceived to be in the bladder. IC is dis-
tinguished as an end-organ, visceral-neural pain 
syndrome, whereas BPS can be considered a pain 
syndrome that involves the end-organ (bladder) 
and neuro-visceral (myopathic) mechanisms. In 
IC, one expects end-organ primary pathology. This 
is not necessarily the case in the broader BPS.

A didactically very demonstrative way to conceptu-
alize the dawning shift in conception of the condition 
is with the drawing of a target (Figure 2 ). There may 
be many causes of chronic pelvic pain. When an 
aetiology cannot be determined, it is characterized 
as pelvic pain syndrome. To the extent that it can 
be distinguished as urologic, gynecologic, dermato-
logic, and the like, it is further categorized by organ 
system. A urologic pain syndrome can sometimes 
be further differentiated on the site of perceived 
pain. Bladder, prostate, testicular, and epididymal 
pain syndromes follow. Finally, types of BPS can 
be	 further	deined	as	 IC,	or	simply	categorized	by	
ESSIC criteria. Patient groups have expressed their 
concerns with regard to any nomenclature change 
that potentially drops the term ‘‘interstitial cystitis’’ 
because the U.S. Social Security Administration 
and private insurances recognize IC but not the term 
BPS,	 and	 beneits	 potentially	 could	 be	 adversely	
affected. Whether the term “interstitial cystitis”, as 
dificult	as	it	is	to	deine	and	as	potentially	mislead-
ing as it is with regard to aetiology and end-organ 
involvement, should be maintained, is a subject of 
ongoing controversy. 

Taxonomy and nomenclature in Japan, Korea, and 
Taiwan use the umbrella term of “frequency/urgen-
cy syndrome” characterized by frequency (frequent 

voiding) and urgency (strong desire to void). It is 
an inclusive term incorporating overactive bladder 
syndrome (OAB), hypersensitive bladder syndrome 
(HSB), and other conditions that are associated with 
frequency and urgency. Urgency in OAB is char-
acterized by sudden onset and/or fear of leakage, 
while urgency in HSB is of a persistent nature and is 
associated with the fear of pain. OAB-wet is a sub-
group of OAB. Painful bladder syndrome (PBS) is a 
subgroup of HSB with pain. Interstitial cystitis is one 
of the diseases manifest by frequency/urgency and 
overlaps with HSB and PBS.[11,44,45] (Figure 3 ).

Figure 2: Conceptual Diagram of Pelvic Pain.

Figure 3: East Asian View of Taxonomy adapted 
from Homma[44] (see text for explanation).

 

The American Urological Association refers to the 
syndrome under consideration as “interstitial cysti-
tis/bladder pain syndrome” (IC/BPS) and considers 
the terms synonymous [12].

The International Association for the Study of Pain 
(IASP) has dropped the terms interstitial cystitis, 
painful bladder syndrome, and PBS/IC or BPS/IC 
and now recognizes the term “bladder pain syn-
drome” as the occurrence of persistent or recur-
rent pain perceived in the urinary bladder region 
accompanied by at least one other symptom, such 
as	pain	worsening	with	bladder	illing	and	day-time	
and/or night-time urinary frequency. www.iasp-pain.
org The reader is referred to the IASP website for 
an in depth discussion of pain taxonomy. This work 
was spearheaded by Dr. Andrew Baranowski and 
the Pain of Urogenital Origin (PUGO) group that is 
associated with IASP and contributed to advance-
ment of nomenclature and taxonomy over the last 
5 years [42].

The Consultation will continue to refer to the symp-
tom complex as “bladder pain syndrome”.

 

Since the clinical diagnosis of BPS remains con-
troversial, epidemiology studies of BPS have been 

III. EPIDEMIOLOGY
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problematic	[46].	The	lack	of	an	accepted	deinition,	
the absence of a validated diagnostic marker, and 
questions regarding etiology and pathophysiology 
make	much	of	the	literature	dificult	to	interpret.	Over-
lapping patterns of bladder pain, lower urinary tract 
symptoms and pelvic pain are common and present 
challenges for clinical practice and research [47]. 
The	other	major	dificulty	in	evaluating	various	preva-
lence	trials	is	that	some	are	based	on	unveriied	self	
report, others by physician diagnoses (with or with-
out	some	 type	of	veriication)	or	by	 identiication	of	
BPS symptoms (with or without exclusion of other 
confusable conditions). This confusion becomes ap-
parent when one looks at the variation in prevalence 
reports in the United States and around the world. 
These range from 4.5 per 100,000 females in Japan 
[48], to a questionnaire based study that suggests a 
igure	in	20,000	per	100,000	in	US	women	[49].	Stud-
ies, however, have consistently shown that bladder 
pain symptoms are more common than suggested 
by coded physician diagnoses [50]. Therefore it is 
important to realize when examining epidemiological 
data in BPS, that the prevalence of this enigmatic 
condition can be estimated from patient self-reports, 
physician diagnoses and/or symptom based surveys, 
all	of	which	will	give	a	different	igure.	A	Conceptual	
diagram of the various manifestations of pelvic pain 
illustrates the problems in determining prevalence 
data. (Figure 2 ) 

1. EARLY EPIDEMIOLOGICAL STUDIES:

One	 of	 the	 irst	 population-based	 studies	 [51]	 in-
cluded “almost all the patients with interstitial cys-
titis in the city of Helsinki”. This superb, brief report 
from Finland surveyed all diagnosed cases in a 
population approaching 1 million. The prevalence of 
the disease in women was 18.1 per 100,000. The 
joint	prevalence	in	both	sexes	was	10.6	cases	per	
100,000. Ten per cent of cases were in men. 

Another early population study, this in the United 
States,	 irst	 demonstrated	 the	 potential	 extent	 of	
what had been considered a very rare disease [52]. 
The following population groups were surveyed: 1) 
random	survey	of	127	board-certiied	urologists	2)	64	
IC patients selected by the surveyed urologists and 
divided among the last patient with IC seen, and the 
last patient with IC diagnosed 3) 904 female patients 
belonging to the Interstitial Cystitis Association and 
4) random phone survey of 119 persons from the US 
population. This 1987 study reached the following 
conclusions (interestingly, most of these conclusions 
have stood the test of time and many further epide-
miological studies described later in this section)::

1.   43,500 to 90,000 diagnosed cases of IC in the 
USA (twice the Finnish prevalence)

2.			Up	 to	a	ive-fold	 increase	 in	 IC	prevalence	 if	all	
patients with painful bladder and sterile urine had 
been given the diagnosis, yielding up to half mil-
lion possible cases in the USA

3. Median age of onset 40 years

4. Late deterioration in symptoms unusual

5.  50% temporary spontaneous remission rate, 
mean duration 8 months

6.		10	 times	 higher	 incidence	 of	 childhood	 bladder	
problems in IC patients vs controls

7.  2 times the incidence of a history of urinary tract 
infection vs. controls

8.  Lower quality of life than dialysis patients

9.  Costs including lost economic production in 1987 
of $427 million.

2. PATIENT SELF REPORT SURVEYS:

As mentioned earlier, the prevalence of BPS can 
be estimated from patient self-reports, physician 
diagnoses and/or symptom based surveys. Jones 
and Nyberg [53] obtained their data from unveri-
fied self-report of a previous diagnosis of IC in the 
1989 National Household Interview Survey. The 
survey estimated an overall prevalence of 500 
per 100,00 populations (0.5% of the population), 
or	 >1,000,000	 people	 in	 the	 United	 States	 with	
a self-reported diagnosis of IC. For women this 
prevalence	 figure	was	 865	 per	 100,000.	As	 part	
of the third National Health and Nutrition Exami-
nation Survey (NHANES III), patients were an-
swered yes to two questions (pain in the bladder/
frequent urination and a diagnosis of IC or PBS) 
and the figures were remarkably similar with an 
estimated prevalence of 470 per 100,000 (850 per 
100,000 women) [54]. These numbers must be 
viewed with caution because of inaccurate patient 
recall or confusion with other pain or bladder re-
lated conditions. However these patient-reported 
diagnoses figures certainly suggest that BPS is a 
common occurrence.

3. PHYSICIAN DIAGNOSES STUDIES

Estimations of prevalence based on physicians’ di-
agnoses may be thought to produce more accurate 
estimates,	 and	while	 they	 do	 provide	 different	 ig-
ures, these are in part based on the local or geo-
graphic diagnostic criteria employed. Bade et al [55] 
used a physician questionnaire-based survey in the 
Netherlands	yielding	an	overall	prevalence	of	8-16	
per 100,000 females, with diagnosis heavily depen-
dent on pathology and presence of mast cells. The 
Nurses	Health	Study	I	and	II	[56]	showed	a	preva-
lence	of	IC	between	52	and	67	per	100,000	in	the	
USA. This report was based on self-reports with val-
idation using data from medical records. The preva-
lence of a physician based diagnosis of BPS in men 
and women in a managed care population in the US 
Northwest[57] was 197 per 100,00 women and 41 
per 100,000 men. However these rates decreased 
to 99 per 100,000 women and 19 per 100,000 men 
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if	the	deinition	of	the	condition	was	limited	to	indi-
viduals who had undergone cystoscopy. Nickel, et 
al [58] performed a prospective practice audit in out-
patient	urology	practice	populations	of	65	urologists	
and noted that the prevalence of IC and IC diagno-
sis	in	urology	outpatient	practice,	conirmed	by	both	
investigation and symptom scoring, was determined 
to be 2.8%. This of course does not represent in any 
way the burden of this condition in the general pop-
ulation,	but	rather	relects	the	national	referral	and	
practice traditions. There are other limitations using 
physician diagnoses to determine prevalence. Stud-
ies	 that	 utilize	 physician	 diagnoses	 to	 deine	 the	
presence of BPS will likely underestimate the true 
prevalence, primarily because they do not identify 
patients with undiagnosed disease or they may not 
assign a diagnosis when the symptoms are present 
(reluctance to label a patient with the condition or 
alternatively are not familiar with diagnosing it). 

4. SYMPTOM BASED SURVEYS

Another and possibly more sensitive method to ex-
amine prevalence and incidence of BPS is to as-
sess the presence of symptoms that suggest BPS. 
A follow-up study utilizing the Nurses’ Health Study 
(NHS) cohort) [59] used a mailed questionnaire fol-
lowed by a detailed supplementary questionnaire if 
the participant responded “yes” to a bladder or pelvic 
pain question. They observed that the prevalence of 
PBS symptoms was 1.7% in women younger than 
65	 years	 and	 increased	 progressively	 to	 4.0%	 in	
women aged 80 years or older. This study suggest-
ed that the prevalence of BPS increases with age. 
Warren,	 et	 al	 [60]	 combined	 a	mail-in	 survey	with	
randomly selected telephone surveys to determine 
the	 prevalence	 of	 BPS	 amongst	 irst	 degree	 rela-
tives in comparison to that of the general population. 
They	concluded	that	adult	female	irst	degree	rela-
tives of patients with BPS may have a prevalence of 
BPS 17 times that found in the general population. 
This suggests but does not prove a genetic suscep-
tibility to BPS. The Boston Area Community Health 
(BACH)	 0Survey	 [61],	 a	 population	 based	 cross-
sectional survey of individuals in the Boston area 
which included an in person interview, determined 
the prevalence of painful bladder symptoms to be 
0.83% to 2.71% in women and 0.25% to 1.22% in 
men	depending	of	the	deinition	used.	

The O’Leary Sant (OLS) and the Pelvic Pain and 
Urgency/Frequency (PUF) questionnaires were 
compared	 by	 Rosenberg	 and	 Hazard	 [62]	 in	 the	
same general practice population of 1218 patients. 
The prevalence of BPS with the OLS was deter-
mined to be 0.57%, with the PUF the prevalence 
was	 determined	 to	 be	 12.6%.	 Leppilahti	 and	 col-
leagues	 [63,64]	 estimated	 the	 prevalence	 of	 BPS	
in the general Population of Finland using a rather 
robust	 deinition	 based	 on	 the	 OLS	 to	 be	 0.68%.	
However, when a sample of those women was ex-
amined by one of the urologists, the more accurate 
prevalence was 0.3%. 

Clemens	et	al	employed	[65]	3	different	deinitions	
of	 BPS	 related	 symptoms.	 The	 irst	 included	 only	
self reported pelvic pain with voiding symptoms. The 
second	included	increasing	pain	with	bladder	illing	
and relief with urination. The third included a score 
of 12 or more on the OLS, including 2 episodes of 
nocturia and a pain score of 2 or greater. The prev-
alence	 estimates	 based	 on	 these	 deinitions	were	
11,200	per	100,00	women	and	6,200	per	100,000	
men	for	deinition	1;	3,300	per	100,00	women	and	
1,400	 per	 100,00	men	 for	 deinition	 2;	 and	 6,200	
per 100,000 women and 2,300 per 100,00 men for 
deinition	3.	Using	a	similar	methodology,	[66]	con-
cluded that the prevalence of BPS-like symptoms 
in South Korean women appear to be lower than 
in	Europe	[67]	and	the	United	States,	similar	to	Ja-
pan	and	higher	than	in	China	[68].	It	is	conceivable	
that the acknowledgement by individual patients of 
these	speciic	IC/BPS	symptoms	may	be	inluence	
by cultural differences.

The most comprehensive and probably most accu-
rate estimation of the prevalence of BPS symptoms 
involved population based symptom prevalence es-
timate	using	2	validated	case	deinitions	to	identify	
bladder	pain	syndrome/interstitial	cystitis	in	131,691	
adult	females	[69].	Based	on	a	high	sensitivity	dei-
nition,	6.5%	(6,500	per	100,000)	of	women	met	the	
symptoms criteria, while 2.7% (2,700 per 100,000) 
of	women	met	the	criteria	for	a	high	speciicity	dei-
nition. These percentages translated into 3.3 to 7.9 
million US women over 18 years of age with symp-
toms of bladder pain and/or interstitial cystitis. But 
only	 9.7%	of	 these	 identiied	women	 reported	 be-
ing assigned a bladder pain syndrome or interstitial 
cystitis diagnosis. A further study compared 3,397 
women	 identiied	 in	 this	 RAND	 Interstitial	 Cystitis	
Epidemiology	(RICE)	survey	[46]with	urinary	symp-
toms consistent with a diagnosis of IC/BPS to 277 
women with an actual BPS diagnosis recruited from 
specialist practices in the USA [70]. The two cohorts 
showed remarkably similar demographics, symp-
toms	 and	 quality	 of	 life	measures,	 conirming	 that	
BPS is a very prevalent condition that is very likely 
under diagnosed and undertreated in the USA. 

Conclusion: 

Based on these studies, it is impossible to deter-
mine an accurate estimation of the prevalence of 
BPS, but a review of studies done in the US shows 
that this is a very prevalent medical condition (Fig-
ure 4 ). It is clear that the most inaccurate preva-
lence	igures	are	derived	from	patients	self-reported	
recollection, while the prevalence of BPS symptom 
complexes are more common than those based on 
physician diagnoses. It is apparent that there has 
been no standardized method of determining the 
prevalence of BPS, with wide variation of estimates 
in	the	same	study	employing	different	deinitions	or	
criteria for identifying the condition. Many factors 
including bias, cultural differences, methodology, 
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geographic variations in diagnostic criteria and/or 
possibly real differences in different populations 
lead to further variations between countries. 

Recommendation: 

A reasonable prevalence estimation for patients diag-
nosed with BPS would be about 100-200 per 100,000 
women with a male prevalence of 10% to 20% of the 
female estimate. The prevalence of women and men 
with symptoms suggestive of BPS could be as much 
as 10 to even a 100 times more. (Figure 4 ) Level of 
Evidence: 1 Grade of Recommendation: A

5. INCIDENCE:

Only a few estimates of Incidence have been report-
ed. The annual incidence of new female cases in 
Oravisto et al, 1975 study[51] was 1.2 per 100,000. 
The overall age- and sex-adjusted incidence rate of 
physician assigned diagnoses of BPS in Olmstead 
county	 [73]	 was	 1.1	 per	 100,00	 per	 year	 (1.6	 per	
100,00	 per	 year	 for	 women	 and	 0.6	 per	 100,000	
for men. Another review of physicians’ diagnoses 
identiied	a	much	higher	yearly	incidence	of	21	per	
100,000 women and 4 per 100,000 men [57]. A 
physician-coded diagnosis supplemented with chart 
review of the Kaiser Permanente database [74] 
suggested a BPS incidence rate of 15 per 100,000 
women per year. The mean average age of patients 
was 51 years. With such a wide variation between 
two similar studies in the same country, it is evident 
that we really do not have an accurate estimation of 
BPS incidence.

Recommendation: 

The available data suggests that the incidence of 
BPS diagnoses is somewhere between 1 and 15 
per 100,000 per year. This does not include the 
women who have developed symptoms but have 
not been diagnosed with the condition.

Level of Evidence: 1 Grade of Recommendation: A

6. OTHER CONSIDERATIONS

a) Children

Geist and Antolak [75] reviewed and added to re-
ports of disease occurring in childhood. A child-
hood presentation of BPS is extremely rare and 
must be differentiated from the much more com-
mon and benign-behaving condition variously 
called the urinary frequency syndrome of child-
hood or dysfunctional elimination syndrome, a 
self-limited condition of unknown etiology. Nev-
ertheless, there is a small cohort of children 
with chronic symptoms of bladder pain, urinary 
frequency, and sensory urgency in the absence 
of infection who have been evaluated with uro-
dynamics, cystoscopy, and bladder distention 
and have findings consistent with the diagnosis 
of	 BPS.	 In	Close	 and	 colleagues’	 review	 [76]	 of	
20 such children, the median age of onset was 
younger than 5 years, and the vast majority of 
patients had long-term remissions with bladder 
distention. Rakow et al [77] assessed 28 women 
aged 13 to 25 with chronic pelvic pain syndrome 
and confirmed that 39% had a diagnosis of IC 
while a further 25% had both IC and endome-
triosis. The relationship between dysfunctional 
voiding and bowel symptoms in early life was 
suggested in a mail based questionnaire study 
in 215 BPS patients and 823 controls [78]. An-
other study examining early childhood events [79] 
showed that early childhood trauma, in particular 
sexual trauma was more common in IC/BPS pa-
tients than asymptomatic control subjects. While 
not proven in these studies, it may be possible to 
link early childhood events to the eventual devel-
opment of BPS symptoms. 

Recommendation: 

C/BPS should be evaluated in young women with 
complaining of chronic pelvic pain. 

Level of Evidence: 1 Grade of Recommendation: A

Figure 4: Prevelence estimates for BPS/IC in USA

Physician diagnoses: [56,57]
Patient self report:[53,54] 
Symptom surveys: [50,59,69,71,72]
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b) Men

Most studies show a female to male preponderance 
of 5:1 or greater [41,57,80]. In the absence of a vali-
dated	marker,	it	is	often	dificult	to	distinguish	BPS	
from the chronic pelvic pain syndrome (nonbacterial 
prostatitis, prostatodynia) that affects males [81,82], 
and the percentage of men with BPS may actually 
be higher [83,84]. Men tend to be diagnosed at an 
older age and have a higher percentage of Hunner’s 
lesion in the case series reported. 

Recommendation: 

The Male to Female ratio of BPS cases is 1:5-10

Level of Evidence: 1 Grade of Recommendation: A

c) Overlapping Non bladder syndromes

Observations have shown that BPS patients are 
more likely than controls to have syndromes mani-
festing symptoms beyond the bladder and even the 
pelvis. In 1997, Clauw, et al [37] reported on the 
symptom overlap between two cohorts of patients, 
one	with	ibromyalgia	and	one	with	BPS.	In	the	same	
year an analysis of a survey by Alagiri, et al [85] of 
over	6,700	persons	who	had	a	physician	diagnosis	
of Interstitial Cystitis reported that individuals with 
IC	were	100	times	more	likely	to	have	inlammatory	
bowel disease, and that allergies, irritable bowel 
syndrome,	 sensitive	 skin,	 and	 ibromyalgia	 also	
have an increased association with IC. The pres-
ence of non-bladder syndromes (NBSs) and BPS 
has further complicated the interpretation of epide-
miological studies. Investigators have subsequent-
ly compared BPS patients to controls on multiple 
NBSs.	Wu	et	al.	[86]	compared	749	cases	with	BPS	
them to 1498 randomly selected and matched con-
trols.	Signiicantly	more	cases	had	FM,	IBS,	chronic	
pelvic pain (CPP), endometriosis, depression, anxi-
ety and vulvodynia. Clemens et al.[87] compared 
239 women with ICD-coded BPS to 717 matched 
controls	 and	 showed	 that	 cases	 signiicantly	 ex-
ceeded controls in myalgias, gastrointestinal symp-
toms, gynecologic pain, headache, back disorders, 
depression, and anxiety. Warren et al. [88] dem-
onstrated	 that	 signiicantly	 more	 BPS	 cases	 than	
matched controls had 11 antecedent syndromes: 
FM, CFS, IBS, sicca syndrome, Chronic pelvic pain, 
migraine, allergies, asthma, depression, panic dis-
order, and vulvodynia. Nickel et al. [89] found signif-
icantly higher prevalence of self-reported FM, CFS, 
IBS, migraine and tension headaches, vulvodynia, 
temporomandibular disorder and low back pain in 
207 female BPS cases than in 117 controls as well 
as	 signiicantly	 more	 with	 depression	 and	 anxiety	
[90] in a study in several urology practices in 3 con-
tinents.	A	recent	review	conirmed	that	ibromyalgia	
(FM), chronic fatigue syndrome (CFS), and and ir-
ritable bowel syndrome (IBS) were associated with 
IC/BPS [91]. The etiological and epidemiological 
questions that remain unanswered is how are these 

NBSs associated with BPS, do these NBSs precede 
or follow IC/BPS and do multiple NBSs increase the 
risk of BPS. Warren and colleagues [92] have intro-
duced a number of hypotheses, however the stud-
ies to validate these have not yet been done.

One other NBS that is sometime neglected or for-
gotten in these epidemiological associations is the 
association of BPS with sexual dysfunction. Multiple 
studies have shown that women with BPS diagno-
ses or symptoms experience very high levels of 
sexual	dysfunction	[93-96].

Recommendation: 

Overlapping Non-bladder syndromes are common 
in patients with a diagnosis of BPS. 

Level of Evidence: 1 Grade of Recommendation: A

d) Progression: 

The disease onset is generally described as sub-
acute rather than insidious, and full development of 
the classic symptom complex occurs over a relatively 
short time. It appears that BPS does progress con-
tinuously,	but	usually	 reaches	 its	inal	stage	 rapidly	
(within 5 years) [97] and then continues without signif-
icant change in symptomatology. Subsequent major 
deterioration is unusual[51]. The duration of symp-
toms before diagnosis was 3-5 years in the Finnish 
study [51] while a very early American study quoted 
7-12 years [25]. The Interstitial Cystitis Database Co-
hort (ICDB) of patients has been carefully studied, 
and	the	indings	seem	to	bear	out	those	of	other	epi-
demiologic surveys [98]. Patterns of change in symp-
toms with time suggest regression to the mean and 
an intervention effect associated with the increased 
follow-up and care of cohort participants. Although all 
symptoms	luctuated,	there	was	no	evidence	of	sig-
niicant	 long-term	 change	 in	 overall	 disease	 sever-
ity. The data suggest that BPS is a chronic disease 
and	no	current	treatments	have	a	signiicant	impact	
on symptoms over time in the majority of patients. 
There is some data [89] to suggest that some pa-
tients undergo a phenotypic progression over time 
from	a	purely	organ	speciic	(eg.	bladder)	condition	
to a regional pain syndrome (eg. IBS, vulvodynia) to 
a more generalized pain syndrome (eg. FM, CFS). 
Long term longitudinal studies examining progres-
sion issues in BPS are lacking.

Recommendation: 

Epidemiological data required to describe progres-
sion patterns of BPS is lacking. 

Level of Evidence: 1 Grade of Recommendation: A

The etiology of BPS is still an enigma. Quite often 
hypotheses abound with sparse evidence to support 

IV. ETIOLOGY
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them and some quickly are found to be untrue. For 
example disturbed nitric oxide metabolism has been 
proposed to contribute to BPS, but later controlled 
studies using L-arginine therapy did not show thera-
peutic effect and failed to support the hypothesis. It 
is highly possible that BPS is induced by a variety of 
causes. Symptoms of urinary frequency and blad-
der	pain	are	likely	the	inal	common	presentation	of	
bladder injury resulting from single or a combination 
of etiologies. 

1. MAST CELL ACTIVATION

Mast cells are thought to have a role in the etiol-
ogy and/or pathogenesis of BPS. They are multi-
functional immune cells that contain highly potent 
inlammatory	mediators	such	as	histamine,	leukotri-
enes, serotonins, and cytokines.[99] These cells are 
the	 repositories	 of	 many	 potent	 inlammatory	 fac-
tors.	Many	of	 the	symptoms	and	indings	 in	ulcer-
ative	BPS	such	as	pain,	frequency,	oedema,	ibro-
sis, and the production of new vessels in the lamina 
propria, could possibly be ascribed to the release of 
mast cell-derived factors. Hence, the mast cell-IgE 
system	and	 its	 interaction	with	 other	 inlammatory	
cells and the nervous system[100] seems to be of 
importance when it comes to pathogenesis. There 
is a ten-fold increase in mast cell count in bladder 
tissue from patients with ulcerative BPS as com-
pared to controls. In non-ulcer BPS, however, the 
mast cell count is normal or only slightly increased.
[99,101,102]

Other mechanisms have also been put forward. Bouche-
louche[103] compared the urinary excretion of leukotri-
enes E4 and eosinophil protein X in patients in BPS and 
noted detrusor mastocytosis and both increased urinary 
leukotrienes E4 and eosinophil protein X. 

Level of Evidence: 1 - Grade of Recommendation: A

2.  INCREASED PERMEABILITY OF THE URO -
THELIUM DUE TO UROTHELIAL DYSFUNC -
TION/GAG-LAYER DEFECTS

The bladder urothelium plays a key barrier to keep 
low and high molecular weight solutes in the urine 
from leaking into bladder interstitium. The barrier in-
cludes a dense layer of glycosaminoglycans on the 
luminal surface and intercellular junctions. Intracel-
lular junctions consist of tight junction, adherence 
junction, demosome and gap junction in the order 
of location from the luminal layer to the basal layer. 
Studies have shown impaired function of intercellu-
lar junctions of bladder urothelium of BPS patients. 
Zhang	 et	 al	 demonstrated	 signiicantly	 increased	
paracellular permeability, decreased expression of 
the tight junction proteins ZO-1 and occludin, and 
increased expression of the adhesion protein E-
cadherin from patients with BPS.[104] Shie et al 
further showed that in the urothelium of the BPS 
bladder a reduced E-cadherin expression was as-
sociated with a higher level of apoptosis.[105] A 

defect in the glycosaminoglycan (GAG) layer has 
been	 proposed	 by	 Parsons	 and	 co-workers.[106]	
With	such	a	defect	the	sub-mucosal	nerve	ilaments	
might become accessible to noxious substances 
in the urine and this might explain bladder pain 
and urinary frequency. In ulcerative BPS there is 
granulation tissue indicating a reparative process 
following repeated disruption of the mucosa.[107] 
Widened tight junctions and increased permeability 
have been demonstrated by scanning electron mi-
croscopy and other techniques.[108,109]

A study by Parsons et al[110] has shown that Tamm-
Horsfall protein is quantitatively different in BPS pa-
tients as compared to controls. Tamm-Horsfall pro-
tein is synthesized in the kidney and excreted into 
the urine. It has been suggested to have a role in 
immune defense and in preventing damage to the 
urothelial cells by injurious urinary constituents. 

Level of Evidence: 2 - Grade of Recommendation: B

3.  INHIBITION OF UROTHELIAL BLADDER 
CELL PROLIFERATION

One explanation of the bladder epithelial dysfunction 
might be the fact that the cells produce an inhibitor of 
heparin-binding epidermal growth factor-like growth 
factor in BPS.[111] It was shown that explanted uro-
thelial cells from BPS patients differ from controls 
not only as to production of epithelial growth factors 
but also in the rate of proliferation and the produc-
tion of an antiproliferative factor (APF). Keay and 
co-workers[112] studied gene expression patterns in 
normal bladder urothelial cells treated with APF and 
with mock APF as compared to patterns expressed 
by BPS urothelial cells. The results indicate that the 
mechanism of APF inhibition of urothelial cells may 
involve both down-regulation of genes that stimulate 
cell proliferation along with up-regulation of genes 
that inhibit cell growth. The same group of research-
ers	has	indicated	that	APF	seems	to	be	speciically	
elevated in the urine of patients with BPS but not in 
normals or patients with confusable diseases. These 
indings	might	 open	up	new	avenues	 for	 identiica-
tion and development of urine markers for BPS.[113] 
There	 has	 not	 yet	 been	 conirmation	 of	 the	 impor-
tance of antiproliferative factor by other laboratories. 

Level of Evidence:2 - Grade of Recommendation: B

4. AUTOIMMUNE MECHANISMS 

There are numerous reports on autoantibodies in 
patients with BPS.[114-117] The precise identity of 
these of autoantibodies has yet to be determined. 
Some of the common clinical and histopathological 
characteristics present in BPS patients show cer-
tain similarities with other known autoimmune dis-
turbances. Studies on autoantibodies in BPS have 
shown that these mainly consist of antinuclear anti-
bodies[116]	and	these	indings	are	in	turn	similar	to	
the	autoantibody	proiles	in	some	systemic	diseas-
es like Sjögren syndrome, which is known to be of 
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autoimmune origin.[118-120] Only a portion of BPS 
patients have auto-antibodies. It has been proposed 
that the presence of auto-antibodies in these pa-
tients	could	be	a	relection	of	disease	severity.[121]	

Vascular immunopathology with immune deposits 
in the bladder wall was found by Mattila.[122] Fur-
ther studies also suggest activation of complement.
[123]	 By	 means	 of	 immunophenotyping	 and	 low	
cytometric analyses of the bladder mucosa and pe-
ripheral blood, differences between ulcerative and 
non-ulcer BPS patients have been demonstrated. 
In	the	former	group	intense	T-cell	iniltrates	and	B-
cell nodules were seen, compared to far less T-cell 
iniltrates	in	non-ulcer	BPS.[124]	Involvement	of	the	
immune system is one feature found in some indi-
viduals	 with	 BPS,	 but	 indings	 are	 conlicting	 and	
have not been helpful in explaining the etiology. The 
lack of thorough descriptions of patients in many 
published	studies	has	made	classiication	and	com-
parison between series impossible. 

Level of Evidence: 2 - Grade of Recommendation: C

5. INFECTION

No microorganism has ever been revealed as the 
cause	of	BPS.	Lynnes	and	coworkers	did	not	 ind	
any evidence of recent or remote Gram negative or 
Gram positive infections in patients with BPS, nor 
did	 they	ind	 increased	urinary	 IgA	and	 IgG	eleva-
tion.[125] This makes infection by an untested or-
ganism	unlikely.	Warren	et	al[126]	in	a	case	control	
study of women with recent onset of BPS symptoms, 
reported that documented evidence of UTI at symp-
tom onset was found in only a minority of patients. 
Polymerase chain reaction techniques to amplify 
bacterial	 16S	 rRNA	 genes	 that	 would	 be	 present	
if there were bacteria in bladder tissue or urine in 
BPS patients despite negative cultures have been 
without success.[127] Contrary to what was demon-
strated for chronic gastritis, there is no evidence for 
helicobacter in BPS patients.[128] However, Zhang 
et al showed that a high prevalence (11 in 27 pa-
tients) of nanobacteria (NB) was observed in female 
BPS patients, and anti-NB treatment effectively im-
proved the symptoms, suggesting that some BPS 
might be caused by nanobacteria.[129] Neverthe-
less, the possibility of a microbial contribution to the 
etiology of BPS remains an open question. 

 Level of Evidence: 1 - Grade of Recommendation: C

6. NEUROBIOLOGY/PELVIC CROSS-TALK

Several authors have described autonomic nerve 
changes[130-132],	 but	 the	 indings	 are	 far	 from	
uniform. An increase of sympathetic innervation 
and activation of purinergic neurotransmission has 
been reported. The S-100 family of proteins appear 
in Schwann cells of the peripheral nervous system.
[133,134] Decreased levels of S-100 protein in the 
non-ulcer group as compared to controls has been 
found[135], which is consistent with a decreased 

nerve	content	in	patients	with	non-ulcer	BPS,	a	ind-
ing	conlicting	with	the	results	of	Hohenfellner	[131]	
who used polyclonal antihuman protein gene prod-
uct 9.5 antibody and found the overall nerve content 
increased in BPS patients as compared to controls. 
However, their study did not include subtyping of the 
disease into ulcerative and non-ulcer type. A distinc-
tive utrastructural appearance of specimens from 
patients with non-ulcer BPS prompted Elbadawi 
and	Light	to	propose	neurogenic	inlammation	as	a	
trigger to a cascade of events taking place in this 
disease.[136]	In	this	context	it	should	be	noted	that	
afferent nerves release transmitters like substance 
P which could activate immune cells, or vasoactive 
intestinal polypeptide. These events may constitute 
a link to the immune cell system and promote a de-
crease of lymphocyte proliferation.

A prominent increase of tyrosine hydroxylase im-
munoreactivity in bladder tissue of BPS patients, 
as compared to controls, has been described.[137] 
This can presumably be interpreted as a sign of 
generally	 increased	 sympathetic	 outlow.	 This	
lends support to the notion of a neurogenic aetiol-
ogy and or pathogenesis. 

Malykhina and others[138-142] have demonstrated 
in innovative animal studies that there is a bidirec-
tional neural cross-sensitization of the colon and 
lower urinary tract. Acute colitis sensitized lumbosa-
cral spinal neurons receiving input from the urinary 
bladder result in spinal neuronal hyperexcitabiity that 
may be involved in central cross-organ sensitization 
of visceral nociception between the colon and urinary 
bladder. This provides information which not only 
supports a neurogenic etiology but also may account 
for the substantial overlap of BPS with other chronic 
pelvic	 pain	 disorders,	 especially	 the	 inlammatory	
bowel disorders.[85] Rudick and Colleagues have 
shown in a murine model organ cross talk in pelvic 
pain and modulation of pain responses by visceral 
inputs	distinct	from	the	inlamed	site.[143]	

Level of Evidence: 2 - Grade of Recommendation: B

7. TOXIC AGENTS

There are a few publications which have suggested 
that toxic substances in the urine may cause injury 
to the bladder resulting in symptoms consistent with 
BPS. One published hypothesis is that heat labile, 
cationic urine components of low molecular weight 
may exert a cytotoxic effect.[144] Another group of 
investigators has suggested that defective constitu-
ent cytokine production may decrease mucosal de-
fense to toxic agents.[145] 

Level of Evidence: 3 - Grade of Recommendation: D

8. HYPOXIA

Decreased microvascular density has been re-
ported to be a feature of bladders from some indi-
viduals	with	BPS.[146]	One	group	of	 investigators	
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has reported that bladder perfusion decreased with 
bladder distension in some BPS patients compared 
to the opposite effect in control subjects.[147] The 
hypoxic hypothesis is further supported a report by 
Lee et al, who found an increased expression of 
hypoxia-inducible factor-1(HIF-1) alpha in bladder 
tissue obtained from BPS patients.[148] However, 
it is still unknown why the BPS bladders would be-
come hypoxic. 

Level of Evidence: 4 - Grade of Recommendation: D

9. THE ROLE OF GENETICS IN BPS

Warren	et	al[149]	report	indings	from	a	small	cohort	
of twins which demonstrated a greater concordance 
of BPS among monozygotic that among dizygotic 
twins.	A	later	study	by	the	same	research	group[60]	
suggested	 that	 adult	 female	 irst-degree	 relatives	
of patients with BPS may have a prevalence of IC 
17 times that found in the general population. This 
coupled with the previously reported twin data sug-
gests, but does not prove, a genetic component 
adds to the susceptibility for BPS. Another study 
on more than 25,000 twins, Altman et al found that 
in female twins genetic factors contributed less 
than one-third of the total variation in susceptibility 
to BPS, suggesting that there could be a genetic 
susceptibility to BPS, although environmental fac-
tors might also be substantial in the development 
of BPS. [150]

The report by Weissman et al[151] of the increased 
frequency	of	BPS	in	patients	and	their	irst	degree	
relatives with panic disorder and other seemingly 
disparate disorders, has suggested that there is 
a familial syndrome consisting of BPS and other 
disorders of possible autonomic or neuromuscu-
lar dysfunction. More recent studies by the same 
group[152] from a case control study, suggested 
that this syndrome might include other anxiety dis-
orders as well, and that families with and without 
this collection of symptoms were genetically distin-
guishable on chromosome 13. 

Level of Evidence: 1 - Grade of Recommendation: B

10 . CONCLUSIONS:

	 There	 have	 been	 no	 signiicant	 conclusive	 ad-
vances made in understanding either the etiology 
or pathogenesis of BPS. It is now believed that the 
etiology of BPS is more complex than has been pre-
viously envisioned.[37,85,87,153-155] The consid-
eration of BPS as a part of a generalized somatic 
disorder should open new pathways to the study of 
BPS. Investigators should continue to explore cen-
tral neurological mechanisms of pathogenesis, as 
well as genetic/familial, immunological and infec-
tious etiologies of this puzzling, complex disorder. 

An algorithm that attempts to illustrate an etiologic 
schema is presented (Figure 5 ).

One can have pathology consistent with the diagno-
sis of BPS, but there is no histology pathognomonic 
of this syndrome. The role of histopathology in the 
diagnosis of BPS is primarily one of excluding other 
possible diagnoses. One must rule out carcinoma 
and carcinoma-in-situ, eosinophilic cystitis, tuber-
culous cystitis, as well as any other entities with a 
speciic	tissue	diagnosis[107,156,157].

Level of Evidence: 1 Grade of Recommendation: A

While earlier reports described a chronic, edema-
tous	pancystitis	with	mast	cell	iniltration,	submuco-
sal ulcerations and involvement of the bladder wall 
and	 chronic	 lymphocytic	 iniltrate[158,159],	 these	
were cases culled from patients with severe dis-
ease and not representative of the majority of cases 
currently	diagnosed.	The	pathologic	indings	in	BPS	
are not consistent. There has been a great variation 
in the reported histologic appearance of biopsies 
from BPS patients, and even variation among bi-
opsies	taken	from	the	same	patients	over	time[26].

Lepinard	 and	 colleagues[160]	 reported	 a	 pancys-
titis affecting the 3 layers of bladder wall. In nonul-
cerative disease the vesical wall was never normal, 
epithelium being thinned and muscle being affected. 
Johansson	and	Fall[107]	 looked	at	64	patients	with	
ulcerative disease and 44 with nonulcerative IC. The 
former group had mucosal ulceration and hemor-
rhage,	granulation	tissue,	intense	inlammatory	inil-
trate,	elevated	mast	cell	counts	and	perineural	 inil-
trates. The nonulcer group, despite the same severe 
symptoms, had a relatively unaltered mucosa with a 
sparse	inlammatory	response,	the	main	feature	be-
ing multiple, small, mucosal ruptures and suburothe-
lial hemorrhages that were noted in a high proportion 
of patients. As these specimens were almost all tak-
en immediately after hydrodistention, how much of 
the	admittedly	minimal	indings	in	the	nonulcer	group	
were purely iatrogenic is a matter of speculation. 

One can see completely normal biopsies in the non-
ulcerative	 BPS	 group[161].	 Transition	 from	 nonul-
cerative to ulcerative BPS is a rare event[101], and 
pathologically the two types of IC may be complete-
ly separate entities. While mast cells are more com-
monly	seen	in	the	detrusor	in	ulcerative	BPS[162],	
they are also common in patients with idiopathic 
bladder	 instability[163].	 Mastocytosis	 in	 BPS	 is	
best documented by tryptase immunocytochemical 
staining[164].	 Larsen	 and	 colleagues	 recommend	
taking biopsies from the detrusor of patients with 
suspected BPS and examining them with tryptase-
stained 3 micron thick sections, with every seventh 
section	 used	 for	 quantiication.	 They	 consider	 27	
mast	 cells/mm2	 indicative	 of	 mastocytosis.[165]	
Despite attempts to develop a diagnostic algorithm 
based on the detrusor to mucosa mast cell ratio and 

V. PATHOLOGY



1596

Figure 5: Theories of Etiology.
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nerve	 iber	 proliferation[100],	mast	 cell	 counts	 per	
se have no place in the differential diagnosis of this 
clinical syndrome. 

Mast cells could be valuable in clinical phenotyp-
ing, but as yet that is unproven. Mast cells trigger 
inlammation	 that	 is	 associated	with	 local	 pain,	 but	
the mechanisms mediating pain are unclear. In a 
murine model of neurogenic cystitis, Rudick and col-
leagues[166]	demonstrated	that	mast	cells	promote	
cystitis pain and bladder pathophysiology through 
the separable actions of histamine and tumor necro-
sis factor respectively. Therefore, pain is indepen-
dent	 of	 pathology	and	 inlammation,	 and	histamine	
receptors may represent direct therapeutic targets 
for the pain of BPS and other chronic pain conditions.

Lynes and coworkers[35] concluded that biopsy 
specimens	 are	 often	 not	 helpful	 in	 conirming	 the	
diagnosis. Although BPS patients in his study had 
a higher incidence and degree of denuded epitheli-
um,	ulceration,	and	submucosal	inlammation,	none	
of	 these	 indings	was	 pathognomonic.	 In	 addition,	
these	 “typical”	 indings	 occurred	 only	 in	 BPS	 pa-
tients with pyuria or small bladder capacity. Epithe-
lial and basement membrane thickness, submuco-
sal	edema,	vascular	ectasia,	ibrosis,	and	detrusor	
muscle	 inlammation	 and	 ibrosis	 were	 not	 signii-
cantly different in the BPS and control patients.

Attempts	 to	 deinitively	 diagnose	 BPS	 by	 electron	
microscopy have also been unsuccessful. Collan’s 
group[167],	 in	 the	 irst	 such	 study,	 wrote	 that	 the	
similarity of the ultrastructure of epithelial cells in 
controls and IC patients makes it improbable that 
the disease process originates in the epithelium. 
Other investigators found no differences in the 
morphologic appearances of the glycocalyx and of 
urothelial cells in patients with IC when compared 
with	controls[168].	Anderstrom	and	colleagues[109]	
saw	 no	 surface	 characteristics	 speciic	 for	 IC,	 but	
believed that the mucin layer covering the uro-
thelial cells seemed reduced in IC compared with 
controls, a fact disputed by Nickel in a very elegant 
paper[169].	 Elbadawi	 and	 Light[136]	 observed	 ul-
trastructural	 changes	 suficiently	 distinctive	 to	 be	
diagnostic in specimens submitted for pathologic 
conirmation	 of	 nonulcerative	 interstitial	 cystitis.	
Marked edema of various tissue elements and cells 
appeared to be a common denominator of many 
observed changes. The wide-ranging discussion of 
the etiology of IC in his paper is fascinating, but the 
pathological	indings	are	potentially	marred	by	 the	
methodology, in that specimens were obtained after 
diagnostic hydrodistention[170].

So what is the place of pathologic examination 
of tissue in BPS? Attempts to classify the painful 
bladder by the pathoanatomical criteria described 
by Holm-Bentzen[171] are of questionable value. 
There is a group of patients with what she describes 
as “nonobstructive detrusor myopathy”[172]. In her 
series, these patients with degenerative changes in 

the detrusor muscle often had residual urine, a his-
tory of urinary retention, and an absence of sensory 
urgency on cystometry with bladder capacities over 
400cc. Most would not be clinically confused with 
BPS. A similar English series[173], however, includ-
ed patients who met NIDDK research criteria and 
associated detrusor myopathy with diminished de-
trusor compliance and ultimate bladder contracture. 

The Interstitial Cystitis Database (ICDB) study 
worked backwards from symptoms to pathology, 
and concluded that certain symptoms are predictive 
of	 speciic	 pathologic	 indings[33,174].	 Denson	 et.	
al.[36]	 analyzed	 forceps	 biopsies	 from	 65	 females	
and 4 males with BPS. Ten per cent of specimens 
showed vasodilatation or submucosal edema. In-
lammation	was	absent	in	30%	of	patients,	and	mild	
in another 41%. Cystoscopic changes did not cor-
relate	with	degree	of	 inlammation.	Hanus	and	col-
leagues[175] studied 84 biopsies from 112 BPS pa-
tients and reported a linear relationship between the 
mean bladder capacity under anesthesia and sever-
ity	of	glomerulations.	They	did	not	ind	a	correlation	
between severity of symptoms and histopathological 
changes observed by light or electron microscopy.

Richter and the Danish group showed studied 349 
consecutive BPS patients and concluded that noc-
turia, detrusor mastocytosis, and detrusor intrafa-
sicular	 ibrosis	 are	 associated	 with	 multiple	 treat-
ments and presumed failure of standard urological 
therapy while bladder capacity and glomerulations 
are	 not.[176]	 In	 a	 Belgian	 study,	 cystoscopic	 pa-
rameters (glomerulations, bleeding, mucosal tears, 
bladder capacity) showed no correlations with the 
histological features of bladder biopsies. No corre-
lations	were	 found	 between	 inlammatory	 iniltrate	
and detrusor mastocytosis. In fact, detrusor mas-
tocytosis was more elevated in biopsies with nor-
mal urinary epithelium than in those with damaged 
epithelium. The study concludes that the clinical 
signiicance	 of	 pathological	 indings	 awaits	 future	
research	indings.	[177]

Rosamilia reviewed the pathology literature per-
taining to BPS in 2 recent publications and pre-
sented her own data[34,41]. She compared for-
ceps biopsies from 35 control and 34 PBS/IC 
patients,	6	with	bladder	capacities	less	than	400cc	
under anesthesia. Epithelial denudation, submu-
cosal	edema,	congestion	and	ectasia	and	 inlam-
matory	iniltrate	were	increased	in	the	BPS	group.	
Submucosal hemorrhage did not differentiate the 
groups, but denuded epithelium was unique to the 
BPS group and more common in those with severe 
disease.	The	most	remarkable	inding	in	her	study	
was that histological parameters were normal and 
indistinguishable from control subjects in 55% of 
BPS subjects. Method of biopsy can be important 
in	 interpreting	indings,	as	 transurethral	 resection	
biopsies tend to show mucosal ruptures, submuco-
sal	hemorrhage	and	mild	inlammation[107],	while	
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histology is normal approximately half the time with 
cold-cup forceps biopsies [34,35,178].

Histopathology plays a supportive diagnostic role at 
best[179]. Major reconstructive procedures appear to 
have better outcomes in patients with pathology con-
sistent	with	Hunner’s	 lesions.[180]	Inlammatory	fea-
tures	can	be	seen	in	24%	to	76%	of	patients	without	
a visible Hunner’s lesion.[181] While recent studies 
suggest that a severely abnormal pathology may be 
associated with poor prognosis[182,183], this is not 
necessarily the case [184]. 

At this point in time, excluding other diseases that 
are	 pathologically	 identiiable	 is	 the	 primary	 utility	
of	bladder	biopsy	in	this	group	of	patients.[185,186]

Much	work	 has	 been	 put	 into	 the	 attempt	 to	 deine	
objective diagnostic criteria based on, among other 
factors, cystoscopy under local or general anesthesia, 
bladder distention with registration of bladder capac-
ity and/or possible presence of glomerulations and 
Hunner’s lesion, bladder wall biopsies evaluated for 
inlammation,	ulcer,	ibrosis,	mast	cells,	etc.	and	uro-
dynamics with registration of bladder capacity, com-
pliance and bladder stability. Results have, however, 
been frustrating. It is more fruitful to establish a broad 
clinical diagnosis, mainly on the basis of symptoms 
and exclusion of other diseases, and then stratify pa-
tients by urodynamic, cystoscopic, histological, and 
other	 tests	on	 the	basis	of	 the	signiicance	of	 these	
indings	for	results	of	treatment	and	prognosis	of	dis-
ease. Current efforts to phenotype the disorder by the 
presence or absence of associated syndromes and 
diseases may also prove useful in the same way. 

What follows is based solely on expert opinion.

 Level of Evidence:4 Grade of Recommendation:C

It is hoped that future Consultations will have the data 
to	base	such	suggestions	on	a	irmer	foundation.

1. HISTORY

A general thorough medical history should be taken.

Special emphasis should be given to:

•	Previous	pelvic	operations

•	Previous	UTI

•	Bladder	history/urological	diseases

•		Location	of	pelvic	pain	(referred	pain)	and	relation	
to	bladder	illing/emptying.

•		Characteristics	of	pain:	onset,	correlation	with	oth-
er events, description of pain

•	Previous	pelvic	radiation	treatment

•	Autoimmune	diseases

2. PHYSICAL EXAMINATION

A common physical examination should be per-
formed including palpation of the lower abdomen 
for bladder fullness and tenderness:

	 •	Standing:	kyphosis,	scars,	hernia

•			Supine:	 abduction/adduction	of	 the	hips,	 hy-
peraesthetic areas

In females  physical examination should include a 
vaginal examination with pain mapping of the vul-
var region and vaginal palpation for tenderness of 
the bladder, urethra, levator and adductor muscles 
of	the	pelvic	loor.	Tenderness	might	be	graded	as	
mild, moderate or severe.

3. PAIN MAPPING

Inspection:

	 •	Vulva

  –   exclusion of vulvar/vestibular diseases 
(vulvitis, dermatosis etc.)

  –  evaluation of introital area (endometriosis)

  –   tenderness of vestibular glands or vulvar skin 
(Touch	Test:	use	wet	cotton	stick	or	inger	tip)

	 •	Vagina

  –   tenderness during insertion and opening 
of speculum

  – cervical pathology

  – vaginal fornices (endometriosis)

	 •	Bimanual	physical	examination

  –  tenderness of urethra, trigone and bladder

	 	 –	supericial/deep	vaginal	tenderness

	 	 –			tenderness	of	pelvic	loor	muscles	(levator,	
adductor)

  – tenderness in adnexal areas

In males  digital rectal examination (DRE) should 
be performed with pain mapping of the scrotal–anal 
region and palpation of tenderness of the bladder, 
prostate, levator and adductor muscles of the pelvic 
loor	and	the	scrotal	content.

4. LABORATORY TESTING

	 •		Urine	 dipstick	 (ABS,	 pH,	 leucocytes,	 ni-
trate), urine culture in all. If sterile pyuria 
culture for tuberculosis.

	 •	Urine	cytology	in	risk	groups.

	 •		Investigations	for	vaginal	Ureaplasma	and	
Chlamydia in females and prostatitis in 
men are optional.

VI. DIAGNOSIS
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5. SYMPTOM EVALUATION

	 •			Voiding	 diary	with	 volume	 intake	 and	 output	
for 3 days at initial evaluation. Patient sensa-
tion at voiding might be recorded (see chapter 
outcome assessment, Hanno).

	 •			At	 follow-up	 only	 number	 of	 voidings	 during	
day and night time is necessary. Morning vol-
ume might be recorded as a help to monitor 
highest functional capacity.

	 •		The	 O’Leary–Sant	 Symptom	 Score	 supple-
mented should be used as basic symptom 
score supplemented with the Quality of Life 
Score from the International Prostate Symptom 
Score (see chapter symptom scales, Hanno3).

Pain should be recorded using a Visual Analogue 
Scale (VAS) for pain during the last 24 hours (to 
it	with	 the	 voiding	diary).	Separate	 scores	 for	 the	
average, mildest and worst pain should be obtained 
(see symptom scales)

6. URODYNAMICS

Level of Evidence:4 Grade of Recommendation:C

The NIDDK criteria excluded patients with detru-
sor	overactivity	at	illing	cystometry	 in	order	not	 to	
confuse the picture in clinical trials.[8] This does 
not however mean that detrusor overactivity can 
not coexist with bladder pain syndrome. In the in-
terstitial cystitis database approximately 14% of 
BPS patients had overactive bladders[17]. Whether 
these patients respond better to antimuscarinics 
than BPS patients with stable bladders has never 
been systematically investigated. If so, a rationale 
for routinely employing urodynamics as a part of the 
evaluation would follow. In males, infravesical ob-
struction might be a differential diagnosis[187], and 
it	is	recommended	to	do	lowmetry	in	all	males	and	
pressure-low	studies	in	men	with	a	peak	low	rate	
below 20ml/seconds. 

There are no data to support the following rec-
ommendations:

In	 females,	 lowmetry,	 post	 void	 residual	 urine	 vol-
ume	and	pressure-	low	study	are	optional.	In	males,	
a	lowmetry	should	be	done	 in	all,	and	 if	maximum	
low	 rate	<20	ml/s	a	pressure-low	study	and	mea-
sure of residual urine volume should be done. It is 
recommended	to	perform	illing	cystometry	with	a	ill-
ing rate of 50 ml/s (to comply with the revised Potas-
sium Test - see below) to look for overactivity, volume 
at	irst	desire	to	void	and	cystometric	capacity.

7. POTASSIUM TESTING

Level of Evidence:1 Grade of Recommendation: 
-A (not recommended)

Parsons has championed an intravesical potassium 
chloride challenge, comparing the sensory nerve 

provocative ability of sodium versus potassium us-
ing a 0.4 M potassium chloride solution. The test has 
proved controversial [188]. Pain and provocation of 
symptoms constitutes a positive test. Whether the 
results indicate abnormal epithelial permeability in 
the subgroup of positive patients, or hypersensitiv-
ity of the sensory nerves is unclear. Normal bladder 
epithelium can never be absolutely tight, and there 
is always some leak, however small[189]. The con-
centration of potassium used is 400meq per liter, far 
exceeding the physiologic urinary concentrations of 
20-80meq/liter depending upon dietary intake[190]. 
Healthy controls can distinguish KCl from sodium 
chloride, though they don’t experience severe 
pain[191]. The hope is that this test may stratify pa-
tients into those who will respond to certain treat-
ments (perhaps those designed to fortify the glycos-
aminoglycan layer) [192].

Used as a diagnostic test for bladder pain syn-
drome, the potassium chloride test is not valid[193]. 
The	 gold	 standard	 in	 deining	 BPS	 for	 research	
purposes has been the NIDDK criteria. These cri-
teria are recognized to constitute a set of patients 
that virtually all researchers can agree have BPS, 
though they are far too restrictive to be used in clini-
cal practice[28]. Thus, this group of patients should 
virtually all be positive if the KCl test is to have the 
sensitivity needed to aid in diagnosis. Up to 25% 
of patients meeting the NIDDK criteria will have a 
negative KCl test[194]. In the group it should per-
form the best in, it is lacking in sensitivity. When we 
look	 at	 the	 speciicity	 side	 of	 the	 equation,	 in	 the	
universe of asymptomatic persons, it performs rela-
tively well and is rarely positive, although a recent 
study	reported	a	36%	false	positive	rate	in	asymp-
tomatic men[195]. It is in the patient population with 
confounding conditions for which we would want 
help in sorting out BPS from other disorders. Six-
ty percent of patients with overactive bladder test 
positive[196]	and	virtually	all	patients	with	 irritative	
symptoms from radiation cystitis and urinary tract 
infection test positive[194,197]. The results with 
chronic prostatitis / chronic pelvic pain syndrome in 
men are variable, but 50-84% of men have been 
reported to test positive[195,198,199]. In women 
with pelvic pain results are similar[200], and based 
on	these	indings,	Parsons	has	expressed	the	view	
that BPS may affect over 20% of the female popula-
tion of the United States[201]! Others have reported 
prevalence in unselected female textile workers in 
Turkey using similar methods at 32.8%[202]. An-
other	way	to	interpret	the	indings	would	be	that	the	
KCl	 test	 is	 very	 nonspeciic,	 missing	 a	 signiicant	
number of BPS patients and over-diagnosing much 
of the population. 

Prospective and retrospective studies looking at the 
KCl test for diagnosis in patients presenting with 
symptoms	of	BPS	have	found	no	beneit	of	the	test	
in comparison with standard techniques of diag-
nosis[193,203,204].	A	 later	modiication	of	 the	 test	
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using 0.3 molar potassium chloride for potential dif-
ferentiation between patients with IC and detrusor 
overactivity (DO) showed that the 0.3 M KCl reduc-
es maximum cystometric capacity in BPS and DO, 
the effect being more pronounced in DO. Urothelial 
hyperpermeability	was	not	speciic	to	IC.	Compara-
tive cystometry using NS and 0.3 M KCl does not 
help	to	differentiate	BPS	from	DO	[205,206].	

The	development	of	a	painless	modiication	of	 the	
potassium chloride test[207] using cystometric ca-
pacity and a 0.2M solution may improve accept-
ability among patients. The so-called revised or 
Comparative Potassium Test has shown prognostic 
value in bladder irrigation studies[208] but is con-
sidered optional by ESSIC. If performed it should 
be performed according to Daha et al.[207]: A Foley 
balloon catheter (14F) is inserted and the bladder 
drained. Instill into the bladder 500 ml saline (0.9%) 
at a rate of 50 ml/min via an infusion set until the 
maximum capacity is reached. Drain the bladder 
and	measure	 the	saline	illing	volume.	Repeat	 the	
instillation and measurement with 500 ml 0.2 M po-
tassium chloride at a rate of 50 ml/min (taking care 
that	illing	lines	are	emptied	of	all	saline	before	KCl	
instillation),	 and	 calculate	 the	 illing	 volume	 differ-
ence.	 A	 difference	 in	 bladder	 capacity	 >	 30%	 is	
considered positive. Besides reduction of bladder 
capacity with 0.2 M KCl there is a stronger feeling of 
urgency	in	IC	patients	compared	to	the	saline	illing,	
which is also clinically relevant.

8. CYSTOSCOPY AND HYDRODISTENSION

Level of Evidence:2 Grade of Recommendation:B

The classic cystoscopic picture of BPS as an “elu-
sive” bladder ulcer with a corresponding cystoscop-
ic appearance of patches of red mucosa exhibiting 
small vessels radiating to a central pale scar was 
described by Hunner in 1915 [5]. (Figures 6, 7 & 8 ) 
courtesy of Jorgen Nordling)

After 1978, glomerulations, described as punctuate pe-
techial hemorrhages and observed after hydrodisten-
tion, became the primary cystoscopic feature of BPS[7]. 
(Figures 9 and 10 , courtesy of Tomohiro Ueda)

But not all patients with symptoms of BPS have glo-
merulations[9,28,36,176],	 and	not	 all	 patients	with	
glomerulations	 have	 symptoms	 of	 BPS	 [196,209-
212]. Neither presence nor severity of glomerula-
tions correlate with any of the primary symptoms 
of BPS [33], although the presence of a Hunner’s 
lesion	 is	 signiicantly	 associated	 with	 bodily	 pain	
and	urinary	urgency	[211].	The	inding	of	a	Hunner’s	
lesion or glomerulations has been somewhat sub-
jective.	Some	researchers	ind	a	Hunner’s	lesion	in	
50% of their BPS patients [213], while others rarely 
see one [214]. 

No study comparing individual perceptions and vari-
ations in reporting or classifying glomerulations has 
ever been reported. Bladder capacity during hydro-

Figure 6: Hunner’s lesion prior to bladder distention.

Figure 7: Hunner’s lesion at bladder distention to 
80cm pressure.

Figure 8: Hunners lesion after distention and re-
lease of luid.

distention has not drawn much attention, although it 
is strongly associated with increased urgency [215]. 

Because considerable variation in the duration of 
distension, repetition of distension, the pressure 
used for distension, and the measurement of blad-
der	capacity	have	been	described	[216]},	the	ESSIC	
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has suggested a standardized procedure for cystos-
copy and hydrodistension  [15]:

A rigid cystoscope is preferred to facilitate taking of 
adequate	biopsies.	Glycine	or	corresponding	illing	
luid	 should	be	used	 to	allow	 for	 coagulation	after	
biopsies. Infusion height should be approximately 
80 cm above the Symphysis Pubis. (note: some 
would recommend a pressure of only 60cm to 
minimize risk of bladder perforation and in the 
absence of data that a higher pressure is benei-
cial) . A dripping chamber is used and the bladder is 
illed	until	luid	dribbling	stops.	If	necessary,	a	digital	
block is applied around the urethra to prevent leak-
age. Pre-distension inspection includes observation 
for	radiating	vessels,	coagulum	or	ibrine	deposits,	
white spots, hyperaemia, oedema, cracks, scars or 
any other mucosal changes. Continuous inspection 
while	illing	the	bladder	is	advised.	When	maximum	
capacity is reached, the distension is maintained for 
3 minutes. The bladder is emptied and the colour of 
the	luid	checked	for	the	degree	of	bleeding.	The	to-
tal volume drained is the measured maximum blad-
der	capacity.	During	a	second	illing,	the	bladder	is	
illed	to	approximately	1/3rd	to	2/3rd	of	the	bladder	
capacity to achieve optimal vision for inspection and 

biopsies.	The	bladder	should	not	be	illed	to	maxi-
mum capacity or distended again to avoid further 
provocation of changes with doubtful reproducibility.

a) Inspection

Describe lesions in anterior wall, posterior wall, lateral 
quadrants and fundus. At the fundus one should be 
alert for possible artefacts if there is blind introduction 
of the scope. Bladder mapping by drawing is manda-
tory. Photographs are recommended but optional.

b) Classiication

Grade 0 = normal mucosa

Grade I = petechiae in at least two quadrants

Grade II = large submucosal bleeding (ecchymosis)

Grade III = diffuse global mucosal bleeding 

Grade IV = mucosal disruption, with or without 
bleeding/oedema

The	importance	of	the	inding	of	the	inding	of	glo-
merulations after hydrodistension is however as 
mentioned been questioned since 45% of asymp-
tomatic females, 20% of males with LUTS sugges-
tive of BOO and 85% of females with OAB and no 
bladder pain demonstrates typical glomerulations 
after	 hydrodistension[196,210,212]	 and	10-34%	of	
patients	with	BPS	do	not	[9,176]

c) How useful is hydrodistention? 

Hydrodistension results fail to identify any statisti-
cally	signiicant	differences	in	post-distention	objec-
tive	indings	(anesthetic	capacity,	glomerulations)	or	
therapeutic	beneits	when	patients	are	categorized	
according to presenting symptoms[217]. Cystos-
copy with hydrodistention may provide little use-
ful information above and beyond the history and 
physical	 examination	 indings.	 In	 one	 study,	 56%	
of 84 patients reported symptom improvement, 
but the duration was short lived with a mean of 2 
months[218]. It is necessary to distinguish between 
short	 term	hydrodistension	 (2-10	min.)	 for	 classii-
cation of BPS and long term hydrodistension (20-30 
min.) for treatment[219]. Many reports on the thera-
peutiv effect of hydrodistension are from Asia and 
from patient material with IC based on the Asian 
deinition[45],	where	up	to	2/3	of	the	patients	have	
frequency-urgency and no pain.

Lamale and colleagues examined the relationships 
between	symptoms	and	cystoscopic	indings	 in	12	
women newly diagnosed with BPS who had not 
previously received treatment. Pain symptoms had 
consistent positive correlations with the cystoscopic 
indings.	An	increase	in	pain	with	bladder	illing	was	
associated	with	inlammation	(P	=	0.011),	ulceration,	
and smaller bladder capacity. Pain relief after void-
ing correlated with smaller bladder capacity (P = 
0.019), hematuria, and total cystoscopic score. Pain 

Figure 9: Glomerulations at 80cm water pressure.

Figure 10: Typical waterfall after release of 
bladder pressure.
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intensity in the urethra was related to ulceration and 
hematuria, and pain in the lower abdomen was re-
lated to a smaller bladder capacity (P = 0.047), glo-
merulations, and a larger total cystoscopic score. 
Daytime frequency correlated negatively with most 
cystoscopic	indings,	and	nocturnal	 frequency	had	
a	 positive	 relationship	with	most	 cystoscopic	 ind-
ings	and	was	signiicantly	associated	with	a	smaller	
bladder capacity (P = 0.010). Urgency showed no 
strong	 associations	with	 any	 cystoscopic	 indings.	
The results of this study contradict those of previous 
studies that found no relationship between symp-
tom	 reports	 and	 cystoscopic	 indings	 suggesting	
possible effects of treatment on pain perception and 
therapeutic	inluence	on	cystoscopic	indings[220]	.

It is important to keep in mind that the cystoscopic 
appearance of the bladder wall after hydrodistention 
may not be constant over time, and the absence of 
initial	indings	of	glomerulations	or	terminal	hematu-
ria does not preclude further development of these 
indings	 of	 the	 disease	 on	 subsequent	 evaluation	
[221]. Rare cases of hydrodistension induced blad-
der necrosis have been described [222].

9. MORPHOLOGY

Pathological changes in light microscopic and elec-
tron microscopic features in patients with BPS have 
been	 described	 including	 iniltration	 with	 inlam-
matory	 cells	 in	 all	 or	 speciic	 parts	 of	 the	 bladder	
wall.	Although	 these	 indings	 are	 important	 in	 our	
attempt to understand the disease and perhaps as 
an	aid	 to	stratiication	of	patients,	 there	are	at	 this	
time	no	pathognomonic	indings	on	biopsy	in	terms	
of diagnosis[33]. Expert opinion as per the ESSIC 
suggests the following procedures when biopsy is 
planned for BPS evaluation[15]: 

a) Biopsies

During cystoscopy the bladder is distended to full 
capacity. After draining the bladder, bladder biop-
sies are taken at roughly half full bladder capacity: 
Biopsy procedures should be performed by using 
large forceps and include detrusor muscle; alterna-
tively double punch biopsies or resections of lesions 
can be used.

b) Number of biopsies

At least 3 biopsies from the two lateral walls and 
bladder dome should be taken in addition to biopsies 
from visually abnormal areas. The biopsies are to be 
immediately	ixed	in	neutral	buffered	4%	formalin.

c) Biopsy handling

Biopsies are treated conventionally. Six adjacent 3 
mm sections are cut and placed with 3 specimens 
on	 each	 of	 two	 specimen	 slides.	The	 irst	 slide	 is	
stained with H&E, the next with a connective tissue 
stain suitable for the individual institute. Twenty-four 
10 mm sections are then cut and every third sec-
tion is mounted on a specimen slide for mast cell 

counting. The specimens are stained by Lederstain 
(naphtolesterase) according to routine procedures. 
Finally, a 3mm section is obtained to ensure the 
presence of detrusor muscle in the specimens.

d) Mast cell counting

The use of a measuring grid (e.g. Leitz periplan 
6F	10_N	ocular	 containing	a	 standardized	grid)	 is	
necessary. Only mast cells containing nucleus are 
included. When counting the cells those covering 
or touching the bottom should be excluded whereas 
those covering the upper and left line are included. 
At least 3 biopsies must be the subject of mast cell 
counting and if possible one including a lesional 
area. Biopsies for mast cell counting should contain 
detrusor muscle. 

e) The pathology report

	 •		Epithelium

  – Not present

  – Present

  – Dysplasia with grading

  –  Abnormal but no dysplasia: description 
is mandatory.

	 •	Propria

  – Normal

	 	 –		Inlammation:	description	with	a	grading

	 	 –	Other	indings	are	described

	 •		Detrusor	muscle.	Abnormal	muscle	cells:	describe

	 •	Intrafascicular	ibrosis

  – Not present

  – Present

	 •		Mast	cell	count:	At	least	three	biopsies	should	
be included in the counting. Only the biopsy 
with the highest number of mast cells per 
mm2 should be reported

The enzymatic (naphtolesterase) staining is, for the 
time being, recommended since standardized val-
ues are available:

  –  less than20mast cells/mm2:no de-
trusor mastocytosis;

  – between 20 and 28 grey zone!

  –  more than 28 mast cells/mm2: de-
trusor mastocytosis.

Larsen recommends examining the detrusor biopsies 
with tryptase-stained 3 micron thick sections, with every 
seventh	section	used	for	quantiication;	27	mast	cells/
mm2 is considered indicative of mastocytosis[165].
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These guidelines have been reported to be easy to 
follow.	A	statistically	signiicant	correlation	was	found	
between	the	cystoscopic	aspect	and	inlammatory	in-
iltration,	mast	cell	count	in	the	detrusor	muscle	and	
stromal edema. Maximum bladder capacity was neg-
atively	 correlated	 with	 inlammation,	 detrusor	 mast	
cell count, hemorrhages and the overall cystoscopic 
aspect[223]. Correlations have also been demon-
strated	 between	 urothelial	 damage	 and	 inlamma-
tory	 iniltrates	 and	 between	 normal	 epithelium	 and	
detrusor mastocytosis suggesting either 2 different 
types of BPS or different stadiums in the pathophysi-
ological process of BPS [177]. Also in a large retro-
spective study of 349 patients with BPS, it was found 
that treatment intensity ranging from hydrodistension 
only to major surgery correlated positively to detrusor 
mast	 cell	 count,	 detrusor	 ibrosis	 and	 nocturia,	 but	
not to maximum bladder capacity or glomerulations 
after hydrodistension [224].

10. BIOMARKERS

The lack of universally accepted clinical diagnostic 
criteria for BPS affects all aspects of making prog-
ress in understanding this disease. Insights into risk 
factors, pathogenesis, trials for effective therapy, 
prognosis, and outcome criteria for treatment are all 
affected by this lack of diagnostic criteria. A major 
factor affecting the controversy over accepted clini-
cal diagnostic criteria is that the current criteria are 
predominantly	 symptom	speciic.	An	objective	bio-
marker would advance the establishment of repro-
ducible diagnostic criteria for BPS and also aid in 
monitoring effects of treatment. 

A biomarker for any disease needs to demonstrate 
high	sensitivity	and	high	speciicity.	In	addition,	the	
marker assay needs to be reproducible in many lab-
oratories and should be suitable for use in a clinical 
diagnostic laboratory. 

Many of the published studies on biomarkers for BPS 
have been on biomarkers isolated from urine. Erick-
son et.al has published excellent reviews of urine 
markers	 for	BPS	 [225,226].	The	most	 thoroughly	 in-
vestigated marker is antiproliferative factor (APF). 
This	 factor	has	been	 identiied	and	characterized	by	
Dr. Susan Keay and her colleagues at the University 
of Maryland [227,228]. Control subjects for this study 
included asymptomatic individuals, patients with bac-
terial cystitis, and patients with vulvovaginitis. APF is 
found in urine from the bladder and not from the renal 
pelvis [229-231]. Treatment of symptomatic BPS by 
either hydrodistention or neurostimulation normal-
ized the APF levels concurrent with symptom relief 
[232]. It is not known if other forms of treatment will 
affect APF levels. Preliminary studies in 58 women 
with documented BPS demonstrated a sensitivity 
value	of	91.4%	and	a	speciicity	of	90.6%[233].	A	later	
study with 219 symptomatic BPS patients and 325 
controls with and without other urological disorders 
documented the sensitivity as 94% and the speciicity	
at 95%[234]. APF has been isolated from urine and 

found to be a frizzled 8 protein-related sialoglyco-
peptide which interacts with the epithelial cell recep-
tor	CKAP4/p63[235,236].	Keay	et	al	have	suggested	
that APF might inhibit cell proliferation by the down-
regulation of genes that stimulate cell proliferation 
along with the upregulation of genes that inhibit cell 
growth[112]. Cell growth inhibition of human urothelial 
cells appears to be mediated by p53[237]. APF treat-
ment	caused	signiicant	increases	in	the	paracellular	
permeability of normal bladder epithelial cell monolay-
ers and the attenuation of tight junctions compared to 
mock APF, similar to changes seen in IC cells. APF 
treatment also decreased expression of the tight junc-
tion	proteins	zonula	occludens-1	and	occluding	[236].	

APF seems an ideal candidate for a biomarker for 
symptomatic BPS. There need to be additional 
studies to determine if it can serve as a BPS marker 
for patients in remission or for those who have not 
yet	become	symptomatic.	As	of	2008,	 the	indings	
on symptomatic patients have yet to be replicated 
by laboratories around the world, and the biologic 
assay has not proven suitable for commercial de-
velopment as it currently exists. The ultimate fate of 
APF as an important biomarker and etiologic factor 
remains to be determined.

GP-51 is a glycoprotein present in both the tran-
sitional epithelium and urine of humans and other 
mammals. Moskowitz et. al have shown that blad-
der biopsies of BPS patients had decreased stain-
ing for GP-51[238] The same laboratory also dem-
onstrated that although GP-51 demonstrates a high 
speciicity	for	BPS,	it	is	not	as	sensitive	as	APF[239].	

There have also been many published studies on 
heparin-binding epidermal growth factor-like growth 
factor (HB-EGF)[112,230,231,240,241]. HB-EGF is 
a growth factor found in normal urine. It has been 
shown that APF inhibits the production of HB-EGF. 
There have been no large population studies focus-
ing solely on HB-EGF as a biomarker for BPS.

11. CONFUSABLE DISEASES

Criteria for a diagnosis are needed only if the tar-
get disease may be confused with other diseases 
(confusable diseases) because of overlapping fea-
tures[242]. For a diagnosis, the target disease has 
to be recognized in a pool of confusable diseases 
in	 one	 of	 two	ways:	 by	 recognition	 of	 the	 speciic	
combination of features of the target disease or by 
exclusion of confusable diseases. For the diagnosis 
of BPS both methods might be used because:

•		Confusable	diseases	are	more	common	than	BPS,	
so recognition is mandatory because many can 
be treated.

•		Failure	 to	 diagnose	 a	 confusable	 disease	
would automatically incorrectly yield a di-
agnosis of BPS.

•		Patients	may	have	a	confusable	disease	plus	BPS.
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The diagnosis of BPS can thus made on the basis 
of	exclusion	of	confusable	diseases	and	conirma-
tion by the recognition of the presence of the spe-
ciic	combination	of	symptoms	and	signs	of	BPS.	If	
the main urinary symptoms are not explained by a 
single diagnosis (confusable disease or BPS), the 
presence of a second diagnosis is possible. Symp-
toms and signs for use in diagnostic criteria do not 
need	 to	be	 speciic	 for	 the	 target	 disease.	On	 the	
contrary,	 if	 a	 speciic	 symptom	or	 sign	 existed	 for	
the target disease, a diagnosis would only require 
the	presence	of	the	speciic	feature	and	diagnostic	
criteria would not be necessary.

In evidence-based medicine, diagnoses are based 
on medical history, physical examination, and ap-
propriate clinical investigations to eliminate diseas-
es from a list of differential diagnoses (confusable 
diseases)	 and	 to	 conirm	 the	 inal	 diagnosis.	 BPS	
may occur together with confusable diseases such 
as chronic or remitting urinary infections or endo-
metriosis. Cystoscopy with hydrodistention and 
biopsies might in this situation document positive 
signs of BPS thereby making a double diagnosis 
more probable. For therapeutic studies it makes 
sense to exclude patients who also have a confus-
able disease because symptoms and signs may be 
caused by BPS, the confusable disease, or by both. 
For prevalence studies of BPS, on the other hand, 
all cases with BPS should be included, also those 
with a confusable disease. This approach eliminates 

the need for separate diagnostic criteria for clinical 
practice	and	scientiic	studies.	Table 3  summarizes 
confusable diseases related to BPS and their mode 
of exclusion based upon the aforementioned diag-
nostic proposals and procedures [15,243]. 

Interstitial cystitis was originally described as blad-
der	disease	with	severe	inlammation	of	the	bladder	
wall described by Hunner as an ulcer[5]. The lesion 
is	however	not	an	ulcer	but	an	inlammatory	iniltrate	
that can crack upon distention, and the name of the 
bladder lesion has consequently been changed to 
“Hunner’s	 lesion[243]”.	 The	 inding	 of	 a	 Hunner’s	
lesion could therefore originally be regarded as a 
diagnostic criterion for IC. Messing and Stamey in-
troduced	 glomerulations	 as	 another	 typical	 inding	
for IC and this was included in the NIDDK criteria[8]. 
Magnus Fall proposed, that patients with Hunner’s 
lesion (classic IC) and patients with glomerulations 
(non-ulcer type) represented two different subtypes 
[101] with different clinical pictures, different out-
comes, and different responses to treatment [213] 
meaning	 that	 patients	 fulilling	 the	 NIDDK	 criteria	
represents at least two different patient populations. 
Moreover	up	to	60%	of	patients	clinically	believed	to	
have	BPS	by	experienced	clinicians	do	not	fulil	the	
NIDDK criteria [28] and whether or not these patients 
are	 comparable	 to	 the	 patients	 fulilling	 the	NIDDK	
criteria is unknown. Finally Japanese urologists con-

Table 3: Differential Diagnosis of Bladder Pain Syndrome. 

Van de Merwe J, Nordling J, Bouchelouche P, Bouchelouche K, Cervigni M, Daha LK et al. Diagnostic criteria, classiication, 
and nomenclature for Painful Bladder Syndrome/Interstitial Cystitis: An ESSIC proposal. Eur. Urol. 2008;53:60.

VII. CLASSIFICATION
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sider that “interstitial cystitis” should be preserved as 
a disease name for patients with urinary symptoms 
and	 cystoscopic	 indings	of	 glomerulations	or	Hun-
ner’s lesion as outlined in the NIDDK criteria [45].

In an attempt to unite these different philosophies 
into	a	coherent	schema,	ESSIC	proposed	a	classii-
cation	of	BPS	based	on	indings	during	cystoscopy	
with	hydrodistension	and	morphological	indings	in	
bladder biopsies[243] (Table 2 )	.	The	classiication	
includes groups not having had cystoscopy with 
hydrodistension (group X) as well as groups not 
having had morphological investigation of bladder 
biopsies	(group	XX).	By	using	this	classiication	fu-
ture	 research	will	 be	 able	 to	 identify	 if	 indings	 of	
glomerulations and/or Hunner’s lesion as well as 
morphological changes in bladder biopsies does 
have	 signiicant	 importance	 for	 disease	 prognosis	
and/or treatment outcome. 

Participants in both arms of a large NIH funded random-
ized placebo controlled trial evaluating amitriptyline in 
BPS	[246]	 received	a	standardized	education	and	be-
havioral	 modiication	 program	 (EBMP)	 .Adherence	 to	
the	EBMP	at	6	weeks	was	assessed	in	4	categories	of	
1)	symptom	management,	2)	luid	management,	3)	diet	
modiication	and	4)	bladder	training.	For	each	of	these	
EBMP	categories	adherence	was	deined	as	the	over-
all percentage of participants who reported adhering to 
each component of the EBMP at each telephone contact 
or clinic visit. For the 241 subjects evaluable for EBMP 
adherence,	the	rate	at	6	weeks	was	75%	(181	of	241)	
for	symptom	management,	83%	(201	of	241)	 for	luid	
management,	82%	(196	of	240)	for	diet	modiication	and	
71% (172 of 241) for bladder training. The overall GRA 
response rate was approximately 57% for adherers in 
any of the 4 EBMP categories, whereas it was lower for 
nonadherers.	This	rate	neared	statistical	signiicance	for	
diet	modiication,	which	 demonstrated	 only	 a	 41%	 re-
sponse rate among nonadherers (p = 0.051).

Recommendation : 

Behavioral therapy should be a cornerstone of treat-
ment for patients with BPS. 

Level of evidence: 2 Grade of recommendation: B

2. PHYSICAL THERAPY

Women	with	BPS	may	have	associated	pelvic	loor	
dysfunction	[247].	Physical	therapy	for	the	pelvic	loor	
is said to be effective for genitourinary and anorectal 
disorders[248]. Biofeedback and soft tissue mas-
sage	may	stimulate	the	relaxation	of	the	pelvic	loor	
muscles [249,250]. Lukban et al [251] conducted a 
direct	myofascial	 release	 treatment	on	16	BPS	pa-
tients	with	high-tone	pelvic	loor	dysfunction	and	sac-
roiliac dysfunction. The treatment was effective for 
urinary frequency and suprapubic pain. Fifteen pa-
tients (94%) showed improvement in the O’Leary & 
Sant symptom score. Coital pain relief was observed 
in	15	of	16	patients,	with	9	patients	becoming	able	to	
resume sexual intercourse [252]. Transvaginal Theile 
massage was also reported to be effective for 9 of 
10 patients of the same group [253]. Mendelowitz et 
al	 [250]	showed	a	69%	success	 rate	when	 treating	
16	 patients	 using	 electromyographic	 biofeedback.	
However, it was suggested that a placebo effect may 
have occurred because the effect did not correlate 
with the improvement in patient’s awareness of the 
pelvic	 loor	 muscle	 movement	 and	 position	 before	
and after the therapy. Weiss [254] reported that 70% 
of 10 patients with IC showed symptomatic improve-
ment, rating from “effective” to “remarkably effective”. 

An NIH study[255] to determine the feasibility of con-
ducting a randomized clinical trial was undertaken to 
compare 2 methods of manual therapy (myofascial 
physical therapy and global therapeutic massage) in 
patients with urological chronic pelvic pain syndromes. 
The global response assessment response rate was 
57% in the myofascial physical therapy group compared 

VIII. CONSERVATIVE TREATMENT 
(TABLE 4)

Table 4: conservative therapies graded by Oxford Criteria

1. BEHAVIORAL MODIFICATION

Behavioral therapy for BPS includes education, timed 
voiding (scheduled voiding time and interval), con-
trolled	 luid	 intake,	 pelvic	 loor	 muscle	 training	 and	
bladder training (gradually extending voiding interval). 

Chaiken et al [244] reported that when they conducted 
behavioral therapy consisting of frequency-volume chart, 
timed	voiding,	controlled	luid	intake	and	pelvic	loor	mus-
cle training for the treatment of 24 female patients, 50% of 
the patients showed improvement in the number of urina-
tions and bladder capacity. At the same time, they consid-
ered that as the data was collected from 12 weeks’ inten-
sive therapy conducted by skilled therapists for selected 
patients whose main symptom was urinary frequency, it 
should not be generalized. Parsons and Koprowski [245] 
reported that when 21 patients with the main symptom 
of urinary frequency underwent bladder training using a 
frequency-volume chart, 15 patients showed improve-
ment. In 15 patients, the mean voided volume after one 
month	increased	by	65cc,	whereas	a	persistent	sensation	
of bladder fullness remained unchanged. 
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to 21% in the global therapeutic massage treatment 
group.	This	statistically	signiicant	difference	 (P=0.03)	
was primarily driven by the response seen in women 
(24 women) compared to the men (24 men) enrolled in 
this small pilot study. A follow-up randomized trial com-
paring	similar	treatments	[256]	but	only	in	women	with	
BPS	and	demonstrable	pelvic	loor	pathology	showed	
a	clear	beneit	of	directed	myofascial	physical	therapy.	

Recommendation :

Physical therapy of selected and motivated patients 
with BPS, particularly those with demonstrable pelvic 
loor	dysfunction,	is	indicated.	

Level of evidence: 1 Grade of recommendation: A

3. STRESS REDUCTION

It is long been observed that mental stress is one 
of the factors which aggravate the symptoms of 
BPS. Koziol et al [97] reported, in a survey of 374 
patients, that more than half of the patients expe-
rienced intensified pain due to stress. Rothrock 
et al [257] reported that when comparing patients 
with BPS and healthy people, increased pain and 
urgency caused by stress were observed only in 
patients with BPS. Case-cohort studies have con-
firmed that patients diagnosed with IC/BPS ex-
perience considerably more stress than patients 
without the condition [90]. Stress was shown to 
correlate with both the severity of symptoms and 
quality of life. In another study of patients with 
BPS identified in urology tertiary care clinic popu-
lations [258], mental health disorders were identi-
fied in 23 % of IC/BPS female cases compared 
to 3% of female control subjects. Medications for 
anxiety, depression or stress were taken by 37% 
of patients with IC/BPS compared to 13% of fe-
male controls.

It is believed that exercise and bathing favorably 
influence the quality of life by reducing stress 
[259] however, the effect of such nonspecific 
therapies are difficult to assess and have not 
been proven in clinical trials. It would seem rea-
sonable to suggest, when possible, to shorten 
working hours, choose a job with less stress or 
create a less stressful home environment. In-
volvement in patient education programs and 
patient support groups are considered by most 
practitioners	 to	 be	 beneficial	 [259,260].	 World-
wide patient support groups, including the In-
terstitial	 Cystitis	Association	 (ICA)	 [261],	 http://
www.ichelp.org/ , the International Painful Blad-
der Foundation, http://www.painful-bladder.org/, 
are important sources of information for patients 
with BPS. Patients with BPS frequently suffer 
depression, which may negatively impact upon 
the quality of life [90] and perhaps symptoms. 
Effective self-care strategies taught by psychiat-
ric	nurses	are	considered	to	be	useful	[262,263].	

Recommendation: 

Stress and depression are related to poorer quality 
of life and increase in severity of symptoms. Level 
of evidence: 1 Grade of recommendation: A.  
Reduction of stress and depression may contribute 
to an overall improvement in quality of life and per-
haps even symptoms. Level of evidence: 4 Grade 
of recommendation: C.

4. DIETARY MANIPULATION

Acidic beverages, coffee, spicy food, and alcohol 
may aggravate the symptoms of most patients with 
BPS	[97,259,264,265].	The	symptoms	of	the	major-
ity of BPS patients are generally believed to be im-
proved	by	dietary	manipulation	 [259,264,266,267].	
However	this	has	proven	dificult	 to	document	and	
Nguan	et	al	[268]	reported	that	there	was	no	statisti-
cally	signiicant	difference	in	pain	and	other	symp-
toms,	 when	 they	 evaluated	 the	 inluence	 of	 the	
changes	 in	urinary	pH	on	 the	symptoms	of	26	pa-
tients with BPS by instilling pH5.0 and pH7.5 saline 
solutions into the bladder. One of the best studies 
designed to determine the effect of particular foods, 
beverages and/or supplements (comestibles) on 
IC/BPS symptoms was undertaken by Shorter et al 
[269].	One	hundred	and	 four	patients	with	 IC/BPS	
were asked to indicate on a validated questionnaire 
whether each of 175 individual items worsened, im-
proved or had no effect on symptoms. Of the pa-
tients surveyed, 90% indicated that the consump-
tion of certain foods or beverages caused symptom 
exacerbation. The comestible items that had the 
most effect were caffeinated, carbonated and alco-
holic	beverages,	certain	fruits,	artiicial	sweeteners	
and spicy foods.

Dietary manipulation was ranked in the top five 
frequently used treatments in a cohort study of 
the Interstitial Cystitis Data Base (ICDB).[270]. 
As the influence of diet is variable with regard to 
food, beverage, and patient, there is no reason 
for patients to be uniformly on a strict diet. It is 
advised that each patient experiment to find out 
the foods that tend to aggravate their symptoms 
and avoid them. The ICA home page, (http://www.
ichelp.org/) introduces the foods often avoided by 
patients with BPS.

Recommendation: 

Personalized dietary manipulation should be part 
of the therapeutic strategy for patients with IC/BPS. 

Level of evidence:2 Grade of recommendation :B

Several categories of medication have been used in the 
management of patients with bladder pain syndrome 
including analgesics, antidepressants, antihistamines, 
Immunosuppressants, and glycosaminoglycans. Many 

IX. ORAL THERAPY (TABLE 5)
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of these drugs are used empirically. Only a few of them 
have been studied in randomized controlled trials and 
none have a grade A recommendation. 

1. ANALGESICS 

Grade of Recommendation: C - Level of Evidence: 4

The long-term, appropriate use of pain medications 
is indispensible in the treatment of bladder pain syn-
drome. Many nonopioid analgesics including acet-
aminophen	 and	 the	 nonsteroidal	 anti-inlammatory	
drugs (NSAIDs) and even antispasmodic agents [271] 
have a place in pain therapy. Patients with more se-
vere symptoms can often be helped with medical pain 
management using medications commonly used for 
chronic neuropathic pain syndromes including antide-
pressants, anticonvulsants, and opioids. 

Gabapentin, introduced as an anticonvulsant, has 
found	eficacy	 in	neuropathic	pain	disorders	 includ-
ing diabetic neuropathy [272] and postherpetic neu-
ralgia [273]. It demonstrates synergism with mor-
phine in neuropathic pain[274]. Two patients with IC 

showed improved functional capacity and received 
adequate pain control when gabapentin was added 
to their regimen [275]. Sasaki et al reported that 10 
of 21 male and female patients with refractory geni-
tourinary pain had subjective improvement of their 
pain	 following	 treatment	 with	 gabapentin[276].	 Re-
cently gabapentin was one compound of a triple mix 
including amitriptyline and etodolac, a NSAID. The 
interpretation	of	the	observed	eficacy	in	74	patients	
is hampered by an uncontrolled open lable study pro-
tocol that additionally allowed uptitration of gabapen-
tin and amitriptyline. The impact and contribution of 
amitriptyline,	whose	exclusive	eficacy	 for	BPS	has	
been proven better than for any other oral drug, on 
the reported amelioration was not discussed[277]. 

Pregabalin has similar structure as gabapentin and 
also has been shown to reduce the pain of diabetic 
neuropathy [278]. Pregabalin was proved effective 
for	treating	pain	associated	with	ibromyalgia	[279].	
Pregabalin might be worthwhile to try for bladder 
pain syndrome, particularly for those with concur-
rent	ibromyalgia,	though	studies	are	lacking.

Table 5: Grade and Level of Evidence according to Oxford System for oral and intravesical therapies: ICI 
(International Consultation On Incontinence 2012); EAU: European Association of Urology[342]; Giannan-
toni Systematic Review[343].

Note wide disparity in evidence interpretation.
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Opioids	are	seldom	the	irst	choice	of	analgesics	in	
chronic pain states, but they should not be withheld 
if less powerful analgesics have failed [280]. Chron-
ic opioid therapy can be considered as a last resort 
in selected patients, who have disabling pain and 
often receive inadequate doses of short-acting pain 
medications, which put them on cycles of short-term 
relief, anxiety, and pain. 

The major impediment to the proper use of opioids 
when they are prescribed for long-term nonmalig-
nant pain is the fear of addiction. Some studies 
suggest the risk is low [281], but not zero. [282] 
Using	 opiates	 is	 a	 dificult	 decision	 that	 requires	
much thought and discussion between patient and 
urologist, and a pain specialist. They are best ad-
ministered in a pain clinic setting, requiring frequent 
reassessment by both patient and physician [283].

In addition to narcotics, concurrent usage of non-
steroidal	 anti-inlammatory	 drugs,	 cyclooxygenase	
inhibitors, acetaminophen, and tricyclic antidepres-
sants may provide better pain control [284]. The 
common side effects of opioids include sedation, 
nausea, mild confusion, and pruritis. These are 
generally transient and easily managed. Respira-
tory depression is extremely rare if they are used 
as prescribed. Constipation is common and a mild 
laxative is generally necessary. The long-acting nar-
cotic formulations that result in steady levels of drug 
over many hours are preferable. 

2. ANTIDEPRESSANTS 

a) Amitriptyline

Grade of Recommendation: B - Level of Evidence: 2

Amitriptyline is a tricyclic antidepressant with the 
property of blocking H1-histaminergic receptors 
[285]. It stabilizes mast cells and inhibits media-
tor stimulated vascular leakage. It inhibits synaptic 
reuptake of serotonin and norepinephrine, thus in-
hibiting painful nociception from the bladder at the 
level of the central nervous system. Its nighttime se-
dation can be therapeutic in the BPS population and 
its purported beta-adrenergic receptor sti¬mulation 
in	the	bladder	may	facilitate	urine	storage	[286].	

Using a dose titration of up to 75mg taken before 
bed, Hanno and Wein reported success in about half 
of 20 patients who could tolerate the medication. 
Twenty percent of the initial 25 patients dropped 
out because of fatigue, weight-gain, or dry mouth. 
In a follow-up report [287], 18 of 28 patients who 
could tolerate the drug had major relief of symptoms 
within	3	to	6	weeks	of	onset	of	therapy	with	a	mean	
follow-up of 14.4 months. However, about one-third 
of patients initially placed on the drug could not con-
tinue on it because of side effects. Kirkemo et. al 
[288] treated 30 patients and 90% had subjective 
improvement in 8 weeks. Pranikoff and Constantino 
[289]	reported	improvement	in	16	of	22	patients	with	
urinary frequency and pain who did not have a di-

agnosis of interstitial cystitis, noting that 5 of the 22 
could not tolerate the drug. 

van	Ophoven	et	al	performed	the	irst	prospective,	
double-blind, placebo-control¬led study of amitrip-
tyline. Fifty patients were randomized to placebo or 
a titrated dose of ami¬triptyline up to 100mg daily. 
Forty-two per¬cent of amitriptyline patients had 
greater than 30% decrease in O’Leary/Sant symp-
tom and problem scores at 4 months compared to 
13% in the placebo group[290]. They subsequently 
reported a long-term follow-up of amitriptyline for 
patients who can tolerate the side effects and con-
tinued the medication. With a mean follow-up of 19 
months,	64%	of	94	patients	had	response	[291].

Foster and Hanno reported a second multicenter, 
randomized, double-blind, placebo controlled clinical 
trial of amitriptyline in subjects with interstitial cystitis/
painful bladder syndrome who were naïve to therapy. 
Study participants in both treatment arms received a 
standardized	education	and	behavioral	modiication	
program. Only of the subgroup of 207 subjects who 
achieved	 a	 drug	 dose	 of	 at	 least	 50	mg,	 a	 signii-
cantly higher response rate was observed in the ami-
triptyline	group	(66%)	compared	to	placebo	(47%)	(p	
= 0.01). When all randomized subjects were consid-
ered, amitriptyline plus an education and behavioral 
modiication	 program	 did	 not	 signiicantly	 improve	
symptoms in treatment naïve patients with interstitial 
cystitis/painful bladder syndrome. However, amitrip-
tyline	may	be	beneicial	in	persons	who	can	achieve	
a	daily	dose	of	50	mg	or	greater[246].	

b) Doxepin, desipramine, duloxetine 

Other tricyclic antidepressants that have been 
used for bladder pain syndrome are doxepin and 
desiprami¬ne. Wammack et al used the combina-
tion of doxepin and piroxicam, a cox-2 inhibitor. 
Twenty-six of 32 patients (81%) experienced remis-
sion of symptoms [292]. One study reported satisfac-
tory outcome with desiprami¬ne. [293] Duloxetine, a 
serotonin-norepinephrine reuptake inhibitor has also 
been tried but without therapeutic effects [294]

3. ANTIHISTAMINES 

Grade of Recommendation: D - Level of Evidence: 1

Simmons	 irst	 proposed	 use	 of	 antihista¬mines	 in	
1955	 [295].	 His	 indings	 of	 mast	 cells	 in	 the	 wall	
of a normal bladder and the edema and increased 
vascularity seen in the IC bladder suggested that 
histamine may be responsible for the development 
of	interstitial	cystitis.	He	reported	on	6	patients	who	
had some improvement with pyribenzamine for lim-
ited	periods	[296].	

a) Hydroxyzine

Hydroxyzine is the most widely used antihistamine 
for bladder pain syndrome. Its ability as an H-1 re-
ceptor antago¬nist, to inhibit bladder mast cell ac-
tivation, along with its anticholinergic and anxiolytic 
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properties	 and	 good	 safety	 proile,	 have	made	 it	 a	
reasonable candida¬te for use as a therapeutic 
agent for bladder pain syndrome.[297]In 1933, Theo-
harides	irst	reported	signiicant	beneits	of	hydroxy-
zine in reducing pain and urinary symptoms. [298] 
His two subsequent reports of totally uncontrolled 
series further suggested the therapeutic effects of 
hydroxyzine. [299] [300] However, in an NIDDK ran-
domized controlled trial, the global response rate for 
hydroxyzine was only 31% compared to a 20% re-
sponse to those not treated with hydroxyzine. When 
looked at by itself the response was 23% vs. 13% on 
placebo. None of the results in this under-powered 
trial	reached	statistical	signiicance	[301].

b) Cimetidine

Grade of Recommendation: C - Level of Evidence: 3

Cimetidine, a H2 histamine receptor antagonist, 
has been explored for treatment of bladder pain 
syndrome. In a pilot study [302], 9 patients were 
treated with a dose of 300mg orally twice daily for 
one	month.	At	follo¬wup	26	to	42	months	later,	4	pa-
tients had complete relief of urinary symptoms and 
suprapubic pain. Lewi [303] reported 31 patients 
given 200mg three times daily with mean follow up 
of	 6.6	months.	 Seventy-one	 per	 cent	 experienced	
varying degrees of symptomatic relief, 45% were 
pain	free,	and	26%	went	into	remission	of	all	symp-
toms.	 In	a	 later	 report	 [304]	of	69	patients	 treated	
over	a	4	year	period,	67%	of	patients	had	complete	
relief of all symptoms.

A small, prospective, placebo-controlled RCT stud-
ied	36	patients	who	either	received	oral	cimetidine	
or placebo [305]. Median supra¬pubic pain and fre-
quency	scores	improved	signii¬cantly,	but	the	pub-
lication does not state exactly how many patients in 
each group improved.

4. IMMUNOSUPPRESSANTS

a) Cyclosporine

Grade of Recommendation: C - Level of Evidence: 3

Cyclosporine, a widely used immunosuppressive 
drug in organ transplantation, was the subject of 
a	 novel	 bladder	 pain	 syndrome	 trial.	 [306]	 Eleven	
patients	 recei¬ved	 cyclosporine	 for	 3-6	months	 at	
an initial dose of 2.5-5 mg/kg daily and a mainte-
nance dose of 1.5 to 3mg/kg daily. Micturition fre-
quency decreased, and mean and maximum voided 
volumes	 increased	 signiicantly.	 Bladder	 pain	 de-
creased or disappeared in 10 patients. After cessa-
tion of treatment, symp¬toms recurred in the major-
ity of patients. 

In a lon¬ger-term follow-up study, 20 of 23 refrac-
tory IC patients on cyclosporine therapy followed 
for	a	mean	of	60.8	months	became	free	of	bladder	
pain. Bladder capacity more than doubled. Eleven 
patients subsequently stopped the¬rapy, and in 9, 
symptoms recurred within months, but responded 

to reinitiating cyclosporine [307]. Sairanen et al fur-
ther found that cyclosporine A was far superior to 
sodium pentosanpolysulfate in all clinical outcome 
parameters	measured	at	 6	months.	 [308]	Patients	
who	responded	to	cyclosporine	A	had	a	signiicant	
reduction of urinary levels of epidermal growth fac-
tor (EGF) [309]. 

b) Suplatast Tosilate 

Grade of Recommendation: D - Level of Evidence: 3

Suplatast Tosilate (IPD-1151T) is an immunoregula-
tor that selectively suppresses IgE production and 
eosinophilia via suppression of helper T cells that 
produce IL-4 and 5. It is used in Japan to treat aller-
gic disorders including asthma, atopic dermati¬tis, 
and rhinitis. Ueda et al reported a small study in 
14 women with interstitial cystitis. [310] Treatment 
for	 one	 year	 resulted	 in	 a	 signiicantly	 increased	
bladder capacity and decreased urinary urgency, 
fre¬quency, and lower abdominal pain in 10 women. 
Concomitant changes occurred in blood and urine 
markers suggesting an immune system response. 
Larger, multicenter, randomized controlled trials in 
the United States and Japan have been completed 
and results are unpublished. Further studies with 
this drug for bladder pain syndrome are not planned 
and approval for this indication is not expected.

c) Azathioprine and Chloroquine derivatives 

Grade of Recommendation: D - Level of Evidence: 4

In	a	single	report	in	1976,	Oravisto	et	al	used	azathi-
oprine or chloroquine derivatives for BPS patients 
not responding to other treatments.[311] About 50% 
patients responded. 

d) Corticosteroids

Reports on outcome with corticosteroid therapy 
have been both promising (131) and discouraging 
(132). Soucy et al. (133) have suggested a trial of 
prednisone (25 mg daily for 1–2 months, afterwards 
reduced to the minimum required for symptom re-
lief) in patients with severe ulcerative IC, which is 
otherwise unresponsive to conventional treatment. 
The side effects of steroids can be very serious, 
making	it	dificult	to	justify	their	use[312-314].	

5. SODIUM PENTOSANPOLYSULFATE 

Grade of Recommendation: D - Level of Evidence: 1

Sodium pentosan¬polysulfate (PPS), a synthetic sul-
fated polysaccharide, is available in an oral formu-
lation,	 3-6%	of	which	 is	 excreted	 into	 the	urine	and	
theoretically may replenished the damaged glycos-
aminoglycan (GAG) layer overlying transitional epithe-
lium of the urinary bladder of BPS patients. An intact 
urothelial GAG layer has been proposed to be es-
sential to keep the urothelium impermeable to urinary 
components. A defective bladder GAG layer is hypoth-
esized to be one important cause for BPS. [315] 
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PPS’s mechanism of action has been attributed not 
only to correction of a putative defect in the GAG 
layer, but also its ability to inhibit histamine release 
from	mast	cells,	[316]	and	a	pos¬sible	effect	medi-
ated	by	nonspeciic	binding	of	the	molecule	with	the	
inlammatory	stimulants	of	uro-thelial	activation,	an	
action that would occur in the urine rather than at 
the mucosal membrane [317].

 PPS is the most intensively studied treatment ever 
proposed for BPS. It is the only medication ap-
proved by the Food and Drug Administration for the 
pain of interstitial cystitis. Parsons initially adminis-
tered the drug at a dosage of 50mg 4 times daily or 
150mg twice daily in an open trial involving 24 pa-
tients. [318] Twenty-two of 24 patients experienced 
a good or excellent response within 8 weeks. In a 
subsequent randomi¬zed, placebo-controlled trial 
using	a	dose	of	100mg	three	times	daily	 in	62	pa-
tients, pain and urgency improved in 44% vs. a pla-
cebo response of 15%. Urgency improved by 38% 
vs. 18% on placebo. The average number of daily 
voids was unchanged [319]. 

Five randomized controlled trials for pentosan poly-
sulfate	 have	 yieled	 conlicting	 results	 of	 eficacy.	
Holm-bentzen	 et.	 al[320]	 reported	 the	 irst	 multi-
center double-blind placebo controlled trial in 1987 
looking at 115 patients with bladder pain syndrome. 
Patients were randomized to a dose of 200mg twice 
daily vs. placebo for 4 months. The results showed 
no difference between pre and post trial values with 
regard to symptoms, urodynamic parameters, cys-
toscopic appearance, or mast cell counts in the two 
groups. The study concluded that the drug had no 
clinically	signiicant	effect.

The	 irst	 of	 two	 pivotal	 studies	 for	 the	 FDA	 was	
per¬formed in the United States in 1990.[321] A to-
tal of 110 patients in 5 medical centers were stud-
ied for 3 months on a dosage of 100mg three times 
daily. Twenty-eight per cent of patients on PPS re-
ported “more than slight improve¬ment” versus 13% 
of those on placebo. Pain and pressure to urinate 
were	the	main	parameters	to	show	beneit	with	PPS.	

The FDA asked for a second study which was re-
ported 3 years later. [322] In a multi¬center, place-
bo-controlled RCT 148 patients were randomized to 
100mg three times daily of pentosan-polysulfate vs. 
placebo. In the primary endpoint of patient self-eval-
uation of global improvement, 32% of those on PPS 
reported 50% or more overall impro¬vement vs. 
16%	on	placebo	at	3	months.	Pain,	urgen¬cy,	and	
pressure	showed	signiicant	improvement	with	drug.	
Frequency, nocturia, and volume voided showed no 
signiicant	changes	between	study	groups.	

The NIDDK performed their own 2 X 2 facto-
rial study to evaluate PPS and hydroxyzine. [301] 
Each drug was used alone and in combination 
and compa¬red to a placebo group. Patients were 
treated	 for	6	months.	There	were	121	participants	

in	7	centers.	No	statistically	signiicant	response	to	
these medi¬cations was documented. A non-signif-
icant trend was seen in the PPS treatment groups 
(34%) compa¬red to non-PPS groups (18%). Of the 
29 patients on PPS alone, 28% had global response 
(primary end¬point) of moderately or markedly im-
proved vs. 13% on placebo, very similar in this 
6-month	study	to	improvement	rates	in	the	3-month	
pivotal studies, though not reaching statistical sig-
niicance	in	the	longer	study.

In summary

Of 5 RCTs 2 had unfavorable and 3 had favorable 
results for PPS. Most recent non randomized stud-
ies	 showed	 a	 complex	 heterogenity	 in	 eficacy	 as	
well[323-326].	 Such	 conlicting	 results	 might	 sug-
gest that a minority of patients do respond to PPS, 
but currently there is no reliable method to identify 
such patients. 

Long-term, open-label studies with PPS have been 
reported. Populations of patients receiving extend-
ed treatment for up to 90 months or more in the 
com¬passionate use program showed no further 
improve¬ment in symptoms after 1-2 years, though 
there seemed to be little tachyphylaxis [301,327]. A 
total of 2809 patients had begun treatment with a 3 
month supply of PPS and 21% continued with treat-
ment beyond this point and reordered medication. 
This seems to cor¬relate with the 28-32% improve-
ment rate previously reported. The dropout rate in 
the	irst	6	months	was	extraordinarily	high	with	only	
178 active patients out of 1742 who initially ordered 
the drug. There was an overall improvement in 
symptoms	in	62%	of	the	patients	who	did	remain	in	
treatment	for	6-35	months.	

PPS appears to be a very well-tolerated medi¬cation 
[327] with no common central nervous sys-tem side 
effects,	and	appears	to	be	beneicial	with	regard	to	im-
proving the pain associated with inter-stitial cystitis in 
up to one-third of patients, a stan¬dard often expected 
with	a	placebo.	A	3-6	month	course	is	required	to	see	
an effect in most patients. Claims suggesting greater 
eficacy	and	claims	urging	its	use	in	patients	who	do	
not	meet	the	standard	dei¬nition	of	bladder	pain	syn-
drome should be regarded with caution.

6.  OTHER ORAL MEDICATIONS THAT HAVE 
BEEN USED FOR BPS

a) L-arginine 

Grade of Recommendation: -A - Level of Evidence: 1

Foster and Weiss were the original proponents of L-
arginine in the therapy of interstitial cystitis [328]. Eight 
patients with IC were given 500mg of L-arginine 3 times 
daily. After one month, urinary nitric oxide synthase ac-
tivity increased 8-fold and 7 of the 8 patients noticed im-
provement in IC symptoms. An open-label study of 11 
patients showed improvement in all 10 of the patients 
who	remained	on	L-arginine	for	6	months	[329].	
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An open-label study of 9 women in Sweden failed to 
ind	any	change	in	symptom	scores	or	in	nitric	oxide	
production in the bladder [330]. A placebo-control¬led 
randomized controlled trial of 53 IC patients could 
ind	 no	 difference	 on	 an	 intention	 to	 treat	 analysis	
between drug and pla¬cebo-treated patients [331]. 
A smaller randomized placebo-controlled crossover 
trial	 of	 16	 IC	patients	 found	no	 clinically	 signiicant	
improvement with L-arginine and concluded that it 
could not be recom¬mended for IC treatment [332]. 

Data does not support the use of L-arginine for the 
relief of symptoms of interstitial cystitis. 

b) Quercetin 

Grade of Recommendation: D - Level of Evidence: 4

Quercetin,	 a	 biolavenoid	 available	 in	 many	
over-¬the-counter products, may have the anti-
inlammato¬ry	 effects	 of	 other	 members	 of	 this	
class of com¬pounds found in fruits, vegetables, 
and some spices. Katske et. al [333] administered 
500mg twice daily to 22 BPS patients for 4 weeks. 
All but one patient had some improvement in the 
O’Leary/Sant symptom and problem scores as well 
as in a global assessment score. Further studies 
are	necessary	to	determine	eficacy.	

c) Antibiotics 

Grade of Recommendation: D - Level of Evidence: 4

Warren et. al [334] randomized 50 patients to 
recei¬ve 18 weeks of placebo or antibiotics in-
cluding rifampin plus a sequence of doxycycline, 
erythromy¬cin, metronidazole, clindamycin, amoxi-
cillin	and	ciproloxacin	 for	3	weeks	each.	 Intent	 to	
treat ana¬lysis demonstrated that 12 of 25 patients 
in	the	anti¬biotic	and	6	of	25	patients	in	the	placebo	
group reported overall improvement while 10 and 
5 respec¬tively noticed improvement in pain and 
urgency. The study was complicated by the fact 
that	 16	 of	 the	 patients	 in	 the	 antibiotic	 group	 un-
derwent new BPS therapy during the study as did 
13 of the placebo patients. There was no statistical 
signi¬icance	 reached.	 What	 was	 statistically	 sig-
niicant	were	adverse	events	in	80%	of	participants	
who received antibiotic compared to 40% in the pla-
cebo group. Nausea and/or vomiting and diarrhea 
were the predominant side effects. Most patients on 
antibio¬tics correctly guessed what treatment arm 
they were in, and those that guessed correctly were 
signiicant¬ly	more	likely	to	note	improvement	after	
the study. No duration in improvement after comple-
tion of the trial of antibiotics was reported. 

Burkhard et.al [335] reported a 71% success in 103 
women presenting with a history of urinary urgen-
cy and frequency and chronic urethral and/or pel-
vic pain often associated with dyspareunia and/or 
a his¬tory of recurrent urinary tract infection. This 
was a large, inclusive group and one that is prob-
ably broa¬der than the bladder pain syndrome we 

are focu¬sing on. Nevertheless, he recommended 
empiric doxycycline in this group. The overwhelm-
ing majo¬rity of BPS patients have been treated 
with empiric antibiotics prior to diagnosis. The role 
of tetracyclines to eradicate nanobacteria in urine of 
BPS patients has recently been addressed in small 
Chinese	open	 label	study,	 leaving	 the	signiicance	
of nanobacterias as a reasonable pathogen or trig-
ger	of	the	condition	open	[129,324-326].

At this time there is no evidence to suggest that an-
tibiotics have a place in the therapy of BPS in the 
absence	of	a	culture-documented	infection	[336].	

d) Methotrexate 

Grade of Recommendation: D - Level of Evidence: 4

Low	dose	oral	methotrexate	signiicantly	 improved	
bladder pain in 4 of 9 women with BPS, but did not 
change urinary frequency, maximum voided vol-
ume, or mean voided volume [337]. No placebo-
controlled, RCT has been done with this agent. 

e) Montelukast 

Grade of Recommendation: D - Level of Evidence: 4

Mast cell triggering releases 2 types of 
proinlamma¬tory	 mediators,	 including	 granule	
stored pre-formed types such as heparin and hista-
mine, and newly syn¬thesized prostaglandins, and 
leukotriene B4 and C4. Classic antagonists, such as 
montelukast,	zairlukast	and	pranlukast,	block	cys-
teinyl leukotriene 1 recep¬tors. In a pilot study,[338] 
10 women with IC and detrusor mastocytosis re-
ceived 10mg of montelukast daily for 3 months. Fre-
quency, nocturia, and pain improved dramatically in 
8 of the patients. Further study would seem to be 
warranted, especially in patients with detrusor mas-
tocytosis,	deined	as	>28	per	mm2.	

f) Nifedipine 

Grade of Recommendation: D - Level of Evidence: 4

The calcium channel antagonist nifedipine inhib-
its smooth muscle contraction and cell-mediated 
immu¬nity. In a pilot study, [339] 30mg of an ex-
tended release preparation was administered to 10 
female	 patients	 and	 titrated	 to	 60mg	 daily	 in	 4	 of	
the patients who did not get symptom relief. Within 
4	months	ive	patients	showed	at	 least	a	50%	de-
crease in symptom scores, and 3 of the 5 were as-
ymptomatic. No further studies have been reported. 

g) Misoprostol

Grade of Recommendation: D - Level of Evidence: 4

The oral prostaglandin analogue misoprostol was 
studied	 in	 25	 patients	 at	 a	 dose	 of	 600	 micro-
grams daily [340]. At 3 months 14 patients were 
signii¬cantly	improved,	and	at	6	months	12	patients	
still had a response. A cytoprotective action in the 
urina¬ry bladder was postulated. 
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h) Tanezumab

Grade of Recommendation: D - Level of Evidence: 1

A recent randomized, double-blind, placebo con-
trolled	 phase	 two	 64	 patient	 study	 investigated	
tanezumab, a humanized monoclonal antibody 
that	 speciically	 inhibits	 nerve	 growth	 factor	 as	 a	
treatment	 for	 BPS	 pain[341].	At	 week	 6	 tanezum-
ab	 produced	 a	 signiicant	 reduction	 from	 baseline	
in	 average	daily	 pain	 score	 vs	 placebo	 .	A	 signii-
cantly higher proportion of patients on tanezumab 
responded as improved in the global response as-
sessment	and	tanezumab	also	signiicantly	reduced	
urgency episode frequency vs placebo. Studies with 
this drug have been suspended by the Food and 
Drug Administration because of the occurrence of 
osteonecrosis in nonurologic trials.

 

Intravesical therapies form one of the staples of 
BPS therapy, though regulatory approvals and 
availability throughout the world differ from nation to 
nation. What follows are treatments that have been 
reported in the recent literature, some of which are 
commonly used. Older therapies that are rarely 
used now include silver nitrate[80,344-347] and 
chlorpactin WCS90.[7,348-352] These have not 
been included in this current edition of the Consul-
tation, but have level 3 evidence to support a grade 
C recommendation based on original reports.

1.DMSO (DIMETHYL SULFOXIDE) 

Grade of Recommendation: B - Level of evidence 2

A	small	number	of	signiicant	side	effects.	Not	ap-
proved in Japan.

DMSO	 is	 believed	 to	 reduce	 inlammation,	 relax	
muscles, eliminate pain, dissolve collagen, and 
degranulate mast cells. It has long been used as 
a therapeutic agent for BPS. Its mechanism of ac-
tion,	however,	has	not	been	clariied.	Ten	articles	
on DMSO for the treatment of IC were retrieved. 
Peeker et al[353] reported that in a randomized 
study, frequency and pain were improved in ulcer-
type IC patients, although no improvement was 
observed in maximum bladder capacity. Perez-
Marrero et al[354] reported that in a non-random-
ized controlled study, 53% of the patients showed 
remarkable improvement in subjective evaluation 
(placebo 18%), and 93% in objective evaluation 
(placebo 35%). Around an 80% improvement rate 
has been reported in case series and retrospective 
studies.[355-362]	

 With regard to side effects after instillation of 
DMSO, most patients recognize a garlic-like odor, 
which disappears within a day, and about 10% of 
patients report bladder irritative symptoms which re-
solve	with	or	without	symptomatic	treatment.[363]	It	

is hypothesized that these transient exacerbations 
occur as the result of mast cell degranulation. The 
number	of	 signiicant	 side	effects	 is	 considered	 to	
be	small[362].	Cataracts	have	been	reported	in	ani-
mal	studies,[364,365]	though	not	in	humans.	Nega-
tive effects on bladder compliance have been noted 
in	 rat	 detrusor.[366]	 DMSO	 may	 accelerate	 the	
absorption of other drugs instilled simultaneously, 
which could be a source of side effects.

The instillation method has not been standardized. 
Generally, 50cc of a solution of medical grade 50% 
DMSO is instilled into the bladder. If pain occurs 
immediately following instillation, local anesthesia 
(e.g. 20ml of 2% lidocaine solution) may be in-
stilled. Average retention time is considered to be 
10	to	20	minutes.[363]	The	instillation	is	performed	
weekly	for	6-8	weeks.	After	an	initial	course,	treat-
ment is suspended until symptoms recur. If a good 
result	was	obtained,	another	6	week	course	(often	
followed by monthly maintenance) can be initiated. 
The long-term effect is unknown, although there 
is no upper limit for the duration of the treatment. 
DMSO is medically approved in the US, while it has 
not been approved yet in Japan. 

2. HEPARIN 

Grade of Recommendation: C - Level of Evidence: 3 

Side effects primarily related to effects intra-
vesical catheterization and slight chance of 
bladder hemorrhage.

The glycosaminoglycan (GAG) layer on the blad-
der urothelium is a kind of muco-polysaccharide, 
working	 as	 a	 non-speciic	 defense	 mechanism.	 It	
is	believed	that	a	deiciency	or	abnormality	of	GAG	
secondarily	causes	 inlammation	of	 the	bladder	by	
increasing the permeability of the bladder mucosa, 
leading to the pathologic cascade of BPS. Hepa-
rin has similarities to the GAG layer of the bladder. 
When instilled into the bladder, theoretically it might 
replace	the	damaged	GAG	layer.	Kuo[367]	reported	
that the International Prostate Symptom Score, as 
well as bladder capacity at initial desire to void and 
maximum	bladder	 capacity,	 improved	 signiicantly.	
According	to	the	report	by	Parsons	et	al[368]	symp-
toms	 were	 reduced	 in	 56%	 of	 patients	 treated	 3	
times weekly for 12 weeks. These reports suggest 
the	 eficacy	 of	 heparin,	 however,	 there	 is	 no	 ran-
domized comparative study to give conclusive evi-
dence. One study indicated that intravesical heparin 
instillations may prolong the response to dimethyl 
sulfoxide	treatment.[369]

No	signiicant	side	effects	have	been	reported,	as	it	
does not affect systemic coagulation parameters. In 
the case of patients with hematuria, however, it may 
exacerbate local hemorrhage.

The instillation method has not been standardized. 
Generally, 10,000-40,000 units of heparin are in-
stilled. It is unusual to have pain or irritation as a 

X. INTRAVESICAL / INTRAMURAL 
THERAPY (TABLE 5)
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result of instillation, and retention times can be 30 
minutes or more. Instillation frequency can be up to 
every other day and is often administered at home 
by the patient. Parsons et al[370] recently reported 
that when 40,000 units of heparin combined with 1 
to 2% lidocaine was instilled 3 times a week for 2 
weeks,	about	80%	eficacy	was	obtained.	There	is	
no upper limit for the duration of the treatment, but 
a long-term effect is unknown. A bleeding tendency 
may occur. Heparin for intravesical use is not ap-
proved by drug regulatory authorities. 

3. HYALURONIC ACID

Grade of Recommendation : D - Level of Evidence: 1

No	signiicant	side	effects.	

Hyaluronic acid, like heparin, is a muco-polysaccha-
ride, that could theoretically repair a damaged GAG 
layer of the bladder mucosa. Seven reports have 
indicated	 eficacy.[371-376]	 In	 the	 summer	 of	 2003	
Bioniche Life Science Inc http://www.medicalnews-
today.com/articles/112053.php and in the spring of 
2004 Seikagaku Corporation reported double-blind, 
placebo-controlled, multicenter clinical studies of their 
hyaluronic acid preparations (40mg or 200mg per cc 
respectively)	and	neither	showed	signiicant	eficacy	
of sodium hyaluronate compared to placebo. These 
negative studies have not been published in peer re-
viewed literature. Neither preparation has been ap-
proved for use for BPS in the United States. At the 
same	time,	no	signiicant	side	effects	were	observed.

A non-placebo-controlled study has demonstrated a 
favorable effect of hyaluronic acid on pain reduc-
tion [192]. Forty-eight patients with typical symp-
toms and a positive potassium (0.4 M) sensitivity 
test were treated with weekly instillations of 40 mg 
hyaluronic acid for 10 weeks. Visual analogue scale 
scores showed symptom relief due to hyaluronic 
acid therapy, irrespective of bladder capacity. The 
improvement was particularly evident in patients 
with	a	 reduction	 in	Cmax	<	30%	compared	 to	pa-
tients	with	a	reduction	of	<	30%	with	0.2	M	KCl	so-
lution (P = 0.003). Long-term effects were investi-
gated in a study of 70 patients previously treated 
with hyaluronan [377]. Of the initial 70, 48 improved. 
Of these, 50% reported complete remission with 
no further therapy. Another 41.7% of patients with 
symptom recurrence improved after retreatment 

A recent interventional study from China suggested 
a prolonged effect of bladder distension when com-
bined with instillation of hyaluronic acid [378]

4. CHONDROITIN SULFATE

Grade of Recommendation: D - Level of Evidence: 4 

No	signiicant	side	effects.

Chondroitin sulfate is another mucopolysaccha-
ride. Its efficacy was suggested for the first time 
2002 when used alone [379]and in another trial 

when used in combination with hyaluronic acid 
(364).	 Intravesical	 chondroitin	 sulphate	 demon-
strated beneficial effects in patients with a posi-
tive potassium stimulation test in two non-ran-
domised, uncontrolled, open-label pilot studies. 
Steinhoff	 (363)	 treated	 18	 patients	 with	 40	 mL	
instilled intravesically once weekly for 4 weeks 
and then once monthly for 12 months. Thir-
teen of 18 patients were followed for the entire 
13-month study. Twelve of these patients re-
sponded to treatment within 3–12 weeks. A total 
of	6/13	 (46.2%)	 showed	a	good	 response,	 2/13	
(15.4%) had a fair response, 4/13 (30.8%) had 
a partial response, and 1/13 (7.7%) showed no 
response. In a second trial [380] 24 refractory 
patients with BPS/IC were treated with high-
dose (2.0%) chondroitin sulphate instillations 
twice weekly for 2 weeks, then weekly with 0.2% 
solution for 4 weeks, and monthly thereafter for 
1 year. The average symptom improvement re-
ported in 20 patients completing the trial was 
73.1% (range: 50–95%). The time to optimum 
response	was	4–6	months.	A	more	concentrated	
2.0% solution was needed in eight patients to 
maintain results. Chondroitin sulphate instillation 
was effective and well tolerated in the therapy of 
various chronic forms of cystitis associated with 
a possible GAG layer deficit including BPS in a 
large multicenter but open srudy [381]. 

Sixty-five patients with IC/BPS were treated in 
a prospective, randomized, double-blind, inac-
tive	vehicle-controlled,	12-week	study	 (6	weeks	
treatment,	 followed	 by	 6	 weeks	 follow-up)	 .	 At	
the	primary	endpoint	analysis	(week	7),	22.6%	of	
the vehicle control group were responders com-
pared with 39.4% of the active therapy group, 
however, the difference was not significant [382]. 
A follow up randomized placebo-controlled trial 
with 98 female patients showed only minor im-
provements in IC/BPS symptoms and pain and 
failed to demonstrate a statistically significant 
drug effect vs. placebo [383] . The authors con-
cluded that the study did not support the use of 
intravesical chondroitin sulfate as a monothera-
py for this condition.

5. PENTOSAN POLYSUFATE 

Grade of Recommendation: D - Level of evidence: 4

No	signiicant	side	effects	are	considered	to	be	present.

Pentosan polysufate (PPS) is a mucopolysaccha-
ride similar to heparin, with a similar postulated 
mode of action when used locally. Like other mu-
co-polysaccharides, it has not been well-studied 
clinically. Bade et al in a randomized controlled trial 
found	beneit	in	4	patients	out	of	10	on	PPS	versus	
2 of 10 on placebo.[384] A more recent placebo-
controlled study of 41 patients found the addition of 
a	6	week	course	of	intravesical	PPS	to	a	regimen	of	
oral	PPS	signiicantly	improved	results.[385]
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6. VANILLOIDS (CAPSAICIN, RESINIFERATOXIN) 

Grade of Recommendation: -A (ineffective) - 
Level of Evidence: 1

Signiicant	side	effects:	local	irritation	possible

It	would	seem	reasonable	that	capsaicin,	a	C-iber	
afferent neurotoxin, could alleviate the pain of BPS 
by desensitizing bladder afferents. Resiniferatoxin 
(RTX) is considered to have a stronger action than 
capsaicin,	 by	 desensitizing	 C-ibers	 more	 quickly,	
and	causing	less	initial	 irritation.	Eficacy	was	indi-
cated	in	ive	relatively	small	clinical	trials.[386-390]	
No severe side effects were reported. A randomized 
multicenter placebo-controlled clinical trial of RTX 
failed	to	demonstrate	beneit	over	placebo.[391]	

7. BACILLUS CALMETTE-GUERIN (BCG) 

Grade of Recommendation: -A (ineffective) - 
Level of Evidence: 1

Potential serious complications

Seven articles reported on a BCG instillation thera-
py.	Zeidman	et	al	irst	reported	that	5	patients	who	
did not respond to other therapies showed symp-
tomatic improvement.[392] Peters et al conducted 
a	 randomized	 double	 blind	 study	 showing	 a	 60%	
improvement compared to 27%[393] placebo re-
sponse with good long-term results at 27 months.
[394]	Sixty-ive	percent	of	the	patients	experienced	
burning sensation, 41% irritation of the bladder, and 
35% pelvic pain. One patient was reported to have 
dropped out due to joint pain.

Peeker et al conducted a randomized double blind 
study comparing intravesical BCG and DMSO and 
failed	 to	 ind	 any	 eficacy	 with	 BCG.[353]	 A	 very	
large, multicenter randomized placebo controlled 
trial conducted by the National Institute of Diabetes, 
Digestive, and Kidney Disorders failed to identify 
beneit	 from	 BCG,	 although	 the	 side-effect	 proile	
was surprisingly similar to that of placebo.[395] 

8. OXYBUTYNIN 

Grade of Recommendation D - Level of Evidence: 4

Side	effect	proile	is	unknown

Barbalias	 et	 al	 observed	 signiicant	 improvement	
when combining intravesical instillation of oxybu-
tynin	with	bladder	 training.[396]	Randomized	 trials	
are lacking.

9. LIDOCAINE

Grade of Recommendation: C - Level of Evidence: 2 

No	signiicant	side	effects.

Lidocaine is a local anesthetic that relieves pain 
by blocking sensory nerves in the bladder. Four ar-
ticles[397-400] reported on the electromotive drug 
administration (EDMA) of lidocaine. Using EMDA, 

ionized lidocaine is actively introduced into the blad-
der using an electrical current. Three articles report-
ed that lidocaine and dexamethasone were instilled 
following hydrodistention. According to the report 
by Rosamilia et al[400], 85% of the patients had a 
good	result,	with	the	effect	persisting	for	6	months	
in 25%. There are two other case reports.[401,402] 
A report on a pharmacokinetic effect, demonstrated 
safe levels of lidocaine absorption into the bladder.
[403] 102 adult patients (99 women) with a clinical 
diagnosis of BPS were randomised from 19 centres 
in the USA and Canada to receive a daily intravesi-
cal instillation of alkalinised lidocaine or placebo 
(double-blind), for 5 consecutive days. Treated pa-
tients	 had	 signiicant	 sustained	 symptom	 relief	 for	
up to 1 month [404]. However, further randomized, 
placebo-controlled trials are needed to ascertain 
eficacy,	optimal	 treatment	parameters,	and	 length	
of response to intravesical lidocaine preparations.
[405] Advantages seem to be immediate response, 
low-cost of generic medication, and ability of pa-
tients to self-administer at home.

10. BOTULINUM TOXIN (INTRAMURAL)

Grade of Recommendation: A - Level of Evidence: 1

•	Side	effects	include	dysuria,	incomplete	emptying

Botulinum toxin type A (BTX-A) acts by binding 
to the nerve endings within muscles, blocking the 
release of acetylcholine, and probably other neu-
rotransmitters, to modulate muscle contraction and 
reduce the sensitization of sensory nerve endings. 
There is increasing evidence for an additional, di-
rect effect on the sensory bladder pathways and 
subsequent modulation of the efferent overactivity 
or hyperexcitability involved in the pathophysiology 
of	the	detrusor	and	other	muscle	dysfunction.[406]

Thirteen BPS patients were injected with 100–200 
IU of BTX-A (abobotulinumtoxin A or onabotulinum-
toxin A) into 20–30 sites submucosally in the trigone 
and	loor	of	the	bladder.	Overall,	nine	(69%)	patients	
noted subjective improvement, and ICSI scores im-
proved	 by	 70%	 (P<	 0.05).	 There	 were	 signiicant	
decreases in daytime frequency, nocturia and pain, 
and	a	signiicant	increase	in	irst	desire	to	void	and	
maximal cystometric capacity. However .dysuria 
occurred in a majority of patients and persisted in 
a minority for several months after initial injection. 
Three patients required clean intermittent catheter-
ization for 2-3 months following therapy.[407]

To ascertain effect of repeat injections a total of 13 
patients were followed up for 2 years, while 58 in-
jections were administered with a mean of 4.8 ± 0.8 
injections per patient. The mean interval between 
two consecutive injections was 5.25 ± 0.75 months. 
At 1 and 4 months follow-up, 10 patients reported 
a subjective improvement. Mean VAS scores, 
mean daytime and night-time urinary frequency de-
creased	signiicantly.	The	 three	non-responders	 to	
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the	 irst	 intravesical	 treatment	 session	 underwent	
further treatment 3 months later with satisfactory 
results.	At	 1	 and	 2	 years	 follow-up,	 the	 beneicial	
effects persisted in all patients [408] 

These results are in contrast with those in another 
study from Kuo of BTX-A (onabotulinumtoxin A) in 
10 patients with BPS. One hundred units were in-
jected	suburothelially	 into	20	sites	 in	ive	patients,	
while 100 U were injected into the trigone in the 
remaining	ive.	None	of	the	patients	became	symp-
tom-free; two showed only limited improvement in 
bladder capacity and pain score.[409] 

However in an RCT, Kuo and Chancellor analysed 
the difference between hydrodistension and hydro-
distension plus intravesical, sub mucosal BTX-A 
(onabotulinumtoxin	A).[410]	 Of	 the	 67	 patients,	 44	
were divided in two groups: one received 200 U 
and the other 100 U, and cystoscopic hydrodisten-
sion was performed after 2 weeks. The remaining 23 
patients received hydrodistension only. There was 
symptomatic improvement in all groups. However, 
in the hydrodistension group, 70% had returned to 
their	previous	symptoms	after	the	irst	month,	while	
in the BTX-A-treated groups, there was improvement 
of VAS, functional bladder capacity and cystometric 
bladder capacity at 3 months. At 12 and 24 months, 
the results in the active group were 55 and 30% ver-
sus	26	and	17%	in	the	hydrodistension	group	

Trigonal-only injection seems effective and long-
lasting since 87% of patients (n = 23) reported 
improvement after a 3-month follow-up period in a 
study by Pinto et al.[411] Over 50% referred conti-
nuity	of	the	beneicial	effect	9	months	after	the	irst	
treatment. When retreatment was needed, similar 
results were obtained. No cases of urinary reten-
tion were reported. The authors concluded that this 
treatment is safe, effective and can be repeated. 

Further studies will be needed to obtain conclusive 
evidence	for	its	eficacy,	duration	of	effect,	and	side-
effect	proile.

Grade of Recommendation: B - Level of Evidence: 1

Sacral nerve stimulation (SNS) involves implanting per-
manent electrode(s) to stimulate S3 or S4 roots. As early 
as 1989, Tanago et al showed that stimulation of S3 may 
modulate detrusor and urethral sphincter function [412]. 
FDA approved the usage of sacral neuromodulation for 
treating refractory detrusor overactivity in 1997 and for 
urinary urgency and frequency in 1999. Although the 
effectiveness of SNS for detrusor overactivity is largely 
conirmed	by	a	goodnumber	of	papers,	only	a	few	pa-
pers report the effect of SNS in treating BPS. 

Zerman et. al reported significant improvement 
in	a	60-year-old	woman	treated	for	severe	BPS	

pain using sacral nerve stimulation implant. 
Pain and accompanying bladder dysfunction 
were improved by temporary and permanent 
sacral nerve stimulation for up to six months 
[413]. Maher et al [414] showed that temporary 
stimulation was effective in 73% of 15 women 
with refractory BPS. Mean voided volume dur-
ing treatment increased and mean daytime 
frequency, nocturia and pain decreased signifi-
cantly. As indicated by the Short Urinary Dis-
tress	 Inventory	 and	 SF-36	 Health	 Survey,	 the	
quality of life parameters of social functioning, 
bodily pain and general health significantly im-
proved during the stimulation period. 

Chai et. al[230] found that percutaneous S3 nerve 
root stimulation improves symptoms and normalizes 
urinary HB-EGF levels and antiproliferative activity 
in patients with BPS. In their report in 2003, Comi-
ter et al[415] prospectively investigated the effect of 
SNS on a series of 17 patients with refractory BPS. 
At an average of 14 months follow-up mean day-
time frequency, nocturia and mean voided volume 
improved	signiicantly.	The	average	pain	decreased	
from	5.8	to	1.6	points	on	a	scale	of	0	to	10	and	Inter-
stitial Cystitis Symptom and Problem Index scores 
(ICSI	and	ICPI)	decreased	from16.5	to	6.8	and	14.5	
to	5.4,	respectively.	Of	the	17	patients	16	(94%)	with	
a permanent stimulator demonstrated sustained im-
provement in all parameters at the last postopera-
tive	visit.	Whitmore	el	al	[416]	applied	percutaneous	
sacral nerve root stimulation on 33 patients with 
refractory	 interstitial	cystitis.	Statistically	signiicant	
improvements were seen in pain and urinary symp-
toms.	Signiicant	 improvements	were	also	 seen	 in	
ICSI and ICPI scores. 

Peters et al [417] reported a reduction of narcotic 
usage in 18 BPS patients following SNS for a mean 
of 15.4 months, although the dose reduction was 
modest	 (36%)	 and	 only	 4	 of	 18	 discontinued	 the	
narcotics. However, Elhilali and colleagues [418] 
found that both of two patients with interstitial cys-
titis reported no improvement following sacral neu-
romodulation. Zabihi et al [419] more extensively 
stimulate S2-S4 by implanting electrodes into epi-
dural space through sacral hiatus. 23 of 30 (77%) 
patients had successful trial stimulation and were 
permanently implanted. Among these patients, the 
symptom score was improved by 35% (p=0.005). 
The pain score improved by 40% (p=0.04). Pa-
tients reported an average of 42% improvement in 
their symptoms. 

In	the	irst	prospective,	single-blind,	crossover	trial	of	
sacral nerve stimulation (SNS) versus pudendal nerve 
stimulation (PNS) for patients with BPS (n = 22), PNS 
gave an overall 59% improvement in symptoms, 
whereas SNS gave an overall 44% improvement (P = 
0.05). Most patients who tested both a sacral and pu-
dendal electrode chose PNS as the better site. Follow-
up showed marked improvements in voiding variables 

XI. NEUROMODULATION
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and validated BPS symptom questionnaires. Over 
90% of patients treated with neuromodulation stated 
that they would undergo implantation again [420].

Long-term	 results	 were	 veriied	 in	 a	 retrospective	
study of 78 patients treated from 1994 to 2008. Per-
manent sacral neuromodulation implantation was 
performed in patients who showed at least 50% 
improvement in their symptoms with a temporary 
peripheral nerve evaluation test. Median follow-up 
was	61.5	±	27.7	months.	Good	 long-term	success	
of sacral neuromodulation was seen in 72% of the 
patients. The explantation rate was 28%. The most 
frequent reason for explantation was poor outcome 
(54% of the failed patients). The revision rate was 
50% [421] In another observational, retrospec-
tive, case-controlled review (January 2002–March 
2004), 34 female patients underwent permanent 
device implants . Mean pre-/postoperative pelvic 
pain	 and	 urgency/frequency	 scores	 were	 21.61	 ±	
8.6/9.22	±	6.6	(P	<	0.01),	and	mean	pre-/postopera-
tive visual analogue pain scale (VAPS) scores were 
6.5	±	2.9/2.4	±	1.1	(P	<	0.01).	Mean	follow-up	was	
86	±	9.8	months.	Sacral	neuromodulation	showed	
adequate improvement for the symptoms of refrac-
tory BPS. Reoperation rate was 25%.[422]

Sacral nerve modulation is still considered an in-
vestigational procedure for BPS by the Consulta-
tion. Pudendal nerve stimulation has shown better 
results.	Therapeutic	 beneits	 of	 both	 appear	 to	 be	
signiicant	in	selected	cases.	Strict	patient	selection	
and detailed discussion with patients prior to sur-
gery is mandatory. Long-term results should be col-
lected and reported, and trial results discussed with 
patients before employing this treatment modality. 

1. EVALUATION OF PAIN:

The	 irst	 premise	 that	 all	 physicians	 treating	 pa-
tients diagnosed with BPS is that they deserve to 
have their chronic pain assessed and treated. It 
is now recognized that successful management of 
BPS is only possible using a multidisciplinary and 
multimodal treatment approach which must in-
clude management of the associated chronic pain. 
This includes evaluation of the whole patient, not 
just the urology related symptoms. As described 
in previous sections, this will involve assessment 
of clinical symptoms, physical signs and history to 
best	 deine	 the	 underlying	 diagnosis	 and	 overlap-
ping conditions, while not ignoring the problems of 
mood, sleep and sexual problems. The patient’s self 
report should be the primary source of assessment. 
Clinicians should assess pain with easily adminis-
tered	 rating	 scales	 and	 should	 document	 the	 efi-
cacy of pain relief at regular intervals after starting 
or changing treatment. Systematic evaluation of the 
pain involves the following:

•	Evaluation	of	severity

•		Detailed	history	of	the	pain	including	assessment	
of pain intensity and character

•		Evaluation	of	 the	psychological	 state	 of	 the	patient,	
including assessment of mood and coping responses

•		Physical	 examination	 emphasizing	 the	 neuro-
logic examination

•		Diagnostic	workup	to	determine	the	cause	of	the	pain

•		Re-evaluation	of	therapeutic	strategy	and	response.

The initial evaluation of pain should include a description 
of the pain, PQRST has been described for this purpose:

P:  Palliative or Provocative factors, ‘what makes it 
less intense?’

Q: Quality, ‘what is it like?’

R: Radiation, ‘does it spread anywhere else?’

S: Severity, ‘how severe is it?’

T:  Temporal factors, ‘is it there all the time, or does 
it come and go?’

Pain measurement

A number of different rating scales have been de-
vised to attempt to methodically measure pain and 
to allow patient follow-up. These have been used in 
research, audit and in clinical practice. They all rely 
on a subjective assessment of the pain and therefore 
make	inter-individual	comparisons	dificult.	Addition-
ally, pain is a multidimensional complex phenomenon 
and is not adequately described by one-dimensional 
scales, however there is value in making some sort 
of an assessment to aid clinical practice.

•		Categorical	scales	e.g.,	verbal	rating	scales:	mild,	
moderate, severe pain

•		Visual	analogue,	Likert	or	Numerical	Rating	scale	(VAS)

•		Complex	pain	assessment	compendiums	e.g.,	Brief	Pain	
Inventory (BPI), McGill Pain Questionnaire [423-425]

The BPI consists of several visual analogue scales 
grouped together assessing pain at rest, on move-
ment, and other aspects of the pain including inter-
ference with function and effect on work. The McGill 
Pain Questionnaire measures pain quality by asking 
patients to rate the intensity of 15 verbal descriptors 
of pain on a 0 to 3 rating scale. The pain rating index 
is composed of 2 scores, including a sensory pain 
score and an affective pain score. Some versions 
also use a standard pain intensity VAS.

2.  PHARMACOLOGIC MANAGEMENT OF 
CHRONIC PELVIC PAIN 

Physicians using pharmacologic measures to control BPS 
pain	must	be	committed	to	the	following	principles	[426]:

XII. PAIN EVALUATION AND 
TREATMENT
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1.  drugs are prescribed and monitored with knowl-
edge of the patient’s history and risks,

2.		patients	understand	potential	beneits	and	harms	
and participate in reducing harms

3.  clinicians assess outcomes for both effectiveness 
and harms.

a) Non-acidic antipyretic analgesics

Acetaminophen (paracetamol) is the main rep-
resentative of this group. It has antipyretic activ-
ity and is a simple analgesic. There is very little 
evidence about its role in chronic pelvic pain 
[427,428]. Acetaminophen should be considered 
for only mild pain. Acetaminophen is a common 
cause of hepatotoxicity [429,430] and risk increas-
es with alcohol use [431].

b) Acidic antipyretic analgesics

The	classical	non-steroidal	anti-inlammatory	drugs	
(NSAIDs) fall into this group and include salicylic 
acid. They are known to act on the cyclooxygenase 
(COX) enzyme. The early NSAIDs tended to have 
little selectivity for COX2 over COX1, and are there-
fore said to be associated with more side effects 
than the newer COX2 selective inhibitors [432]. The 
COX1 enzyme is mainly involved in normal ‘house-
keeping’ functions, such as mediating gastric muco-
sal integrity, and renal and platelet function. Block-
ing the COX1 enzyme is the cause of the platelet, 
gastric and renal complications that can occur with 
NSAIDs. It has been suggested that the COX2 en-
zyme is inducible as a result of tissue damage, and 
that	it	is	the	main	enzyme	involved	in	inlammation	
and peripheral sensitization of nociceptors [433]. As 
a	 result,	 the	 analgesic	 eficacy	 of	COX2	 selective	
drugs should be as good as that of the nonselective 
drugs,	however	the	beneit	is	primarily	seen	in	acute	
inlammatory	type	pain	The	selective	COX2	agents	
should not be prescribed in patients with increased 
risk of cardiovascular disease including congestive 
cardiac failure [434]. There is very little evidence 
for a role of NSAIDs in the management of chronic 
pelvic pain and even less evidence for a role for 
the COX2 selective drugs. Most of the analgesic 
studies have investigated dysmenorrhoea in which 
NSAIDs have been found to be superior to placebo 
and possibly paracetamol [428,435]

For practical purposes the NSAIDs may be divided into:

1.  Non-selective, low potency (e.g. salicylic 
acid, ibuprofen).

2.  Non-selective, high potency (e.g. ketoprofen, di-
clofenac, ketorolac).

3. COX2 selective drugs (e.g. celecoxib).

Non-selective, low potency NSAIDs can be used as 
irst-line	 analgesics	 [436].	 They	 are	most	 likely	 to	

be	of	help	if	there	is	an	inlammatory	component	to	
the pain. More potent NSAIDs should be reserved 
for those conditions in which the low potency drugs 
have	 been	 tried	 and	 failed	 to	 produce	 signiicant	
beneit.	COX2	selective	drugs	should	be	used	with	
caution as an alternative to the non-selective drugs 
where there is an increased risk of gastric compli-
cations. They should be avoided in patients with 
known cardiovascular disease. NSAIDs should be 
taken with food and consideration must be given to 
the	 use	 of	 gastric	 protective	 agents.	 The	 beneits	
of the NSAIDs must be demonstrated to outweigh 
the risks. All NSAIDs are contraindicated in active 
gastrointestinal ulceration/bleeding and renal dis-
ease. They may seriously exacerbate asthma and 
produce	luid	retention.	Even	if	stronger	analgesics	
such as opioids are added, the NSAIDs can be con-
tinued as they are likely to have a synergistic action 
improving pain control above and beyond that ob-
tained with opioids alone [437] 

c) Neuropathic analgesics

1. TRICYCLIC ANTIDEPRESSANTS 

Tricyclics	have	a	deinite	analgesic	effect	on	neu-
ropathic pain compared with placebo [438]: 30% of 
patients should obtain more than 50% pain relief; 
30% will have minor adverse effects; and 4% will 
have to stop treatment because of side effects. Tri-
cyclics are said to work in doses that are too low to 
affect mood. They may work by increasing levels of 
norepinephrine and/or serotonin. They also have 
actions at sodium channels. They are extensively 
used for pelvic pain and good evidence exists to 
justify their usage [290,439]. A recent random-
ized placebo controlled study sponsored by the 
US	 National	 Institutes	 of	 Health	 [246]	 evaluated	
increasing doses of amitriptyline with or without 
standardized	education	and	behavioural	modiica-
tion in treatment naïve patients with IC/PBS. While 
this	study	did	not	conirm	the	overall	beneit	of	ami-
triptyline	plus	education	and	behavior	modiication	
was superior to only the education and behavioral 
changes, they did show that amitriptyline may be 
beneicial	in	persons	who	can	achieve	a	daily	dose	
of 50 mg or greater.

2. SEROTONIN REUPTAKE INHIBITORS

Selective serotonin reuptake inhibitors appear to 
be less effective for the management of pelvic pain 
[440]. Fluoxetine can increase plasma levels of 
amitriptyline and induce toxicity, and therefore care 
must be exercised if the drugs are combined.

Anticonvulsants have been used in the manage-
ment of pain for many years. 

3. ANTICONVULSANTS

Gabapentin and pregabalin have recently been 
introduced for pain management. There is evi-
dence to show that both compounds are effective 
in chronic neuropathic pain [441,442]. Whereas 
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there is little evidence to support the use of an-
ticonvulsants in the management of genitourinary 
pain, they should be considered if there is a sug-
gestion of neuropathic pain or central sensitization 
[275,443-445].

N-methyl-D-aspartate (NMDA) antagonists. Ket-
amine is thought to act primarily at the NMDA re-
ceptor, though it may also have actions at sodium 
channels, as well as opioid (kappa and mu) recep-
tors	 [446].	Ketamine	has	been	shown	 in	both	hu-
man [447] and animal models [448] of neuropathic 
pain to reduce central sensitization and wind-up. 
Ketamine has been found to be useful in a num-
ber of chronic pain states including: peripheral 
neuropathies with allodynia, stump and phantom 
pain,	 central	 pain,	 as	 well	 as	 ibromyalgia	 [449-
453] However it has become evident that ketamine 
should only be used with caution (or not at all) by 
an experienced practitioner trained in its use. Ket-
amine is a street drug of addiction and has recently 
been associated with disastrous bladder conse-
quences, the so-called ketamine bladder. [454]

4. OPIOIDS

There is now a general acceptance that opioids 
have a role in the management of chronic non-
malignant pain [455]. While the use of opioids in 
urogenital pain is poorly defined, they should be 
considered for patients with BPS in whom all other 
treatments to reduce pain have failed. Opioid use 
does present very real risks and potential harms 
[284] and include overdose, addiction, and opioid 
diversion and prescribers have an obligation to 
assess risks and minimize harms. Unfortunately, 
not enough is known about the long-term bene-
fits, risks, and side effects of opioid therapy, not 
only in IC/PS, but other chronic non-cancer pain 
conditions. More research is needed in this area. 
The following guidelines for the use of opioids in 
chronic/non-acute urogenital pain are suggested 
by	the	European	Association	of	Urology	[436].	

1.  All other reasonable treatments must have been 
tried and failed.

2.   The decision to instigate long-term opioid ther-
apy should be made by an appropriately trained 
specialist in consultation with another physician 
(preferably the patient’s family doctor).

3.  Where there is a history or suspicion of drug 
abuse, a psychiatrist or psychologist with an in-
terest in pain management and drug addiction 
should be involved.

4. The patient should undergo a trial of opioids. 

5.  The dose required needs to be calculated by 
careful titration.

6.		The	patient	should	be	made	aware	(and	possibly	
give written consent):

I.  that opioids are strong drugs and associated with 
addiction and dependency

II.  the opioids will normally only be prescribed from 
one source 

III.		the	drugs	will	be	prescribed	for	ixed	periods	of	
time and a new prescription will not be available 
until the end of that period

IV.  the patient will be subjected to spot urine and 
possibly blood checks to ensure that the drug 
is being taken as prescribed and that non-pre-
scribed drugs are not being taken

V.  inappropriate aggressive behaviour associated 
with demanding the drug will not be accepted

VI.  hospital specialist review will normally occur at 
least once a year

VII.  the patient may be requested to attend a psy-
chiatric/psychology review

VIII.  failure to comply with the above may result in 
the patient being referred to a drug dependen-
cy agency and the use of therapeutic, analge-
sic opioids being stopped.

•	 Morphine. There is no compelling evidence that 
one opiate is better than another. Morphine has, 
however, become the traditional gold standard. 
Morphine	 is	 the	 irst-line	 drug,	 unless	 there	 are	
contraindications to morphine or special indica-
tions for another drug. The drug should be pre-
scribed	 in	 a	 slow	 release/modiied	 release	 form.	
Short-acting preparations are undesirable and 
should be avoided where possible. Parenteral 
dosing is undesirable and should be avoided 
where possible. In an acute situation, the daily 
morphine requirement may be calculated by titra-
tion of the drug with progressively increasing dos-
es of 4-hourly rapid-release morphine. However, 
in most cases, starting with a low dose of slow-
release	morphine	and	conining	the	increments	to	
occur at intervals of no less than 3 days to 1 week 
is adequate. Chronic non-cancer pain can be man-
aged effectively in most patients with dosages at 
or below 200 mg/day of morphine or equivalent.

•		A	fentanyl patch can be used when oral absorption 
is restricted or when the patient suffers from nau-
sea and vomiting. Patches are generally changed 
every 72 hours. The problem with the currently 
available patches is that the dosing increments 
between patches are large. Care needs to be ex-
ercised when increments in dose are undertaken. 
Fentanyl has contributed to numerous overdose 
deaths	[456,457].

•	 Methadone is a strong analgesic which has a long 
track record [458]. While it may have a useful role 
in the management of urogenital pain, there is very 
little science to support this. Methadone has the 
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tendency to accumulate with repeated dosing and 
cause delayed respiratory arrest. Therefore, where-
as it may be a very useful drug, it should only be 
prescribed by a practitioner familiar with its use as 
an analgesic. Methadone as an analgesic is usually 
prescribed	6	hourly	as	its	analgesic	action	is	rela-
tively	short-lived	compared	with	the	longer	beneits	
seen from using the drug in drug addiction.

•	 Meperidine (Demerol) 300 mg intramuscular 
(i.m.) is about as effective as morphine 30 mg 
i.m.(conversion factor 0.1). Its oral bioavailability 
is, however, poor. Meperidine has a short duration 
of action, can accumulate with multiple dosing and 
is therefore not recommended for use in chronic, 
non-acute pain [459].

•		Oxycodone, hydromorphone and hydrocodone are 
available	 as	 slow/modiied-release	 preparations.	
They may be useful for opiate rotation if side ef-
fects or tolerance is a problem. They are powerful 
opioids and should be used with the same caution 
as	morphine.	20	mg	of	oxycodone	and	6	mg	hy-
dromorphnone is equivalent to 30 mg of Morphine 
(1.5 and 5 X conversion factor). Oxycodone, hy-
dromorphone and hydrocodone may have a high-
er	abuse	liability	than	morphine	[460].	

•		Codeine is a less potent opioid than morphine and 
the other opioids discussed and could be useful 
in mild to moderate pain. 20 mg of Codeine is 
equivalent to 30 mg of morphine (conversion fac-
tor 0.15). Tramadol produces analgesia by two 
mechanisms: an opioid effect; and an enhance-
ment of serotoninergic and adrenergic pathways 
[461,462].	 It	 has	 fewer	 of	 the	 typical	 opioid	 side	
effects (notably, less respiratory depression, less 
constipation	 and	 less	 addiction	 potential)	 [463].	
Morphine dose equivalences with tramadol has 
not been reliably established. Codeine and trama-
dol may have a lower abuse risk than more potent 
opioids	[460,464].

Opioid Recommendation: 

A stepped approach to opioid selection should be 
based	 on	 a	 patient’s	 clinical	 proile	 and	 individual	
characteristics and should proceed in a stepwise 
fashion. First line therapy for mild to moderate pain 
would include codeine or tramadol while second 
line therapy for mild to moderate pain could include 
morphine, oxycodone or hydromorphone. First line 
therapy for severe pain would include these same 
agents, morphine, oxycodone or hydromorphone 
while second and third line therapy for severe pain 
could include fentanyl and methodone respectively. 
It is important to determine the optimal dose, i.e., a 
dose that will improve function or reduce pain inten-
sity by at least 30% without causing major adverse 
effects or complications. It is recommended to start 
the opioid trial with a low dose and increase the 
dose in small quantities over several days or weeks 
carefully monitoring for effectiveness (or plateauing 

of response) and adverse effects or complications. 
Opioids produce a graded analgesic response: the 
patient	 experiences	 the	 greatest	 beneits	 at	 lower	
doses and a plateauing of analgesic response and 
adverse effects at higher doses.

Recommendation Pain Treatment 

 BPS patients deserve to have their chronic pain 
treated. There are few well controlled long term 
pain therapy studies in this area, therefore most of 
our recommendations must come from studies in 
other non-cancer pain conditions. As discussed in 
the previous sections, management of symptoms 
of BPS, including the chronic pain must start with 
conservative therapies along with BPS condition-
speciic	 treatments.	For	 those	whose	chronic	pain	
is refractory to these therapies including standard 
analgesics, therapy for the chronic pain should 
normally start with a tricyclic and/or gabapentinoid 
(gabapentin or pregabalin), followed by addition of 
an opioid such as codeine, tramadol, morphine or 
oxycodone as a last resort. Level of Evidence: 4 
Recommendation: C

Bladder Pain Syndrome (BPS) is a chronic and 
debilitating disease. Major surgical options 
should be considered only when all conserva-
tive treatment has failed (Table 6 ) The patient 
should be informed of all aspects of surgery and un-
derstand consequences and potential side effects 
of surgical intervention. An experienced surgeon 
familiar with the particular surgical technique should 
perform the procedure.

XIII. SURGICAL THERAPY

Table 6: surgical therapies rated according to the 
Oxford System
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1. HYDRODISTENTION

Bladder distension has been used for many years 
[465]	not	only	as	a	diagnostic/	classiication	tool	but	
also for treatment of BPS. In 1957 Franksson re-
ported on a retrospective series of 33 patients, with 
symptom improvement in all, and lasting up to 1 
year	in	7	patients[466].	Reports	from	the	seventies	
were contradictory. Using the Helmstein method 
[467]	 Dunn	 reported	 complete	 absence	 of	 symp-
toms	 in	 16	 of	 25	 patients[468],	 while	 Badenoch	
found	 no	 improvement	 in	 44	 of	 56	 patients[312].	
More recent literature reports poor results with only 
a minority of patients reporting a small improve-
ment in symptoms for a relatively short period of 
time[217,218,232,469].	Most	studies	are	retrospec-
tive and uncontrolled. 

Level of evidence 3; recommendation C

2. TRANSURETHRAL RESECTION

In	 his	 irst	 papers	 Hunner	 described	 open	 resec-
tion of the bladder ulcer in the treatment of patients 
with IC[5]. He later abandoned this treatment due 
to operative morbidity and recurrence of symptoms. 
Results of transurethral resection were originally re-
ported by Greenberg et al.[470] and Fall[471]. The 
retrospective	results	of	this	treatment	in	116	patients	
with Hunner’s lesion from Fall’s Swedish clinic was 
later reported by Peeker et al.[472]. Hunner’s lesion 
was	 irst	 recognized	 by	 bladder	 distension	 under	
general anesthesia. All lesions were then resected 
including at least half of the underlying muscular 
coat. Large areas of the bladder might be treated 
to	resect	all	diseased	tissue.	Ninety-two	of	the	116	
patients experienced amelioration of their symp-
toms. Average duration of symptom alleviation was 
23	months	ranging	from	0-180	months.	Up	to	16	re-
resections were performed if symptoms recurred. 
This is the only center having reported a large clini-
cal series of patients with BPS treated in this man-
ner. Shanberg and Malloy reported in 1987 on laser 
fulgeration of 39 patients with BPS[473]. Nineteen 
of 39 had Hunner’s lesion. Of the 19 patients with 
Hunner’s lesion 17 reported good pain relief lasting 
between	6	and	18	months.	In	the	20	patients	with-
out Hunner’s lesion, reddened areas in the bladder 
were photocoagulated with the Neodynium:Yag la-
ser. Thirteen felt marked improvement of symptoms 
but time to symptom recurrence was not reported. 
Small bowel perforation in 2 patients was the most 
important complication in this series. This series 
was	extended	 to	76	patients	 [474]	where	21	of	27	
patients with Hunner’s lesion (BPS ESSIC type 3X) 
experienced symptom improvement; 12 had relapse 
within 18 months. Of patients with BPS ESSIC type 
1 or 2, 20 of 49 improved but 10 required further 
therapy within 1 year. Rofeim et al. [475] reported 
on Nd:YAG laser ablation of Hunner’s lesion in 24 
patients with BPS type 3X. All had symptom im-
provement within days without complications. Pain, 
urgency, nocturia, and frequency were improved af-

ter 23 months, but relapse in 11 patients required up 
to four additional treatments. 

Payne et al. reported on 14 patients with Hunners 
lesion treated by cystoscopic ablation. Eight became 
symptom free and 4 improved symptomatically more 
than 50%. Four had symptomatic recurrence with 
improvement	after	repeat	ablation[476].	Intravesical,	
submucosal injection of triamcinolone has in uncon-
trolled studies been reported to have as good symp-
tomatic effect as resection/fulgeration[477].

Transurethral resection, coagulation, or laser 
ablation of Hunner’s lesions is a recommended 
treatment for patients with BPS type 3X.

Level of Evidence: 3 Grade of Recommendation: C

3. CYSTOLYSIS – PERIPHERAL DENERVATION

Hunner [5] simply dissected bladder from surround-
ing tissue. Initial results were encouraging, however 
after 3 years of follow-up, symptoms reoccurred. 
Worth and Turner-Warwick [478] attempted to do 
more formal cystolysis and were more successful 
with regard to symptoms. Worth [479] followed pa-
tients	up	to	7	years	and	found	bladder	arelexia	to	
be	a	signiicant	complication	of	this	procedure.	Pa-
tients had to use Credé technique or even be on in-
termittent self-catheterisation. Albers & Geyer [480] 
reported symptom recurrence after 4 years in most 
of the patients. 

•  Cystolysis – peripheral denervation is not in-
dicated for BPS; Level of Evidence: 3 Grade of 
Recommendation: -A (not recommended) 

4. SYMPATHETIC DENERVATION 

Visceral pain is transmitted in most cases by the 
sympathetic nervous system. Gino Pieri [481] ap-
plied this principle to the bladder pathology and sug-
gested resection of the superior hypogastric plexus 
(presacral nerves), paravertebral sympathetic chain, 
and gray rami from S1-3 ganglia (Level 4). This was 
repeated by Douglass [482] a few years later . Imme-
diate results were very good; however Nesbit [483] 
showed that the long term results were short lived.

• Sympathetic denervation is not indicated for BPS 

Level of Evidence: 4 Grade of Recommendation: 
-A (not recommended)

5. PARASYMPATHETIC DENERVATION 

Based on the contribution of S2-S4 segments to 
bladder innervation, Moulder and Meirowsky [484] 
used S3 neurectomy in 3 patients with good long 
term follow-up. Larger series were reported by Mil-
ner	[485]	and	Mason[486]	but	results	after	ive	years	
were not encouraging. To improve results selective 
dorsal sacral root neurectomy, unilateral or bilateral, 
was introduced by Bohm and Franksson[487]. The 
outcomes of this procedure were unclear. 
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•  Parasympathetic denervation is not indicated 
for BPS; 

Level of Evidence: 4 Grade of Recommendation: 
-A (not recommended)

6. BOWEL SURGERY 

a) Bladder augmentation-cystoplasty has been 
commonly used for refractory BPS for 50 years. 
First reports of ileocystoplasty from 1958 were very 
promising[488]. Later publications were less san-
guine with good results varying from up to 100% 
[489,490] to 25%[312,491]. Cystoplasty is usually 
done with or without bladder resection. 

Cystoplasty	alone	was	reported	as	early	as	1967	by	
Turner-Warwick and Ashken[492], advocating aug-
mentation with removal of the diseased tissue. Sev-
eral subsequent studies indicated that cystoplasty 
with subtrigonal cystectomy offers better results 
than without subtrigonal cystectomy[490,493-495]. 
These were all retrospective studies and conclu-
sions should be taken with reservation. Cystoplasty 
with partial or total removal of the bladder requires 
bowel tissue substitution. Different bowel segments 
are used to enlarge the bladder. It is the general 
consensus that the intestine segment used for blad-
der	augmentation	should	be	detubularized[496].	Ex-
periences with different bowel segments have been 
reported in numerous articles with level 4 evidence: 

•	 Ileum [312,489,490,495,497-501]

•	 ileocecum [344,490,491,493,502,503]

•	 cecum [489,504]

•	 right colon [312,490,505]

•	 sigmoid colon [493,495,499,502]

•	 gastric	segments	[506,507]

There is no signiicant different between different 
bowel segments with regard to outcome except 
for gastric tissue substitution which is associ -
ated with dysuria and persistent pain due to pro -
duction of acids.

b) Cystoplasty with Supratrigonal Resection (i.e. 
trigone-sparing) has been reported in various stud-
ies. Von Garrelts[489] described excellent results in 
eight of 13 patients with a follow-up of 12-72 months. 
Bruce et. al [495] reported satisfactory relief of BPS 
symptoms by ileocystoplasty and colocystoplasty in 
eight patients. Dounis and Gow [508] reported im-
provement in pain and frequency in seven BPS pa-
tients after supratrigonal cystectomy with ileocecal 
augmentation. Kontturi et. al [493] used segments 
of colon and sigmoid colon in 12 cases with 100% 
symptom-free	 outcome	 in	 ive	 patients	 augmented	
with sigmoid colon over 4.7 years of follow-up. Two 
of seven cases augmented with colon required ileal 
conduit and cystectomy. Linn et. al [509] followed six 

BPS patients for 30 months, and reported that all 
were symptom-free and voided spontaneously. The 
report by Nielsen et. al [491] was less favorable. Six 
out of eight patients had good results. Van Ophoven 
et. al [510] reported the long-term (mean 5 years) 
results of orthotopic substitution enteroplasty in 18 
women with BPS, using ileocecal (n = 10) or ileal (n 
= 8) segments with only two failures. In the group 
[511] augmented with ileum, three patients required 
self-catheterization and one a suprapubic catheter. 
Peeker et. al [512] found that patients with end-stage 
ulcerative BPS had excellent results following ileo-
cystoplasty but not so the patients with non-ulcer 
disease. A follow up on this paper was recently pub-
lished [180] with the same conclusion for the patients 
with end stage BPS ESSIC type 3C, while both con-
tinent diversion and iliocystoplasty were unrewarding 
in patients with type 2X BPS. Patients with low cysto-
scopic	capacity	(<200	ml)	under	general	anaesthetic	
have achieved better results [7,25,513,514]. 

There is some weak evidence that cystoplasty 
with supratrigonal resection may beneit some se-
lected patients with end stage ESSIC type 3C BPS.  

Level of Evidence: Level 3; Grade of Recom -
mendation: C

c) Cystoplasty with Subtrigonal Cystectomy — 
orthotopic continent bladder augmentation (i.e. with 
trigone removal but preservation of the bladder neck) 
in the management of BPS has been  reported less 
often[511,515-517]. Because of the need of ureteral 
reimplantation, it is associated with some risks of 
urine	leakage,	urethral	stricture	and	relux[516].	Linn	
et. al [509] had three failures in 17 patients and half 
of the patients with good symptomatic response re-
quired self catheterization. Nielsen et. al [491] had 
better results following orthotopic substitution with 
low bladder capacity (200 mL versus 525 mL, re-
spectively). Orthotopic continent bladder augmen-
tation, particularly when removing the trigone, may 
cause incomplete voiding requiring intermittent self-
catheterization. Therefore patients considering such 
procedures should be advised accordingly and must 
be considered capable of performing, accepting and 
tolerating self catheterization. Nurse suggested that 
the decision on whether to due a subtrigonal or su-
pratrigonal cystectomy be based on the results of tri-
gonal biopsy, with the former procedure indicated in 
the	patient	with	trigonal	inlammation[518].	

There is no compelling evidence that subtrigonal 
cystectomy with cystoplasty has any outcome 
advantage over supratrigonal cystectomy but it 
tends to be associated with more complications 
and poorer functional bladder rehabilitation. Lev -
el of evidence: 3; Grade of Recommendation: C

7.  URINARY DIVERSION WITH OR WITHOUT  
TOTAL CYSTECTOMY AND URETHRECTOMY

This	is	the	ultimate,	inal	and	most	invasive	option.	It	
should be used as a last therapeutic resort in selected 
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patients. Techniques include simple or continent uri-
nary diversion. Continent diversion may be prefer-
able for cosmetic reasons in younger patients. 

Simple urinary diversion with formation of an ileal 
conduit is the most common surgical treatment for 
BPS [519]. Initially, diversion can be done without 
cystectomy and only when bladder pain is persis-
tent, cystectomy may be considered. Bladder de-
functionalization alone produced symptom-relief in 
several reports. [7,25,312,520,521]

Often diversion is performed as a next step after un-
successful bladder augmentation. To avoid further 
bowel resection, a bowel segment used for cystoplas-
ty can often be converted to a conduit[522] In some 
patients	 chronic	 inlammatory	 changes	 have	 been	
seen in the cystoplasty pouch resembling interstitial 
cystitis[7,312,523,524], preventing one from using 
this technique. Similar bowel changes however have 
been described when cystoplasty is performed for pa-
thology other than interstitial cystitis, suggesting that 
these	pathologic	indings	are	not	a	direct	result	of	the	
exposure of bowel to BPB urine [525]. Relatively good 
responses to diversion without cystectomy have been 
reported	in	small	series.	[491,526]

Urinary diversion with and without cystectomy 
may be the ultimate option for refractory pa -
tients. Continent diversion may have better cos -
metic and life style outcome but recurrence of 
pain in the pouch is a real possibility. Level of 
Evidence: 3; Grade of Recommendation: C

 

Symptom scales have enabled patients to be cat-
egorized by symptom severity and have also served 
to follow results of treatment in patients with blad-
der pain syndrome. Their future development may 
enable a presumptive diagnosis of the syndrome 
but at this time that is not possible. A brief survey 
that reliably segregates BPS from other urologic 
disorders would make the ability to diagnose the 
syndrome reliable, inexpensive, and available to all 
healthcare providers. It would aid in epidemiologic 
studies as well. Currently such work sponsored by 
NIDDK is ongoing. www.mappnetwork.org 

A	process	 for	development	of	a	case	deinition	 for	
BPS has been developed by adapting the RAND/
University of California, Los Angeles Appropriate-
ness	Method.[46]	This	 involves	a	panel	 consisting	
of nine experts with experience in BPS and related 
diseases,	 literature	 review	 of	 case	 deinitions	 of	
BPS, initial ratings of symptoms as indicators of the 
BPS diagnosis, and discussion and a second set of 
ratings to establish criteria for diagnosis through pa-
tient reports. Symptom questionnaire development, 
based	on	the	results	of	the	case	deinition	exercise,	
and validation have been successful in establishing 

a population-based estimate for disease prevalence 
using	both	high	speciicity	and	high	sensitivity	mod-
els.[69]	If	this	could	be	adapted	for	use	in	screening	
by	primary	care	physicians,	the	potential	beneits	in	
early diagnosis of BPS are evident.

Questionnaires and symptom scales are currently 
utilized to measure treatment outcome and are es-
pecially valuable in clinical research studies as well 
as for guiding therapy for individual patients. 

There are 3 published BPS symptom questionnaires: 
the University of Wisconsin IC Scale (Figure 11 ), the 
O’Leary-Sant IC Symptom Index (ICSI) and IC Prob-
lem Index (ICPI) (Figure 12 ), and the Pelvic Pain and 
Urgency/Frequency (PUF) Scale (Figure 13 ).

The University of Wisconsin IC Scale includes 7 
BPS symptom items and has not been validated for 
identiication	 or	 diagnosis	 of	 BPS.	 It	 captures	 se-
verity of symptom expression [527,528]. Unlike the 
other two instruments, it addresses some quality-of-
life issues, and this is an advantage when such is-
sues are subject of investigation. Its most attractive 
aspects are its clinically apparent face validity and 
its ease of implementation.

The O’Leary-Sant indexes are validated question-
naires that were originally developed by focus 
groups, subjected to test-retest reliability analysis, 
and validated by administration to BPS patients 
and asymptomatic controls[529,530]. The question-
naires center on 3 questions related to urgency/fre-
quency and one on bladder-associated pain. It does 
not address generalized pelvic pain or symptom-
atology associated with sexual activity. This is not 
because these questions were not considered in the 
formulation of the questionnaire. Of 73 questions 
in the preliminary instrument covering domains of 
urinary symptoms, pain, sexual function, menstrual 
variability, and general health, only the four ques-
tions now in the instrument were needed to reliably 
and validly describe the illness experience of those 
with IC and distinguish these patients from those 
without the disorder[531]. 

The Pelvic Pain, Urgency, Frequency (PUF) ques-
tionnaire[201]	was	speciically	designed	 to	 include	
questions	 that	directly	 relect	a	wide	variety	of	 the	
symptoms experienced by patients who are af-
fected by this disorder. One-third of the questions 
address pelvic pain, including pain anywhere in the 
pelvis: the vagina, labia, lower abdomen, urethra, 
perineum, testes, penis, or scrotum. 

The PUF is marred by the fact that patients were 
not included in its development. If used to monitor 
outcomes, question 4 regarding sexual activity may 
worsen the score as the outcome improves. These 
and other problems make its use highly dubious.[532]

A large study utilizing the PUF questionnaire has 
concluded that up to 23% of American females have 
BPS[201]. This makes one wary as to the utility and 

XIV. CLINICAL SYMPTOM SCALES
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face-validity of the PUF[533]. A total score of 10-14 
=74% likelihood of positive potassium test (PST); 15-
19=76%;	20+=91%.	To	the	extent	that	the	PST	is	sus-
pect, the reliability of PUF data comes into question.

Neither the PUF nor O’Leary Sant questionnaires 
have been shown to be of value in diagnosis of 
the individual patient[534]. In an interesting epide-
miologic study in Finland, Leppilahti and colleagues 
randomly selected 2000 participants from the Finn-
ish population registry and administered the O’Leary 
Sant	 IC	 symptom	 and	 problem	 index[64].	Women	
with symptom scores 7 or higher with no history of 
urinary tract infection in the preceding month were 
invited to undergo clinical examination. Of these 32 
women, 21 underwent examination of whom 3 had 
probable interstitial cystitis and 4 had possible inter-
stitial	cystitis.	Based	on	this	speciicity,	a	population	
prevalence in Finnish women of 230/100,000 prob-
able interstitial cystitis and 530/100,000 possible 
interstitial cystitis was calculated. Thus, one can get 
some	idea	as	to	O’Leary	Sant	speciicity.	For	prob-
able BPS it would be about 14% using a parameter 
of 7 or greater on the symptom index. 

The O’Leary-Sant and University of Wisconsin in-
strument correlate strongly in a large population of 
patients with BPS.[535] Clemons and co-workers 
administered the ICSI to 45 patients scheduled to 
undergo laparoscopy for pelvic pain. Seventeen 
were	diagnosed	with	BPS	based	on	 the	inding	of	
glomerulations on bladder distention associated 
with urgency, frequency, or nocturia. A score of 5 
on the ICSI had a 94% sensitivity and a 93% nega-

tive predictive value in this enriched population of 
patients	 with	 pelvic	 pain[536].	 However,	 Clemens	
and colleagues have found a high degree of over-
lap in International Prostate Symptom Scores, the 
O’Leary Sant Symptom Index, and the Chronic 
Prostatitis Symptom Index in a random sample of 
over 1400 men and women with urologic symptoms, 
underscoring that we should be cautious in using 
these questionnaires as a basis for diagnosis in epi-
demiologic studies[537]. 

Rosenberg	 and	 Hazzard[62]	 surveyed	 1218	 con-
secutive patients presenting to their primary care 
ofice	and	found	7	(0.6%)	who	had	a	7	ICSI	score.	
Likely	BPS	was	noted	 in	12.6%	of	patients	on	 the	
PUF scale, a Figure 21  times higher, suggesting 
that either the PUF drastically overestimates BPS, 
or the ICSI lacks sensitivity. Based on the correla-
tion of the potassium sensitivity test and the PUF 
questionnaire,	 Parsons[49]	 stated	 that	 30.6%	 of	
3’rd year female medical students at his California 
institution had probable BPS. Sahinkanat and co-
workers[202] in Turkey administered the PUF ques-
tionnaire to all 442 female textile workers in two lo-
cal factories. Eighty-six per cent of those with a PUF 
score	7	or	greater	had	an	86%	positive	rate	of	PST	
testing verses 9% positive in the group with PUF 
less than 7. They extrapolated that bladder epitheli-
al permeability dysfunction was present in 32.8% of 
these unselected women. The ICSI estimate seems 
much more in line with current epidemiologic data.

While perhaps not ideally suited for epidemiologic 
studies, these questionnaires can reveal important 

Figure 11: University of Wisconsin Symptom Instrument.
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Figure 12: O’Leary Sant Symptom and Problem Indexes
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epidemiologic data. Porru and colleagues[538] com-
pared University of Wisconsin scores including both 
urinary and non-urinary symptoms, for 30 BPS fe-
male patients and 30 female controls. While the IC 
group	had	signiicantly	higher	scores	for	the	urinary	
symptoms, they did not appear to indiscriminately re-
port higher scores than controls for different somatic 
and general complaints, as might be expected if this 
disease is a manifestation of a more generalized dis-
order. Diggs and colleagues[539] used the ICSI to 
investigate how interstitial cystitis patients interpret 
urgency. The ICSI question regarding: “the strong 
need to urinate with little or no warning” consistently 
underestimated the response to the International 
Continence	Society	deinition	of	urgency:	“the	com-
pelling	urge	to	urinate	that	is	dificult	to	postpone.	

Treatment outcome studies have also used the 
Global Response Assessment (Figure 14 ); a bal-
anced patient self-report on overall response to 
therapy, developed for NIDDK sponsored multi-
center therapeutic trials[301]. The O’Leary Sant 
and University of Wisconsin questionnaires are re-
sponsive to change over time in patients with BPS 
and have been recommended as secondary end-
points in future clinical trials of the disorder. Prop-
ert and colleagues in the Interstitial Cystitis Clinical 
Trials Group determined that a 1.2 point change in 
the O’Leary Sant indexes and a 3.1 point change 
in Wisconsin IC inventory corresponded to a one-
category change in the GRA. Individual symptoms 
were also responsive [540].

A	self-report	measure	that	reliably	identiies	moderate	
to severe bladder pain syndrome patients for inclusion 
into	clinical	 trials	was	 recently	 reported	by	Pizer	 Inc.
[532]. Whether it will have value in diagnosis of the syn-
drome or following patients’ clinical course remains to 
be seen. A quality of life scale for women with BPS has 
also been developed for use in clinical trials and report-
edly can be used to examine the effects of psychosocial 
and treatment interventions on quality of life.[541]

Conclusions

The three commonly employed clinical symptom 
scales include the O’Leary Sant, the University 
of Wisconsin, and the Pelvic Pain, Urgency, Fre-
quency scales.  None of the questionnaires have 
the	sensitivity	or	speciicity	to	be	used	in	the	clinical	
diagnosis of patients.  The O’Leary Sant and Uni-
versity of Wisconsin indexes have been validated 
as reliable instruments for following the course of 
the disease and results of treatment interventions.  
All have shown some value in assessing the sever-
ity of disease.  The Global Response Assessment 
has become one of  several primary endpoints used 
in	judging	the	response	to	speciic	therapies.

1. THE PROBLEM

BPS/IC	 has	 been	 a	 dificult	 condition	 for	which	 to	
assess therapeutic impact. There is a 50% inci-

Figure 13: Pelvic Pain, Urgency, Frequency Scale

XV. OUTCOME ASSESSMENT
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dence of temporary remission unrelated to therapy, 
with a mean duration of 8 months [52]. A somewhat 
surprising	inding	from	the	Interstitial	Cystitis	Data-
base was that although there was initial improve-
ment in symptoms partially due to regression to the 
mean[542] and the intervention effect, there was no 
evidence of a long-term change in average symp-
tom severity over the four year course of follow-
up[98]. In a chronic, devastating condition with pri-
marily subjective symptomatology, no known cause, 
and no cure, patients are desperate and often seem 
to respond to any new therapy. A skeptical view of 
outcomes is essential (Figure 15 ), as patients can 
be victims of unorthodox health care providers us-
ing unproven forms of therapy, some medical, some 
homeopathic, and some even surgical. 

2. THE PLACEBO ISSUE

Where possible, the results of randomized controlled 
studies should be used for decision making. Placebo, 
double-blind studies are optimal in this disorder for 
which there is no generally effective standard therapy. 

Placebo	effects	inluence	patient	outcomes	after	any	
treatment which the clinician and patients believe is 
effective, including surgery. Placebo effects plus dis-
ease natural history and regression to the mean can 
result in high rates of good outcomes, which may be 
misattributed	 to	 speciic	 treatment	 effects.[98,543-
545] Unfortunately, few BPS treatments have been 
subjected to a placebo-controlled trial. This is not to 
say that what seems effective is not, but rather that 
a high index of skepticism is healthy, even in treat-
ments	tested	in	controlled	trials.[546]	

While in many diseases an argument can be made 
against using a true placebo control as opposed 
to an orthodox treatment of approved or accepted 
value[547], a good case for true placebo compari-
son can readily be made for BPS. The vagaries of 
the natural history, the general lack of progression 
of symptom severity over time, and the fact that it is 
not life threatening, mean that there is little to lose 
and much to gain by subjecting new treatments to 
the vigorous scrutiny of placebo control. Many pa-
tients who volunteer for such trials have already 

Figure 14: Global Response Assessment (GRA)
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run the gamut of accepted (though generally un-
proved) therapies. It has long been recognized in 
protocols that use subjective criteria for assessment 
that “improvement” may be expected in up to 35% 
of placebo-treated patients[548]. As the spontane-
ous remission rate (though temporary) for BPS is 
11%[311] to 50%[52], combined with the placebo 
improvement	it	can	be	dificult	to	prove	eficacy.	

Even in placebo controlled trials, it is reasonable to 
surmise that some degree of unblinding may occur 
as a result of somatic or psychological side effects 
of the active arm, impairing the validity of the trial 
results and giving the active arm a slight edge over 
placebo.[549,550] Failure to recognize unblinding 
can easily bias results of a study and has not been 
routinely measured in clinical trials.[551] When oc-
curring late in a study after one would expect onset of 
a therapeutic effect, unblinding could be the result of 
side	effect	proile	or	drug	eficacy.	Early	in	the	trial	it	
relects	poor	placebo	or	study	design.	The	degree	of	
blinding needs to be ascertained throughout the trial. 
This	is	of	speciic	concern	in	BPS	and	any	disorder	
where primary outcomes may be subject to patient-
speciic	psychological	and	physiological	factors.

The ethics and necessity of placebo-controlled tri-
als have been questioned, especially in situations 
in which an effective treatment exists and also 
where delay in treatment has been shown to result 
in disease progression[552-554]. However, there 
are methodological concerns with equivalence and 
non-inferiority active agent comparison trials[555]. 
These include an inability to determine if the treat-
ments are equally good or equally bad, and the 
possibility that successive non-inferiority trials can 
lead	 to	 a	 gradual	 decrease	 in	 treatment	 eficacy.	
Although the use of placebo-controlled trials raises 
ethical concerns when proven effective treatment 
exists for the condition under investigation, they are 
ethically	justiied,	provided	that	stringent	criteria	for	
protecting	research	subjects	are	satisied	[556].

The value of placebo-controlled trials is aptly illustrat-
ed by the recent decisions by pharmaceutical manu-
facturers not to pursue FDA approval in the United 
States for seemingly promising intravesical therapies 
for BPS[557,558] after placebo-controlled trials failed 
to	establish	eficacy.	These	include	low	concentration	
hyaluronic acid (Bioniche, Canada), high concentra-
tion hyaluronic acid (SKK, Tokyo), and resiniferatoxin 
(ICOS, Bothell, Washington, USA). Nalmefene, an 
initially promising oral therapy in the 1990’s,[559] 
also failed phase 3 trials (IVAX, Miami). Placebo tri-
als	are	 impractical	 in	surgery	and	 it	can	be	dificult	
to evaluate surgical reports. The many older medi-
cations currently used off-label might not meet suc-
cess if tested in the stringent manner in which new 
molecular entities are tested. The expense of testing 
therapies currently used off-label often requires de-
pendence on the largesse of government agencies 
like	the	National	Institute	of	Health	[301,395,560].



1627

Figure 15: Selected reported treatment outcomes in uncontrolled studies in IC literature: Percentage of 
patients initially improved.
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3. OUTCOME INTERPRETATION

As has been discussed with regard to rheuma-
tologic	disorders[561],	 the	 interpretation	of	mea-
surements of physical functioning in clinical trials 
should consider the composition of the study sam-
ple, with attention to the stage of disease and the 
heterogeneity in disease duration. Patients with 
long-standing disease or compromised bladder 
capacity or central sensitization can be expected 
to be less responsive to treatments directed to-
ward the bladder itself. Finally, when considering 
objective changes, the concept of statistical ver-
sus clinical significance is paramount. Investiga-
tors should, but rarely do, point out differences 
between statistical improvement and what they 
consider to be clinically significant improve-
ment[562].	 As	 Gertrude	 Stein	 reportedly	 stated,	
“A difference, to be a difference, must make a dif-
ference”. An increase in bladder capacity of 30cc 
may be statistically significant but clinically irrele-
vant. Number needed to treat and number needed 
to	 harm	 data[563]	may	 be	 particularly	 important	
in BPS and have not typically been included in 
efficacy analysis. 

4. IMMPACT RECOMMENDATIONS

The core outcome domains for chronic pain clinical 
trials	have	been	published.[423,564]	The	Initiative	
on Methods, Measurement, and Pain Assessment 
in Clinical Trials (IMMPACT) recommendations in-
dicate that core outcome domains should be con-
sidered	 in	all	 clinical	 trials	of	 the	eficacy	and	ef-
fectiveness of treatments for chronic pain. These 
domains include:

1. Pain

2. Physical functioning

3. Emotional functioning

4.  Participant ratings of improvement and satisfac-
tion with treatment

5.  Symptoms and adverse effects, participant disposition

CONCLUSIONS:

Currently for BPS/IC there are no accepted biologic 
disease markers that can be used for the assess-
ment of response to therapy.  The O’Leary Sant, 
University of Wisconsin, and Global Response As-
sessment are well-validated questionnaires to fol-
low disease progression and response to therapy.  
The IMMPACT recommendations suggest that, as 
well as symptoms scores, any future study on a pain 
syndrome must involve more general assessments 
of psycho-physical functioning.  There is limited 
experience in BPS/IC for the use of well-validated 
measures available for the study of chronic pain.  
Future NIDDK research initiatives may help to rec-
tify this.  http://www.mappnetwork.org 

International	recognition	of	an	agreed	upon	deinition	
and inclusion and exclusion criteria of BPS/IC will help 
future	studies	to	fulill	the	highest	standards	available,	
and placebo-controlled, double blind, randomized 
controlled trials, where possible, will provide the high-
est	level	of	evidence	to	move	the	ield	forward.

LEVEL 2 GRADE C RECOMMENDATIONS

The information currently available in the literature 
does not lend itself to easily formulating a diag-
nostic or treatment guideline. Different groups of 
“experts” would undoubtedly create different “best 
practices”.[565]	The	compromise	approach	devised	
by an experienced cross-section of urologists and 
gynecologists from around the world at the Interna-
tional Consultation on Continence 2004 meeting in 
Monaco[41]	and	subsequently	modiied	at	the	2008	
meeting in Paris[1] has been reviewed and updated 
by	the	committee	and	allows	for	signiicant	latitude	
to	relect	varying	individual	practice	patterns	and	to	
account for patient preference. 

An underlying principle is that, where possible, de-
cisions on the treatment of bladder pain syndrome 
should	be	evidence	based[566].	Unfortunately,	high	
level	evidence	of	eficacy	is	lacking	for	many	com-
mon treatments, either because such studies have 
not been done, or were done and failed to demon-
strate	eficacy.[343,567,568]	

Another principle is that we should be guided by 
patient perceived and driven outcomes for bladder 
pain syndrome, which is, after all, diagnosed on the 
basis of symptoms after exclusion of confusable 
diseases. Many patients prefer noninvasive thera-
pies[569],	 and	 it	 would	 seem	 reasonable	 to	 start	
with physical therapy and/or oral therapies if con-
servative non-medical interventions (i.e. education, 
diet,	 behavioral	modiication,	 stress	 reduction)	 fail	
to	result	in	signiicant	symptom	amelioration.	Use	of	
surgical therapies should be approached with some 
caution. It has been reported that women with BPS 
have	 had	 signiicantly	 more	 pelvic	 surgeries	 than	
controls, and the majority were performed prior to 
diagnosis of BPS, possibly for pain related to undi-
agnosed BPS.[570,571]

1. HARMONIZATION

With representatives from Asia, Europe, and North 
America, the Consultation has attempted to create 
a document that is harmonious with guidelines de-
veloped around the world in the last several years, 
many since the last meeting of the Consultation. 
The Canadian Urological Association[572], the In-
ternational Society for the Study of Bladder Pain 
Syndrome (ESSIC)[2,15], the European Association 
of Urology[342], the Japanese Urological Associa-
tion[45], East Asian countries[11], and the Ameri-
can Urological Association[12] all have published 

XVI. PRINCIPLES OF MANAGEMENT
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consensus guidelines, many of which have 
been	reviewed	in	a	recent	publication[565].

In the Japanese and Asian view, urinary frequency/
urgency is the primary symptom, with overactive 
bladder (OAB) and hypersensitive bladder (HSB) 
listed as subgroups (with painful bladder syndrome 
(PBS) as its extreme form)[44]. (Figure 3 )

In	the	European	view	as	relected	in	European	As-
sociation of Urology and ESSIC guidelines, pain is 
the key symptom, with frequency being secondary 
to pain, while urgency basically represents a differ-
ent pathology. American and Canadian guidelines 
are concordant with the European view. They em-
phasize pain, pressure, and discomfort perceived 
by the patient to be related to the bladder and as-
sociated with urinary frequency or urgency. 

Pathologic afferent activity is a feature in overactive 
bladder as well as BPS, making the philosophy of the 
Asian guidelines conceptually attractive. But the knowl-
edge gaps on lower urinary tract sensory functions are 
tremendous and from a neurophysiologic point of view 
it may be premature to link the conditions. 

As a disorder based on symptoms, it is remarkable 
that we do not know if sensations described by the 
patient as pain, urge, or pressure are physiologi-
cally different or identical, if they represent various 
grades of the same pathology, or if this set of terms 
merely represents linguistically different ways of 
presenting the same problem. Do cultural differenc-
es play a part? Are Asian patients more reluctant to 
use the word pain to describe the same symptoms?

Cystoscopic	and	pathologic	indings	have	a	more	im-
portant role in Asia and Europe than in North Amer-
ica, but nowhere do guidelines now recommend 
invasive procedures like endoscopy with or without 
biopsy as essential to make a diagnosis of BPS. 

The latest algorithms from the European Associa-
tion of Urology, American Urological Association, 
and East Asian nations are presented below and il-
lustrate	different	approaches	to	a	dificult	problem.	
(Figures 16, 17, 18)  Opportunities for future harmo-
nization are apparent.

 

1.HISTORY / INITIAL ASSESSMENT

Men or women with an unpleasant sensation 
(pain, pressure, discomfort) perceived to be 
related to the urinary bladder, associated with 
lower urinary tract symptoms of more than six 
weeks duration, in the absence of infection 
or other identifiable causes  should be evalu-
ated for bladder pain syndrome[12] The initial as-
sessment consists of a frequency/volume chart, 

focused physical exam, urinalysis, and urine cul-
ture. Cytology and cystoscopy are recommended 
if clinically indicated.

Patients with infection should be treated and re-
assessed. Those with recurrent urinary infection, 
abnormal urinary cytology, and/or hematuria are 
evaluated with appropriate imaging and endoscopic 
procedures,	 and	 only	 if	 indings	 are	 unable	 to	 ex-
plain the symptoms are they diagnosed with BPS.

2.INITIAL TREATMENT

Patient education and support, dietary manipula-
tion, stress reduction, nonprescription analgesics, 
and	 pelvic	 loor	 relaxation	 techniques	 comprise	
the initial management of BPS. It is important at 
every stage to address the patient’s pain, and 
understand that at some point in the progres -
sion of treatment, referral to a pain specialty 
clinic may be desirable. When the conservative 
approach fails, or symptoms are severe and con-
servative management unlikely to succeed, oral 
medication, physical therapy, and/or intravesical 
treatment can be prescribed.

3.SECONDARY ASSESSMENT

If oral or intravesical therapy fails, or before begin -
ning such therapy at the discretion of the clini -
cian , it is reasonable to consider further evaluation 
which can include urodynamics, pelvic imaging, and 
cystoscopy with bladder distention and possible 
bladder biopsy under anesthesia. Laparoscopy may 
be indicated if there is a suspicion of gynecologic dis-
ease. Findings of bladder overactivity suggest a trial 
of antimuscarinic therapy. Findings of a Hunner’s le-
sion suggest therapy with transurethral fulguration or 
resection of the ulcer. Distention itself can have ther-
apeutic	beneit	in	up	to	one-third	of	patients,	though	
beneits	rarely	persist	for	longer	than	a	few	months.

4.REFRACTORY BPS

Those patients with persistent, unacceptable symp-
toms despite oral and/or intravesical therapy are 
candidates for more aggressive modalities. These 
might include neuromodulation, intradetrusor botuli-
num toxin, or cyclosporine. At any stage of the treat-
ment algorithm, experimental pharmacologic proto-
cols of promising new treatments are reasonable to 
consider	 if	 symptoms	warrant	 and	 the	 risk-beneit	
ratio is acceptable. 

The last step in treatment is usually some type of 
surgical intervention aimed at increasing the func-
tional capacity of the bladder or diverting the urine 
stream. Augmentation (substitution) cystoplasty 
and urinary diversion with or without cystectomy 
have been used with good results in very well se-
lected patients. 

A treatment algorithm by the Consultation is pre-
sented in Figure 19 . 

XVII. RECOMMENDATIONS OF IN-
TERNATIONAL CONSULTATION ON 

INCONTINENCE:
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Figure 16: European Association of Urology guidelines 2012/2013.

Figure 17: Management proposed by Japanese Urological Association and urologists in Taiwan and Korea, 
modiied from Homma[573].
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Figure 18: Management Guideline of American Urological Association[12].
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Figure 19: Algorithm for Diagnosis and Treatment: 2012 International Consultation on Incontinence.
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It is the opinion of the committee that, because of 
the natural history of the disorder, it is best to cau-
tiously progress through a variety of treatments. 
Whereas the shotgun approach, starting newly 
diagnosed patients on a variety of simultaneous 
medications, seems to have many adherents, em-
ploying one treatment at a time makes the natural 
history of the disease itself an ally in the treatment 
process.	If	a	treatment	has	no	eficacy,	it	should	be	
stopped. It a treatment results in modest improve-
ment, it should be continued and another treatment 
option employed in an attempt to further improve 
symptoms. The goal is to maximize quality of life 
and dispense with ineffective treatments in a some-
what controlled fashion. The patient and clinician 
must remember that “perfect is the enemy of good” 
and expectations should be realistic. One should 
encourage patients to maximize their activity and 
live as normal a life as possible, not becoming a 
prisoner of the condition. Although some activities 
or foods may aggravate symptoms, nothing has 
been shown to negatively affect the disease pro-
cess itself. Therefore, patients should feel free to 
experiment and judge for themselves how to mod-
ify their lifestyle without the guilt that comes from 
feeling they have harmed themselves if symptoms 
lare.	Dogmatic	restriction	and	diet	are	to	be	avoid-
ed unless they are shown to improve symptoms in 
a particular patient.

Level 4 Grade C

The committee believes that further research is 
needed in the following broad areas:

1.  The recent American Urological Association 
guideline[12] points out numerous areas for 
which there was not enough information to al-
low an evidence basis for recommendations, and 
these areas require further study.

2. Pathology of BPS

3. Biomarker development

4. Immunology of BPS

5.  Neurological aspects with particular attention to 
the relationship of BPS to overactive bladder

6.		The	relationship	of	bladder	pain	syndrome	to	chron-
ic pelvic pain syndrome (nonbacterial prostatitis)

The majority of current treatments options are still 
targeting the bladder. However, as said in the AUA 
guideline, IC/BPS, which was originally considered 
to be a bladder disease, has now been recognized 
as a part of chronic pain syndromes. There is a 
growing body of literature demonstrating that differ-
ent visceral pain syndromes, as well as pain syn-
dromes in other body regions, and other systemic 

diseases often occur together in the same patient. 
Thus, the efforts to understand the pathophysiology 
and to design therapeutic modalities have recently 
shifted from an organ-based approach to a more 
global approach. Therefore, “phenotyping” of the 
disease conditions would be important to identify 
“bladder-related” and “non-bladder” (=outside the 
bladder) components that contribute to the symp-
toms	for	improving	the	treatment	eficacy.	

For this purpose, following issues require major 
research initiatives: 

1.				To	 improve	 symptom-based	 classiication	 to	
identify the degree of bladder and non-bladder 
symptoms, for example, based on the responses 
to local treatment such as lidocaine intravesical 
application. 

2.		To	 identify	bladder-speciic	pathology	 (urothelial	
changes, ulcer, hypervasculization, and the po-
tential role of narrow band imaging[574], Neu-
rometer[575] etc. 

3.		To	 identify	 bladder-speciic	 biomarker	 (NGF	 or	
other neurotrophic factors, angiogenic growth 
factors, urothelial markers such as antiprolifera-
tive	factor,	cytokines/chemokines	proile,	uropla-
kin [antibody, splice variant]) .

4.		To	identify	bladder-speciic	or	systemic	immunologi-
cal	process	(cytokines/chemokines	proile)	Identii-
cation of these factors could also identify the differ-
ence in the disease process between IC/BPS and 
OAB (=LUTS with and without pain, respectively) 

Finally, if we can identify the “bladder-related” and 
“non-bladder” (=outside the bladder) components 
that contribute to the symptoms, we should be 
able to develop the agent(s) to control bladder pain 
based on its pathology.

Major recommendations of the last Consulta -
tion for future directions in research on BPS still 
have pertinence today. They include: 

A) Epidemiological study

i.  Develop a reliable screening tool with adequate 
sensitivity	 and	 speciicity	 to	 conduct	 epidemio-
logic research in the general population to study 
the incidence, prevalence and identify risk fac-
tors for the development of BPS.

ii.  Establish patient data bases in different regions 
and conduct longitudinal follow up to under-
stand the natural history of the disease and to 
examine the differences in disease natural his-
tory among regions. 

B) Sub-grouping/phenotyping patients. 

Patients who have or develop additional pain syn-
dromes, such as vulvodynia, temporomandibular 
disorder,	irritable	bowel	syndrome,	ibromyalgia	and	

XVIII. FUTURE DIRECTIONS IN 
RESEARCH
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chronic fatigue syndrome, or autoimmune diseases 
such as lupus erythematosus and Sjögren’s syn-
drome might have different pathophysiology, natural 
history and treatment response from those patients 
without co-morbidities. Sub-grouping patients not 
only allows us to develop better treatment strategy 
but also may answer the question: Is BPS an end-or-
gan disease of the bladder or a systemic condition? 
[37,576]	 [87]	 However,	 to	 properly	 phenotype	 pa-
tients, it is necessary to develop an easy-to-use tool 
for non-specialists to identify those with co-morbidi-
ties. It is also important to validate the concept that 
categorizes all types of pelvic pain into one “chronic 
urological pelvic pain syndrome”, as some patients’ 
symptoms involve multiple pelvic organs, concur-
rently or sequentially along with other body systems. 

C) Developing a simple, non-invasive diagnostic 
test for BPS. 

This will most likely involve urinary markers. Urinary 
markers may help to sub-classify various types of 
BPS. This test will determine the diagnosis of BPS 
in the female population, as well as determine the 
subset of men currently diagnosed with non-bacte-
rial chronic prostatitis/chronic pelvic pain syndrome 
who may actually have BPS. 

D) Develop a practical multi-disciplinary care model. 

In addition to physical morbidities (urinary frequency, 
pain), many BPS patients have associated psychologi-
cal co-morbidities. [577] These can often be managed 
by psychological intervention. BPS patients also need 
help from dietitians and physiotherapists. A practical 
multi-disciplinary care model, which includes physi-
cians, dietitians, physiotherapists, pain specialists, psy-
chologists, psychiatrists and patient support groups, 
should be developed and tested in various settings. 

1. DEFINITION 

Bladder Pain Syndrome (in the absence of a uni -
versally agreed deinition, the European Society 
for the Study of Interstitial Cystitis –ESSIC dei-
nition is given along with the deinition of the 
American Urological Association 

ESSIC: Chronic pelvic pain, pressure or discomfort 
of greater than 6 months duration perceived to be 
related to the urinary bladder accompanied by at 
least one other urinary symptom like persistent urge 
to void or urinary frequency. Confusable diseases 
as the cause of the symptoms must be excluded.

American	 Urological	Association	 Guideline	 Deini-
tion: An unpleasant sensation (pain, pressure, dis-
comfort) perceived to be related to the urinary blad-
der, associated with lower urinary tract symptoms 
of more than 6 weeks duration, in the absence of 
infection or other identiiable causes.

2. BLADDER PAIN SYNDROME (BPS)

a) Nomenclature 

The	scientiic	committee	of	the	International	Consul-
tation voted to use the term “bladder pain syndrome” 
for the disorder that has been commonly referred to 
as interstitial cystitis (IC). The term painful bladder 
syndrome was dropped from the lexicon. The term IC 
implies	an	inlammation	within	the	wall	of	the	urinary	
bladder, involving gaps or spaces in the bladder tis-
sue. This does not accurately describe the majority 
of patients with this syndrome. Painful Bladder Syn-
drome,	 as	 deined	 by	 the	 International	 Continence	
Society, is too restrictive for the clinical syndrome. 

Properly	deined,	the	term	Bladder	Pain	Syndrome	
appears	 to	 it	 in	well	with	 the	 taxonomy	of	 the	 In-
ternational Association for the Study of Pain (IASP) 
(see below), and focuses on the actual symptom 
complex rather than what appears to be long-held 
misconception of the underlying pathology. 

Bladder Pain Syndrome (XXIII-2) (per IASP)

Bladder pain syndrome is the occurrence of persis-
tent or recurrent pain perceived in the urinary blad-
der region, accompanied by at least one other symp-
tom,	such	as	pain	worsening	with	bladder	illing	and	
day-time and/or night-time urinary frequency. There 
is no proven infection or other obvious local pathol-
ogy. Bladder pain syndrome is often associated with 
negative cognitive, behavioral, sexual, or emotional 
consequences as well as with symptoms sugges-
tive of lower urinary tract and sexual dysfunction.

b) History / Initial Assessment

Males or females whose symptoms meet the require-
ments	of	the	deinition	of	bladder	pain	syndrome	should	
be evaluated. The presence of commonly associated 
disorders including irritable bowel syndrome, chronic 
fatigue	syndrome,	and	ibromyalgia	in	the	presence	of	
the cardinal symptoms of bladder pain syndrome also 
suggests	the	diagnosis.	Abnormal	gynecologic	indings	
in women and well-characterized confusable diseases 
that may explain the symptoms must be ruled out.

The initial assessment consists of a frequency/volume 
chart, focused physical examination, urinalysis, and 
urine culture. Urine cytology, cystoscopy, and urody-
namic evaluation are recommended if clinically indicated 
and/or the diagnosis is in doubt. Patients with urinary in-
fection should be treated and reassessed. Those with re-
current urinary infection, abnormal urinary cytology, and 
microscopic or gross hematuria are evaluated with ap-
propriate imaging and endoscopic procedures, and only 
if	indings	are	unable	to	explain	the	symptoms,	are	they	
diagnosed with BPS. Grade of recommendation: C

c) Initial Treatment

	 •	Patient	education,	

	 •	dietary	manipulation,	

XIX. SUMMARY 



1635

	 •	nonprescription	analgesics,	

	 •	stress	reduction,	

	 •		pelvic	 loor	 relaxation	 techniques	 comprise	
the initial treatment of BPS. In the patient with 
indings	 suggesting	 pelvic	 loor	 dysfunction,	
pelvic	 loor	 physical	 therapy	with	myofascial	
trigger point release and intravaginal Thiele 
massage is often an effective therapeutic 
intervention. The treatment of pain needs to 
be addressed directly, and in some instances 
referral to an anesthesia/pain center can be 
an appropriate early step in conjunction with 
ongoing treatment of the syndrome. 

When conservative therapy fails or symptoms are severe 
and conservative management is unlikely to succeed, 

	 •	oral	medication	or	

	 •		intravesical	 treatment	can	be	prescribed.	 It	 is	
recommended to initiate a single form of ther-
apy and observe results, adding other modali-
ties or substituting other modalities as indicat-
ed by degree of response or lack of response 
to treatment. Grade of recommendation: C

d) Secondary Assessment

If initial oral or intravesical therapy fails , or 
before beginning such therapy based on clinician 
judgment, it is reasonable to consider further eval -
uation  which can include Urodynamics, pelvic im-
aging, and cystoscopy with bladder distention and 
possible bladder biopsy under anesthesia. 

	 •		Findings	of	bladder	overactivity	suggest	a	trial	
of antimuscarinic therapy. 

	 •		The	presence	of	a	Hunner’s	lesion	suggests	ther-
apy with transurethral resection, fulguration of the 
lesion, or direct steroid injection into the lesion. 

	 •		Distention	 itself	can	have	 therapeutic	beneit	
in	30-50%	of	patients,	 though	beneits	rarely	
persist for longer than a few months. Grade 
of recommendation: C

e) Refractory BPS

Those patients with persistent, unacceptable symp-
toms despite oral and/or intravesical therapy are 
candidates for more aggressive modalities. Many of 
these are best administered within the context of a 
clinical trial if possible. These may include 

	 •	neuromodulation,

	 •	intradetrusor	botulinum	toxin,	

	 •	oral	cyclosporine	A,	or	

	 •		clinical	trials	of	newly	described	pharmacologic 
management techniques. At this point, most 
patients	 will	 beneit	 from	 the	 expertise	 of	 an	
anesthesia pain clinic. 

 The last step in treatment is usually some type of sur-
gical intervention aimed at increasing the functional 
capacity of the bladder or diverting the urinary stream. 

	 •		Urinary	 diversion	with	 or	without	 cystectomy	
has been used as a last resort with good re-
sults in selected patients. 

	 •		Augmentation	 or	 substitution	 cystoplasty	
seems less effective and more prone to recur-
rence of chronic pain in small reported series.

Grade of recommendation: C

	 •		Pain	management	is	a	primary	consideration	
at every step of algorithm

	 •		Patient	 enrollment	 in	 appropriate	 research	
trial is reasonable option at any point

	 •		Evidence	supporting	neuromodulation,	cyclo-
sporine A, and botulinum toxin for BPS indica-
tion is limited. These interventions are appro-
priate only for practitioners with experience 
treating BPS and willing to provide long-term 
care post-intervention. 
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Management Using Continence 
Products

A. COTTENDEN

D.Z. BLISS, B. BUCKLEY, M. FADER, C.GARTLEY,
D. HAYDER, J. OSTASZKIEWICZ, M. WILDE 

Not all incontinence can be cured completely and 
even those who are ultimately successfully treated 
may have to live with incontinence for a time, for 
example, whilst they wait for surgery or for pelvic 
loor	muscle	 training	 to	 yield	 its	 beneits.	Still	 oth-
ers – depending on their frailty, severity of incon-
tinence and personal priorities – may not be can-
didates for treatment or may choose management 
over	attempted	cure.	For	all	such	people,	the	chal-
lenge is to discover how to deal with their inconti-
nence so as to minimise its impact on their qual-
ity	of	 life.	This	usually	involves	using	some	kind	of	
continence	product(s)	to	control	or	contain	leakage	
of urine and / or faeces, and /or to manage urinary 
retention.	 In	short,	 the	possible	 role	of	 continence	
products should be considered at each stage of 
patient assessment and treatment and, if treatment 
is not available, appropriate, acceptable or (fully) 
successful	 –	 subsequent	 management.	 Managing	
incontinence successfully with products is often 
referred to as contained incontinence, managed 
incontinence or social continence, in recognition of 
the	substantial	beneits	it	can	bring	to	quality	of	life	
even	though	cure	has	not	been	achieved	[1].

This	chapter	is	aimed	primarily	at	healthcare	profes-
sionals	seeking	to	make	informed	decisions	as	they	
choose – or help their patients to choose - between 
continence product categories and then select a 
speciic	 product	 within	 their	 chosen	 category.	 We	
have	 also	 aimed	 to	 make	 this	 information	 acces-
sible to the user, particularly in the summary and 
recommendation	 sections.	The	 chapter	 includes	 a	
section for each of the major product categories, 
each section reviewing published data and – where 
possible - identifying evidence-based recommenda-
tions	 for	 product	 selection	 and	 use.	 Products	 de-
signed	to	deal	with	skin	and	odour	problems	caused	
by	incontinence	are	also	addressed.

The	 sections	 on	 the	major	 product	 categories	 are	
preceded	 by	 two	 others.	 The	 irst	 provides	 over-
all guidelines for product selection, describing the 
key	elements	of	 patient	 assessment	 and	 suggest-

I. INTRODUCTION
ing	a	classiication	of	people	with	incontinence	into	
a number of broad groups based on gender, age 
(adult or child) and the nature and severity of their 
incontinence.	 A	 table	 is	 provided	 for	 each	 group	
summarising the user characteristics, priorities and 
contexts which commonly favour or discourage the 
use of each of the major product categories avail-
able	to	them.	Following	these	overall	guidelines	and	
preceding the sections on the major product cat-
egories, a review is provided of the methodological 
challenges of conducting continence product evalu-
ations	and	interpreting	the	results.

Much	 of	 the	 evidence	 base	 for	 product	 selection	
and effective use is patchy and so, where there is 
little	published	data	to	provide	conident	evidence-
based advice on an issue commonly raised by pa-
tients and caregivers, an expert opinion is offered 
as	the	best	advice	available.	The	hope	is	that	high-
lighting	knowledge	gaps	in	this	way	will	help	stimu-
late the research necessary to provide more robust 
evidence-based	advice	in	the	future.

To	accompany	 this	chapter,	 the	 International	Con-
sultation	 on	 Incontinence	 and	 the	 International	
Continence	Society	have	collaborated	to	make	the	
material more generally available via a new web 
site	hosted	by	the	International	Continence	Society	
at	 http://www.continenceproductadvisor.org/.	 The	
hope is that this will help people with incontinence 
and	 their	 caregivers	 to	 make	 informed	 choices	 in	
selecting appropriate products, and provide them 
with accessible, evidence-based advice on how to 
use	them	effectively.	

The	 literature	 search	 strategy	 to	 identify	 material	
for this chapter additional to that reviewed for the 
third	 consultation	 [2]	 was	 conducted	 as	 follows.	
MEDLINE	 and	CINAHL	 databases	were	 searched	
from	2008	–	2011	for	English	language	publications.	
Detailed	search	strategies	were	developed	for	each	
electronic	 database	 searched.	 Consideration	 was	
given to variations in terms used and spellings of 
terms in different countries so that studies were not 
missed.	 Relevant	 abstracts	 were	 examined	 and	
then pertinent articles were retrieved and reviewed, 
and	the	reference	lists	searched	for	further	studies. 
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For	 product	 categories	 associated	with	 little	 or	 no	
research literature, analysis relied on expert opinion 
from	clinical	practice	papers.	

The	following	main	search	terms	were	used:	incon-
tinence	AND	device*,	toilet*	AND	facilities,	female,	
male,	 urinal*,	 commode*,	 bedpan*,	 urin*	 AND	
sheath,	 condom	AND	catheter*,	 incontinence	OR	
absorbent	 pad*,	 urinary	 AND	 catheter*	 (in	 title),	
urinary	 AND	 leg	 bag*	 OR	 legbag*	 OR	 drainage	
bag,	faecal	OR	fecal	AND	incontinence	AND	plug	
OR	pouch	OR	bag	OR	device,	OR	manage*	sys-
tem,	incontinence	OR	perineal	AND	dermatitis	OR	
inlammation	OR	skin	damage.

Selecting	 suitable	 continence	 products	 is	 critical	
for the well-being and quality of life of patients and 
carers.	 The	 ability	 to	 contain	 and	 conceal	 incon-
tinence enables individuals to protect their pub-
lic identity as a “continent person” and avoid the 
stigma	associated	with	incontinence	[3].	Failure	to	
do so can result in limited social and professional 
opportunities, place relationships in jeopardy and 
detrimentally affect emotional and mental wellbe-
ing	 [4].	 The	 ability	 to	 contain	 and	 conceal	 incon-
tinence	 enables	 carers	 to	 feel	 conident	 that	 the	
person(s) they care for will not be embarrassed 
publicly.	It	reduces	the	level	of	care	required	in	re-
lation	to	maintaining	hygiene,	skin	care	and	laun-
dry for the person who is dependent upon conti-
nence	products	[5].	

Fortunately	 there	 is	 a	 diverse	 range	 of	 differ-
ent	 products	 to	 choose	 from.	 However,	 without	
comprehensive and current information on the 
products available, this plethora of choice can be 
overwhelming	and	confusing	[5].	Furthermore,	the	
range of products actually accessible to users can 
vary enormously between and within countries, de-
pending on the funding available, healthcare policy 
and	the	logistics	of	supply	[5].	

The	choice	of	appropriate	products	for	an	individu-
al	with	incontinence	is	inluenced	by	the	resources	
and care available and patient / carer preference, 
as	well	as	assessment	of	speciic	client	character-
istics	and	needs	[6]	[7].	

The	stigma	associated	with	incontinence	means	that	
another measure by which the success of products 
is	 judged	 is	 their	ability	 to	conceal	 the	problem	 [8].	
Such	concealment	may	involve	compromises:	for	ex-
ample,	 in	order	 to	prevent	 leakage	 from	a	product,	
those with a larger capacity than strictly necessary 
may be preferred but this can in itself introduce is-
sues	to	do	with	discretion	when	the	product	is	worn.	
The	intimate	and	stigmatised	nature	of	incontinence	
means that issues relating to self-image can affect 
some	patients’	preferences.	This	may	be	especially	

marked	 in	 younger	 people	 for	 whom	 body-image	
may be particularly important and for whom disrup-
tion to normal social and interpersonal development 
may	 result	 in	 isolation	 or	 lack	 of	 access	 to	 normal	
experiences	[9]	[10].

1. PRODUCT CATEGORIES

The	continence	products	considered	in	this	chapter	
may be divided into those that are intended to assist 
with toileting and those to manage urinary retention 
and / or contain incontinence (urinary and / or fae-
cal) (Figure II-1 ).

All	 toileting	 products	 can	 be	 useful	 for	 dealing	with	
urine and / or faeces except for handheld urinals 
which	are	just	for	urine.	Containment	/	control	prod-
ucts are subdivided into three overlapping classes: 
those for urinary retention, urinary incontinence, and 
faecal	 incontinence.	So,	for	example,	someone	with	
urinary	retention	is	most	likely	to	beneit	from	one	of	
the products in the red ellipse, while someone with 
urinary	incontinence	will	most	likely	beneit	from	one	
in	the	blue	ellipse.	A	patient	experiencing	both	prob-
lems will need two products (one from each ellipse) or 
one	product	from	the	intersection	of	the	two	ellipses.

2. IDENTIFYING THE NEEDS

The	algorithms	below	(Figures II-2 and II-3 ) are de-
signed to provide guidance for determining broadly 
which	product(s)	 is	 likely	 to	be	of	beneit	 to	a	par-
ticular	patient.	There	are	three	main	questions:

II. OVERALL GUIDELINES FOR SE-
LECTING CONTINENCE PRODUCTS

Figure II-1: Products for toileting (top) and for man -
aging incontinence and / or urinary retention (bot -
tom). CIC= Clean intermittent catheterisation; IDC= 
Indwelling catheter
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Figure II-2: Algorithm to help identify the category(s) of products most likely to help a patient with urinary incontinence and / or urinary retention. (Y = Yes; N 
= No; U = unsatisfactory ie considered and deemed unsuitable or tried and found not to work satisfactorily). * Consideration should be based on assessment 
of the patient’s physical characteristics, cognitive ability and personal preferences, as well as the nature of their incontinence. (CIC = Clean intermittent cath -
eterisation; IDC = Indwelling catheter).
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Figure II-3: Algorithm to help identify the category(s) of products most likely to help a patient with 
faecal incontinence. (Y = Yes; N = No; U = unsatisfactory ie considered and deemed inappropriate 
or tried and found not to work satisfactorily). * Consideration should be based on assessment of the 
patient’s physical characteristics, cognitive ability and personal preferences, as well as the nature of 
their incontinence.

•		Is	there urinary retention (with or without incon-
tinence)?

•		Are	 there	 problems	with	 toilet	 access	 (e.g.	 the	
proximity or design of the toilet; mobility or ur-
gency problems for the patient)?

•		Is	 there	 urinary	 incontinence	 or	 faecal	 inconti-
nence or both?

•		Answers	to	these	questions	will	determine	which	
one (or both) of the algorithms is most appro-
priate for an individual and help identify the 
category(s)	of	products	most	likely	to	help.

3. PATIENT ASSESSMENT FACTORS

A	 careful	 patient	 assessment	 is	 an	 important	
part of the process of product selection and 
Table II-1 	summarises	the	key	elements	to	be	
considered.	

The	 choice	 of	 appropriate	 products	 for	 an	 indi-
vidual with incontinence is dependent upon the 
resources	and	care	available.	 It	must	also	be	 in-
fluenced by patient and carer preference as well 
as assessment of specific client characteristics 
and	needs	[6]	[7].	

Assessment	 of	 physical	 characteristics	 such	 as	
anthropometrics, level of independence, mobility 

and dexterity, mental acuity and the nature of the 
incontinence will determine which products may 
be	appropriate.	 In	addition	 to	 these	 factors,	suc-
cessful product choice and effective use involves 
other	 practical	 and	 psychosocial	 considerations.	
Product	 effectiveness	 depends	 upon	 the	 same	
factors as any assistive device intended to ad-
dress a disability or impairment: patient participa-
tion in device selection [11] provision of adequate 
instructions for use [12] and the need for products 
to fulfil their function reliably and not be difficult to 
use	[12]	[9]	[13].

While	 Table II-1  provides general guidance on 
patient assessment relating to product selection, 
later sections in the chapter provide further dis-
cussion on assessment issues specifically related 
to	the	various	product	categories.

In	addition	 to	selection	of	appropriate	and	effec-
tive products following patient assessment, edu-
cation and training of users or carers in the cor-
rect use of the devices is of importance if product 
use	is	to	be	optimal.	This	may	be	a	simple	matter	
of instruction in the effective fitting and changing 
of absorbent products, or may involve more in-
depth training in the ongoing care of, for example, 
a	suprapubic	catheter.
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Table II-1: Key elements of assessing a patient and his / her environment

Element Rationale 

Nature of the 
continence problem 

The frequency, volume and flow rate of the incontinence influences product suitability.   
 

Gender Males may consider and prefer sheaths as a more masculine option to pads. Females may be attracted to 
products that are more feminine in design and presentation. Some ‘unisex’ products such as absorbent pads 
have different designs that work better for men (or women).    

 
Physical 
characteristics 

Anthropometrics (e.g. height and waist, thigh, penile circumference) will influence the comfort and 
effectiveness of a product.  

Mental acuity Mental impairment can affect the person’s ability to manage the product. Products that resemble usual 
underwear (e.g. some absorbents) may be easiest to manage. Products which have health implications 
if used incorrectly (e.g. mechanical devices or catheter valves) should be avoided if mental impairment is 
likely to preclude correct and safe use.    

 
Mobility Impaired mobility may make some product choices impractical or require toilet or clothing modification to 

allow effective use of the product. 
 

 

Dexterity Problems with hand or finger movement can make it difficult to use some products (eg taps on leg bags, straps with buttons). 
 

Eyesight Impaired eyesight limits effective application and management of some products.  

Leg abduction problems
 

Difficulty with abduction can make the use of some products impractical or ineffective.   
 

Lifestyle and 
environments  

Daily activities and environments can influence the choice of product and a mixture of products may provide 
optimum management. Different products may be most satisfactory for daytime and going out (when 
discreetness may be a priority) and night- time or staying in (when comfort may be a priority), for holidays 
(when laundry and / or large quantities of disposables may be a problem) or for use at work. The proximity 
and accessibility of a toilet in the various environments may be a key factor.       

Independence / 
assistance  

If a caregiver is required to apply or change the product then it may be important to involve them in the 
selection of the product and to establish their willingness and ability to use it.  

 

 
Laundry facilities Washable pads and bed linen may be very heavy when wet and take a long time to dry. It is important to 

check that the person doing the laundry has the ability and facilities to cope.    

Disposal facilities Ability to appropriately, safely and discreetly dispose of the selected products needs to be considered.  

Storage facilities Some products - notably, pads for heavy incontinence - can be bulky. Adequate space to store supplies 
between deliveries / purchases needs to be available.    

  
 

Personal preferences Different people like different products and where possible patients should be given a choice of products 
with which to experiment to determine the most satisfactory product.   

Personal priorities Everyone wants to avoid leakage but other factors such as discreetness may be more or less important to individuals.    
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Incontinence	 is	 often	 a	 long	 term	 condition	 and	 so	
monitoring and periodic reassessment is essential to 
maintain	effective	management	with	products.

4. MAIN USER GROUPS

Although	 needs,	 priorities	 and	 preferences	 vary	 be-
tween people with incontinence it is useful to divide 
patients into major user groups to help identify the 
category(s)	of	products	most	likely	to	beneit	an	individ-
ual.	Seven	primary	groups	are	identiied	in	this	chapter:

•	People	with	urinary	retention.	

•	People	who	need	help	with	toileting	/	toilet	access.

•	Females	with	light	urinary	incontinence.

•	Males	with	light	urinary	incontinence.

•	Females	with	moderate	/	heavy	urinary	incontinence.

•	Males	with	moderate	/	heavy	urinary	incontinence.

•	People	with	faecal	incontinence.

An	individual	may	belong	to	more	than	one	group.	
Each	group	includes	children	and	young	people:	the	
products available for them are broadly similar to 
those	for	adults.

5. CHOOSING BETWEEN PRODUCT CATEGORIES

•		Figures II-4 to II-9  summarise the user characteris-
tics, priorities and contexts which favour or discour-
age the use of each of the categories of products 
available	for	six	of	the	seven	user	groups	identiied	
in	section	 II.4.	Assistance	with	choosing	appropri-
ate	products	for	the	irst	group	(people	with	urinary	
retention) is given in the section on catheters (Table 
XII-1) as all the product options for these people are 
in	the	same	category	(catheters).

•		The	 recommendations	 given	 in	 these	 charts	 are	
based on the evidence presented in the sec-
tions of the chapter dedicated to different product 
categories and they are intended to help iden-
tify which product category (categories) are most 
likely	to	help	an	individual.	However,	it	should	be	
remembered that the same product will not suit all 
people, even if they have very similar assessment 
outcomes	on	 the	 factors	summarised	 in	Table	 II-
1.	 Different	 people	 prefer	 different	 products	 and	
where possible patients should be given access to 
a range with which to experiment to determine the 
most	 satisfactory	 product(s)	 for	 them.	 Similarly,	
the balance of priorities varies between users; for 
example,	some	pad	users	will	opt	for	a	bulky	and,	
therefore, less discreet product to achieve an ac-
ceptably	 low	risk	of	 leakage	while	others	will	see	
the	balance	differently.	It	should	also	be	noted	that	
a mix of products from different categories may 
provide the best solution; for example, needs may 
vary	between	day	/	night	and	home	/	away.	Once	
a	product	category	of	interest	has	been	identiied	

the corresponding chapter section should be con-
sulted	for	further	help.

6. SUMMARY

In	conclusion,	continence	products	can	play	an	im-
portant role in enhancing the quality of life and re-
ducing the stigma of incontinence of those who: are 
awaiting	treatment;	are	waiting	for	treatment	to	take	
effect; elect not to pursue cure options; are unable 
to be fully cured and are living with an ongoing blad-
der	/	bowel	problem.

7. RECOMMENDATIONS

•		Incontinence	 should	 be	 actively	 managed	 with	
products to minimise the impact of incontinence 
on quality of life (Grade of Recommendation C ).

•		Patients	should	be	carefully	assessed	(and	reas-
sessed periodically) to select the most appropriate 
products (Grade of Recommendation C ).

This	 section	 aims	 to	 assist	 those	 planning	 clinical	
trials	 of	 products.	 There	 have	 been	 relatively	 few	
large clinical trials of continence products (with the 
exception of urinary catheters) and for most product 
categories research evidence to guide the selection 
of individual products / designs / features is limited 
and	in	some	cases	absent.

Measuring	 the	 performance	 of	 continence	 prod-
ucts	 is	 methodologically	 challenging.	 Manufactur-
ers modify and change their products regularly - in 
terms of both materials and designs - and this limits 
the	long-term	validity	of	research	results.	There	are	
also complex issues regarding research questions, 
study design, product representation, blinding and 
sample	size	[14]	which	are	discussed	below.

It	is	common	for	practitioners	to	be	asked	(by	their	
employers or by companies) to do a small evalua-
tion or trial – sometimes to ‘test out’ a new product 
and sometimes to help choose between competing 
brands	 for	 bulk-buying.	 Such	 trials	 should	 be	 ap-
proached with caution; they can be very demanding 
but their results may be of very limited value, even 
for	local	use.	The	methodological	challenges	identi-
ied	below	still	apply	but	are	compounded	by	small	
sample	size	and	restricted	product	selection.	These	
studies	 are	 likely	 to	 be	 helpful	 only	 for	 identifying	
gross	product	short-comings	or	beneits.	

1. RESEARCH QUESTIONS

a) Comparisons

Part	of	the	complexity	of	product	evaluations	stems	
from the sheer number and type of products avail-
able, meaning that many different comparisons 
could	 be	made.	Table III-1  illustrates the problem 

III. PRODUCT EVALUATION 
METHODOLOGY
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Figure II-4: Products for people who need assistance with toileting.(Grade of recommendation in brackets)
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Figure II-5: Products for females with light urinary incontinence (Grade of recommendation in brackets)
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Figure II-6: Products for males with light urinary incontinence (Grade of recommendation in brackets)

Figure II-7:  Products for females with moderate / heavy urinary incontinence. (Grade of recommendation 
in brackets)
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Figure II-8:  Products for males with moderate / heavy urinary incontinence. (Grade of recommendation in 
brackets)
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Figure II-9: Products for people with faecal incontinence. (Grade of recommendation in brackets)
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using a hierarchy of questions relating to absorbent 
products.	So,	in	this	example,	once	the	decision	is	
made to choose an absorbent product in response 
to question 1, successive further questions can be 
used	to	narrow	down	the	choice	to	a	speciic	prod-
uct	 brand.	 Questions	 at	 any	 of	 these	 levels	 may	
form	the	basis	for	research	projects.	

that patient ‘overall opinion’ scores can vary by as 
much as 70 percentage points between apparently 
similar	products	 [15].	Accordingly,	 in	an	evaluation	
to compare different designs, the selection of one 
or more products to represent each design, is cru-
cial.	Studies	that	have	purported	to	compare	differ-
ent designs or materials have often included a small 
number (most often just one) of arbitrarily selected 
product(s).	Generalizing	the	results	of	such	studies	
to	whole	product	groups	 (e.g	 reusable	underpads,	
or disposable bodyworns) is meaningless and mis-
leading.	 It	 is	perfectly	possible	 to	select	 (either	by	
accident or design) a particularly ‘good’ product 
from one group and a particularly ‘poor’ product 
from	 another.	A	 well-designed	 study	 will	 therefore	
be	seriously	lawed	 if	 there	 is	no	clear	process	or	
pilot study to determine and justify the choice of 
particular	products.	Even	with	a	systematic	process	
of product selection (or preferably a pilot study) it 
is unwise to select a single product to represent a 
whole group of products and selection of a small 
group	 of	 products	 (e.g.	 three)	 is	 preferable.	 This	
allows for any ‘within group’ differences to be de-
tected and helps to demonstrate the ‘representa-
tiveness’	of	the	products	selected.	

The	most	controlled	method	of	testing	different	de-
signs,	materials	or	features	of	products	is	to	make	
up experimental batches which differ only in the 
aspect	of	 interest	(e.g.	 the	material	or	 the	feature)	
and a small number of studies have attempted this 
[15]	 [16].	 However,	 experimentally	made	 products	
are not usually identical to those available on the 
market	which	impairs	the	validity	of	such	studies.	

2. RESEARCH DESIGN

A	randomized	controlled	trial	is	not	possible	for	clini-
cal trials of products in most categories simply be-
cause	a	‘control’	product	does	not	usually	exist.	Nor	
is there a ‘standard or reference’ product to act as 
a control and comparisons with ‘standard practice’ 
(i.e.	the	product	currently	in	use)	are	prone	to	bias.	

Although	 it	 is	methodologically	 simpler	 (and	more	
robust) to compare only two different product 
groups, it is more clinically relevant to compare sev-
eral competing groups, using a multiple cross-over 
design,	where	there	are	valid	comparisons.	For	ex-
ample, there are four main design groups of dispos-
able bodyworn pads for moderate / heavy inconti-
nence	 (inserts,	 diapers,	 pull-ups	 and	 T-shaped).	
Evaluation	of	all	four	groups	together	is	much	faster	
(and therefore gives more long-lasting results) and 
more	 cost-effective	 than	 several	 serial	 studies.	
Cross-over	trials	are	vulnerable	to	order	effects	and	
randomization of the order of testing should be car-
ried	out	using	Latin	squares	[17]	to	ensure	balance.

It	 is	important	that	clinical	trials	of	single	designs	of	
products (which aim to enable selection of particular 
product	brands)	are	comprehensive	(i.e.	cover	all	the	
available products) because otherwise manufacturers 

Table III-1: Levels of questions

•					Which	product	category	(eg	catheter,	sheath,	ab-
sorbent pad)?

•		Which	 design	 of	 product	 design	 (eg	 pull-up	 or	
diaper design of pad)?

•	Which	material	type	(eg	reusable	or	disposable)?

•	Which	features	(eg	with	/	without	elastic	gathers)?

•	Which	product	brand? 

In	 the	 ield	 of	 absorbent	 products	 the	 practitioner	
and	/	or	patient	wishes	to	know	whether	to	use	an	
underpad or a bodyworn product, a reusable or 
a disposable, a diaper or an insert (if they select 
a bodyworn), a diaper with internal elastication 
(standing	gathers)	or	without	and,	inally,	which	of	
the	many	diaper	brands	 is	 likely	 to	be	most	effec-
tive.	Attempting	to	answer	this	inal	question	is	the	
most pertinent question for the practitioner (who 
may already have made decisions about questions 
1-4,	Table	 III-1)	 but	 is	 particularly	 problematic	 be-
cause	 of	 the	 high	 rate	 of	 product	 change.	 By	 the	
time the results of a clinical trial of product brands 
are	known	many	of	the	test	products	will	have	been	
modiied	and	the	results	will	have	limited	value	for	
product	 selection.	 However,	 these	 ‘single	 design’ 
studies do have value in demonstrating the range 
of performance within the group of product brands, 
and where objective measurements can be made 
(for	example,	of	leakage	performance)	can	allow	for	
comparisons	 between	 groups	 of	 products.	 Single	
design studies are also helpful in promoting prod-
uct improvement by revealing common problems 
experienced by patients and exposing particularly 
poor products or poor product features which are 
amenable	to	change	by	manufacturers.

Basic product designs, features and materials 
change much less frequently and attempting to an-
swer	questions	1-4	(Table	III-1)	is	therefore	likely	to	
lead	to	more	long-lasting	results.	Such	studies	have	
been attempted by many researchers, but these 
have frequently been confounded by problems with 
product	representation.

b) Product representation

The	 single	 greatest	 (and	 most	 frequently	 over-
looked)	threat	to	the	validity	of	clinical	trials	of	prod-
ucts is the selection of the products entered into the 
study.	Evaluations	of	a	number	of	product	variants	
of a similar design (eg different brands) have shown 
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can	justiiably	claim	that	although	their	product	may	
be similar to one of those tested even subtle distinc-
tions	may	lead	to	clinically	important	differences.	

A	further	problem	with	research	design	is	the	blind-
ing	 of	 products.	 Different	 products	 have	 different	
appearances and it is impossible to blind subjects 
or	staff	 to	 the	product	 in	use.	Products	can	be	 re-
packaged	to	assist	anonymising	but	this	may	have	
unwanted	effects	on	the	products	and	is	expensive.	

Previous	product	experience	can	also	affect	study	
results, particularly if a substantial proportion of 
subjects are currently using a product included in 
the	study.	 It	 is	 therefore	 important	 to	 record	which	
products are in current use in order to add this data 
to	the	model	used	in	the	analysis.

a) Sample size and study power

Studies	that	include	more	than	two	products	(or	two	
small groups of products) will need to be powered 
so	 that	multiple	 comparisons	 can	be	made.	As	 the	
number of products included in the study increases 
the number of possible comparisons of pairs of prod-
ucts	 rises.	This	 requires	a	 corresponding	 reduction	
in	the	signiicance	level	(e.g.	by	using	the	Bonferroni	
method) for each pair-wise comparison to retain the 
overall	level	of	signiicance	(usually	p<0.05).	Thus	as	
the total number of pair-wise comparisons increases 
the	likelihood	of	a	type	2	error	(accepting	the	null	hy-
pothesis	when	it	is	false)	also	increases.	

Sample	sizes	therefore	need	to	be	calculated	to	al-
low	for	each	pair-wise	comparison.	Sample	size	re-
quirements rise rapidly if each subject does not test 
each product and the number of products entered 
into a study must therefore be limited by subject fa-
tigue.	As	an	example,	a	clinical	trial	of	four	product	
groups where the primary outcome variable will be 
binarised	(e.g.	satisfactory	/	unsatisfactory)	will	re-
quire a sample size of approximately 80 subjects 
with	an	alpha	of	<	0.05	and	d	(difference)	of	20%.

b) Outcome variables

Studies	 of	 product	 performance	 have	 most	 fre-
quently used self-report questionnaires at the end of 
the product test period to assess participant ratings 
of	product	performance.	Diaries	of	product-related	
events	 such	 as	 leakage,	 laundry	 generation	 and	
product	consumption	are	also	commonly	 included.	
Subjects	in	some	absorbent	pad	studies	have	been	
asked	to	identify	and	prioritise	items	of	product	per-
formance [18] [19] [20] to inform questionnaires and 
Table III-2  shows the most common items of high 
priority to women with light urinary incontinence 
identiied	by	Getliffe	and	colleagues	[19].

Outcome	variables	in	studies	designed	to	compare	
catheterisation strategies and / or catheter materi-
als or other design features commonly encompass 
measures of urinary tract infection, tissue trauma 
and recurrent catheter encrustation leading to 
blockage	(see	Section	XII-2).

Questionnaire	 items	 vary	 depending	 on	 the	 prod-
ucts being tested and for product groups where 
few studies have been carried out it is particularly 
important to tailor questionnaires to patient needs 
by	asking	study	subjects	 to	prioritise	 items	and	 to	
assess	inal	questionnaires	for	content	and	face	va-
lidity.	One	study	[21]	has	measured	the	test	re-test	
reliability of a questionnaire to assess sheath per-
formance and found moderately good Kappa scores 
(around	0.7)	when	assessing	the	same	sheath	twice	
with	four	weeks	between	assessment	periods.

Skin	health,	urinary	tract	infection,	pain	or	discom-
fort are the main physical health consequences of 
containment	products	and	skin	health	(which	can	be	
rated	by	self-report	or	by	skin	inspection)	has	some-
times been used as the primary outcome variable 
(e.g.	 [22]).	 Urinary	 tract	 infection	 is	 an	 important	
outcome	for	invasive	devices	such	as	catheters.	

Although	 leakage	 performance	 is	 most	 frequently	

Daytime:                                     % women  
                                                       (N =99) 

Nightime:                                        % of      
  women 

                                          (N=81) 
    

Hold urine without leaking 83.8  Hold urine without 
leaking 

93.8  

Contain smell 75.8  Stay in place 77.8  

Stay in place 54.5  Contain smell 54.3  

Discreetness 41.1  Comfortable when wet 54.3  

Comfort when wet 40.4  To keep skin dry 48.1  

 

Table III-2. Most common items of high priority to women with light incontinence using absorbent prod -
ucts. Getliffe et al. [19]
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rated	as	the	top	priority	for	users,	good	leakage	per-
formance is not adequate as a sole measure of pa-
tient	satisfaction	with	performance.	A	single	(or	mul-
tiple)	fatal	law	such	as	poor	comfort,	bulkiness,	or	
poor	it	may	cause	a	product	that	performs	well	for	
leakage	to	be	unacceptable	to	the	patient.	For	this	
reason aggregate measures - which assumes that 
the overall performance of a product can be calcu-
lated	using	a	weighted	sum	of	the	scores	for	speciic	
aspects	of	performance	 (like	comfort	and	 freedom	
from	leakage)	-	are	ill-advised.	Patient	overall	opin-
ion or satisfaction with the product should therefore 
be	used	as	the	primary	outcome	variable	[21].

There	are	no	quality	of	life	measurement	tools	spe-
ciically	designed	 for	clinical	 trials	of	products,	but	
there is a need for such tools to measure the im-
pact that good or bad product performance has on 
people’s	lives.	Existing	incontinence-speciic	quality	
of life tools are designed to measure change after 
interventions to improve incontinence and include 
urinary	symptoms.	These	 tools	are	 therefore	 likely	
to be insensitive to changes in quality of life brought 
about by products which are designed to contain 
incontinence	 rather	 than	 reduce	or	prevent	 it.	The	
irst	stage	in	the	development	of	a	quality	of	life	tool	
for absorbent product users has been reported by 
Getliffe	et	al.	[19]	and	a	similar	tool	for	catheter	us-
ers	is	known	to	be	under	development.

3. SUMMARY AND RECOMMENDATIONS

There	is	little	published	evidence	on	which	to	base	
summary and recommendations regarding method-
ology and so the following summary points / recom-
mendations are all Level of Evidence 3 / Grade of 
Recommendation C.

•		Evaluation	of	continence	products	is	methodologi-
cally complex and many attempts at providing 
robust evidence for product selection have been 
hampered	by	methodological	weaknesses.	

•		Product	 representation	 is	 critical	 to	 providing	 ro-
bust	and	generalisable	data.	Selection	of	products	
for inclusion in a study needs to be transparent 
and systematic and several products should pref-
erably	be	 included	 to	 represent	a	product	group.	
In	particular,	care	should	be	taken	not	to	select	a	
particularly good or a particularly poor product to 
represent	a	whole	class	of	products.

•		Multiple	 crossover	 designs	 are	 likely	 to	 be	more	
eficient	than	randomised	controlled	trials	for	many	
products (eg pads) and therefore sample sizes es-
timation	 needs	 to	 take	 into	 account	 the	 multiple	
comparisons	that	will	be	made.	

•		Outcome	variables	should	include	patient	(or	car-
er) questionnaire including items that have been 
established	as	important	to	patient	users.	

•		Diary	 data	 should	 be	 included	 to	 determine	
leakage	performance,	skin	health,	laundry	and	

product	consumption.	

•		Incidence	 of	 urinary	 tract	 infection	 should	 be	 in-
cluded when testing invasive devices such as 
catheters,	but	 “signiicant”	UTI/	bacteriuria	needs	
to	be	carefully	deined	(see	Section	12.2.8).

•		The	 primary	 outcome	 variables	 should	 be	 patient	
overall	opinion	/	satisfaction	and	patient	preference.

•		Health	economics	should	be	measured	alongside	
product performance 

4. RESEARCH PRIORITIES

•		The	development	of	Quality	of	Life	tools	for	users	
of	continence	products.	

 

Handheld	urinals	are	portable	devices	designed	to	
allow a person to empty their bladder when access 
to a toilet is not possible or convenient, often due 
to	 limited	mobility,	hip	abduction	or	lexibility.	They	
can be especially helpful for those suffering from 
frequency	and	/	or	urgency.

An	effective	hand	held	urinal	must	enable	its	user	to	
empty	his	/	her	bladder	in	comfort	and	be	conident	
of	no	spillage.	It	should	not	require	excessive	physi-
cal effort on their part and should be easy to empty 
without	spillage.

General	guidelines	on	patient	assessment	for	prod-
uct	 selection	 are	 discussed	 in	 Section	 2.	Aspects	
of patient assessment particularly important for 
handheld urinals are user postures (in bed, on side 
of	 bed,	 back	 in	 chair,	 on	 edge	 of	 chair,	 standing/
crouching/kneeling),	 leg	 abduction,	 approach	 of	
urinal (from front, side, behind, above), ability to 
initiate void, dexterity and strength to position and 
remove urinal, level and availability of assistance, 
user	preference.

There	has	only	been	one	clinical	trial	[23]	of	female	
urinals and there are no published trials of male uri-
nals.	However,	much	 helpful	 guidance	 and	 expert	
opinion	has	been	published	[24]	[25]	[26]	[27].

1. FEMALE HANDHELD URINALS

Female	 handheld	 urinals	 come	 in	 a	 variety	 of	
shapes and sizes (Figure IV-1 ).	Most	are	moulded	
in plastic but they may be made from metal or (for 
single	use	items)	cardboard.	Some	are	designed	for	
use	 in	 particular	 postures,	 like	 standing,	 sitting	 or	
lying	 down	 –	 (see	 below).	 Some	 have	 handles	 to	
facilitate	grip	and	positioning.	Some	are	intended	to	
empty	into	a	drainage	bag	during	or	after	use.	

Although	 female	 handheld	 urinals	 are	 often	 de-
scribed and discussed in general nursing articles on 
continence products they have only been the sub-
ject	of	one	published	(cross-over)	evaluation.	Fader	

IV. HANDHELD URINALS
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et	al.	[23]	carried	out	a	multi-centre	study	in	which	
each of 37 community-based women (age range 
33-89y; mean age 61y) was invited to evaluate all 
13	 products	 on	 the	 UK	market	 in	 1997.	 No	 prod-
uct suited everybody but each was successful for 
at	 least	 some	 subjects.	 The	 key	 requirements	 for	
success were that the user should be able to posi-
tion	the	urinal	easily	and	feel	conident	that	it	would	
catch	 urine	without	 spilling	 (Level	 of	 Evidence	 2).	
Many	 products	were	 successful	when	used	 in	 the	
standing / crouching position or when sitting on the 
edge	of	 a	 chair	 /	 bed	 /	wheelchair.	 Fewer	worked	
well	 for	 users	 sitting	 in	 a	 chair	 /	 wheelchair.	 Only	
one	worked	even	reasonably	well	when	users	were	
lying	 /	 semi-lying	 (Subaseal),	 In	 general,	 subjects	
with higher levels of dependency found fewer uri-
nals	to	be	suitable	for	their	needs.

Recently	 the	development	of	a	powered	urinal	de-
signed to pump urine into a reservoir has been de-
scribed	[28].	The	aim	of	the	device	was	to	provide	
active	removal	of	urine	without	leakage	and	without	
the	 need	 for	 gravity-assisted	 drainage.	 The	 urinal	
was	 tested	 by	 80	 women	 from	 six	 countries.	 Al-
though	evaluated	as	 ‘good’	or	 ‘okay’	by	more	than	
three-quarters of the women, nearly half the women 
found	 the	device	 ‘poor’	 for	weight	 and	 size.	Prob-
lems with reliability of the device were also common 
and the authors concluded that the current device 
needed	 further	 reinement	 but	may	 have	 potential	
as	an	alternative	 to	conventional	urinals.	Although	
this	device	 is	not	currently	on	 the	market,	at	 least	
one	 other	 powered	 device	 is	 available.	 However,	
there	are	no	published	reports	on	eficacy.	

2. MALE HANDHELD URINALS

Most	handheld	urinals	for	men	are	somewhat	similar,	
involving	a	narrowed	neck	opening	into	which	the	pe-
nis	is	placed.	Some	products	come	with	a	detachable	
or	integral	non-spill	adaptor	containing	a	lutter	valve	
to	 impede	back-low	of	urine	 from	the	urinal.	There	
are	no	published	trials	of	such	products.	

A	 review	 paper	 by	 Vickerman	 [27]	 makes	 recom-
mendations	 for	 selecting	 suitable	 urinals	 for	men.	

A	lat	bottom	urinal	may	be	more	stable	 (and	 less	
likely	to	spill)	for	those	using	a	urinal	in	bed.	Urinals	
made from soft plastic (jug-style or with a funnel) 
may be easier to grip for those with poor manual 
dexterity.	Urinals	designed	to	be	attached	to	a	drain-
age bag (for emptying the urinal) may also be help-
ful	to	men	living	at	home	with	limited	support.	

Vickerman	also	suggests	that	home-made	devices	
(such as empty wide-mouthed containers with a 
handle and lid (for example, those used for clothes-
washing liquid or conditioner) may be a practical 
(and	cheap)	option	for	some	men.	For	those	with	a	
retracted penis female urinals may be easier to use 
than	male	products.	

3.  GENERAL POINTS FROM THE LITERA -
TURE, INCLUDING EXPERT OPINION

The	literature	[24]	[25]	[26]	[27]	suggests	that	suc-
cessful use of urinals depends on many factors 
which	are	summarised	below.	

•		Experimentation	 is	often	needed	 to	ind	 the	opti-
mum	urinal	 for	an	 individual.	A	 ‘library’	of	urinals	
(i.e.	a	collection	of	different	types	of	urinals	to	be	
lent out to users for experimentation) has there-
fore been recommended [26] but rigorous cleaning 
methods	are	needed	(see	below).

•		Clothing	alterations	can	aid	quick	and	easy	use	of	
a	urinal.	For	men,	extending	the	ly	opening	of	trou-
sers	or	replacing	zips	with	Velcro	can	be	helpful,	as	
can	boxer	shorts.	For	women	drop-front	pants	may	
be	needed,	particularly	if	mobility	is	limited.	

•		Disposable	and	reusable	‘travel’	hand-held	urinals	are	
available	for	both	men	and	women.	These	urinals	fold	
away	to	it	into	a	pocket	and	may	therefore	be	more	
discreetly	portable	than	conventional	urinals.

•		Some	disposable	urinals	include	superabsorbent	poly-
mer in their reservoirs which turns urine into a gel and 
help	 to	prevent	spillage.	Sachets	of	superabsorbent	
polymer	may	also	be	added	to	reusable	urinals.	

•		Use	of	a	urinal	is	not	always	free	from	leakage	and	
provision of absorbent chair or bedpads to protect 
bedding, clothes and furniture (particularly when 
testing	out	urinals)	may	be	necessary.

•		The	 limited	 range	 of	 urinal	 options	 in	 acute	 set-
tings, where often only bedpans are available, 
has been criticised and the process of introducing 
hand-held urinals to hospital services has been 
described	and	recommended	[29].

•		When	used	by	one	individual	in	the	home,	urinals	
can be cleaned with soap and water between 
uses.	But	where	urinals	are	 shared	 (i.e.	 cleaned	
and used by others), or if a library of urinals is 
used	 then	 robust	methods	 are	 necessary.	 Some	
urinals can be cleaned in a bedpan washer but 
cleaning methods vary with different designs and 

Figure IV-1: A variety of female handheld urinals.
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materials and compliance with local infection con-
trol	procedures	will	be	needed.

4. RECOMMENDATIONS

•		There	is	a	wide	range	of	female	urinals	and	experi-
mentation	is	likely	to	be	necessary	to	identify	the	best	
one for an individual (dependent on their individual 
needs	and	abilities)	(Grade	of	Recommendation	C).

•		A	library	of	female	urinals	(used	with	robust	clean-
ing methods) will help to facilitate experimentation 
(Grade	of	Recommendation	C).	

•		Male	urinals	are	 less	 varied	 than	 female	urinals,	
but may be supplemented by use of less conven-
tional	receptacles	(e.g.	jugs,	home-made	devices);	
experimentation will help to identify best options 
(Grade	of	Recommendation	C).

•		Section	IV.3	addresses	other	more	general	recom-
mendations	regarding	urinal	use.

5. PRIORITIES FOR RESEARCH

•		Further	development	of	 female	urinals	 is	encour-
aged, particularly for supine users and those un-
able	to	move	to	the	edge	of	a	chair.

•		The	 range	 of	male	 and	 travel	 urinals	 need	 to	 be	
evaluated	to	provide	guidance	for	users	and	carers.

 

Toilets	can	be	dificult	to	use	by	people	with	mobility	
problems	 and	 other	 disabilities.	 Toilet	 adaptations	
such as raised toilet seats, padded seats, and grab 
rails can be very helpful in enabling individuals to 
access	 the	 toilet	 easily	 and	 comfortably.	 Bottom	
wipers	 and	bidets	 can	 also	 be	 useful.	However,	 if	
access to the toilet is impossible, commodes and 
other	toileting	receptacles	should	be	considered.

Commodes	are	devices	that	comprise	a	frame	sup-
porting a toilet seat with a pan (disposable or wash-
able)	beneath	to	receive	urine	and	faeces.	They	are	
used independently of a toilet and may be static or 
mobile.	 Mostly,	 they	 are	 used	 by	 people	 with	 re-
duced	mobility	who	ind	it	dificult	to	access	a	con-
ventional	 toilet.	 Bedpans	 are	 portable	 receptacles	
that may be used for passing urine or faeces while 
in	bed	or	chair.	Some	female	urinals	(see	section	4)	
may	also	be	used	to	collect	faeces.

General	guidelines	on	patient	assessment	for	prod-
uct	selection	are	discussed	in	Section	II.	Aspects	of	
assessment that are particularly important regard-
ing commodes and bedpans begin with appropriate 
indications	 for	 their	 use	 since	Matsumoto	 and	 In-
oue [30] reported that incontinent elderly persons or 
their caregivers misunderstand indications of com-
mode	 use	 for	 incontinence.	Other	 patient	 assess-
ment elements include: a) physical characteristics 

of	the	person	with	incontinence	(e.g.	can	an	obese	
person	 it	 on	 a	 commode	and	 use	 its	 handrails?);	
b)	mental	 acuity	 (e.g.	will	 a	 person	with	 dementia	
recognize a commode or bedpan as a device to be 
used for defecation?); c) need for supervision or 
foot supports whilst on the commode (what is the 
risk	 of	 falling?);	 d)	 mobility	 (e.g.	 does	 the	 person	
need a commode or bedpan?), ability to transfer 
and	method	of	transfer	to	the	commode	(e.g.	hoist,	
carer help, independent with transfer board), need 
for static or mobile commode (particularly when 
considering using commode over a toilet), postural 
stability and need for supportive commode, e) level 
of assistance needed and physical burden to care-
giver	 involved;	 and	 f)	 personal	 preferences	 (e.g.	
comfort of bedpan type) including need for ‘non-
commode-like’	appearance	(e.g.,	particularly	when	
used	 in	 own	 room,	 particularly	 the	 living	 room).	
Patient	assessment	indings	need	 to	be	evaluated	
in terms of the safety and stability properties of a 
commode.	The	proximity	of	the	area	for	waste	dis-
posal,	storage	facilities	(i.e.,	 the	 location	/	visibility	
of the commode in the household), the availability of 
privacy	during	defaecation,	and	length	of	time	likely	
to remain on the commode (is there a need for a 
pressure-relieving commode cushion?), are addi-
tional	factors	to	be	considered.

Commodes	(or	better	still	toilets)	are	preferable	to	bed-
pans	 (which	 are	 relatively	 dificult	 to	 use	 and	 do	 not	
permit	 appropriate	 posture	 for	 passing	 urine/faeces).	
Bedpans are generally reserved for people who are 
conined	 to	bed	 (e.g.	post-operatively)	and	 for	whom	
safety	(risk	of	falling)	is	an	important	assessment	issue.

1. RESULTS

Fader	[31]	has	reviewed	the	little	work	that	has	been	
done to evaluate existing commodes and bedpans 
and	to	identify	the	needs	of	users.	An	investigation	
of	commode	design	by	Nazarko	[32]	highlighted	the	
problem	of	commodes	providing	poor	trunk	support	
for	elderly	and	disabled	people.	Prolonged	periods	
of sitting alone (for privacy) to enable defecation 
resulted	 in	 a	 risk	 of	 falls.	 Nazarko	 worked	 with	 a	
manufacturer	 to	produce	a	design	speciication	for	
a	 commode.	 Consultation	 with	 patients	 indicated	
that	many	would	prefer	to	use	a	toilet.	As	a	conse-
quence, attention was focused in designing a show-
er chair which could also be used as a commode or 
could	be	wheeled	over	a	toilet.	

An	evaluation	of	the	four	main	types	of	commodes	
(standard; with adjustable height; with removable / 
drop-down arm; with adjustable height and remov-
able / drop-down arm combination) was published 
by	 the	UK	Medical	Devices	Agency	 [33]	 [34].	One	
third	 of	 the	 150	 commodes	 on	 the	 UK	 market	 at	
the	 time	were	 found	 to	have	backwards	 instability,	
and most of them scored poorly for aesthetics and 
comfort.	A	discussion	of	 the	results	of	 this	evalua-
tion and its application to nursing was subsequently 
published	by	Ballinger	et	al.	[35].	

V. COMMODES AND BEDPANS
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The	maintenance	of	 hospital	 commodes	 can	be	a	
problem	and	Gillan	[36]	complained	about	the	poor	
condition	of	commodes	in	wards	for	elderly	people.	
Commode	cleaning	has	also	been	found	to	be	poor	
[47]	and	a	recent	audit	by	Bucior	and	Cochrane	[37]
showed visible traces of faecal contamination on 
cleaned	commodes.	The	authors	concluded	 that	 it	
was	necessary	for	ward	staff	to	have	clearly	deined	
roles	 and	 responsibilities	 for	 commode	 cleaning.	
New commodes have been designed to overcome 
such	 problems	 by	 being	 easier	 to	 clean	 (e.g.	 de-
sign-bugs-out	 commode	 www.designcouncil.org.
uk/our-work/challenges/Health/Design-Bugs-Out/
Case-studies/Commode).

Naylor	 &	Mulley	 [38]	 investigated	 the	 use	 of	 com-
modes in community-dwelling patients and the atti-
tude of carers and users towards them (115 subjects 
and	105	carers).	The	main	reasons	for	commode	use	
were	 impaired	mobility,	dificulty	climbing	stairs	and	
urinary	incontinence.	Main	concerns	were	lack	of	pri-
vacy and embarrassment about using the commode, 
unpleasant smells and the poor physical appearance 
of	the	commode.	Carers	tended	to	view	them	nega-
tively,	 particularly	 with	 regard	 to	 cleaning.	 Where	
commodes were used for defecation in a living area 
the authors highlighted the problem of odour that lin-
gered even after a commode had been emptied, and 
recommended	the	use	of	a	chemical	toilet.

Thorough	cleaning	of	commodes	or	bedpans	after	
every use is necessary for hygienic purposes and 
to	eliminate	odours.	Naylor	&	Mulley	[38]	report	that	
typically a caregiver rather than the commode user 
empties	 and	 cleans	 a	 commode.	 No	 recommen-
dations for cleaning a home commode or bedpan 
were	found	in	the	published	literature.	In	institution-
al	settings,	large	sinks	with	spray	hoses	or	special	
sanitizing	 equipment	 are	 available.	 The	 size	 and	
shape of a bedpan or commode receptacle may 
be	dificult	to	it	under	a	standard	sink	basin	in	the	
home.	Whether	certain	commode	cleaning	products	
reduce any residual odour more than others is not 
known.	 Toilet	 bowl	 cleaning	 products	 are	 suitable	
for cleaning a commode or bedpan; many contain 
bleach or antibacterial ingredients but their effect 
on reducing odour of commodes or bedpans has 
not	 been	 studied.	Gel	 formulations	 are	 advertised	
by manufacturers as being better able to cling to 
hard-to-reach	surfaces	than	liquid	agents.	Use	of	a	
deodorizer	can	be	considered	(Level	of	evidence	4).

Nelson and colleagues [39] surveyed 147 spinal 
cord injured patients regarding their satisfaction 
and safety with the shower chairs (used for bowel 
care)	used	in	the	home.	They	found	that	around	a	
half of patients were dissatisfied with their chairs 
and	 concerns	 expressed	 related	 to	 lack	 of	 hand	
access to the perianal area, difficulty in turning 
and	 rolling	 the	 chair	 and	 problems	with	 keeping	
the	chair	clean.	One	third	of	patients	experienced	
chair related falls and nearly a quarter reported 

pressure	 ulcers.	 Two-thirds of subjects felt that 
their	safety	was	compromised.

The	 same	 group	 of	 researchers	 evaluated	 three	
shower chairs using video-taping, photography and 
questionnaires and produced performance criteria 
for	the	design	of	an	optimal	shower	chair	[40].	Pres-
sure mapping devices were used to measure seat 
pressures on three subjects who tested all three 
bowel	/	shower	chairs	to	inform	seat	design	[41].	

These	 researchers	 [42]	 then	 set	 about	 designing	
a	 more	 advanced	 commode-shower	 chair.	 It	 had	
lockable,	swing-away	armrests	and	lever	activated	
brakes	 to	 facilitate	 transfers.	 To	 prevent	 pressure	
ulcers a chair frame and padding combination was 
designed to facilitate a seating position that distrib-
uted body weight and reduced pressure on pressure 
points.	Cupped	edgeless	footrests	were	designed	to	
reduce	the	risk	of	heel	ulcers.	An	adapted	version	of	
this	chair	is	now	commercially	available	in	the	USA.

Matsumoto	and	 Inoue	 [30]	 examined	whether	 use	
of a commode in the home might prevent or delay 
nursing home admission of elderly people who were 
incontinent.	A	ive-year	follow-up	of	multiple	predic-
tors of institutionalization in elderly people in a rural 
town	in	Japan	showed	that	40%	of	incontinent	men	
and	 only	 17%	of	 incontinent	women	 used	 a	 com-
mode.	Use	of	a	commode	was	not	associated	with	
institutionalization.	The	authors	 suggested	 several	
possible reasons: misunderstanding of appropriate 
indications for a commode based on the type of in-
continence; physical burden in assisting a care re-
cipient to use a commode that seemed no different 
than for cleansing after an incontinence episode; 
and inadequate muscle strength of the elderly for 
using	either	a	Japanese-style	or	Western	commode.	

Bedpans and other portable receptacles are not 
well	described	in	the	literature.	Wells	and	Brink	[43]	
describe three general shapes of bedpans: con-
cave,	 cutaway,	 and	 shovel.	The	 concave	 pan	 has	
a	rounded	triangle	shape	that	slopes	back	 to	 front	
and	a	curved	seat.	The	cutaway	has	a	rounded	tri-
angle	shape	with	a	latter	seat	and	rolled	edges	that	
allow	for	handgripping.	The	shovel	shape,	common-
ly called a “fracture pan” is a wedge or rectangle 
shape	that	has	a	lattened	end	that	goes	under	the	
individual	and	a	handle	at	the	distal	end.	Generally	
bedpans are considered to be unsuitable for defeca-
tion	for	safety	and	acceptability	reasons.	However,	
for	 individuals	 with	 speciic	 needs	 (e.g.	 frequency	
and urgency of defecation) a portable receptacle 
may	be	beneicial.	Although	many	portable	urinals	
are now available for both men and women, very 
few are recommended for defecation [44] and they 
have	yet	to	be	formally	evaluated.	

Privacy	 and	 dignity	 need	 to	 be	 given	 high	 priority	
when patients need to use a bedpan or commode, 
in	particular	 in	 institutional	settings.	Care	needs	to	
be	 taken	 when	 transporting	 patients	 on	 a	 shower	
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chair to maintain dignity and avoid revealing the pa-
tient’s	bottom.

Bottom	wiping	and	cleaning	can	be	dificult	for	peo-
ple with disabilities, particularly manual dexterity 
problems,	 or	 caregivers.	 Simple	moist	 wipes	may	
be	 helpful	 and	 are	 widely	 available.	 Devices	 de-
signed to assist with bottom wiping problems are on 
the	market	and	portable	bidets	are	also	available,	
however there are no published trials of these prod-
ucts.	Bedpans	have	other	disadvantages	including	
dificulty	 removing	 the	bedpan	 from	under	an	 indi-
vidual without spilling (particularly if the individual is 
obese),	risk	of	spilling	and	odour	when	transporting	
the contents for disposal since none have lids, and 
lack	of	privacy	during	use.

2. SUMMARY

•		There	are	major	defects	in	most	of	the	current	de-
signs of commodes, especially: poor aesthetics; 
poor	trunk	support;	instability	(i.e.	a	tendency	to	tip	
over	easily);	poor	comfort;	dificult	 to	clean;	poor	
pressure relief (Level of Evidence 3 ).	

•		If	direct	transfer	to	a	toilet	is	impossible	or	unsafe	
a sani-chair / shower chair is usually preferable to 
a commode (Level of Evidence 3 ).

•		The	main	concerns	of	users	about	commodes	and	
bedpans	are:	lack	of	privacy;	embarrassment	over	
use; odour; poor aesthetics; poor perineal cleans-
ing accessibility; and inadequate facilities for clean-
ing the devices in the home (Level of Evidence 2 ).

•		Defecation	on	a	bedpan	or	other	portable	 recep-
tacle presents problems of safety and unaccept-
ability to users (Level of Evidence 2 ).

3. RECOMMENDATIONS

•		If	at	all	possible,	access	to	a	toilet	should	be	made	avail-
able for defecation (Grade of Recommendation C ).

•		If	direct	transfer	to	a	toilet	is	impossible	or	unsafe,	
a sani-chair / shower chair should be offered in 
preference to a commode wherever possible 
(Grade of Recommendation C ).

•		If	 a	 commode	 is	 used,	 care	 should	 be	 taken	 to	
ensure	good	trunk	support;	that	the	chair	is	stable;	
and that methods of reducing noise and odour are 
offered (Grade of Recommendation C ).

•		With	 commodes	 and	 sani-chairs	 /	 shower	 chairs,	
the user’s bottom should never be visible to others 
and transportation to the toilet and use of the toilet or 
commode should be carried out with due regard to 
privacy and dignity (Grade of Recommendation C ).

•		Bedpans	 and	 other	 portable	 receptacles	 should	
be avoided for defecation purposes (Grade of 
Recommendation C ).

•		Patients	vulnerable	to	pressure	ulcers	should	not sit 

on a commode / sani-chair / shower chair for pro-
longed periods (Grade of Recommendation C ).

•		The	 person	 should	 be	 given	 a	 direct	method	 of	
calling for assistance when left on the toilet / 
commode / sani-chair / shower chair (Grade of 
Recommendation C ).

•		Cleaning	 of	 bedpans	 and	 commodes	 should	 be	
carried out after each use following local infection 
control policies (in institutional settings) (Grade of 
Recommendation C )

•		There	 are	 no	 evidence-based	 published	 guide-
lines regarding frequency of cleaning or type of 
cleaning	 product.	 However,	 thorough	 cleaning	
after bowel evacuation (to avoid odour and main-
tain aesthetics) is important, together with rins-
ing	after	urine	has	been	passed.	Cleaning	needs	
may vary according to personal hygiene stan-
dards and offensiveness of urine/faecal smells 
(Grade of Recommendation C ).

4. PRIORITIES FOR RESEARCH

•	Studies	are	needed	to	determine	how	to	make	toi-
lets	accessible	to	as	many	users	as	possible.	These	
may lead to improved designs for toilets and associ-
ated	equipment	and	/	or	strategies	for	toileting.

•	Studies	are	needed	to	determine	which	commode	
/ sani-chair / shower chair designs best meet perfor-
mance	and	safety	requirements.

•	 Development	 of	 better	 commodes	 designed	 to	
overcome	the	limitations	identiied	

 

1. INTRODUCTION

Absorbent	products	(commonly	known	as	pads)	are	
available in a wide range of sizes and absorbencies 
encompassing light through to very heavy inconti-
nence.	Most	pads	are	bodyworn	but	some	are	used	
on	 the	bed	or	 chair	 (underpads,	 see	Section	6.2);	
in this section the term ‘pad’ refers to bodyworn 
absorbent	 products.	 Broadly	 speaking,	 absorbent	
products can be divided into two main sub-groups: 
those suitable for light incontinence (usually smaller 
products) and those suitable for moderate-heavy in-
continence	(usually	larger	products).	Manufacturers	
generally indicate the severity of incontinence that 
each product is designed to accommodate, but see 
the	discussion	in	Section	VI.4.	Although	absorbent	
pads are most commonly used for urinary incon-
tinence they are also used by individuals for both 
faecal and urinary / faecal incontinence; however, 
there	have	been	no	published	studies	which	specii-
cally	address	this	issue.

Incidental	indings	from	evaluations	of	products	in-
dicate that absorption capacity alone does not 

VI. ABSORBENT PRODUCTS
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determine whether a user will choose to use a 
product.	Some	users	may	have	frequent,	low	low-
rate loss of small volumes of urine (“dribble”), whilst 
others may be dry for days but then have a high-
er	 volume,	 higher	 low-rate	 incontinence	 incident	
(“gush”	or	 “looding”.	Both	may	prefer	 to	use	pads	
for	light	incontinence.	Mobile	and	independent	com-
munity-dwelling women of all levels of incontinence 
are reported to generally prefer small pads and are 
often willing to change them frequently rather than 
use larger products and change them less often 
[45].	 Conversely,	 dependent,	 immobile	 individuals	
may prefer the security of larger products despite 
relatively low urine volumes due to their depen-
dence	on	others	for	pad	changing.	

More	 recently	studies	have	 focused	on	 the	use	of	
pads	by	men.	Teunnissen	and	Lagro-Jansson	 [46]
interviewed	56	men	with	UI	of	which	only	nine	used	
absorbent	pads.	They	concluded	that	men	use	pads	
less	 frequently	 than	women,	have	 little	knowledge	
about	 purpose-built	 pads,	 are	 more	 likely	 to	 con-
struct their own pads out of absorbent materials 
such	as	towels	and	are	less	satisied	with	pads	than	
women.	Furthermore	there	are	indications	that	men	
may prefer other devices such as urinary sheaths 
[47]	(see	Section	VII	Sheaths).

Studies	that	have	collected	and	weighed	used	pads	
to measure urine volume have found overlap be-
tween the quantities contained by pads from differ-
ent sub-groups of users; thus in a study of insert 
pads for moderate-heavy incontinence used by old-
er	people	 in	 residential	 care	around	15%	of	 insert	
pads for moderate-heavy incontinence contained 
less than 100g of urine [48] and in a study of older 
women with light incontinence living in the commu-
nity	about	10%	of	insert	pads	for	light	incontinence	
were	found	to	contain	more	than	100g	of	urine	[49].	

It	might	be	speculated	that	the	number	of	pads	used	
per day might be a good measure of degree of uri-
nary incontinence, but this has not been found to be 
the	case	in	nursing	home	residents	 in	Norway	[50].	
Pads	were	collected	and	weighed	from	residents	in	
six homes, but a poor correlation was found between 
the	 number	 of	 pads	 used	 and	 the	mass	 of	 leaked	
urine	measured	over	48	hours.	The	authors	conclud-
ed that this was due to pad changes being carried 
out	at	routine	times	by	healthcare	assistants.

It	is	possible	that	a	proportion	of	patients	are	simply	
provided with inappropriate products that exceed 
or	fall	short	of	the	absorption	capacity	they	require.	
One	 study	 investigated	 this	 issue	 [51]	 and	 found	
that	 patients	 were	 more	 satisied	 with	 their	 prod-
ucts once their urine loss had been determined by 
pad weighing and appropriately absorbent products 
were	 provided.	 But	 many	 of	 these	 patients	 were	
using inadequate products to start with (such as 
pads	comprising	tissue	paper)	and	irm	conclusions	
could	not	be	drawn.	In	practice,	it	 is	probably	hard	
to justify the need for pad weighing to determine 

which absorbents should be provided and if there 
is doubt about which group a patient falls into then 
the patient should be offered small pads for light in-
continence	in	the	irst	instance	and	the	size	of	pad	
titrated	upwards	as	necessary.

General	guidelines	on	patient	assessment	for	prod-
uct	selection	are	discussed	in	Section	II.	Aspects	of	
assessment that are particularly important regarding 
absorbent	pads	are	frequency	/	severity	of	leakage,	
day / night incontinence, gender (some products are 
designed for, or are better for, men / women than 
others), ability to change pad independently / need 
for carer, pad changing position (standing / lying), 
laundry	 /	 drying	 facilities,	 individual	 priorities	 (e.g.	
need for discreetness), personal preference for de-
sign / materials (washable / disposable), lifestyle (at 
home	/	travel	/	work	etc).	

Aspects	 of	 absorbent	 pad	 performance	 have	 been	
identiied	 and	 prioritised	 (during	 interviews)	 by	men	
and	 women	 taking	 part	 in	 a	 series	 of	 clinical	 trials	
of	 such	products	 [19].	There	was	considerable	 con-
sistency across patient groups (light / heavy, men / 
women) with the ability of a product to hold urine with-
out	 leakage	being	 the	 top	priority,	 and	 the	 following	
aspects also being considered to be of high priority: 
discreetness, containment of smell, ability to stay in 
place,	comfort	when	wet	and	ability	to	keep	skin	dry.

2. ABSORBENT PRODUCT CATEGORIES

Absorbent	 products	 may	 be	 classiied	 into	 two	
broad categories - disposable (single-use) and 
washable (reusable) - with each category dividing 
into two sub-categories: bodyworn products (worn 
on the person) or underpads (placed under the per-
son).	Within	each	sub-category	are	different	design	
groups such as diapers and pull-ups which are sub-
divided	by	size	 (to	it	users	of	different	 sizes)	and	
/ or absorbency (to cater for different severities of 
incontinence).	Some	designs	are	further	subdivided	
into	 those	 intended	 for	 men,	 women	 or	 children.	
This	classiication	is	shown	in	Table VI-1 .

•		Bodyworn  absorbent products can be divided into 
four main design groups:

•		Inserts  (sometimes called liners or, in the case 
of small pads, shields) are held in place by 
close-fitting underwear or stretch mesh briefs 
(Figure VI-1 ).	 Some	 patients	 experience	 prob-
lems	with	keeping	pads	in	place	using	the	com-
monly	supplied	net	pants.	As	a	result,	many	use	
more robust stretch pants purchased privately 
(e.g.	 cotton	 /	 Lycra,	 etc).	 Many	 disposable	 in-
serts (Figure VI-2 and Fig VI-3 ) have an adhe-
sive	strip	on	 the	back	 to	help	secure	 them	and	
may have an indicator that changes colour when 
the	pad	 is	wet	 to	signal	 the	need	for	a	change.	
They	may	have	 longitudinal,	 elasticated	 stand-
ing gathers of hydrophobic material intended to 
impede	lateral	leakage	of	urine	and	faeces.	They 
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are sometimes rectangular but are more usually 
shaped	 to	 fit	 the	 body	 more	 snugly.	 Elastica-
tion	at	the	legs	may	also	be	used	to	enhance	fit.	
Washable	inserts	(Figure VI-4 ) are usually more 
simply designed than disposable inserts, with no 
elastication and are either shaped or a simple 
rectangle.	 Inserts	are	made	 in	a	wide	 range	of	
sizes suitable for light through to very heavy uri-
nary	incontinence.	For	light	faecal	incontinence,	
the liner may be a small cotton gauze dressing 
placed against the anus and held in place by the 
cheeks	of	the	buttocks	(Figure VI-5 ).

•		Diapers  (sometimes called all-in-ones or briefs) 
are	 adult-size	 versions	 of	 babies’	 diapers.	 Dis-
posable diapers (Figures VI-6 ) usually have 
elasticated waist and legs and self-adhesive tabs 
(usually resealable), and often a wetness indica-
tor	and	standing	gathers.	More	recently	modiied	
diapers have been introduced that fasten round 
the waist before the front is pulled into position 
and secured, to enable users to apply the diaper 
whilst standing (Figure VI-7 ).	Washable	diapers	
are usually elasticated at the waist and legs and 
are	 ixed	with	Velcro	or	 press-studs	 (Figure VI-
8).	 Diapers	 are	 intended	 for	 moderate	 to	 very-
heavy	incontinence.

•		Pull-ups  are similar in construction to trainer 
pants	for	toddlers.	The	absorbent	material	is	built	
into a pull-up pant and is either limited to the 
crotch area or distributed throughout the pants 
(Figures VI-9 to VI-11 ).	 Disposable	 pull-ups	
(Figure VI-9 ) are usually elasticated throughout 
the	pants	to	give	a	close	it.	Both	disposable	and	
washable pull-ups have versions for different lev-
els	 of	 incontinence.	Washable	 pull-ups	 for	 light	
incontinence	are	often	known	as	pants	with	inte-
gral pad (Figure VI-11 ).	

Some	 people	 use	 less	 conventional	 or	 home-
made systems either instead of or as well as 
the	 designs	 described	 above.	 In	 particular	 ter-
ry-towelling squares may be used by those with 
heavy	 incontinence.	These	may	be	 formed	 into	
briefs by folding into different configurations 
and fastening with pins and covered with plastic 

pants	 as	 a	 waterproof	 barrier.	 It	 is	 known	 that	
such pants may also be worn over more con-
ventional	designs	in	an	attempt	to	reduce	leak-
age	and	/	or	odour.	

“Body”	 garments	 (like	 vests	 which	 have	 a	 crotch	
section which opens and closes with snap fasten-
ers,	much	like	those	manufactured	for	babies)	may	
be helpful to hold pads in place well and may reduce 
the	rustling	noise	from	plastic	backing	materials.

•		Male	 pouches  (sometimes called shields, 
guards or leaves) are for lightly incontinent men 
and are designed to fit around the penis and 
sometimes the scrotum too (Figures VI-12 and 
VI-13).	All	are	worn	with	close-fitting	underwear	
or	stretch	mesh	briefs.	An	adhesive	strip	is	often	
provided on the disposable versions to help hold 
them	in	place.

•		Underpad  absorbent products are usually 
simple rectangles of different sizes to be used 
on the bed or chair (Figure VI-14 ).	Washable	
underpads (Figure VI-15 ) may have a high 
friction	backing	or	have	‘wings’	for	tucking	be-
neath	the	mattress	of	single	beds	to	help	keep	
them	 in	 place.	 Underpads	 vary	 widely	 in	 ab-
sorbency with less absorbent products being 
used	 as	 ‘back-up’	 with	 bodyworn	 absorbents	
and more absorbent products being used as 
sole	protection	on	the	bed	at	night.	

Categories: Disposable (single use) Washable (reusable) 
Sub-

categories:  
 

 
 

Design 
groups* 

Inserts 
Diapers 
Pull-ups 
Pouches 

Bedpads
Chairpads  

Inserts 
Diapers 
Pull-ups 
Pouches  

Bedpads  
Chairpads  

Sub-groups 
Groups sub-divide according to the severity of incontinence (light or 
moderate / heavy) and the gender of the intended users (M, F or unisex). 

* The products within a given design group may vary considerably in their features and their 
constituent materials. 

Bodyworns Underpads Bodyworns Underpads

Table VI-1. Classiication of absorbent continence products

Table VI-1. Mesh pants with (right) and without (left) 
legs, for securing incontinence pads in position
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Table VI-2. Disposable inserts for light incontinence

Figure VI-3: Disposable inserts with (right) and without 
(left) standing gathers, for moderate / heavy incontinence.

Figure VI-4: Reusable inserts for light (left) and 
moderate / heavy (right) incontinence.

Figure VI-5: Liner for light faecal incontinence. It is 
positioned against the anus and held in place by 
the cheeks of the buttocks

Figure VI-6: Disposable diapers with (right) and 
without (left) standing gathers, for moderate / heavy 
incontinence. Diapers are shown open (top) and 
with the tabs secured (bottom).

Figure VI-7: A modiied (T-shaped) diaper. The waist 
band (left) is secured irst and then the front pulled 
up and secured in position (right).
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Figure VI-8: A reusable diaper

Figure VI-11: Reusable pull-up pant (also known as 
pants with integral pad) for lightly incontinent men 
(right) and women (left)

Figure VI-8: A disposable pull-up

Figure VI-10: A reusable pull-up for heavy inconti- nence.

Figure VI-12: A disposable pouch for men

Figure VI-13: Reusable pouches for men: side view 
(left) and front view (right).

Figure VI-14: A disposable underpad.
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3. ABSORBENT PRODUCT MATERIALS

Absorbent	products	–	disposable	or	washable	–	
usually comprise three main layers: an absorbent 
core	sandwiched	between	a	water-proof	backing	
beneath	 and	 a	 water-permeable	 coverstock	 (or	
topsheet)	next	to	the	wearer’s	skin.	

The	 main	 component	 in	 disposable	 absorbent	
cores	 is	 invariably	 some	 kind	 of	 fluffed	 wood	
pulp fibres, but most also contain some pow-
dered superabsorber (sometimes referred to 
as	SAP	 (superabsorbent	polymer)	or	AGM	 (ab-
sorbent gelling material)), which is often con-
centrated	 in	 the	 crotch	 region.	 Superabsorbers	
hold much more urine – weight for weight – than 
fluff pulp and retain it far more tenaciously un-
der	pressure.	They	are	usually	based	on	cross-
linked	salts	of	polyacrylic	acid	whose	chemistry	
can be varied according to the balance of prop-
erties such as absorption capacity and absorp-
tion	 speed	 desired.	 Some	 thermoplastic	 fibres	
are also sometimes included in absorbent cores 
to	reduce	core	break	up	and	the	collapse	of	the	
structure	when	wet.	It	is	increasingly	common	for	
absorbent cores to comprise two or more layers, 
each	 designed	 to	 perform	 a	 different	 function.	
For	example,	an	upper	layer	might	comprise	low	
absorbency fibres engineered to receive and 
distribute urine efficiently and maintain a dry 
layer	next	to	the	skin,	while	lower	layers	provide	
absorption	capacity.	Some	disposable	products	
have	 ‘breathable’	 plastic	 backings	 designed	 to	
reduce	skin	occlusion.	

Washable	 absorbent	 cores	 are	 usually	 made	
from	 a	 needlefelt	 or	 knitted	 fabric	 compris-
ing	rayon	and	 /	or	polyester	 fibres.	A	variety	of	
polymers	 are	 used	 for	 the	 water-proofing.	 In	
general,	 the	 thicker,	 stiffer	 materials	 are	more	
durable	(the	durability	of	the	plastic	backing	of-
ten determines the lifetime of the product) but 
less	 comfortable.	 Topsheets	 are	 usually	 made	
from either cotton – which is hydrophilic and in-
tended to have good dry comfort – or polyester 
– which is hydrophobic and intended to have 
good	wet	comfort.

Concern	for	the	environment	and	also	for	control-
ling costs has led to an increase in the number 
of	 washable	 products	 available	 on	 the	 market.	
An	 important	consideration	 in	 the	comparison	of	
washable and disposable designs is the relative 
environmental cost, particularly disposal (landfill) 
costs of disposable designs and energy costs as-
sociated	with	laundering	the	washables.	A	recent	
report on baby diapers concluded that there was 
no significant difference in environmental impact 
between three diaper systems (disposables, 
home and commercial laundered washables) al-
though	the	types	of	impacts	did	vary	[52].

4. ABSORBENT PRODUCT CAPACITY AND 
USER REQUIREMENTS

Pads	come	 in	a	 range	of	absorbencies	 to	cater	
for users with different levels of urinary inconti-
nence and, understandably, purchasers wish to 
know	how	much	 urine	 available	 pads	will	 hold.	
But there is no simple answer: a pad does not 
have a volume of urine below which it is guar-
anteed	not	to	leak;	rather,	the	probability	of	suc-
cess decreases as the volume of the urine in-
creases.	 However,	 for	 higher	 absorbency	 pads	
the performance falls away more slowly with 
increasing urine volume than it does for lower 
absorbency	products.

This	 is	 a	 complex	 concept	 to	 communicate	 in	
sales	 literature	 and	 product	 packaging	 and	 so	
companies commonly quote a simple absorption 
capacity	 figure.	 Some	 use	 the	 volume	 of	 fluid	
a pad will hold in a laboratory test - usually in-
ternational	 standard	 ISO	11948-1[53]	 -	 but	 this	
figure	 can	 be	 very	 misleading.	Although	 it	 has	
been	 show	 to	 correlate	 well	 with	 the	 leakage	
performance of pads for some groups of users 
(see	Section	VI.7.2),	 the	volume	of	urine	which	
a	 pad	 will	 hold	 when	 tested	 with	 ISO	 11948-1	
is enormous compared with how much it will 
hold	 in	 real	use.	For	 this	 reason,	some	compa-
nies	prefer	to	quote	a	“working	capacity”,	which	
might be calculated as some proportion (com-
panies vary in the proportion they use) of the 
capacity	 in	 the	 laboratory.	However,	 this	 is	 still	
misleading	as	it	implies	that	the	pad	will	not	leak	
until	the	working	capacity	is	exceeded.	A	simple,	
valid and widely accepted solution to this prob-
lem	has	yet	to	be	devised.	

It	is	equally	difficult	to	determine	the	needs	of	us-
ers in terms of the volume of urine they need their 
pads	 to	 hold.	 Not	 only	 can	 different	 users	 leak	
widely differing volumes from each other but also 
a	 given	 user	 may	 leak	 widely	 differing	 volumes	
on	 different	 occasions.	 This	 means	 that,	 like	
pad performance, users’ needs cannot be easily 
quantified.	 However,	 a	 number	 of	 studies	 have	
been	published	on	work	with	pad	users	described	
as being lightly incontinent of urine in which the 
median and 90th percentile urine volumes in 
used pads have been of the order of 15ml and 
100ml,	 respectively	 [54].	 Similarly,	 a	 number	 of	
studies of pad users described as having mod-
erate-heavy urinary incontinence have yielded 
corresponding figures of about 250ml and 600ml 
[54].	 Accordingly,	 in	 this	 chapter	 the	 material	
is divided – somewhat simplistically – into that 
which relates to light incontinence and that which 
relates	to	moderate-heavy.	

But	 the	 published	 work	 also	 makes	 it	 clear	 that	
some	products	work	better	for	users	whose	inconti-
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nence is towards the lighter or the heavier end of the 
spectrum within each of these two groups and so, 
where necessary in the text and tables that follow, 
these distinctions are made by dividing light incon-
tinence	into	“light	LIGHT”	and	“heavy	LIGHT”;	and	
moderate-heavy	 incontinence	 into	 “light	 HEAVY”	
and	heavy	HEAVY”.	

5.  ABSORBENT PRODUCTS FOR WOMEN 
WITH LIGHT URINARY INCONTINENCE

There	are	four	main	product	designs	for	women	with	
light incontinence (Table VI-2 ).	In	addition	menstru-
al	 pads	 are	 known	 to	 be	 frequently	 used	 for	 light	
urinary	incontinence.	The	disposable	pull-up	group	
are relatively expensive, single-use items and are 
seldom used for light incontinence except as ‘emer-
gency’	items.	Underpads	are	not	commonly	used	for	
light	incontinence.(Figure VI-16)

Aspects	of	assessment	 that	are	particularly	 impor-
tant regarding pads for women with light inconti-
nence	include	frequency	/	severity	of	leakage,	day	/	
night	incontinence	individual	priorities	(e.g.	need	for	
discreetness), personal preference for washables / 
disposables,	lifestyle	(home	/	travel	/	work).

a) Quality of data

A	small	number	of	robust	comparative	evaluations	of	
absorbent pads for lightly incontinent women have 

been	published	and	there	has	been	a	Cochrane	re-
view	 [55].	A	 recent	 study	 has	 compared	 the	most	
common designs: disposable inserts, menstrual 
pads, washable inserts and washable pants with 
integral	 pad.	One	study	has	compared	a	 range	of	
disposable inserts and menstrual pads and there 
have been comprehensive single group studies of 
disposable inserts and washable pants with integral 
pads.	A	further	study	has	compared	specially	made	
experimental products that have differed from one 
another in carefully controlled ways enabling more 
speciic	questions	about	product	materials	and	de-
sign	to	be	addressed.

b) Results

Using	 a	 crossover	 design,	 Fader	 et	 al	 [54]	 com-
pared disposable inserts, menstrual pads, wash-
able	pants	with	integral	pad,	and	washable	inserts.	
Three	products	were	 selected	 (based	on	previous	
study results) to represent each design and each 
product	was	 tested	 for	one	week	 (three	weeks	 for	
each	design	block,	total	12	weeks).	Order	was	ran-
domised.	 Product	 performance	 was	 characterised	
using a validated questionnaire to evaluate pad 
performance	(leakage,	discreetness	etc)	with	a	ive	
point scale (very good – very poor) at the end of 
each	 week	 of	 product	 testing.	A	 pad	 change	 and	
leakage	diary	was	used	to	record	severity	of	 leak-
age from pads (three-point scale: a lot, a little, or no 
leakage),	and	numbers	of	 laundry	 items	and	pads	
used	were	recorded	to	estimate	costs.	Skin	health	
changes	were	recorded	weekly.	At	a	inal	interview	
preferences	were	 ranked	 (with	and	without	costs),	
acceptability of the design recorded (highly accept-
able – totally unacceptable) and overall opinion 
marked	on	a	visual	analogue	scale	(VAS)	of	0-100	
points	(worst	design	–	best	design).	This	VAS	score	
was	used	to	estimate	cost-effectiveness.	

Eighty-ive	 women	 (mean	 age	 60)	 completed	 the	
study	and	8691	used	pads	were	weighed.	The	dis-
posable	insert	was	signiicantly	better	than	the	other	
designs	on	most	variables	except	for	discreetness.	
For	 leakage	 prevention,	 overall	 acceptability	 and	
preference, disposable inserts were found to be 
signiicantly	better	than	menstrual	pads,	which	were	
better than washable pants with integral pad, which 
were	 better	 than	 washable	 inserts.	 There	 was	 no	
clear	beneit	 for	skin	health	using	either	washable	
or	 disposable	 designs.	Most	women	preferred	 the	
disposable insert pad but some preferred the other 
cheaper designs (6/85 preferred menstrual pads; 

Figure VI-15: A reusable underpad.

Table VI-2: Bodyworn absorbent products for women with light urinary incontinence

 Disposab le Washable 

Design 
groups

Inserts (Fig VI-2) Inserts (Fig VI-4) 
Pull-ups ie pants with integral 

pad (Fig VI-8) 
Pull-ups ie pants with integral 

pad (Fig VI-10) 
Menstrual pads   
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Figure VI-16: Designs of pads for women with light urinary incontinence. For deinitions of light LIGHT and 
heavy LIGHT, see Section VI.4. (Grade of recommendation in brackets)
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13/85 preferred washable pants), both of which 
were	>50%	cheaper	to	use	than	disposable	inserts.	
Washable	inserts	were	signiicantly	worse	than	the	
other	 designs	 (72/85	 found	 them	 unacceptable).	
Overall	 there	 were	 generally	 more	 practical	 prob-
lems with washables, particularly when away from 
the home (Level of Evidence 1 ).

The	authors	concluded	that	allowing	women	to	choose	
their preferred design of absorbent product (or combi-
nation of different designs for different circumstances) 
would be more cost-effective and provide better pa-
tient satisfaction than provision of disposable insert 
pads	(the	most	expensive	product)	alone.

Clarke-O’Neill	et	al.	 [18]	compared	 the	 range	 (12	
products) of disposable inserts for lightly inconti-
nent	women	available	in	the	UK	in	2000.	Products	
were tested by 60 community-based women aged 
50 years or older who currently used products 
similar	 to	 those	 to	 be	 evaluated.	 Products	 were	
evaluated using a pad performance questionnaire 
and	a	pad	leakage	diary.	As	a	group,	the	products	
performed well in terms of their ability to hold urine 
without	 leakage.	 However,	 the	 ‘overall	 opinion’	
scores of the testers showed large differences 
between	 products	 with	 88%	 of	 subjects	 scoring	
the	 most	 successful	 insert	 as	 Good	 or	 OK	 com-
pared	 with	 51%	 for	 the	 least	 successful	 product	
(p<0.001)	(Level of Evidence 2 ).

A	 similar	 study	 by	 the	 same	 research	 group	 [56]	
compared all 10 washable pants with integral pad 
for	lightly	incontinent	women	available	in	the	UK	in	
1999.	 Seventy-two	 community-based	 women	 who	
usually used absorbent products for light incon-
tinence	 tested	 each	 product	 for	 one	 week	 each.	
Leakage	performance	was	found	to	be	disappoint-
ing	 with	 69%	 (CI:	 59-78)	 of	 the	 best	 performing	
product	 not	 leaking	 at	 all	 with	 10g	 of	 urine,	 com-
pared	 to	 40%	 (CI:	 29-51)	 for	 the	 least	 successful	
product.	 Again	 subjects’	 ‘overall	 opinion’	 scores	
showed wide differences between products with the 
best	performing	product	scoring	85%	Good	or	OK	
compared	with	34%	for	the	least	successful	product	
(Level of Evidence 2 ).

Baker	and	Norton	 [57]	evaluated	six	small	dispos-
able inserts and two menstrual pads (available in the 
USA	in	1991)	with	65	community	dwelling	women.	
The	products	were	rated	using	an	evaluation	ques-
tionnaire	and	daily	diary	of	pad	use.	The	two	men-
strual pads (which were the least expensive pads 
in	the	study)	scored	signiicantly	higher	than	many	
of the incontinence products although neither was 
the	most	popular	pad.	The	authors	concluded	that	
women	should	 try	a	 ‘maxi’	menstrual	pad	irst	and	
then move onto a higher capacity (incontinence) 
pad	if	this	was	inadequate.	However,	this	study	was	
carried out more than 10 years ago and products 
have changed considerably since then (Level of 
Evidence 2 ).

Thornburn	 et	 al.	 [16]	 studied	 ‘wet	 comfort’	 using	
small disposable pads that had been experimen-
tally made using different combinations of materi-
als	in	an	attempt	to	reduce	‘wetback’	(the	tendency	
of	 pads	 to	 allow	 urine	 to	 escape	 back	 on	 to	 the	
wearer’s	 skin).	 Twenty	 women	 tested	 the	 pads.	
Whenever	 differences	 in	 wet	 comfort,	 absorbency	
or overall performance were found they were in the 
expected order but differences were small and few 
reached	 statistical	 signiicance.	 The	 clinical	 value	
of including technically superior materials was not 
strongly	supported.	However,	this	was	a	small	study	
and	may	have	had	insuficient	power	to	detect	sig-
niicant	differences	(Level of Evidence 2 ).

More	 recently	 Erekson	 and	 colleagues	 [58]	 mea-
sured	 the	wet-back	 performance	 of	 a	 range	 of	 10	
different	 branded	 products.	 This	 was	 a	 laboratory	
experiment	involving	two	patients	(of	different	BMIs)	
sitting	on	pre-wetted	pads.	Results	showed	that	nei-
ther size nor price of the pads had any effect on the 
measured	 product	 performance.	However	 it	 is	 dif-
icult	 to	determine	how	much	such	measurements	
relect	clinical	performance.

c) Summary

There	 is	 robust	 evidence	 that	 disposable	 inserts	
are	more	effective	in	terms	of	leakage	and	more	ac-
ceptable than menstrual pads, washable pants and 
washable inserts (Level of Evidence 1 ).	Menstrual	
pads are cheaper and washable pants cheaper still 
(on a per-use basis) and are acceptable to many, 
particularly those with lighter incontinence and par-
ticularly	when	used	at	home.	Washable	inserts	are	
not	 acceptable	 to	most	 women.	The	 user	 charac-
teristics, priorities and contexts which favour or dis-
courage the use of the different product designs are 
summarised in Figure VI-16 .	

d) Recommendations

•		Disposable	inserts	are	recommended	as	the	most	ef-
fective and preferred absorbent product for women with 
light incontinence (Grade of Recommendation B ).

•		Menstrual	 pads	or	washable	pants	may	be	sufi-
cient for some patients with very light incontinence 
and are cheaper (Grade of Recommendation B ).

•		Washable	inserts	are	not	recommended	(Grade of 
Recommendation B ).

•		Combinations	of	designs	for	different	situations	(e.g.	
disposable inserts for going out, washable pants with 
integral	pad	for	staying	at	home)	are	likely	to	provide	
optimum management in terms of patient needs and 
cost-effectiveness, and product advice and provision 
(where purchased by institutions / services) should 
relect	this	(Grade of Recommendation B ).

•		See	 also	 the	 general	 recommendations	 relating	
to	pad	selection	in	Section	VI.11	and	to	washable	
pads	in	Section	VI.12.	
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e) Research priorities

•		Because	the	performance	of	washables	is	gener-
ally	 poor	 (particularly	 for	 leakage)	 compared	 to	
disposables, the development of better washable 
products	is	a	priority.

•		The	 use	 of	 combinations	 of	 designs	 for	 different	
situations	needs	to	be	evaluated.

6.  ABSORBENT PRODUCTS FOR MEN WITH 
LIGHT URINARY INCONTINENCE

There	 are	 ive	 main	 product	 designs	 for	 men	 with	
light urinary incontinence (Table VI-4 ).	However,	dis-
posable and washable insert pads are often unap-
pealing	to	men	as	they	are	frequently	marketed	spe-
ciically	 at	 women	 and	 bear	 a	 strong	 resemblance	
to	menstrual	 pads.	Anatomical	 differences	are	also	
likely	 to	mean	 that	 they	are	 less	effective	 for	men.	
Pouch,	shield	and	leaf	products	(Figures VI-11 and 
VI-12) are designed to be more suitable for men by 
containing	the	penis	or	penis	and	scrotum.	

Aspects	of	assessment	that	are	particularly	impor-
tant regarding pads for men with light incontinence 
include	frequency	/	severity	of	leakage,	day	/	night	
incontinence, retraction of penis, individual priori-
ties	 (e.g.	need	 for	discreetness),	personal	prefer-
ence for washables / disposables, and lifestyle 
(home	/	travel	/	work).

Only	 one	 study	 has	 been	 published	 which	 has	
evaluated absorbent products for men with light uri-
nary	 incontinence	 (59].	 It	 compared	 the	 four	main	
absorbent	designs	of	products	available	 in	 the	UK	
in 2003: disposable insert pads, pouches and leafs 
and	washable	 pants	with	 integral	 pad.	All	 six	 leaf	
products	 (ive	 disposable	 and	 one	 washable)	 and	
all	six	pouches	(all	disposable)	on	the	UK	market	in	
2003 were evaluated, together with a selected dis-
posable insert pad and a selected washable pant 
with integral pouch (chosen to represent their re-
spective	designs).	Seventy	men	with	light	urinary	in-
continence	completed	the	14	week	study	and	illed	
out product performance questionnaires at the end 
of	 testing	each	product	 for	a	week.	Products	were	
supplied in random order within their design group 
and	 the	design	group	order	was	also	 randomised.	
Pad	 leakage	 diaries	 were	 used	 to	 record	 product 
performance	 and	 used	 pad	 weight.	At	 the	 end	 of	
testing each design a design performance question-
naire	was	completed.	‘Overall	opinion’	was	used	as	
the	primary	outcome	variable.	Results	showed	that	
the	pouch	design	performed	signiicantly	worse	than	
the	 leaf	 and	 the	 insert	 design.	The	most	 common	
problems with the pouch were staying in place and 
dificulties	re-inserting	the	penis	in	the	pouch	once	
the	pouch	was	wet.	The	 leaf	designs	had	the	best	
leakage	 scores,	 but	 one	 product	 was	 signiicantly	
better	 than	 the	other	 leafs	 (Tena).	The	disposable	
insert	was	also	effective	for	leakage	prevention	and	
was	 substantially	 cheaper	 than	 the	 leaf	 designs.	

The	washable	 leaf	was	 the	 least	successful	of	 the	
leaf	designs.	The	washable	pants	with	integral	pad	
received polarised overall opinion scores (loved 
or hated) and scored well for staying in place but 
poorly	 for	 leakage	(Level	of	evidence	2).	The	user	
characteristics, priorities and contexts which favour 
or discourage the use of the different product de-
signs are summarised in Figure VI-17 .	

a) Recommendations

•		Disposable	 leafs	 are	 recommended	 as	 the	most	
acceptable and effective design for men with 
light incontinence, but some men prefer other de-
signs which should be considered as alternatives 
(Grade of Recommendation B ).

•		Simple	insert	pads	are	cheaper	and	may	be	accept-
able to some men (Grade of Recommendation B ).

•		Washable	pants	with	 integral	pad	are	likely	to	be	
most suitable for men with very light incontinence 
who	have	dificulties	keeping	an	insert	or	pouch	in	
place (Grade of Recommendation B ).

•		See	 also	 the	 general	 recommendations	 relating	
to	pad	selection	in	Section	VI.11	and	to	washable	
pads	in	Section	VI.12.

b) Research priorities

Because the performance of washables was gen-
erally	 poor	 (particularly	 for	 leakage)	 compared	 to	
disposables, the development of better washable 
products	is	a	priority.

7.  ABSORBENT PRODUCTS FOR MEN AND 
WOMEN WITH MODERATE-HEAVY URI-
NARY INCONTINENCE 

There	are	at	least	12	absorbent	product	designs	for	
men and women with moderate-heavy urinary in-
continence (Table VI-5 ).	The	most	commonly	used	
products are disposable bodyworn inserts and dia-
pers (Figures VI-3 and VI-6 ).	More	recently,	modi-
ied	diapers	 (T-shaped	diapers,	Figure VI-7 ) have 
been introduced which can be applied by the wearer 
whilst	 standing.	Pull-ups	 are	 also	 a	 relatively	 new	
innovation and comprise an absorbent pad integrat-
ed	into	a	disposable	elasticated	pant	(Figure	VI-9).	
Washable	 counterparts	 to	 most	 disposable	 body-
worn designs are available but they have a much 
smaller	market,	where	they	are	available.	They	are	
made from a variety of natural and synthetic mate-
rials.	Disposable	and	washable	bedpads	are	used	
on the bed at night with or without the support of a 
bodyworn	product.	Disposable	and	washable	chair-
pads are used either without a bodyworn product 
(in which case the individual must sit directly on the 
pad with no underpants on) or in combination with 
bodyworn	products	to	protect	chairs	from	any	leak-
age	from	the	bodyworn.	Both	practices	place	an	un-
derpad	on	display	and	mark	the	individual	as	being	
incontinent	and	are	therefore	to	be	discouraged.
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 Disposab le Washable 

Design 

groups 

Inserts (Fig VI-2) Inserts (Fig VI-4)  

Pouch (Fig VI-11) Pouch (Fig VI-12) 

 Pull-ups ie pants with integral   
pad (Fig VI-10) 

 

Table VI-4: Bodyworn absorbent products for lightly incontinent men

Figure VI-17: Designs of pads for men with light urinary incontinence. For deinitions of light LIGHT and 
heavy LIGHT, see Section VI.4. (Grade of recommendation in brackets)



1681

Aspects	of	assessment	 that	are	particularly	 impor-
tant regarding absorbent pads for moderate / heavy 
UI	are	 frequency	 /	severity	of	 leakage,	day	 /	night	
incontinence, gender (some products are better for 
men/women than others), ability to change pad in-
dependently / need for carer, pad changing position 
(standing / lying), laundry / drying facilities, individ-
ual	priorities	(e.g.	need	for	discreetness),	personal	
preference for design / materials (washable / dis-
posable)	and	lifestyle	(at	home	/	travel	/	work	etc).

a) Quality of data

There	have	been	two	recent	clinical	trials	comparing	
the main designs of disposable bodyworn pads (one 
also included washable designs) which are included 
in	a	Cochrane	review	[55].	There	have	been	no	trials	
of	underpads	for	the	last	15	years.	There	have	also	
been a large number of comparative studies of ab-
sorbent products for moderate-heavy incontinence 
but most are more than 10 years old and evaluated 
products	that	are	no	longer	available.	Furthermore,	
changes in materials and design features mean that 
it	 is	 impossible	 to	 generalise	 any	 particular	 ind-
ings	 to	 products	 of	 today.	 Brink	 [60]	 identiied	 30	
studies of absorbent products published between 
1965-1990.	Some	 robust	multi-centre	 international	
studies have examined the correlation between 
laboratory	 testing	and	 the	 leakage	performance	of	
products	clinically.

b) Results

1.  EVALUATIONS  COMPARING DIFFERENT DESIGNS OF DISPOS-
ABLE  AND / OR WASHABLE  BODYWORN ABSORBENT  PROD-
UCTS FOR URINARY INCONTINENCE

Fader	et	al.	[54]	carried	out	two	clinical	trials	of	absor-
bent products for moderate-heavy incontinence; one 
involving subjects in the community and the other 
subjects	in	nursing	homes.	In	the	community-based	
trial 85 moderate / heavily incontinent adults (urinary 
or urinary / faecal) living in their own homes [49 men 
and 36 women) were enrolled, and tested three (or 
two)	products	from	each	of	ive	design	categories	(to-
tal of 14 test products): disposable inserts (with mesh 
pants); disposable diapers; disposable pull-ups; dis-
posable	T-shape	diapers;	and	washable	diapers.	All	
products were provided in a daytime and a (mostly 
more	 absorbent)	 night-time	 variant.	 Products	 were	
selected based on having similar scores for absor-

bency	across	the	designs	(Rothwell	scores,	[53]	see	
below)	and	performance	data	 from	pilot	 studies.	 In	
the nursing-home-based trial 100 moderate / heav-
ily incontinent adults (urinary or urinary / faecal) liv-
ing in a total of 10 nursing homes (27 men and 73 
women) evaluated one product from each of the four 
disposable	design	categories	above.	Products	were	
selected on the basis of product performance from 
the community-based trial and, again, day and night-
time	variants	were	provided.	

Product	performance	was	characterised	using	vali-
dated	questionnaires	which	asked	 the	participants	
(in the community-based trial) or carers (in the nurs-
ing home based trial) to evaluate various aspects 
of	 pad	 performance	 (leakage,	 ease	 of	 putting	 on,	
discreetness	etc)	using	a	ive	point	scale	(very	good	
–	very	poor)	at	the	end	of	the	week	(or	two	weeks	
for	the	nursing-home-based	trial)	of	product	testing.	
In	addition,	participants	/	carers	were	asked	to	save	
individual used pads in bags for weighing and to in-
dicate	 the	severity	of	any	 leakage	 from	them	on	a	
three-point	 scale	 (none,	a	 little,	a	 lot).	These	data	
were	used	to	determine	differences	in	leakage	per-
formance.	Numbers	of	laundry	items	and	pads	used	
were	 recorded	 to	 estimate	 costs,	 and	 skin	 health	
changes were recorded by the participant or by the 
researchers.	At	the	end	of	testing	participants	were	
interviewed	and	ranked	their	preferences	(with	and	
without costs), stated the acceptability of the design 
(highly acceptable – totally unacceptable) and re-
corded their overall opinion on a visual analogues 
scale	 (VAS)	 of	 0-100	 points	 (worst	 design	 –	 best	
design).	A	pad	changing	experiment	was	conducted	
with 12 women from the nursing home based trial 
to determine any differences between product de-
signs.	Under	 idealised	 conditions	 the	 different	 de-
signs were applied (by the same carers) in random 
order for each patient and the speed of pad chang-
ing	was	timed	using	a	stop-watch.

Findings	 from	 the	 community-based	 and	 nursing	
home	trials	were	broadly	similar.	The	leakage	per-
formance for the disposable inserts was worse than 
the other designs for day and night and disposable 
pull-ups	were	preferred	over	inserts	for	the	daytime.	
The	new	T-shape	diaper	was	not	better	overall	than	
the	traditional	disposable	diaper.	But	there	were	im-
portant differences in performance and preference 
indings	between	men	and	women	from	both	 trials	

 Disposable (single use) Washable (reusable) 
Ty
pe  

Bodyworns Underpads
 

Bodyworns  Underpads

De
sig
n 
gr
ou
ps  

Inserts 
Diapers 

T shaped 
diapers 
Pull-ups 

Bedpads  
Chairpads  

Inserts 
Diapers 
T shaped 
diapers 
Pull-ups 
 

Bedpads  
Chairpads  

 

Table VI-5: Absorbent products for moderate-heavy adult incontinence
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and the men (in the community) had more severe 
urinary incontinence than the women - mean day-
time urine mass in a pad 375 g for men and 215g for 
women	(difference148g,	CI:	80,	218).	

Pull-ups	 (the	most	 expensive	 design)	 were	 better	
overall than the other designs for women during the 
day and for community-dwelling women during the 
night	 too.	 Although	 disposable	 diapers	 were	 bet-
ter	for	leakage	than	disposable	inserts	(the	cheap-
est), women did not prefer them, but for men (in 
the nursing homes and the community) the diapers 
were	better	both	overall	and	for	 leakage	and	were	
the	most	cost-effective	design.	No	irm	conclusions	
could be drawn about the performance of designs 
for	 faecal	 incontinence	and	 there	was	no	irm	evi-
dence	 that	 there	 were	 differences	 in	 skin	 health	
problems	between	designs	(Level	of	Evidence	1).

In	 the	 nursing	 home	 trial	 the	 carers	 found	 pull-
ups	and	inserts	signiicantly	easier	to	apply	(in	the	
standing	 position)	 and	 signiicantly	 quicker	 in	 the	
pad	change	experiment	(mean	time	35.2	and	37.9	
seconds for inserts and pull-ups respectively and 
53.2	and	62	seconds	for	diapers	and	T-shaped	dia-
pers respectively) and ability to stand was associ-
ated	with	preference	for	pull-ups	or	inserts.	Despite	
being	 designed	 for	 ease	 of	 changing	 the	T-shape	
diaper	 was	 not	 found	 to	 be	 easier	 or	 quicker	 to	
change	than	the	diaper.

The	 washable	 products	 (used	 in	 the	 community-
based	 trial)	gave	diverse	 results.	Two	of	 the	prod-
ucts were made from cotton terry-towelling (one a 
simple square, folded and pinned in a diaper shape; 
the	 other	 a	 shaped	 diaper-like	 design,	 both	 worn	
with plastic pants) while the third product had a felt 
absorbent	core,	with	an	integral	plastic	backing	and	
was	ixed	by	poppers.	This	third	product	performed	
signiicantly	 worse	 for	 leakage	 than	 the	 other	 two	
washables and was therefore excluded from the 
inal	 data	 analysis.	 The	 terry-towelling	 washables	
were	better	for	leakage	at	night	than	the	disposable	
designs, but were less popular overall for daytime 
use	than	the	disposable	designs.	Three	quarters	of	
the women (27/36) found them unacceptable, but 
nearly two thirds of men (31/49) found them highly 
acceptable	at	night.	Findings	 from	the	community-
based trial showed that there were many practical 
problems dealing with washable products particu-
larly when out of the house, but that they were more 
acceptable	at	home.	

Macaulay	et	al,	 [20]	carried	out	a	pilot	study	of	19	
washable products with 14 community dwelling sub-
jects.	The	products	included	a	mixture	of	washable	
insert and brief designs and two disposable body-
worn	products.	Product	performances	varied	widely:	
the most popular was rated as good (for overall per-
formance)	by	78%	of	testers,	while	the	least	popular	
scored	22%.	Although	most	of	 the	washable	prod-
ucts	 performed	 poorly	 for	 leakage,	 one	 washable	
product made of cotton towelling (used with plastic 

pants), scored better than both the other washable 
and	disposable	products	(Level	of	Evidence	3).

Eight	 older	 trials	 have	 compared	 disposable	 with	
washable bodyworn products for moderate-heavy 
incontinence	 [61]	 [62]	 [63]	 [64]	 [65]	 [66]	 [67]	 [68].	
The	 trials	 varied	 in	 size	 and	 design	 from	 a	 large	
controlled trial with 276 subjects [61] to a small trial 
of	eleven	subjects	[64].	In	addition	some	trials	have	
compared disposable and washable bedpads and 
body-worns.	Brown	[22]	[69]	undertook	a	large	trial	
of	this	kind.	The	fact	that	no	systematic	method	of	
product selection was used for these studies limits 
the utility of the results since particularly good or 
poor products may have been selected to represent 
the	disposable	or	washable	groups.

Skin	condition	was	used	as	an	outcome	measure	in	
ive	of	the	above	trials.	However,	only	three	used	an	
experimental design and statistical methods of anal-
ysis.	Beber	 [61]	and	Grant	 [62]	both	 reported	 that	
they	did	not	ind	statistically	signiicant	differences	
between their washable and disposable products in 
terms	of	an	adverse	change	 in	skin	condition.	But	
Hu	et	al.	 [70]	reported	a	statistically	signiicant	 im-
provement	in	the	skin	condition	of	their	disposable	
product users as compared to their users of wash-
able	products	(See	Section	XIV).

Other	 parameters	 frequently	 investigated	 in	 these	
studies	 were	 staff	 preference,	 product	 leakage	 and	
laundry.	Overall,	the	disposables	in	the	studies	were	
considered to have performed better than the wash-
able	 products	 in	 terms	 of	 preventing	 leakage	 (often	
measured	by	quantity	of	laundry)	and	staff	preference.

Four	studies	attempted	 to	measure	costs	 [63]	 [62]	
[71]	and	[69].	Of	these,	three	used	statistical	meth-
ods	of	analysis.	Hu	et	al.	[71]	and	Brown	[69]	report-
ed	 that	although	 there	were	no	statistically	 signii-
cantly differences in terms of per-day product costs 
of washable and disposable products, the laundry 
costs associated with the disposable product (ie for 
laundering soiled bed linen and clothes) were signif-
icantly lower than those associated with the wash-
able product (ie for laundering the products as well 
as	soiled	bed	linen	and	clothes).	Brown	[69)	found	
no	signiicant	differences	between	daily	costs	of	the	
washable	 and	 disposable	 products.	However,	 sta-
tistically	signiicant	differences	were	found	between	
the groups in terms of incontinence-related laundry, 
with the disposable group producing less laundry 
than	 the	washable	group.	Grant	 [62]	 reported	 that	
the	cost	of	washable	products	was	signiicantly	low-
er than that of disposables, but laundry costs were 
not	taken	into	account.	

2. DISPOSABLE  ABSORBENT  PRODUCTS FOR URINARY INCONTI-
NENCE: STUDIES OF SINGLE DESIGNS, LABORATORY  TESTS AND 
STUDIES OF MATERIALS

Clancy	and	Malone-Lee	[15]	compared	versions	of	the	
same pad experimentally engineered to have differ-
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ent	combinations	of	luff	pulp	and	topsheet	materials.	
Forty-ive	heavily	incontinent	older	adults	participated.	
The	main	 valuable	 inding	 from	 this	 study	 was	 that	
pads	were	more	likely	to	leak	if	they	were	not	held	in	
place	by	pants	(p<0.0001)	and	that,	if	there	was	any	
leakage	from	a	pad,	this	tended	to	be	less	severe	if	the	
supplied mesh pants were worn than if normal pants 
were	worn	(p<0.05)	(Level	of	Evidence	2).	The	mesh	
pants	probably	held	pads	more	irmly	to	the	body.

There	have	been	two	single	design	group	studies	of	
bodyworn products for moderate-heavy incontinence 
[72]	[73],	both	carried	out	in	nursing	homes.	A	study	
of shaped insert pads involved 228 subjects from 33 
nursing / residential homes who tested 20 ranges 
of	 insert	pads	[74	products	 in	 total).	A	similar	study	
of diapers involved 192 subjects from 37 nursing / 
residential	homes	who	tested	a	total	of	36	products.	
These	studies	showed	the	wide	range	of	product	per-
formance	that	can	exist	within	single	product	groups.	
For	example,	the	least	successful	diaper	(based	on	
‘overall opinion’) was found to be unacceptable to 
100%	of	the	test	subjects	while	the	most	successful	
was	unacceptable	to	only	6%	(Level	of	Evidence	2).

In	addition,	there	have	been	a	number	of	studies	on	
the	impact	of	wet	pads	on	skin	health	and	these	are	
reviewed	in	Section	XIV.

Because clinical evaluations are expensive and 
time-consuming, laboratory evaluation procedures 
are	 in	 widespread	 use.	 Few	 have	 been	 clinically	
validated	 but	 there	 is	 a	 clinically-validated	 Interna-
tional	 Standard	 (ISO	 11948-1)	 relating	 to	 the	 leak-
age performance of disposable bodyworn pads for 
moderate-heavily incontinent adults in institutions 
[53].	It	describes	a	simple	method	for	measuring	the	
absorption capacity of pads in the laboratory that 
was	 shown	 to	 correlate	 well	 with	 the	 leakage	 per-
formance of 18 different products evaluated in an 
international multi-centre clinical study involving 112 
heavily	 incontinent	 adults	 [74].	 The	 strength	 of	 the	
correlation between technical and clinical data data 
depended on the exact parameters being compared, 
but	typically	r	=	0.9	(Level	of	Evidence	2).	This	labo-
ratory	test	(the	Rothwell	method)	is	now	in	common	
use	in	the	UK,	Sweden	and	other	countries	and	pro-
vides a basis for selecting similar products with which 
to	make	direct	comparisons	(for	cost	purposes)	or	to	
select	promising	pads	for	inclusion	in	clinical	trials.	

The	 ability	 of	 ISO	 11948-1	 to	 predict	 the	 leakage	
performance of more recent bodyworn pads (138 
diapers and inserts) for heavy incontinence was 
investigated	by	Cottenden	et	 al.	 [75].	Correlations	
were	poorer	than	in	the	original	1993	study	(r<0.87	
compared	 with	 r<0.95)	 but	 still	 strong	 enough	 to	
make	the	method	useful.	For	a	given	Rothwell	ca-
pacity,	the	leakage	performance	of	diapers	was	far	
superior to inserts, but no evidence was found for 
any other design feature of the test products (in-
serts	 and	 diapers)	 having	 a	 signiicant	 impact	 on	
their	leakage	performance	(Level	of	Evidence	2).

The	 repeatability	 and	 reproducibility	 of	 the	 ISO	
11948-1	 was	 investigated	 by	 Cottenden	 and	 co-
workers	 [76]	 in	 three	 laboratories	 (UK,	 Spain	 and	
Sweden).	Repeatability	 (precision	 between	 repeats	
in the same laboratory) was found to be very good 
with	the	co-eficient	of	variation	for	ive	repeats	rarely	
exceeding	 5%.	 However,	 the	 reproducibility	 (preci-
sion between laboratories) was poorer, revealing 
systematic	differences:	results	from	the	Swedish	and	
Spanish	 laboratories	 typically	exceeded	 those	 from	
the	English	laboratory	by	13%	and	8%,	respectively.	
Efforts	to	identify	the	source(s)	of	this	poor	reproduc-
ibility have so far been unsuccessful but it seems 
likely	 that	 minor	 variations	 in	 interpretation	 of	 the	
standard when constructing the apparatus and / or 
executing	the	test	are	to	blame	(Level	of	Evidence	2).

c) Summary

Results	 from	 these	 studies	 indicate	 that	 there	 is	
no	 single	 best	 design	 (i.e	 one	 design	 that	 is	 sig-
niicantly	better	than	all	other	designs	for	all	users)	
(Level of Evidence 1 ).

There	is	evidence	that	different	designs	are	better	
for	men	and	women,	and	 that	men	 leak	substan-
tially higher volumes of urine than women (Level 
of Evidence 1 ).

Of	the	disposable	designs,	the	more	expensive	pull-up	
and	T-shaped	diaper	designs	are	not	better	overall	than	
the cheaper diaper for men, indicating that the diaper 
is	the	most	cost-effective	design	for	men.	For	women	
pull-ups are better overall than the other designs (ex-
cept for night-use in those living in nursing homes), but 
they are expensive (Level of Evidence 1 ).

Unlike	men,	women	 in	 the	community	do	not	 favour	
diapers over insert pads and of these cheaper de-
signs,	 inserts	may	be	preferred	for	women.	There	 is	
also	evidence	that	the	leakage	performance	of	inserts	
is	worse	than	other	designs,	but	that	they	leak	signii-
cantly less if they are held in place by mesh pants than 
by ordinary pants, and using no pants at all is associ-
ated	with	signiicantly	more	leakage	than	if	either	kind	
of pant is worn (Level of Evidence 3 ).	

There	is	evidence	that	pads	containing	superabsorber	
leak	 less,	 are	more	 comfortable,	 and	 keep	 the	 skin	
drier than those without (Level of Evidence 2 ).

The	 leakage	performance	of	 inserts	and	diapers	 for	
heavy incontinence can be predicted with reasonable 
precision using an international standard laboratory 
tests (Level of evidence 2 ).

This	test	has	been	shown	to	have	very	good	repeatabil-
ity and adequate reproducibility (Level of Evidence 2 ).

Washable	products	are	very	varied	in	design	and	ma-
terials,	 and	 also	 in	 performance.	 There	 is	 evidence	
that terry-towelling products (used with plastic pants) 
have	good	leakage	performance,	however	they	have	
limited	acceptability	-	conined	mainly	to	some	men	at	
night.	There	is	no	irm	evidence	regarding	the	perfor-
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mance of different designs for faecal incontinence and 
no	irm	evidence	that	any	particular design or type of 
material (washable or disposable) is better or worse 
for	skin	health.

The	 user	 characteristics,	 priorities	 and	 contexts	
which favour or discourage the use of the different 
product designs are summarised in Figure VI-18 .	

d) Recommendations

•		Gender	 should	 be	 considered	when	 products	 are	
prescribed	 /	 purchased	 for	 users.	 As	 men	 often	
have substantially higher incontinent urine volumes 
than women, men may require more products and / 
or more absorbent products than women (Grade of 
Recommendation B ).

•		Gender	should	also	be	considered	when	products	
are prescribed / purchased for users because men 
and	 women	 are	 likely	 to	 prefer	 different	 designs.	
Men	generally	prefer	disposable	diapers	to	inserts	
(Grade of Recommendation B ).

•		Women	 generally	 prefer	 disposable	 pull-ups	 to	
other	designs,	but	these	are	expensive.	Disposable	
inserts are a cost-effective alternative (Grade of 
Recommendation B ).

•		Caution	 is	 recommended	 if	washable	designs	are	
being	 considered.	 Heavy	 bulk	 conines	 their	 use	
mainly to the night-time (where they may be par-
ticularly	useful	for	users	who	lie	on	their	side).	They	
are unacceptable for most people during the day-
time and for most women at any time and for this 
reason	a	blanket	policy	of	health	services	providing	
washables	alone	is	not	recommended.	If	washables	
are being considered refer to points below (Grade 
of Recommendation B ).

•		Freedom	 from	 leakage:	 Where	 possible,	 interna-
tional standard laboratory tests should be used to 
rank	 the	 likely	 leakage	 performance	 of	 different	
pads	 for	 heavy	 and	 light	 incontinence	 (Grade	 of	
Recommendation	B).	In	general,	diapers	should	be	
selected	in	preference	to	inserts	to	minimise	leak-
age (Grade of Recommendation B ).	

•		Carer	application:	When	products	are	applied	by	a	
carer to a patient who can stand for pad changing, 
disposable	inserts	or	pull-ups	are	easier	and	quicker	
to	change	than	diapers	or	T-shaped	diapers.	If	the	
patient	is	lying	down	(e.g.	at	night)	pull-ups	should	
be avoided (Grade of Recommendation B ).	

•		Combinations	 of	 designs	 for	 different	 situations	
(e.g.	 disposable	 inserts	 for	 staying	 in,	 disposable	
pull-ups for going out, washable diapers at night) 
are	likely	to	provide	optimum	management	in	terms	
of patient needs and cost-effectiveness (Grade of 
Recommendation B ).

•		See	also	the	general	recommendations	relating	to	
pad	 selection	 in	 Section	 VI.12	 and	 recommenda-
tions	speciic	to	washable	pads	in	Section	VI.13.	

e) Research priorities

•		Comparison	of	absorbent	products	(disposable	and	
washable) when used by carer-dependent users in 
the	community.

•		Development	of	more	effective	and	aesthetically	ac-
ceptable washable products, particularly for night-
time	use	and	for	women.

•		Development	of	more	effective	and	acceptable	dis-
posable	designs	speciically	for	men.

8. DISPOSABLE UNDERPADS

There	have	been	no	published	studies	examining	the	
use	of	bedpads	during	the	last	15	years.	This	prob-
ably	 relects	 the	 recognition	 of	 their	 limited	 role	 in	
long-term	management	of	 incontinence.	Disposable	
underpads on chairs declare their user to be inconti-
nent and require clothes to be pulled up (or absent) 
which	is	unacceptable	for	dignity.	In	the	bed	dispos-
able underpads easily become displaced, folded and 
creased under the patient which inhibits their perfor-
mance and comfort, and may potentially be a threat 
to	 skin	 health.	 Large	 disposable	 underpads	 with	
wings	 to	 tuck	 into	 the	bed	may	have	a	 role	as	bed	
protection	‘back-up’	to	bodyworn	pads.	The	main	role	
of	disposable	underpads	should	be	conined	to	tem-
porary bed or chair protection such as during clinical 
procedures	(e.g.	enemas)	or	when	using	a	urinal.	

Published	 trials	 comparing	 different	 disposable	
bedpads are few [77] [78] [22] and it is not pos-
sible	 to	 draw	 irm	 conclusions	 from	 them	 on	 the	
effectiveness of different product design features 
and	materials.	 Some	useful	work	 has	 been	 done	
to	 highlight	 the	 risks	 of	 infection	 from	disposable	
bedpads and to validate clinically some laboratory 
tests to assist with product selection by predicting 
pad	leakage	performance.	

Bedpads are generally supplied as non-sterile items 
and	Bradbury	[79]	has	drawn	attention	to	the	risk	of	
infection, particularly from products containing re-
cycled	 paper.	 Leigh	 and	 Petch	 [80]	 and	 Sprott	 et	
al.	 [81]	have	conducted	microbiological	 tests	on	a	
range	of	 products.	Both	 studies	 identiied	 low	 lev-
els of bacterial contamination but concluded that 
the	 risk	 to	 patients	was	minimal	 unless	 they	were	
immunocompromised	 in	 some	way.	More	 recently,	
Stansield	and	Caudle	[82]	reported	an	outbreak	of	
wound colonization on a surgical orthopaedic hos-
pital ward which they attributed to the use of dispos-
able	underpads	containing	virgin	wood	pulp.

Due	to	 the	paucity	of	published	clinical	data	many	
technical tests have been devised to evaluate prod-
ucts	in	the	laboratory.	The	only	tests	with	published	
clinical	validations	are	described	by	Cottenden	et	al.	
[74] who subjected six different bedpads to a vari-
ety of laboratory tests and to a multi-centre clinical 
evaluation in which 95 incontinent subjects tested 
each	product	 in	 turn	 for	 a	week,	 in	 random	order.	
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Figure VI-18: Designs of pads for adults with moderate-heavy urinary incontinence. For deinitions of light 
HEAVY and heavy HEAVY, see Section VI.4. (Grade of recommendation in brackets)
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A	combination	of	two	laboratory	tests	(one	to	mea-
sure the absorption capacity and the other the ab-
sorption time of bedpads) gave a strong correlation 
with	the	percentage	of	subjects	inding	the	leakage	
performance of a product acceptable when used 
as	their	sole	protection	(r	=	0.94)	and	predicted	the	
acceptability scores of all six products accurate to 
within	±	eight	percentage	points.	A	different	absorp-
tion capacity test produced a strong correlation for 
the	leakage	performance	of	bedpads	used	as	back-
up	 to	 bodyworn	products	 (r	 =	 0.96)	 and	predicted	
the acceptability scores of all six products to within 
±	ive	percentage	points.	

a) Summary

No robust data are available on the effectiveness 
of current disposable bedpads or of their various 
design	features	or	constituent	materials.	There	is	a	
risk	of	 infection	from	bedpads	made	from	recycled	
paper for immunocompromised users (Level of 
evidence 2 ).	The	leakage	performance	of	bedpads	
(used	alone	or	as	back	up	to	bodyworn	pads)	can	be	
predicted with reasonable precision using clinically-
validated laboratory tests (Level of Evidence 2 ).

b) Recommendations

•		Disposable	 underpads	 should	 not	 be	 used	 for	
long-term management of incontinence, but have 
a useful role as temporary protection for chairs 
and beds during clinical procedures (Grade of 
Recommendation C ).	

•		Immunocompromised	people	should	not	use	bed-
pads made from recycled paper because of the 
risk	of	infection	(Grade of Recommendation B ).	

•		Where	 possible,	 clinically-validated	 laboratory	 tests	
should	be	used	to	rank	the	likely	leakage	performance	
of different products (Grade of Recommendation B ).

c) Research priorities

Disposable	 underpads	 have	 a	 limited	 role	 in	 con-
tinence	 management	 but	 are	 known	 to	 be	 widely	
used.	An	exploration	of	patient	views	regarding	their	
use	may	help	demonstrate	their	limitations.

9. WASHABLE UNDERPADS

Aspects	of	assessment	that	are	particularly	important	
regarding washable underpads are patient accept-
ability and preference, particularly with regard to will-
ingness	 to	be	naked	below	the	waist	 (if	sole	use	 in-
tended)	and	availability	of	laundry	and	drying	facilities.

Cottenden	 [83]	 has	 reviewed	 comparative	 evalu-
ations of different washable bedpads up to about 
1990.	 Leiby	 and	 Shanahan[84]	 have	 since	 pub-
lished	 a	 study.	 Some	 evaluations	 have	 found	 sig-
niicant	 differences	 between	 products	 relating,	 for	
example,	 to	 leakage	 performance	 and	 impact	 on	
skin	 health	 but	 none	 of	 the	 products	 evaluated	 is	
still	available	in	the	variant	tested.	In	addition,	com-

pared products always differed from one another in 
many	respects	making	it	impossible	to	draw	reliable	
generic conclusions relating to the products now 
available.	However,	the	choice	of	topsheet	material	
and	the	presence	or	absence	of	features	like	tuck-
in	 laps	 and	 integral	 water-prooing	 appear	 to	 be,	
primarily,	matters	of	personal	preference.

In	institutional	settings	washable	bedpads	are	com-
monly used by multiple patients and questions are 
often	 asked	 about	 the	 risk	 of	 cross-infection.	Cot-
tenden	et	al.	[85]	assessed	the	risk	by	determining	
the	microbial	content	of	145	bedpads	of	ive	differ-
ent designs after a night’s use by incontinent adults, 
followed by laundering using a standard foul wash 
procedure which included heat disinfection at 71oC	
for	 three	minutes.	Laundering	destroyed	all	known	
pathogenic organisms, although some commensal 
lora	 were	 isolated	 in	 small	 numbers.	 It	 was	 con-
cluded that foul wash laundry had left bedpads safe 
for	multiple	patient	reuse	with	no	demonstrable	risk	
of	cross-infection.

a) Summary

The	 literature	 contains	 insuficient	 robust	 data	 on	
which to base guidelines for choosing between 
washable	bedpads.	Choice	of	topsheet	material	and	
the	presence/absence	of	design	features	like	tuck-
in	 laps	 and	 integral/separate	 water-proof	 backing	
appear to be, primarily, matters of personal prefer-
ence (Level of evidence 3 ).	Provided	an	approved	
foul	wash	procedure	is	used,	the	risk	of	cross-infec-
tion between different users of a bedpads is very 
low (Level of Evidence 2 ).	

b) Recommendations

•		If	considering	using	washable	underpads	for	sole	
use (ie without a bodyworn product) the patient will 
need	 to	 be	 naked	 below	 the	 waist.	 Patient	 con-
sultation and approval will therefore be needed 
(Grade of Recommendation C ).	

•		Personal	preferences	of	users	with	 regard	 to	 top-
sheet	material,	tuck-in	laps	and	integral	waterproof	
backing	 should	 be	 considered	 in	 making	 product	
selections (Grade of Recommendation C ).	

•		Provided	an	adequate	foul	laundry	wash	cycle	is	used,	
the	risk	of	cross-infection	between	successive	users	of	
washable bedpads is low and not a contra-indication 
for their use (Grade of Recommendation B ).

c) Research priorities

•		Comparison	 of	 washable	 underpads	 with	 body-
worn	products	when	used	at	night.

10.  ABSORBENT PADS FOR CHILDREN WITH 
URINARY AND / OR FAECAL INCONTINENCE

Most	 children	 are	 expected	 to	 achieve	 daytime	
dryness	 by	 the	 age	 of	 three	 [86].	 However,	 some	
children	take	longer	to	become	dry	and	some	(e.g. 
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children with learning and physical disabilities) may 
never	 reach	 this	 goal.	 These	 children	 usually	 re-
quire	absorbent	products	to	contain	leakage.	

Aspects	of	assessment	 that	are	particularly	 impor-
tant regarding bodyworn products for children are 
presence of faecal incontinence, day / night inconti-
nence, level of independence with toileting, and use 
of	aids	(e.g.	callipers).

To	 date	 there	 has	 been	 only	 one	 study	 of	 absor-
bent products for children and this has compared 
the diaper design with the newer pull-up design 
[87].	Sixty-one children with physical and / or learn-
ing	disabilities	 tested	ive	diaper	products	and	ive	
pull-up products, each testing each product for one 
week.	The	children	were	randomised	to	receive	ei-
ther	the	pull-up	or	diaper	group	irst	and	individual	
products were tested in random order within each 
design	 arm.	 Parents	 completed	 a	 product	 perfor-
mance	 questionnaire	 and	 a	 pad	 leakage	 diary	 to	
record	wet	weights	and	severity	of	leakage.	Parents	
were	asked	to	state	their	preference	for	a	design	for	
day	and	night	use.	

Findings	 indicated	 that	 generally,	 the	 diaper	 prod-
ucts performed similarly to each other and so did 
the pull-up products, although there were some sta-
tistically	 signiicant	 differences	 between	 products	
within	each	of	 the	 two	design	groups.	Overall	dia-
pers were preferred for night-time use by the major-
ity	of	parents.	By	contrast,	40%	of	parents	preferred	
pull-ups for daytime use and these were found to be 
particularly appropriate for older children and those 
who were attempting independent toileting, provid-
ed they did not have faecal incontinence and did not 
wear	 callipers	 or	 adapted	 footwear.	 Diapers	 were	
more suitable for children who were dependent on 
carers and / or had faecal incontinence, and wore 
callipers	or	adapted	 footwear.	The	authors	 recom-
mended that both diapers and pull-ups should be 
supplied for children, with pull-ups (which are about 
50%	more	expensive	than	diapers)	being	provided	
for	selected	children	during	the	daytime.

a) Summary and recommendations

Diapers	 and	pull-ups	meet	 different	 needs	of	 chil-
dren and both should be made available to children 
with disabilities, dependent on assessment (Level 
of Evidence 3 / Grade of Recommendation C) .

b) Research priorities

Comparison	 of	 washable	 and	 disposable	 body-
worn	products.

11. PADS FOR FAECAL INCONTINENCE

Most	 absorbent	 products	 are	 designed	 for	 urinary	
incontinence.	 No	 studies	 comparing	 available	 ab-
sorbent products for faecal incontinence were 
found.	Bliss	et	al.	[88]	reported	preliminary	indings	
of a survey of the use and evaluation and suggest-
ed	 modiications	 of	 absorbent	 products	 for	 faecal	

incontinence by 188 community-living persons with 
the	problem.	Forty-ive	percent	of	persons	used	an	
absorbent	 product	 for	 FI.	 Ninety-eight	 percent	 of	
those	with	UI	and	FI	used	 the	same	 type	of	prod-
uct	 for	 both.	 Suggested	 improvements	 in	 product	
designs	 included	 having	 better	 odour	 control,	 it,	
and ability to stay in place; a clearer distinction 
between	 the	 front	and	back	of	a	pantiliner	or	pad;	
adding	wings	 for	 greater	 absorbency;	 and	making	
them	lushable,	cooler	 feeling,	wider	and	 longer	 in	
the	 rear	 and	 more	 absorbent	 but	 less	 bulky.	 For	
mild faecal incontinence, especially when faeces 
remain	between	the	buttocks	without	soiling	under-
wear, persons have used a small disposable gauze 
surgical	dressing	placed	between	the	buttocks.	This	
product was more acceptable than a pantiliner or 
pad to some men [88] (Level of Evidence 2 ).

a) Recommendations

•		A	disposable	gauze	dressing	that	can	be	placed	
between	 the	 buttocks	 maybe	 acceptable	 for	
men	 with	 light	 faecal	 incontinence	 (Level	 of	
Recommendation	C).

b) Research priorities

•	Better	designs	of	products	are	needed	for	light	and	
moderate	FI	(with	and	without	UI).

12.  GENERAL RECOMMENDATIONS ON PAD 
SELECTION

•			Individuality:	 No	 study	 has	 ever	 identiied	 one	
product	that	worked	best	for	all	testers:	needs	and	
priorities	 vary.	Accordingly,	 users	 are	 advised	 to	
try a variety of products when possible (Grade of 
Recommendation B ).

•		Brand differences:	The	individual	product	brands	with-
in a design group often exhibit a wide range of perfor-
mance and acceptability for individuals, and it cannot 
therefore be assumed that pads of different brands 
but broadly similar design will be equally acceptable 
or effective (Grade of Recommendation B ).

•		Combinations of designs:	Absorbent	products	vary	
greatly in price and performance and suitability for 
individual	needs.	Users	may	therefore	ind	combi-
nations	 of	 designs	 preferable	 and	 cost-effective.	
For	 example,	 women	 might	 use	 pull-ups	 (expen-
sive,	but	discreet	and	good	 for	 leakage)	 for	going	
out,	and	inserts	(cheap,	less	good	for	leakage)	for	
staying	at	home.	Men	might	use	disposable	diapers	
for daytime, and washable terry-towelling products 
for night-time (Grade of Recommendation B ).

•		Freedom from leakage:	In	general,	pads	contain-
ing superabsorber should be selected in prefer-
ence to those without (Grade of Recommen -
dation B ).	 Nobody	 wants	 their	 pad	 to	 leak	 but	
compromises have to be made: the pad needed 
to contain a person’s most severe accident may 
be	substantially	more	bulky	and	expensive	than	is	
needed	most	of	the	time.	Some	users	choose	to	
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tolerate	a	higher	risk	of	pad	leakage	in	exchange	
for being able to use cheaper, smaller (more dis-
crete)	pads.	The	balance	of	priorities	for	a	given	
user	 should	 be	 investigated	 in	 making	 product	
selections (Grade of Recommendation C ).

•		Comfort and skin health:	 In	general,	pads	contain-
ing superabsorber should be selected in preference 
to	 those	 without	 (Grade	 of	 Recommendation	 B).	
Shaped	pads	should	usually	be	selected	 in	prefer-
ence to unshaped (Grade of Recommendation C ).

•		Staying in place: No product is effective if it slips 
from	position.	 Inserts	should	be	used	with	pants,	
preferably	 mesh	 pants	 (Grade	 of	 Recommenda-
tion	B).	Robust,	stretch	(e.g.	cotton	/	 lycra)	pants	
may	also	help	to	provide	a	snug	it	and	minimise	
leakage.	Shaped	pads	are	preferable	to	rectangu-
lar (Grade of Recommendation C ).

•		Ease of putting on and taking off:	The	ease	of	put-
ting	pads	on	and	taking	them	off	should	be	consid-
ered, especially for caregivers and for incontinent 
users with reduced mobility or dexterity (Grade of 
Recommendation C ).	

•		Aesthetics and discretion:	A	possible	preference	for	
small, more discrete pads (even if they are more 
likely	to	leak)	should	be	considered,	especially	for	
those	wishing	to	wear	close	itting	clothing	(Grade 
of Recommendation C ).	The	possibility	of	plastic	
backing	materials	 rustling	 noisily	 should	 be	 con-
sidered (Grade of Recommendation C ).

•	 Independence and lifestyle:	 The	 ability	 of	 a	 user	
to change his / her own pad should be consid-
ered (Grade of Recommendation C ): those able 
to change their own pad can often manage with a 
smaller (less absorbent) one than those reliant on a 
caregiver.	Users	who	travel	should	consider	in	their	
choice of product(s) the practicalities of carrying a 
supply of pads, disposing of used ones, and dealing 
with laundry (Grade of Recommendation C ).

•		Costs:	 Cost	 issues	 should	 be	 approached	 with	
caution (Grade of Recommendation C ).	 Ex-
pensive	pads	do	not	necessarily	work	better	than	
cheaper	 ones.	Cheaper	 pads	 do	 not	 necessarily	
save	 money.	 If	 pads	 leak	 more	 they	 may	 have	
to be changed more frequently and / or lead to 
higher	laundry	costs.	More	pad	changes	will	mean	
increased	caregiver	workload.	However,	more	ab-
sorbent pads will not necessarily reduce pad con-
sumption rates: pads are often changed according 
to	ward	or	personal	routine.	

13.  RECOMMENDATIONS RELATING TO 
WASHABLE PADS

•		Laundry	 issues:	 Access	 to	 good,	 reliable	 wash-
ing	and	drying	 facilities	should	be	checked	before	
washable	products	are	 introduced	(Grade	of	Rec-
ommendation	B).	Laundry	–	especially	of	bedpads	
–	can	be	heavy	work,	beyond	the	capability	of	frail	

incontinent	people	or	their	caregivers.	The	number	
of washable products needed per user depends on 
laundry	 turn-around	 times.	Drying	 times	 for	wash-
ables can be long and expensive, especially for 
bodyworns	for	heavy	incontinence	and	for	bedpads.

•		Personal preferences:	Personal	preferences	(of	
both users and caregivers) with regard to choos-
ing between washable and disposable products 
should	 be	 taken	 into	 account	 carefully	 (Grade 
of Recommendation C ).	Some	users	prefer	the	
chore of laundering washables to anxiety over 
whether their next consignment of disposables 
will	 be	 delivered	on	 time.	Washables	 generally	
require	 less	 storage	 space	 than	 disposables.	
Discreet	disposal	of	disposables	can	be	a	chal-
lenge.	The	possibility	of	using	a	mix	of	dispos-
able and washable products should be consid-
ered (Grade of Recommendation C ).	 Some	
users who choose disposables when at home 
prefer washables when travelling because of the 
space that disposables occupy in luggage and 
the	possible	 inconvenience	of	 disposal.	Others	
use washables at home and disposables when 
away as they see the balance of disadvantages 
and	advantages	differently.	

•	 Personalisation of products:	 In	 institutions,	 the	
chore of personalizing washable products and 
sorting them after each laundry cycle should be 
considered before they are introduced (Grade 
of Recommendation C ).	 Washable	 bodyworns	
are	 often	 personalised	 to	 particular	 users.	 In	 in-
stitutions	this	means	marking	products	with	users’	
names and sorting them after laundry, an extra 
task	 for	 caregivers.	 Washable	 bedpads	 are	 not	
usually	personalised.	

•		Staining:	Washable	products	should	not	usually	be	
used by those with faecal incontinence – beyond 
occasional light smearing – because of staining 
(Grade of Recommendation C ).	Skin	sprays	and	
ointments	may	stain	washables	too.

•	 Costs:	Cost	comparisons	between	washable	and	
disposable products should be made with cau-
tion (Grade of Recommendation C ).	 Key	 fac-
tors are: local arrangements (mostly laundry and 
transport costs); the durability of the products 
(which depends on how carefully they are used 
and the criteria for deciding when they should be 
replaced); the costs of ordering, transporting and 
disposing of disposables; and product purchase 
costs.	Much	of	the	cost	of	washables	is	encoun-
tered	with	the	initial	capital	outlay	for	stock.	This	
also represents a commitment to use the prod-
ucts for an extended period and so expensive 
mistakes	can	be	made	if	it	transpires	that	a	better	
product	was	 /	has	become	available.	 It	will	usu-
ally be wise to experiment with samples of a va-
riety of alternative products before committing to 
major	purchases.
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Close-itting	penile	sheaths	(sometimes	called	con-
dom catheters, uridomes or external catheters) are 
commonly used male incontinence devices and 
they are used in combination with a urine drainage 
bag.	 They	 are	 suitable	 for	males	 who	 are	 experi-
encing moderate to heavy urine loss, or have lim-
ited mobility and are experiencing frequency and 
urgency and may even be considered in combina-
tion	with	 intermittent	catheterisation	 (IC)	 for	males	
who	are	leaking	urine	as	a	consequence	of	bladder	
emptying	 problems.	 Sheaths	 may	 not	 be	 suitable	
for males who are experiencing confusion, consid-
ered psychologically vulnerable or have decreased 
sensation	through	spinal	cord	injury	[89],	[90],	[91]).	
There	 is	strong	opinion	expressed	 in	 the	 literature	
that suggests assessment, selection and use of pe-
nile sheaths and the accompanying urine drainage 
systems	needs	to	be	undertaken	with	the	guidance,	
education and monitoring of health professionals 
who	have	a	knowledge	of	continence	products.	Fail-
ure to do so, according to this expert opinion [[90], 
[92], [91]], may result in serious penile trauma, im-
paired	penile	skin	integrity	and	leakageof	urine.

General	guidelines	on	patient	assessment	for	prod-
uct	selection	are	discussed	in	Section	II.	Aspects	of	
assessment that are particularly important in rela-
tion to sheaths include: physical, mental, cultural, 
gender	 and	 socio-economic	 factors.	 This	 incorpo-
rates assessment of the cognitive and dexterous 
ability of the male or carer to apply the sheath and 
empty the drainage bag, the integrity of the penile 
skin,	 length	 and	 circumference	 of	 the	 penis	 and	
whether it is retracted, or retracts on sitting or bend-
ing down, history of latex or adhesive allergy and, 
most importantly, recognition that the assessment 
from	 the	health	professional	needs	 to	be	ongoing.	
It	 is	also	 important	 to	assess	factors	known	to	en-
courage	or	discourage	sheath	usage.	Expert	opin-
ion [[93], [90], [94]] suggests factors that encour-
age usage include: level of reimbursement, cultural 
expectation, resonance with masculine image, and 
ability	to	keep	urine	off	the	skin	when	the	skin	integ-
rity	is	at	risk	because	of	incontinence.	Factors	which	
they suggest discourage usage include: ignorance 
of	product	eficacy	by	professionals	and	consumers	
and	embarrassment	between	carer	and	client.

An	 effective	 sheath	 is	 one	 that	 stays	 securely	 in	
place	for	an	acceptable	period	of	time,	is	leak-free,	
comfortable to wear, easy to apply and remove, 
avoids	skin	damage	and	channels	 the	urine	effec-
tively	into	a	urine	drainage	bag.

1. PRODUCT CATEGORIES AND FEATURES

Sheaths	come	with	a	variety	of	features	(Figure VII-
1) of which the following are the most important to 
consider	in	making	selections:

•		Material:	sheaths	may	be	made	from	latex,	silicone	
rubber	or	other	synthetic	polymers.	Some	men	will	
be	allergic	to	latex.

•		Size:	 most	 sheaths	 are	 supplied	 in	 a	 range	 of	
lengths	 and	 sizes.	Most	 companies	 supply	 them	
with diameters in the range of about 20 – 40 mm, 
in	5-10	mm	increments.	

•		Adhesive:	 the	 adhesive	 may	 be	 integral	 to	 the	
sheath (one-piece systems) or come as a sepa-
rate	strip	or	spray	(two-piece	systems).	Some	men	
will	be	allergic	to	some	adhesives.

•		Applicator:	some	sheaths	come	with	an	applicator	in-
tended	to	help	users	and	carers	to	put	the	sheath	on.

•		Anti-kinking	 /	 twisting	 features:	 some	 sheaths	
come with features intended to improve drainage 
by	reducing	kinking	and	twisting	at	the	distal	end,	
near	the	connection	to	the	drainage	bag	tube.

•		Anti-blow-off	 features:	 some	 sheaths	 come	 with	
features	 intended	 to	 reduce	 the	 likelihood	 of	 the	
sheath	blowing	off	at	high	urine	low	rates,	for	ex-
ample, at the beginning of a void (eg the distal end 
of	 the	 sheath	may	 be	 thickened	 and	 bulbous	 to	
stop	the	internal	walls	sticking	to	one	another	be-
tween	voids).	

•		Connection	 to	 the	 drainage	 bag:	 some	 sheaths	
come with features intended to increase the ease 
and security of connection to the drainage tube (eg 
a push ring or ridge at the end of the outlet tubing)

•		Retracted	penis	 features:	with	or	without	speciic	
features intended to accommodate a retracted pe-
nis	(eg	a	shorter	sheath	or	a	wider	adhesive	seal).

•		Durability:	 some	 sheaths	 are	 intended	 for	 use	 over	
a limited time period (eg 24 h) while other (generally, 
more	robust)	designs	are	intended	for	extended	wear.

•		Transparency:	 some	 sheaths	 are	 transparent	 al-
lowing	for	observation	of	the	condition	of	the	skin	
along	the	shaft	and	glans	of	the	penis.

2. QUALITY OF DATA

Some	controlled	comparative	evaluations	of	differ-
ent sheaths have been performed; one extensive 
market	survey	to	identify	the	needs	and	priorities	of	
sheath users; and two studies comparing sheaths 
with other product categories (versus indwelling 
urethral	catheter,	and	versus	absorbent	pads).	Oth-
er studies report on the problems encountered by 
various	groups	of	sheath	users.	

3. RESULTS

Although	 many	 men	 use	 sheaths	 successfully,	
problems	have	been	 reported	 in	 the	 literature.	 In	
a	 study	 on	 an	 unspeciied	 number	 of	 spinal	 cord	
injured	men,	Golji	[95]	found	that	15%	experienced	
side	effects	or	complications	when	using	sheaths.	
These	 were	 irritative,	 allergic	 or	 compressive	 in	

 VII. SHEATHS
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nature.	 Jayachandran	 et	 al.	 [96]	 reported	 similar	
experiences with six incontinent men of widely 
varying aetiology and highlighted the importance 
of ensuring that the sheath does not become twist-
ed near the distal end to avoid stagnation of urine 
and	the	risk	of	UTI.	They	also	stressed	the	impor-
tance of good genital hygiene to avoid problems 
with	infections.	In	a	study	of	94	men	on	medical	/	
surgical	wards,	Hirsh	et	al.	[97]	found	that	none	of	
the 79 who were judged as co-operative and able 
to	manage	 their	 sheaths	 properly	 developed	UTI	
(mean	period	of	use,	21.2	days).	By	contrast,	eight	
of	15	patients	who	tended	to	tug	and	kink	the	drain-
age	 tube	attached	 to	 their	 sheath	 developed	UTI	
within	a	mean	of	9.6	days.	In	a	retrospective	study,	
Johnson	et	al.	[98]	compared	the	frequency	of	UTI	
in users (mean period of use, 35 months) and non-
users of sheaths amongst 64 elderly men on an 
extended	 care	 unit.	 He	 found	 that	 63%	 of	 users	
but	only	14%	of	non-users	developed	UTI.	No	dif-
ference was found between men who did and did 
not	tug	and	kink	their	tubing.	Ouslander	et	al.	[99]	
reported	that	40%	of	30	nursing	home	sheath	us-
ers	(mean	period	of	use,	35.9	months)	developed	
at	least	one	UTI.	The	need	for	proper	itting	of	the	
sheath	 and	 regular	 monitoring	 of	 the	 skin	 integ-
rity of the penile shaft, glans penis and prepuce 
of males who are regular sheath users has been 
highlighted in two articles that report a combined 

total	 of	 eight	 cases	 of	 ibropithelial	 polyps	 of	 the	
glans penis and prepuce of which six had a history 
of	long	term	sheath	use	[92]	[100].

A	trial	to	compare	sheaths	and	indwelling	catheters	
in	 terms	of	 infection,	 risk	 and	patient	 satisfaction	
has	been	 reported	by	Saint	 et	 al	 [101].	This	was	
a prospective, randomised, unblinded, controlled 
trial which compared one type of sheath drainage 
with one type of indwelling urethral catheter using 
a small group of participants (N=75) across sev-
eral	locations	in	one	hospital.	There	are	important	
limitations of the study, including the low numbers 
drawn	 from	a	speciic	population,	and	 the	 lack	of	
comment on the changing / care routines associ-
ated	with	the	sheaths	and	catheters.	After	making	
adjustments	 for	age,	mental	score,	history	of	UTI	
and history of catheterisation the conclusions of 
the study were that for males without dementia the 
use of sheaths has the potential to reduce infection 
compared to indwelling catheters and is more ac-
ceptable	to	patients	 in	terms	of	comfort	and	pain.	
For	males	with	dementia	no	signiicant	difference	
in	infection	rates	was	found.

There	has	also	been	a	cross-over	trial	[47]	compar-
ing sheaths with absorbent pads when used by men 
with	moderate	to	severe	UI	(N=61).	Products	were	
used	 for	 two	 weeks	 each	 and	 the	 Kings	 Health	

Figure VII-1: A variety of sheaths (top left and bottom right), a sheath applicator (top right) and an external 
ixation strip (bottom left).
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Questionnaire was used as the primary outcome 
measure.	 Scores	 for	 the	 sheath	 system	were	 sig-
niicantly	better	than	for	the	pads	on	most	domains	
and the number of men preferring sheaths was sig-
niicantly	higher	than	for	pads.	

Nichols and Balis [102] reported the results of a sur-
vey	undertaken	for	marketing	purposes	of	an	interna-
tional cohort of 216 men who had used sheaths for at 
least	three	years,	and	their	carers.	Their	responses	
to 19 brands of sheath were gathered using a ques-
tionnaire	 in	 the	 form	of	a	Likert	scale.	 It	was	 found	
that catheter security (presumed to mean staying in 
place	and	freedom	from	leakage)	was	the	most	im-
portant issue for both wearers and carers, followed 
by	comfort	and	ease	of	application	and	removal.

There	have	been	a	number	of	comparative	evalua-
tions	of	different	sheaths.	Peifer	and	Hanover	[103]
reported on an evaluation in which 20 men compared 
a new branded sheath system that consisted of three 
ed parts: a tubular sheath impervious to urine with 
a drainage tube connection at one end and a ring 
at the other; an undergarment with a frontal opening 
through	which	the	penis	is	extended;	and	a	ring-like	
collar	which	 is	 used	 to	 keep	 the	 sheath	 and	 penis	
in the correct position, with the variety of external 
sheaths	they	had	previously	been	using.	The	partici-
pants	were	a	convenience	sample	identiied	through	
pharmacy	medication	iles.	 In	all,	32	men	were	ap-
proached and 20 consented, all experienced users 
of	 urinary	 sheaths.	A	 questionnaire	was	 developed	
to	test	the	participants	pre	and	post	intervention.	The	
new	sheath	–	which	was	used	 for	a	week	-	proved	
more popular with the participants: it was judged 
to provide superior security (13/20 experienced in-
creased dryness by day; 10/20 by night), and con-
sidered	easier	to	apply	(19/20)	and	remove	(20/20).	

In	 a	 multi-centre	 study	 involving	 35	 men	 (age	
range 22-87y; mean age, 54y; 34 living in their own 
homes),	the	UK	Medical	Devices	Agency	[104]	com-
pared four latex sheaths: two with integral adhesive; 
and two in which the adhesive was supplied as a 
separate	 strip.	 They	 found	 the	 products	with	 inte-
gral adhesive to be more successful in both overall 
performance	and	ease	of	 application.	Fader	 et	 al.	
[21] conducted a multi-centre study to compare all 
six	sheaths	with	 integral	adhesive	on	 the	UK	mar-
ket	 in	1998.	Five	were	made	 from	 latex,	one	 from	
silicone	rubber.	Four	were	supplied	with	an	applica-
tor,	two	without.	Fifty-eight	men	(age	range	26-88y;	
mean age 53y) were given the opportunity to try 
each	sheath	in	turn	for	one	week.	The	silicone	rub-
ber	sheath	was	found	to	be	signiicantly	better	than	
four of the other sheaths in overall performance 
(p<0.01).	 The	 ease	with	which	 a	 sheath	 could	 be	
put on was found to be the best predictor of overall 
performance.	Surprisingly,	sheaths	with	an	applica-
tor	were	found	to	be	unacceptable	to	a	signiicantly	
higher proportion of subjects than sheaths without 
an	 applicator	 (p<0.0001).	 Subjects	 found	 that	 the 

silicone	 sheath	 fell	 off	 /	 blew	 off	 signiicantly	 less	
frequently	than	two	of	the	other	products	(p<0.01).	

Pemberton	et	al	[94]	report	a	randomised	prospec-
tive open crossover design trial to test user prefer-
ence for an established one-piece silicone rubber 
self-adhesive sheath with a new one-piece silicone 
rubber self-adhesive sheath in a study sponsored 
by	 the	distributor	of	both	products.	To	be	 included	
the males had to be currently using at least one, 
one-piece	urinary	sheath,	per	day.	Fifty	three	males	
from seven centres participated in the trial and were 
each	given	10	sheaths	of	each	product.	Data	from	
the 44 participants who had evaluated at least three 
of	each	product	were	analysed.	No	reason	was	giv-
en	for	why	nine	males	did	not	complete	the	trial.	The	
data shows that there were some problems with 
both	products,	however,	it	 is	dificult	to	understand	
why the new product was preferred, as the report 
does not mention any differences in the features of 
the	two	products.

Watson	 &	 Kuhn	 [105]	 describe	 a	 crossover	 study	
with six male participants that found the choice of 
leg	bags	may	 inluence	 the	performance	of	 penile	
sheaths.	 Goldyn,	 Buck	 and	 Chenelly	 [106]	 con-
ducted an exploratory study on 10 patients in an 
extended	 care	 hospital	 to	 consider	 the	 eficacy	 of	
a brand name external sheath and a hospital con-
structed	sheath.	The	brand	name	sheath	was	found	
to be more secure and the preferred nursing choice 
but it was recognised that the hospital-constructed 
sheath	was	useful	for	patients	with	fragile	skin	and	
limited	mobility.	A	study	by	Saint	et	al.	[107]	provid-
ed further evidence (although low level) to support 
the importance of security and comfort to sheath 
users.	 Using	 questionnaires,	 they	 interviewed	 a	
convenience sample of 104 older men (response 
rate	=	90%)	and	surveyed	99	nurses	(response	rate	
=	 92%)	 about	 the	 relative	merits	 and	 problems	 of	
sheaths	and	indwelling	catheters.	The	study	popu-
lation	was	drawn	 from	a	university-afiliated	Veter-
ans	Affairs	Medical	Centre	in	the	USA.	The	patients	
using	the	sheaths	were	more	likely	to	believe	their	
product	was	comfortable	(p	=	0.04)	and	less	likely	to	
believe	it	was	restrictive	(p	=	0.002)	or	painful	(p	=	
0.008)	than	those	using	an	indwelling	catheter.	This	
viewpoint was supported by the nurses surveyed, 
the majority of whom (no numbers given) believed 
that sheaths were more comfortable and less re-
strictive than indwelling urinary catheters for male 
users, but required more care time because they 
fell	off	or	leaked.

4. SUMMARY

For	incontinent	males,	sheath	drainage	can	provide	
a	good	alternative	to	pads.	However,	 the	 increased	
risk	for	complications	such	as	local	skin	breakdown,	
bacteriuria and infection - especially in the frail con-
fused elderly male – should be borne in mind (Level 
of Evidence 2 ).	Also,	there	is	the	risk	of	urinary	re-
tention if the condom twists or the external band is 
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too tight, leading to poor drainage to the urine bag 
(Level of Evidence 3 ).	Sheaths	with	integral	adhe-
sive are more popular with users and easier to apply 
than those with separate adhesive strip (Level of ev -
idence 2/3 ).	Secure	ixation	and	the	ease	with	which	
a sheath can be put on are the best indicators of its 
overall performance (Level of Evidence 2 ).	Sheath	
applicators are often ineffective and unpopular (Lev-
el of Evidence 2 ).	There	can	be	considerable	differ-
ences in performance between products with some-
what similar designs (Level of Evidence 2 ).

5.  GENERAL POINTS FROM THE LITERA -
TURE, INCLUDING EXPERT OPINION

•		Prior	 to	applying	 the	sheath,	ensure	any	 remain-
ing adhesive or barrier cream is removed from the 
penis and that it is thoroughly washed with soap 
and	water	and	thoroughly	dried.	

•		Trim	long	pubic	hairs	to	prevent	them	being	caught	
up	in	the	adhesive.	

•		Protective	skin	wipes	can	be	used	 to	protect	 the	
skin,	but	make	sure	the	skin	has	dried	properly	be-
fore	applying	the	sheath.

•		Leave	a	gap	at	the	end	of	the	sheath	between	the	
glans penis and the drainage tube to avoid trauma 
to	 the	 glans	 /	 prepuce.	However,	make	 sure	 the	
gap	 is	not	 too	 large	such	as	 to	 cause	kinking	or	
twisting	of	the	sheath	[108].

•		After	the	sheath	has	been	applied,	snip	any	rein-
forced ring or unrolled section of sheath sitting at 
the	bottom	of	the	shaft	of	the	penis.	

•		Penile	sheath	removal	should	not	be	rushed	and	
is made easier by gently rolling it off while bathing 
the	penis	in	warm	soapy	water.

6. RECOMMENDATIONS

•		Since	 there	 can	 be	 considerable	 differences	 in	
performance between products of similar design, 
men should be given the opportunity to experi-
ment	with	different	products	before	making	a	inal	
selection (Grade of Recommendation B ).

•		The	key	performance	characteristics	which	should	
be considered in selecting products are: security 
(ie	 ability	 to	 keep	 a	 leak-proof	 seal	 and	 channel	
urine	 to	 the	 drainage	 bag	 without	 leakage)	 and	
ease	 of	 putting	 the	 sheath	 on	 and	 taking	 it	 off	
(Grade of Recommendation B ).

•		In	 general,	 sheaths	 with	 integral	 adhesive	
(one-piece systems) should be selected rather 
than those in which the adhesive is supplied 
separately (two-piece systems) (Grade of 
Recommendation C ).

•		It	should	not	be	assumed	that	a	sheath	applicator	
will	make	sheath	application	easier:	often	 it	does	
not (Grade of Recommendation B ).

•		Potential	 sheath	 users	 should	 be	 asked	 if	 they	
have an allergy history and regular users should be 
routinely	checked	as	their	latex	allergy	status	can	
change	over	time	and	with	continued	use.	(Some	
health settings are moving to reduce or eliminate 
latex usage whenever possible and some manu-
facturers have moved to offer non-latex sheaths) 
(Grade of Recommendation C ).

•		Sheath	users	should	be	monitored	for	skin	health,	tis-
sue	damage	and	UTI	(Grade of Recommendation C ).

•		When	possible	the	external	sheath	rather	than	indwell-
ing urethral catheter should be the urinary collection 
device	of	choice.	(Grade of recommendation B ).

7. PRIORITIES FOR RESEARCH

•		Although	 products	 are	 continually	 being	 devel-
oped, changed, withdrawn and released, compari-
son studies that are controlled and use multiple 
sites to achieve larger numbers are recommended 
to further evaluate the effectiveness of the variety 
of	sheaths	available.	

•		More	comparative	studies	of	the	risks	of	complica-
tions between the use of sheaths, pads and cath-
eters	are	required.

•		Since	 leg	 bag	 features	 may	 inluence	 the	 perfor-
mance of the sheath, further evaluation of design 
features	claimed	to	reduce	twisting	and	kinking	at	the	
drainage bag connection site and increase ease and 
security	of	connection	to	drainage	bags	is	required.	

•		Well	 designed	 studies	 to	 generate	 and	 validate	
procedures to help identify the type of sheath most 
likely	to	suit	an	individual	are	needed.

Urinary	drainage	bags	are	attached	 to	an	 indwelling	
catheter	 or	 penile	 sheath	 to	 collect	 and	 store	 urine.	
Features	 of	 effective	 drainage	 bag	 systems	 include	
ease of operation of all components (connectors, taps, 
and	support	devices),	comfort	and	discreetness.

General	guidelines	on	patient	assessment	for	prod-
uct	selection	are	discussed	in	Section	II.	Aspects	of	
assessment that are particularly important regard-
ing urine drainage bags are patient / carer dexter-
ity	 [90]	 [109],	and	eyesight.	Both	are	necessary	 to	
manage the urinary drainage bag system, including 
using	the	outlet	tap	to	empty	the	drainage	bag.	It	is	
also important to assess the patient’s preferred and 
usual mode of dress [90] [109]; for example, a male 
whose preferred mode of dress is shorts will want a 
drainage system that is not visible and allows easy 
access for emptying,

1. PRODUCT CATEGORIES AND FEATURES

Urine	drainage	bags	fall	into	two	major	categories:	

VIII. URINE DRAINAGE BAGS AND 
ACCESSORIES
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leg / body worn bags for day-time usage; and large 
capacity body-free bags for night-time use (night 
drainage bag) which are suspended from a stand 
or	bed	hook.	

Leg	 /	body	worn	bags	come	with	a	variety	of	 fea-
tures of which the following are the most important 
to	consider	in	making	selections:	

•		Volume:	most	bags	have	a	volume	in	the	range	of	
350-750	ml,	but	some	are	bigger.	

•		Material:	 most	 bags	 are	 made	 from	 transparent	
PVC	(polyvinyl	chloride)	but	PVDF	(polyvinylidene	
luoride,	less	noise	from	rustling),	polyethylene	or	
rubber	/	latex	may	be	used.

•		Sterility:	bags	may	or	may	not	be	supplied	sterile.

•		Wear	position:	bags	may	be	designed	for	wearing	
over	the	knee,	across	or	down	the	thigh,	down	the	
calf,	or	against	the	abdomen.

•		Attachment	 /	 suspension	 system:	most	 leg	 bags	
are attached to the leg with straps, which are usu-
ally made from latex or a (usually elasticated) fab-
ric.	A	variety	of	hooks,	loops,	buttons	/	button	holes	
and	Velcro	may	be	used	 to	secure	straps	and	 to	
attach	 bags	 to	 straps.	 Some	 bags	 are	 designed	
to	 be	 suspended	around	 the	waist.	Some	straps	
and suspension devices can be bought separately 
from bags, but they are generally not suitable for 
use with all bags (Figure VIII-1 ).

•		Connecting	tube:	bags	come	with	a	variety	of	con-
necting tube lengths (eg the length required for 
wearing a bag on the calf will be greater than that 
for	the	thigh).	With	some	products	the	tube	can	be	
cut	to	the	preferred	length.	

•		Drainage	tap:	Drainable	bags	come	with	a	variety	
of drainage tap designs (Figure VIII-2 ).

•		Sampling	 port:	 bags	 may	 or	 may	 not	 have	 a	
sampling	port	in	the	drainage	tubing	for	taking	
urine	specimens.

•		Comfort	 features:	some	bags	come	with	features	
intended to increase comfort – most commonly, a 
fabric	backing	against	the	skin	to	reduce	sweating.

•		Discretion	features:	some	bags	come	with	features	
intended to increase discretion – most commonly, 
internal	welds	between	the	front	and	back	faces	to	
reduce bulging and / or sounds caused by a large 
volume	of	liquid	moving	about	as	the	user	mobilises.

•		Anti-kinking	 /	 twisting	 features:	some	bags	come	
with features intended to improve drainage by re-
ducing	kinking	and	twisting	in	the	connecting	tube.

•		Infection	reduction	features:	some	bags	come	with	
features	intended	to	reduce	the	risk	of	infection	for	
the self-carer and cross-infection between bag us-
ers	by	care	givers.	Such	features	may	include;	a

non-return	 lap	 valve,	 designed	 to	 help	 reduce	 re-
lux	of	 urine	up	 the	 tubing	when	 the	bag	 is	moved	
by users or carers, a sampling port and / or a tap 
with an outlet sleeve which allows the overnight bag 
to	be	connected	to	the	body	worn	bag.	This	linkage	
provides a mechanism to maintain a closed catheter 
drainage	 system	 designed	 to	 minimise	 the	 risk	 of	
cross-infection by reducing the handling of the cath-
eter.	Having	connected	the	night	bag	to	the	leg	bag	
sleeve,	 the	 leg	 bag	 tap	 is	 opened	 and	 urine	 lows	
freely from the sheath or catheter through the leg bag 
into	the	night	drainage	bag.	Pre-sealed	drainage	sys-
tems	to	prevent	breaking	the	closed	system	are	also	
available,	and	these	could	be	beneicial	 in	reducing	
time	to	bacteriuria	[110].

Night drainage bags are usually held on a suspen-
sion	system	away	from	the	body.	They	may	be	con-
nected directly to the catheter or sheath or they may 
be connected to the drainage tap of the leg / body 
worn bag to avoid the need for repeated connec-
tions and disconnections with the catheter or sheath 
(Figure VIII-3 )	ie	a	closed-link	system.	They	usually	
have a capacity of 2000-4000 ml and come with a 
variety of design features many of which are similar 
to	 those	 for	 leg	 /	 body	worn	bags.	Night	 drainage	
bags	are	available	as	non-drainable	bags	(NDB)	i.e.	
without a tap for single use as well as with a vari-
ety	of	drainage	tap	designs	for	emptying	and	reuse.	
Glass	bottles	are	also	available	for	high	volume	or	
overnight	 urine	 drainage.	 It	 has	 been	 suggested	
that current standard drainage tubing / bag designs 
evacuate the bladder sub-optimally, leading to re-
tention	 of	 residual	 urine.	 Outlow	 obstruction	 can	
be	 caused	 by	 the	 development	 of	 air-locks	 in	 the	
dependent	 curls	 of	 tubing.	A	 new	 drainage	 tubing	
design which incorporates a coiled downward-spi-
ral-shaped	coniguration	has	been	reported	to	elimi-
nate	air-lock	obstruction	 [111]	 in	experimental	and	
clinical	 studies.	However	 the	 importance	of	 this	 in	
relation	to	infection	requires	further	study.

2. QUALITY OF DATA

Several	controlled	comparative	evaluations	of	urine	
drainage bags and suspension systems have been 
performed, as well as a small number of studies ad-
dressing	infection	and	cross-infection	issues	There	
are also two case-controlled studies which have in-
vestigated	the	purple	urinary	bag	syndrome.

3. RESULTS

a) Evaluations of urine drainage bags

A	 randomized	 cross-over	 design	 compared	 use	
of a standard latex drainage bag with a cloth cov-
ered bag in 42 men with post prostatectomy in-
continence	 [112].	 Each	 bag	was	 tested	 for	 about	
4-5 days, and complete data were provided by 30 
individuals.	People	with	known	 latex	allergy	were	
excluded.	 Measures	 included	 adapted	 question-
naires	 for	Leg	Bag	Evaluation	and	Skin	Health.	A	
statistically	signiicant	preference	was	found	for	the	
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Figure VIII-3: A night urine drainage bag on a stand.

cloth	covered	bag	with	a	main	effect	 (F=	36.614,	
df	=	1.28,	p<0.01)	as	well	 as	an	effect	 related	 to	
the	order	provided	 (F=	8.398,	df	=	1.28,	p<0.01).	
That	 is,	 those	who	used	 the	cloth	bag	irst	had	a	
stronger preference for it than those allocated to 
the	 latex	bag	irst.	The	cloth	backed	bag	seemed	
to have several positive features, including comfort 
under	the	bag	and	cloth	straps,	lexible	adjustable	
tubing, and taps that did not cause urine spillage 
on	ingers.	But	these	bags	had	a	tendency	to	slip	
down	and	pull	on	the	catheter.	Two	persons	using	
the	latex	bags	had	minor	skin	irritation,	one	a	rash	
related to the straps pulling on hairs on the leg 
and the other minor redness and swelling which 
resolved	within	24	hours.

Figure VIII-1: Body worn urine drainage bags held in place using leg straps (left) and a waist band suspen- 
sion system (right).

Figure VIII-2: A variety of urine drainage bag tap designs.
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Kennedy	 et	 al.	 [113]	 tested	 the	 performance	 of	
ten different drainage bags in a simulation study 
involving 40 subjects (mostly health-care staff) 
which	 focused	 particularly	 on	 taps.	 Significant	
differences	 (p<0.05)	 were	 found	 between	many	
pairs of bags with regard to each of the perfor-
mance aspects studied: ease of tap opening and 
closing, ability to empty the bag without urine 
wetting fingers; and how easy the tap mecha-
nism	 was	 to	 understand.	 Taps	 comprising	 caps	
or bungs were found to be particularly fiddly and 
messy	to	use.

In	a	study	which	 focused	primarily	on	 the	cross-
infection	 risks	 associated	 with	 leg	 bags,	 Wilson	
and	Coates	[114]	evaluated	four	leg	bags.	Each	of	
ten long-term catheterised patients was invited to 
try	each	bag	for	a	week	in	turn.	The	authors	con-
cluded that no one bag suited every patient; rath-
er,	each	was	liked	by	some	users.	The	popularity	
(or otherwise) of many features was a matter of 
personal	 preference.	 Adverse	 comments	 mostly	
related to the tap (difficult to operate, opened ac-
cidentally,	causing	leakage)	and	the	straps.

The	UK	Medical	Devices	Agency	[115]	evaluated	
all	14	sterile	500	ml	 leg	bags	on	 the	UK	market	
in 1995 in a multi-centre study involving 83 test 
subjects	 (58	 men,	 25	 women).	 About	 half	 (44)	
lived in their own homes and almost all the rest 
in	nursing	/	residential	homes.	Subjects	were	di-
vided into pairs matched for sex, mobility, manual 
dexterity and dependency and each pair was of-
fered each of the 14 bags (seven each) to try for 
a	week	 in	 turn.	Preferences	varied	but	 the	main	
concerns of users consistently focused on taps 
(many subjects found many taps difficult to op-
erate), straps (discomfort was common) and the 
minimisation	 of	 leakage	 (through	 faults	 in	 bags	
and / or connectors; onto the fingers when emp-
tying;	or	by	the	tap	accidentally	opening	in	use).	
The	most	popular	bags	tended	to	perform	well	in	
these	three	respects.	

In	 a	 multi-centre	 study	 involving	 34	 men	 (age	
range 27-84y; mean age 55y; all sheath users) 
Fader	et	al.	[116]	evaluated	all	seven	non-sterile	
500-700	ml	 leg	bags	on	 the	UK	market	 in	1997.	
Twenty-five	of	 the	men	 lived	 in	 their	own	homes	
and the rest in residential/nursing homes or long 
stay	wards.	Conclusions	were	substantially	simi-
lar	to	those	for	the	earlier	MDA	study.

Some	 international	 standards	 have	 been	 devel-
oped which provide general advice on bag perfor-
mance	 and	 test	methods	 [53].	 These	 standards	
can	be	useful	to	laboratories	asked	to	advise	on	
bulk	buying	choices.

b) Urine drainage bag suspension systems

Little	 research	 has	 been	 undertaken	 on	 urinary	
drainage bag suspensions apart from a study by 

Thelwell	 et	 al.	 [117].	Thelwell	 et	 al.	 conducted	 a	
cross-over study using 52 subjects (20 men, 32 
women).	 This	 study	 compared	 four	 suspension	
systems for fastening leg bags with the leg straps 
they	 had	 used	 prior	 to	 the	 study.	 Each	 subject	
evaluated	each	product	for	a	week	in	turn	and	re-
corded	 their	 findings	 on	 a	 weekly	 questionnaire.	
Again,	 difficulty	 of	 application,	 comfort,	 discrete-
ness	and	cost	were	key	issues.	However,	there	is	
suggestion in the literature that urinary drainage 
bag suspensions have an important role to play 
not only in the comfort and security of the wearer 
but in the prevention of urinary tract infection re-
gardless of whether the drainage system is con-
nected	to	a	sheath	or	an	indwelling	catheter.

Munnings	 and	 Cawood	 [118]	 report	 the	 findings	
of a pilot study designed to evaluate the use of a 
belly bag of 1,000ml capacity and worn 24 hours 
a day, thus eliminating the need to use two sepa-
rate bags and reducing the number of times the 
closed	 system	 is	 broken,	 Twenty-nine	 patients	
from a variety of areas from within an acute care 
setting who were using continuous catheter drain-
age systems were invited to participate, with 27 of 
the	 participants	 completing	 the	 study.	All	 agreed	
to wear and then compare the belly bag with their 
previous	leg	and	night	drainage	bag	system.	Worn	
around the waist, the belly bag is not positioned 
below the bladder: the manufacturers claim that 
the pressure of the bladder muscles is sufficient to 
ensure that urine flows through the catheter from 
the	 bladder	 into	 the	 bag.	 The	 residual	 pressure	
of the bladder is reported to be around 10-25cm 
H2O,	while	 the	manufacturer	asserts	 that	a	pres-
sure	of	only	6cm	H2O	is	necessary	to	ensure	the	
urine	drains	 into	 the	bag.	Following	education	of	
how to use the drainage bag, users were given 
a questionnaire designed to facilitate comparison 
between the previous drainage system used and 
the	 belly	 bag.	 This	 was	 followed	 up	 with	 a	 tele-
phone	 call.	All	 agreed	 the	 belly	 bag	 was	 an	 im-
provement over their previous system of leg and 
overnight drainage bags, and found it more con-
venient,	comfortable	and	less	likely	to	cause	pain	
with	movement.	

It	has	been	suggested	that	current	standard	drain-
age tubing / bag designs evacuate the bladder 
sub-optimally, leading to retention of residual 
urine.	Outflow	 obstruction	 can	 be	 caused	 by	 the	
development	 of	 air-locks	 in	 the	 dependent	 curls	
of	tubing.	A	new	drainage	tubing	design	which	in-
corporates a coiled downward spiral shaped con-
figuration	has	been	 reported	 to	eliminate	air-lock	
obstruction [119] in experimental and clinical stud-
ies.	However	 the	 importance	of	 this	 in	relation	 to	
infection	requires	further	study.

There	 is	opinion	 in	 the	 literature	 that	positioning	
standard drainage bags below the bladder in a 
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manner	 that	 averts	 kinking	will	 prevent	 reflux	 of	
urine,	and	associated	infection	[120],	[121],	[122].
When	doing	so	care	must	be	taken	not	to	increase	
traction	 or	 friction	 [109].	 This	 can	 be	 achieved	
with the use of supports specially designed to di-
vert	accidental	pulling	on	the	catheter	or	sheath.	
When	 using	 these	 support	 systems	 allowance	
should be made for penile erection and tumes-
cence	[109].	

The	 drainage	 system	 for	 indwelling	 catheters	
should	be	positioned	off	the	loor	to	reduce	the	risk	
of	cross	infection	[120],	[121],	[122].	Some	sterile	
and unsterile leg bags come with a variety of tub-
ing lengths or tubing that can be cut according to 
the needs of the individual, and leg straps that can 
be adjusted to allow positioning of the bag on the 
thigh	or	calf.	Night	bags	-	even	if	the	tubing	can	be	
cut - rely on uniform stands or hangers to ensure 
that	 they	are	off	 the	loor.	Roe	et	al	 [123])	 raised	
the issue of poorly designed support systems for 
night	 bags.	Expert	 opinion	 suggests	 that	 this	 still	
remains	an	issue.	

c) Infection and cross-infection issues for man -
agement of urine drainage systems for indwell -
ing catheters. 

Usage	of	urinary	catheters	and	their	drainage	sys-
tems	 increases	 the	 risk	 of	 urinary	 tract	 infection	
and	 cross	 infection	 (See	 Section	 XII.2.h).	 There	
is evidence to suggest that catheter associated 
infections are reduced with the use of closed uri-
nary	drainage	 systems.	A	 randomised	 controlled	
trial	 was	 reported	 by	 Platt	 et	 al	 [124].	 This	 trial	
compared the incidence of infection (measured as 
105 cfu/ml in catheter urine or drainage bag urine) 
between patients who were catheterised using 
sealed	junction	catheters	(i.e.	catheters	pre-con-
nected to a drainage bag using a sealed junction), 
and those catheterised using unsealed junction 
catheters	 (i.e.	 unconnected	 catheters	and	drain-
age bags), in a hospital setting with a median pe-
riod	of	catheterisation	of	three	days.	For	subjects	
not	 taking	 antibiotics,	 sealed	 junctions	 showed	
less	 infection	 than	unsealed	 (p=<0.01).	For	sub-
jects	 taking	 antibiotics	 there	 was	 no	 difference	
in infection rates between sealed junctions and 
unsealed	 junctions.	 The	 infection	 rate	 appeared	
to	 be	 consistently	 lower	 in	 the	 subjects	 taking	
antibiotics	than	the	ones	not	taking	antibiotic	but	
no statistical significance tests of this effect were 
reported.

Maintaining	 a	 ‘closed’	 system	 has	 since	 become	
an important tenet for avoidance of urine infection 
both particularly in acute care but also in long-term 
care.	This	has	 led	 to	 the	 introduction	of	products	
designed	to	maintain	a	‘closed’	system.	In	the	UK	
the	 ‘link’	 system	 is	 advocated	 whereby	 legbags	
are designed with a connector to attach to a night 
drainage bag, thereby obviating the need to dis-

connect the legbag from the catheter in order to 
connect	a	night	bag.	Use	of	non-drainable	(single-
use)	 night	 bags	 is	 also	 recommended	 in	 the	 UK	
(RCN	2008)	presumably	to	reduce	the	cost	of	us-
ing a new (and more expensive) drainable night 
bag every night and also to avoid the practice of 
cleaning and re-attaching drainable night-time 
bags.	 However	 it	 should	 be	 noted	 that	 this	 ‘link’	
system is not completely ‘closed’ (because the 
night bags are still disconnected and reconnected 
every night – albeit at the legbag tap rather than at 
the catheter) and the legbag may still be discon-
nected at the catheter junction for other purposes 
such	as	bladder	instillations.

If	a	‘link’	system	is	not	in	use	then	whenever	a	legbag	
needs to be changed to a nightbag the bag will need 
to	be	disconnected	at	the	catheter	junction.	The	bag	
(leg or night) may then be replaced (or more com-
monly)	will	be	cleaned	and	reused.	As	yet	there	have	
been	no	studies	to	compare	the	use	of	the	‘link’	sys-
tem	with	a	conventional	disconnection	system.	

The	 number	 of	 days	 that	 a	 legbag	may	 be	 safely	
(or acceptably) left in place before it is replaced 
is	unknown.	There	 is	 little	 research	 to	support	 the	
common practice of changing drainage bags every 
ive	 to	seven	days	 (or	any	other	particular	change	
regime).	 The	 practice	 appears	 to	 be	 based	 upon	
expert opinion, anecdotal evidence and manufac-
turers’	 recommendations.	 The	 ive	 to	 seven	 day	
practice	seems	to	be	challenged	by	a	study	by	Rog-
ers	et	al.	 (1996)	 [125],of	bioilm	progression,which	
showed	that	it	took	only	four	days	for	colonization	in	
the bladder model to extend all the way to the drain-
age	bag	(Royal	College	of	Nursing,	2008).

A	 prospective	 study	 of	 catheter	 use	 in	 the	US,	 of	
43 long-term catheter users, indicated that drain-
age bags were changed less often than either com-
monly	 reported,	 or	 Rogers	 et	 al.	 suggest.	 In	 that	
study, drainage bags were replaced an average of 
every	23.5	(95%	CI	21.1-25.9)	days,	during	their	six	
months’	participation	in	the	study	[126].

Of	 interest	 is	 the	 study	 outlined	 by	 Keerasunton-
pong	et	al.	[127]	which	was	a	randomized	controlled	
study that compared the incidence of catheter-re-
lated urinary tract infections in a group of 79 hos-
pitalised patients whose catheter bag was changed 
every three days with that for a group of 74 patients 
who had their bag changed at the time of the cath-
eter	 change	 or	 if	 the	 bag	 became	 faulty.	 A	 urine	
sample for culture was obtained for each participant 
every seven days, on the day the catheter was re-
moved or on the day the participant was suspected 
of	 having	 an	 infection.	 The	 indings	 suggest	 that	
urinary drainage bags could be left for longer than 
three	days	but	the	authors	were	reluctant	to	deine	
how long as the sample size was considered too 
small	 to	 rule	out	a	 false-negative	 result.	They	rec-
ommended	additional	study.
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Single	use	drainage	bags,	 including	non-drainable	
urine	bags	(NDB),	were	recommended	in	England’s 
Royal	 College	 of	 Nursing	 Catheter	 Guidelines	
(2008) for all sites of care (hospital based and com-
munity	living	patients).	Only	one	study	was	found	of	
this	product.	Hardyck	and	Perrinovich	(1998)	[128]	
described	a	retrospective	home	care	trial	of	a	NDB	
in 63 elderly patients, comparing with the same per-
sons	who	had	used	a	typical	drainable	bag	(DB)	in	
the	 previous	 months.	 The	 non-drainable	 bag	 was	
replaced when full, but no information was given 
about the capacity of the bags, the mean number 
of bags used per day or how often they were re-
placed.	Fewer	UTIs	(and	hospitalizations)	were	re-
ported	with	the	NDB,	71	(2)	versus	1395	(27)	in	the	
DB.	Unfortunately	 the	methodology	was	 lawed	 in	
several	ways.	Counts	of	UTIs	were	reported	though	
the timeframes were vastly different, with a mean of 
44.4	months	for	DB	prior	to	the	intervention	period	
and	 a	mean	 of	 8.8	months	 for	 NDB.	 UTI	 diagno-
sis was determined by mailed questionnaires to 82 
home care patients and information from nurses, 
physicians, and patients as well as chart information 
reviewed	by	the	physicians.	Comprehensiveness	or	
completeness of the chart data extraction was not 
described.	Additional	 analysis	 comparing	matched	
timeframes of 16 months for a subsample of 15 (and 
5 more within 2 months either direction) indicated 
that	 the	 mean	 number	 of	 UTI	 related	 hospitaliza-
tions	in	the	NDB	group	was	signiicantly	higher:	12.1	
(SD	8.87)	as	compared	with	2.8	(SD	4.74)	in	the	DB	
group	 (Wilcoxan	 rank	 test	 p<0.005).	The	matched	
pairs	were	selected	based	on	whether	the	NBD	was	
used for at least a month and chart data were avail-
able.	Given	questions	on	the	methodology,	it	seems	
that a well designed randomized trial is needed, but 
no	such	study	was	found.	

There	is	no	evidence	to	support	the	practice	of	adding	
in situ antiseptic agents to drainage bags to reduce 
catheter-associated	infection.	A	paper	by	Thompson	
et	al.	[129]	which	was	primarily	looking	at	the	effec-
tiveness of hydrogen peroxide instilled into closed 
drainage bags in reducing infection in drainage bags 
and in catheters also raises the question of whether 
catheters are infected primarily via drainage bags or 
vice	versa.	This	prospective	 randomised	study	 in	a	
hospital setting involved daily sampling for bacteri-
uria	(See	Section	XII.2.h	for	further	discussion	of	out-
come measures for catheter-associated infection) in 
catheters (>=105 cfu/ml) and drainage bags (>= 103 
cfu/ml)	and	identifying	the	infecting	bacteria	species.	
In	a	 sample	 size	of	 688,	 infection	was	 found	 in	68	
catheters	and	78	bags.	Although	bag	contamination	
was	8%	 in	 the	H2O2	group	and	16%	 in	 the	control	
group	(p<0.001)	 there	was	no	signiicant	difference	
in	 catheter	 bacteriuria	 (11%	and	 9%,	 respectively).	
One	of	the	reasons	given	in	the	paper	for	questioning	
whether the drainage bag is the main source of cath-
eter	infection	was	that	77	%	of	the	bags	in	this	study	
were	contaminated	later	than	the	catheters.

Best practice guidelines to prevent infections asso-
ciated with short term indwelling urethral catheters 
are	available.	The	most	 recent	of	 these,	 the	EPIC	
2 guidelines, were revised in 2005 and reported by 
Pratt	 et	 al.	 [122].	Designed	 to	 prevent	 short	 term,	
indwelling urethral catheter associated infection in 
NHS	Hospitals	in	England,	the	guidelines	are	based	
upon a series of systematic reviews that include 
the best available evidence (experimental and non-
experimental	 research	 as	 well	 as	 expert	 opinion).	
These	 guidelines	 recommend	 a	 closed	 catheter	
system where drainage bags are changed accord-
ing to the manufacturer’s recommendations (5-7 
days)	or	 the	patient’s	clinical	need.	The	guidelines	
also recommend that antiseptic or antimicrobial so-
lutions	are	not	added	to	urinary	drainage	bags.

Recommendations	for	acute	care	settings	were	is-
sued	 by	 the	 Society	 for	 Healthcare	 Epidemiology	
of	America	(SHEA)	in	2008[130]addressing	system	
wide	 infrastructure	 preventive	 activities.	 These	 in-
clude use of written guidelines, complete documen-
tation,	 surveillance	 for	 catheter–associated	 UTI	
(CAUTI),	education	and	training	of	personnel	related	
to catheter insertion and management, and appro-
priate	 insertion	 technique.	 The	 authors	 noted	 that	
decreasing catheter use and duration are central 
to	 preventing	 bacteriuria	 and	CAUTI.	 Suggestions	
were given for organization-wide strategies, such as 
reminder systems for review of catheter continua-
tion, automatic stop order processes, ward rounds 
to enhance communication and review, catheter 
related	 protocols	 like	 post	 operative	 duration,	 and	
systems	 for	data	 reporting.	Guidelines	 from	SHEA	
for preventing infection in long-term care facilities 
were	updated	also	in	2008	[131].

d)  Long-term management of urine drainage 
systems and reuse of components

The	 quandary	 for	 health	 professionals	 involved	 in	
the education and support of clients, who are self-
managing	and	often	inancing	their	long	term	indwell-
ing catheter drainage systems while living at home, 
is that they are aware that many of them are leaving 
the bags on for much longer than the manufactur-
ers recommend and are often washing the bags out 
with a variety of solutions and reattaching the bags 
directly	to	the	indwelling	catheter.	The	reuse	of	drain-
age bags is often not a matter of choice but necessity 
in	developing	countries.	In	a	survey	of	28	continence	
nurses	who	were	members	of	ICS,	a	majority	(68%)	
said they advised their community dwelling patients 
to	reuse	drainage	bags	[132].	A	number	of	reasons	
were	given,	such	as	cost	of	bags,	evaluation	of	risk	
in the patient, policies, guidelines, and ability to do 
the	procedure.	While	advice	varied,	most	suggested	
a solution of water mixed with vinegar, household 
bleach,	or	dishwashing	detergent.	

There	 is	 a	 paucity	 of	 studies	 that	 have	 explored	
long-term self-management of urinary catheter 
drainage	systems	in	a	community	setting.	Moreover, 
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practices may vary considerably in parts of the world 
where catheter supplies are not routinely provided 
by	prescription,	as	 in	 the	UK,	or	 in	developing	na-
tions	 where	 supplies	 are	 scarce.	 More	 research	
in this area is needed to provide guidance to cli-
nicians.	 Implications	 involve	 cost,	 aesthetics,	 and	
environmental waste, particularly when single use 
non-drainable	bags	are	used.

Madigan	&	Neff	[133]	undertook	a	literature	review	(50	
studies) that explored the complications and long term 
management of long term indwelling catheters used 
for	 urinary	 retention	 and	 incontinence.	Their	 recom-
mendation in relation to management of drainage bags 
was that closed drainage systems were preferred best 
practice.	However	they	also	indicated	that	leg	and	bed	
bags	may	be	used	for	up	to	four	weeks	if	the	system	
is	broken	daily	to	allow	daily	bag	decontamination	with	
a	diluted	(1:10)	bleach	solution	This	recommendation	
appears to be based on the following two trials, one of 
which involved 54 participants sampled from an acute 
care rehabilitation centre and one involving 14 com-
munity	dwelling	participants.

Dille	 et	 al	 [134]	 report	 a	 randomised	 group	 paral-
lel study with a pre-test and multiple post-tests uti-
lised	to	determine	the	safety	of	a	four	week	re-use	
of vinyl leg and bed bags compared to the usual 
practice	 of	 one	week	when	de-contaminated	 daily	
with a procedure that utilised dilute bleach (sodium 
hypochlorite,	1:10	bleach	to	water).	This	study	was	
based on previous research in which daily decon-
tamination of drainage bags was done as compared 
with	replacing	with	new	sterile	bags	each	day	[135].	
Set	 in	 an	 acute	 rehabilitation	 unit,	 54	 participants	
(18	female	and	36	males)	completed	the	four	week	
data	collection	period.	Randomised	by	the	lip	of	a	
coin, 28 participants were in the experimental group 
and	26	in	the	control	group.	All	participants	had	an	
indwelling catheter and were using a leg bag dur-
ing	 the	 day	 and	 a	 bed	 bag	 at	 night.	 Both	 groups	
received identical daily bag decontamination and 
weekly	bag	and	urine	 cultures.	A	 standard	of	 0	 to	
100	cfu/mL	was	used	to	measure	bag	decontamina-
tion effectiveness and the urine cultures were pro-
cessed	by	 the	Associated	Regional	and	University	
Pathologists	 Inc.	 No	 signiicant	 differences	 were	
found between groups and the authors concluded 
that it is safe and cost effective to reuse vinyl bags 
for	four	weeks	as	opposed	to	the	previous	practice	
of	one	week,	 if	 the	protocol	for	daily	decontamina-
tion	described	is	used.	This	study	does	not	compare	
the practice of washing out the drainage bags with 
the	chlorine	solution	either	weekly	or	for	a	period	of	
four	weeks	with	a	closed	urinary	catheter	system	to	
determine	if	that	would	result	in	fewer	UTI’s.

Rooney	 [136]	 reported	 a	 study	 of	 14	 people	 with	
neurogenic	bladders	living	at	home.	They	changed	
from using daily sterile leg bags to non-sterile leg 
bags which were washed out after use each day 
with	 a	 dilute	 chlorine	 solution.	 Nine	 participants	

were	on	Foley	catheter	drainage	and	ive	were	us-
ing	 sheaths.	 Bedside	 urine	 collection	 bags	 were	
used by all participants at night and there was no 
change made to the standard practice of rinsing the 
overnight bag with water each morning and recap-
ping	the	drainage	tubing.	While	the	steps	of	the	pro-
cedure were described, no information was given 
on	who	did	the	decontaminating,	i.e.,	patients/care-
givers	or	both.	The	study	 ran	 for	 three	months	 in-
cluding	a	preliminary	baseline	phase	of	one	month.	
No comment was made on whether the non sterile 
bags	 were	 changed.	 There	 were	 no	 symptomatic	
UTI	 infections	during	 the	study	and	urine	samples	
with	 bacteriuria	 (>105	 cfu/ml)	 did	 not	 increase.	
However	the	sample	was	very	small	and	no	statisti-
cal	tests	were	applied	to	the	results.	

e)  Urinary drainage bag features intended to re -
duce the risk of cross infection

The	 cross-infection	 risks	 of	 leg	 bags	 (particularly	
via the tap or sampling port) have been studied by 
Glenister	 [137]	and	by	Wilson	and	Coates	 [114].	 In	
her	study	Glenister	 [137]	concluded	that	designs	 in	
which the tap and outlet spouts were most widely 
separated were most effective at preventing contami-
nation	 of	 the	 hands	with	 urine.	Wilson	 and	Coates	
[114] studied sampling ports and contamination of 
leg	bag	spouts.	They	suggested	that	 the	night	con-
nector tubing attached to the taps on the four leg 
bags	in	their	study	made	decontamination	dificult.

A	small	comparative	study	of	two	sets	of	closed	sys-
tem bags with a double non-return valve and two set 
of bags with a single non-return valve - all inoculated 
with	Escherichia	Coli	and	using	simulated	laboratory	
conditions in two separate microbiological laborato-
ries blinded to each other - found that the colonisa-
tion	of	a	simulated	bladder	was	signiicantly	delayed	
when	the	double	non	return	valve	was	used	[138].

f) Purple urine bag syndrome

There	are	occasional	reports	in	the	literature	of	pur-
ple discolouration in urine drainage bags – termed, 
purple	urine	bag	syndrome	(PUBS)	–	and	 there	 is	
considerable debate and diversity of opinion over 
the	cause	and	signiicance	of	the	phenomenon.	Two	
case	controlled	 studies	were	 found.Tsumura	et	 al.	
(2008)	[139]	compared	ive	persons	with	PUBS	to10	
without	it.Urine	sugar,	serum	amino	acids,	and	leu-
kocytes	were	similar,	but	 the	PUBS	group	differed	
in	having	a	high	alkaline	urine	 in	combination	with	
bacteriuria.	 An	 earlier	 study	 had	 showed	 similar	
results	with	a	high	urinary	pH.	Mantani	et	al	 [140]	
conducted a case controlled study on 26 patients 
in	 three	 long-term	wards.	 Fourteen	 (two	men	 and	
12	women)	had	exhibited	PUBS	while	12	(four	men	
and	eight	women)	 had	not.	The	 clinical,	microbio-
logical	and	bacteriological	backgrounds	of	the	sub-
jects in the two groups were compared to identify 
possible	causes	of	PUBS.	The	indings	of	both	stud-
ies	suggest	that	urine	that	is	alkaline	and	has	a	high	
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bacterial	yield	are	most	likely	to	exhibit	PUBS.	There	
is no evidence to suggest detrimental effects on pa-
tients’	health	or	functioning	of	the	drainage	system.	
However,	the	smell	can	be	very	distressing.

Studies	which	have	 compared	 leg	bags	and	cath-
eter	valves	are	reviewed	in	Section	12.

4. SUMMARY

Taken	 together,	 published	 studies	 agree	 that	 the	
main factors to consider in selecting leg bags are 
the ease of tap operation, the comfort of suspension 
systems	and	the	minimisation	of	 leakage	(Level	of	
Evidence	2).	Bags	in	which	the	tap	and	outlet	spout	
are	widely	separated	are	most	likely	to	be	effective	
at preventing contamination of the hands with urine 
and	cross-infection	(Level	of	Evidence	3).	There	is	
high level evidence from studies – predominantly in 
acute care settings - to support the use of closed 
urinary	drainage	systems	(Level	of	Evidence	2).

5.  GENERAL POINTS FROM THE LITERA -
TURE, INCLUDING EXPERT OPINION

Provision	of	clearly	presented	information	based	on	
the best evidence available is needed for clinicians, 
carers and patients as many aspects of caring for a 
urinary drainage bag system are supported by scant 
or	conlicting	evidence	or	by	custom.

There	is	agreement	that	the	hands	must	be	cleansed	
and clean non-sterile gloves put on prior to caring for 
the urinary drainage bag system and that, on com-
pletion of handling the system, the gloves must be 
discarded	and	the	hands	cleansed	again	[141],	[122].	

There	is	also	mention	of	confusion	arising	for	cli-
nician, patient and carer because of the many 
different designs of urinary drainage bag taps, 
and the regularity with which such features are 
changed	 [142].	 Manufacturers	 should	 ensure	
that the instructions and accompanying literature 
that they develop for their urinary drainage bag 
systems are clearly presented and easily under-
stood [142] in a format which is convenient to 
retain	and	refer	to.

6. RECOMMENDATIONS

In	making	urinary	drainage	bag	selections	particular	
attention should be focused on: the ability of the user 
to operate the tap; comfort (especially of the straps); 
freedom	from	leakage	(especially	from	the	welds	and	
the tap); and discretion (especially visibility beneath 
clothing)	(Grade	of	Recommendation	B).

The	patient’s	individual	needs	and	personal	prefer-
ences should determine the use of leg / suspension 
/ attachments and position of where the bag is worn 
(Grade	of	Recommendation	C)	

Maintain	closed	urinary	drainage	system	for	indwelling	
urinary catheterisation where the system is only bro-
ken	to	change	the	sterile	bag	according	to	manufac-

turer’s recommendation or in a shorter period of time 
if	clinically	indicated.	(Grade	of	recommendation	A).

7. PRIORITIES FOR RESEARCH

Jones, et al [141] identify many of the issues con-
cerning the handling of urinary drainage bag sys-
tems that require further research, including the 
issue that has already been discussed above, of 
how long a closed urinary drainage system can be 
left	 unbroken	 before	 the	 urinary	 drainage	 bag	 is	
changed.	 Jones	et	 al	 [141]	 also	 suggest	 research	
is needed into:

•		How	often	and	how	drainage	bags	should	be	emptied?	

•		If	a	closed	urinary	drainage	bag	link	system	is	used,	
does the night bag that is connected to the leg bag 
need to be sterile or can it be a reusable one?

•		If	 a	 reusable	 night	 urinary	 drainage	 bag	 can	 be	
used, how should it be cared for when not in use?

•		What	is	a	reasonable	method	to	dry	reusable	bags	
after they have been washed?

•		Establishing	 whether	 the	 incidence	 of	 UTI	 is	 in-
creased in hospital, community or residential aged 
care settings when urinary drainage bags in closed 
drainage systems are changed at different intervals 
(eg	the	time	of	catheter	change	rather	than	weekly).

•		Determining	 in	 own	 home	 settings	 whether	 a	
closed catheter drainage system is more effective 
at preventing urinary tract infections than reusable 
non-sterile	urinary	drainage.

•		Determining	which	method	of	cleaning	non-sterile	
urinary drainage systems is most effective and ac-
ceptable	to	patients.	

1. FEMALE BODYWORN URINALS

Pieper	[143]	has	reviewed	the	many	attempts	to	de-
sign	bodyworn	urine	collection	devices	for	women.	
The	major	challenge	 is	 in	achieving	a	comfortable	
and	 aesthetically	 acceptable	 leak-proof	 seal	 with	
the	body.	Various	designs	have	sought	 to	achieve	
this by holding a collection device over the urethral 
meatus with the help of suction, straps, adhesive 
or	 close-itting	underwear.	While	none	have	 found	
widespread success and usage, they are available 
commercially	in	some	countries.

2.  MALE BODYWORN URINALS AND DRIB -
BLE CONTAINERS

The	 urine	 collection	 devices	 most	 commonly	 used	
by	men	are	sheaths	 (see	Section	VIII)	but	a	variety	
of other products such as pubic pressure urinals are 
available.	 They	 comprise	 a	 ring-shaped	 opening	 or	
cone-shaped component which is worn around the 

IX. BODYWORN URINALS
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Figure IX-2: A dribble pouch

penis	(and	held	irmly	against	the	pubis	by	means	of	a	
belt and straps) and channels urine to an integral col-
lection bag (Figure IX-1 ).	Such	devices	are	not	widely	
used but they can be effective for individuals whose 
penis	is	too	retracted	for	a	sheath	to	be	suitable.	There	
are	no	published	evaluations	of	these	products.

They	should	be	itted	by	a	specialist:	a	good	it	 is	
crucial	 for	comfort	and	 to	avoid	 leakage.	 It	 is	also	
important that the wearer / carer understands how 

 X. MECHANICAL DEVICES FOR
WOMEN WITH URINARY INCONTINENCE

Figure IX-1: A variety of pubic pressure bodyworn urinals for men.

to	use	the	device	and	the	importance	of	skin	care,	
The	wearer	/	carer	will	need	good	manual	dexterity	
to	manage	the	device.	Several	urinals	will	be	need-
ed to use in rotation, allowing each to be properly 
washed	and	dried	between	periods	of	use.

Dribble	pouches	are	also	available	 for	 light	 incon-
tinence (Figure IX-2 ) but there are no published 
evaluations	of	these	products.

3. PRIORITIES FOR RESEARCH

There	is	a	need	for	leak-free,	comfortable	and	aes-
thetically acceptable body-worn urine collection de-
vices for women and improved (in these respects) 
products	for	men.

 

Female	 mechanical	 devices	 are	 designed	 to	 pre-
vent	urinary	 leakage	 in	different	ways	and	 fall	 into	
three main categories: those that are applied over 
the urethra at the external meatus; those that are 
placed within the urethra (intraurethral devices) and 
those that are inserted into the vagina (intravaginal 
devices).	 Both	 designs	 of	 urethral	 device	 are	 in-
tended to occlude the urethra and the intravaginal 
devices are intended to provide some support to the 
bladder	neck	and	possibly	some	compression	to	the	
urethra.	 These	 devices	 are	 also	 known	 as	 occlu-
sive devices and are primarily used by women with 
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stress	 incontinence.	 There	 is	 a	 recently	 updated	
Cochrane	review	of	these	devices	[144].

General	guidelines	on	patient	assessment	for	prod-
uct	selection	are	discussed	in	Section	II.	Aspects	of	
assessment that are particularly important regard-
ing mechanical devices are high levels of motiva-
tion and acceptability of the concept of use, good 
cognition	and	good	manual	dexterity.	They	should	
probably	 be	avoided	by	 those	with	 skin	 sensitivity	
or	if	avoidance	of	urinary	tract	infection	is	a	priority.

1.  DEVICES THAT OCCLUDE AT THE EXTER -
NAL MEATUS

Urethral	occlusion	devices	have	been	developed	to	
block	 urinary	 leakage	 at	 the	 external	 urethral	me-
atus (Figure X-1 ).	Several	devices	have	utilized	ei-
ther	adhesive	or	mild	suction	to	achieve	occlusion.	
In	addition	to	the	simple	barrier	effect,	compression	
of the wall of the distal urethra has been hypoth-
esized	to	contribute	to	continence.

Miniguard	 (Uromed	 Inc.,	 but	 no	 longer	 available)	
is an angularly shaped foam device which utilizes 
an adhesive hydrogel to adhere to the peri-meatal 
area.	 The	 device	 is	 single	 use,	 removed	 prior	 to	
voiding,	 and	 disposable.	 FemAssist	 (InsightTM	
Medical	 Corp.,	 but	 no	 longer	 available)	 is	 a	 hat-
shaped silicone device, which adheres by applying 
an adhesive gel to the edge of the device, squeez-
ing	 the	 central	 dome	and	creating	a	 vacuum.	The	
device is then placed over the urethral meatus and, 
upon release, the meatal mucosa is drawn up into 
the	 device	 and	 the	 urethral	 lumen	 is	 occluded.	 It	
may be worn for up to four hours or until voiding, 
after which the device is washed in hot soapy wa-
ter	and	reapplied.	The	device	was	reusable	for	one	
week.	CapSure	(CR	Bard	Inc.,	no	longer	available)	
was	 applied	 and	 retained	 by	 suction.	A	 petroleum	
based	lubricant	 is	applied	prior	 to	device	use.	The	
device is removed for voiding and re-utilized for up 
to	two	weeks.

a) Quality of data and results

Miniguard :	 Eckford	 et	 al.	 [145]	 studied	 the	 ef-
ficacy of a single application of this device dur-
ing	 a	 one	 hour	 pad	 test	 and	 reported	 that	 25%	
of	 patients	were	 continent,	 50%	were	 improved,	
but	25%	had	worse	incontinence.	Brubaker	et	al.	
[146] enrolled 411 women to their study; 390 used 
the	device,	and	346	completed	the	study.	Results	
showed	 significant	 improvement	 in	 symptoms.	
The	 incontinence	 impact	 scores	 significantly	 de-
creased	 from	a	mean	of	41.0	 (out	of	300	–	high	
scores	 worse)	 to	 a	 mean	 of	 10.5	 at	 17	 weeks.	
Twelve	 hour	 pad	 test	 showed	 mean	 urine	 loss	
decreased	 significantly	 from	 15.8	 to	 6.9	 ml	 and	
incontinence	 episodes	 from	 14.2	 episodes	 per	
week	 to	 4.9	 episodes	 at	week	 17.	 Symptoms	 of	
vulvar irritation or lower urinary tract discomfort 
occurred in a small percentage of subjects but it 
was generally transient, and only three women 

discontinued	 using	 the	 device	 for	 this	 reason.	
There	were	no	statistically	significant	differences	
in the proportion of subjects reporting urinary 
tract infection during device use compared to be-
forehand.	The	authors	concluded	that	the	device	
was	safe	and	effective	(Level	of	Evidence	3).

Fem Assist: 	Versi	et	al.	 [147]	studied	155	women	
with stress or mixed incontinence, of whom 133 at-
tempted	to	use	FemAssist	and	96	enrolled	in	a	four-
week	study.	Their	mean	pad	test	loss	fell	from	27	g	
to	9.4	g	(p<0.001)	and	49%	were	dry.	Symptomatic	
cure	was	more	likely	in	those	with	mild	incontinence.	
Of	the	nine	women	who	had	a	positive	pad	test	(>2	
g)	without	the	device,	ive	were	dry	(<2	g)	with	the	
device	 (p<0.05).	VAS	 scores	 showed	a	 signiicant	
improvement for the symptom of stress inconti-
nence	(p<0.05).	QoL	scores	 improved	signiicantly	
by	38%	(p<0.05)	 for	 the	 IIQ	and	29%	(p<0.01)	 for	
UDI	(Level	of	Evidence	3).

Moore	 et	 al.	 [148]	 reported	 on	 57/100	 recruited	
women	who	 completed	 a	 one-month	 trial.	 Reduc-
tion	of	 incontinence	was	 statistically	 signiicant	 on	
pad	testing,	which	revealed	that	47%	of	the	patients	
became	 continent	 and	 33%	 had	 more	 than	 50%	
beneit	compared	to	baseline,	while	9%	had	worse	
leakage.	Those	with	severe	baseline	leakage	were	
as	 likely	 to	 respond	 as	 those	with	mild	 or	moder-
ate	 pad	 test	 loss.	Women	with	 stress,	 urgency	 or	
mixed incontinence appeared to respond equally 
well.	Dropouts	included	13%	who	were	unwilling	to	
utilize	the	device	(Level	of	Evidence	3).

Tincello	et	al.	[149]	in	a	3-month	prospective	study	
involving 27 women with urodynamic stress incon-
tinence found the median (range) loss with and 
without	 the	 device	 was	 4.9	 (0-65)	 ml	 and	 21	 (1-
94)	ml	respectively	(p<0.01);	and	20	patients	were	

Figure X-1: A female occlusive device that occludes 
at the external meatus.
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less	 wet	 when	 using	 the	 device.	 Discomfort	 was	
greater	among	the	women	with	a	greater	loss.	The	
acceptability correlated negatively with discomfort 
(r	 =	 -0.53)	 and	 negatively	 with	 embarrassment	 (r	
=-0.39);	15	patients	(56%)	reported	that	they	would	
use	the	device	in	the	long-term	(Level	of	Evidence	
3).	Tincello	et	al.	[150]	later	reported	on	41	women	
recruited to use the device over a three month pe-
riod, but 10 declined to participate, six withdrew be-
fore	two	weeks,	10	failed	to	attend	two	week	follow-
up	and	11	did	not	attend	three	month	follow-up.	Only	
two	completed	the	study.	There	was	no	difference	in	
pad	test	or	voiding	diary	grades.	The	authors	con-
cluded that the device had low acceptability and 
was ineffective, and could not be recommended for 
non-surgical management of stress incontinence 
(Level	of	Evidence	3).

CapSure: 	Bellin	et	al.	[151]	reported	on	88/100	com-
pleters	after	12	weeks,	with	82%	elimination	of	leak-
age	on	pad	test,	91%	continent	on	provocative	stress	
test	(single	cough	assessment	of	leakage),	and	48%	
dry	and	40%	 improved	on	urinary	diaries.	Pad	 test	
leakage	decreased	from	6.67	g	(range	0.55-25.95	g)	
to	0.19	g	(range,	0-2.5	g)	by	week	12.	Five	patients	
withdrew secondary to vaginal irritation and three 
due	to	poor	device	it	(Level	of	Evidence	3).

Shinopulos	 et	 al.	 [152]	 carried	 out	 a	 multi-centre	
study enrolling 100 women with stress incontinence 
who	wore	the	device	for	12	weeks.	Eighty-four	wom-
en	completed	the	study.	Mean	pad	weights	reduced	
from	6.7g	at	baseline	to	0.19	by	week	12.	Compli-
cations affected seven patients, including urethral 
/ vaginal swelling and vulval abrasion, but none of 
the	affected	patients	withdrew	from	the	study.	The	
IQOL	 tool	 showed	 signiicant	 mean	 improvement	
from	62.3	to	90.4.

b) Summary

External	 urethral	 occlusive	 devices	 were	 found	 to	
be	of	varying	eficacy,	with	minimal	morbidity.	Efi-
cacy of the combined studies reveals a continence 
rate	of	approximately	50%	dry	and	two-thirds	of	pa-
tients improved, but this data is from open studies 
(typically pre-test / post-test with no control group) 
and there have been no randomised controlled tri-
als.	Devices	achieve	occlusion	either	by	blocking	at	
the meatus or compressing the distal urethral lumen 
and adherence to the peri-meatal area is essen-
tial	 to	 success.	 However,	 the	method	 and	 degree	
of adherence is also the determining factor for the 
type	 and	 severity	 of	 local	 irritation.	 Patient	 selec-
tion based on motivation, appropriate anatomy, and 
manual	 dexterity,	 in	 combination	with	eficacy	and	
morbidity	will	determine	overall	 satisfaction.	There	
is no data which compares one extra-urethral de-
vice	to	another,	or	 to	other	categories	of	products.	
Cost	comparisons	for	disposable	versus	short-term	
reusable	devices	are	not	available.	Eficacy	for	dif-
ferent grades of incontinence has not been estab-
lished.	The	objective	degree	of	continence	improve-

ment in the clinical laboratory (pad and stress tests) 
is	greater	than	in	community	use	(diaries).	The	de-
vices tested in these studies are no longer available 
and there are no external urethral devices currently 
on	the	market.

c) Recommendations

Although	 these	 devices	 have	 proved	 effective	 for	
some women (limited mainly to those with high mo-
tivation, manual dexterity and cognitive function), it 
appears	that	they	have	failed	to	ind	popularity	with	
users	and	clinicians.	They	are	no	 longer	commer-
cially available and so no recommendation on their 
use	can	be	made.

d) Priorities for research

Further	research	on	the	development	and	role	of	
devices	which	block	urinary	leakage	at	the	exter-
nal urinary meatus, with a focus on improving pa-
tient	 acceptability	 is	 recommended.	 One	 half	 of	
patients utilizing these devices in monitored stud-
ies were dry and two-thirds of the patients were 
improved	with	minimal	morbidity.	 These	 devices	
may have a future role in the algorithm of con-
servative treatment based on patient acceptance, 
availability and cost, especially in those patients 
with mild or moderate stress incontinence, for oc-
casional or intermittent use and/or for those who 
prefer	to	avoid	pads	or	surgery.

2. INTRAURETHRAL DEVICES

Urethral	 inserts	 are	 silicone	 cylinders	 that	 are	 self-
inserted	or	removed	at	the	patient‘s	discretion.	They	
are intended for day-time use, especially during vig-
orous	physical	exercise.	While	some	women	manage	
exercise	 incontinence	by	 limiting	luid	 intake	before	
or during exercise, by choosing sports that allow fre-
quent bathroom access, or wearing absorbent pads, 
20%	to	40%	of	women	cope	with	leakage	by	ceasing	
exercise	[153].	These	devices	have	external	retain-
ers	or	langes	 to	prevent	 intravesical	migration	and	
proximal	balloons	to	hold	 the	device	 in	place.	They	
act by causing occlusion either in the urethra itself 
or	at	the	external	urethral	meatus	[154].	(Figure X-2 )

The	 FemSoft	 (Rochester	 Medical	 Corporation)	
is	 the	 only	 urethral	 insert	 currently	 distributed.	 It	
has	a	 soft,	 compressible,	mineral	 oil-illed	 silicone	
layer	with	an	 insertion	probe.	Before	 insertion,	 the	
luid	 distends	 the	 proximal	 end	 of	 the	 cylinder,	 as	
the user pushes the device (guided by the inser-
tion	 probe)	 into	 the	 urethra,	 luid	 transfers	 auto-
matically to the distal end, allowing the device to 
pass	through	the	urethra.	Once	in	place,	luid	lows	
back	to	the	proximal	end	to	hold	the	device	in	place.	
None of these devices are recommended for reuse 
after	removal.	The	FemSoft	Insert	is	currently	pack-
aged in a box of 28 inserts and each box is priced 
at	$49.95.	The	Viva	[155],	Reliance	and	other	intra-
urethral devices mentioned in this sub-section, are 
not	currently	marketed.	
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a) Quality of data and results

The	objective	eficacy	measurements	utilized	were	
the one-hour pad test, voiding diary and quality of 
life	 questionnaires.	 There	 have	 been	 no	 random-
ized	control	trials.	

Nielsen	et	al.	[155]	[156]	and	Peschers	[157]	stud-
ied	 the	 Viva	 device.	 Peschers	 et	 al.	 screened	 53	
patients	 with	 USI	 and	 21	 patients	 accepted	 treat-
ment	 with	 the	 two	 sphere	 device.	 During	 a	 four	
month study, the investigators analyzed subjective 
improvement and performed pad-weight and cough 
tests.	The	authors	reported	that	67%	of	patients	had	
improvement	in	symptoms.	Nielsen	et	al.	[155]	stud-
ied forty women who tested two variants of the de-
vice	(with	one	or	two	spheres)	each	for	two	weeks	in	
a	cross-over	study.	They	then	continued	with	what	
they judged to be the better plug in period three (two 
months).	 Only	 45%	 (18/40)	 completed	 this	 period	
but almost all (17/18) were reported to be subjec-
tively	 and	 objectively	 continent	 or	 improved.	 Six	
women developed urinary tract infections and two 
of	these	had	retained	a	plug	in	the	bladder.

Staskin	[158]	reported	on	a	four	month	study	of	135	
of 215 patients who utilized a disposable balloon 
tipped urethral insert made from thermoplastic elas-
tomer,	 inlated	with	 an	 applicator	 on	 insertion	 and	
delated	by	pulling	a	string	at	the	meatal	plate	for	re-
moval	during	voiding	(Reliance,	Uromed	Corp.,	but	
no	 longer	 available).	 Eighty	 subjects	 discontinued	
the device prematurely, mostly because of discom-
fort	and	inability	or	unwillingness	to	use	the	device.	
Miller	et	al	[159]	and	Sand	et	al	[160]	then	reported	
on 63 of the 135 patients from the above cohort who 
utilized	the	device	for	one	year.

The	Reliance	device	provided	72%	complete	dryness	
with	17%	 improvement	on	diary,	and	80%	complete	
dryness	and	15%	improvement	on	pad	weight	testing	
in	the	study	by	Staskin	et	al.	[158],	and	79%	complete	
dryness	and	16%	signiicant	 improvement	on	objec-
tive pad weight studies consistent with the improve-
ment	 in	subjective	diaries	(p<0.0001)	for	Miller	et	al.	
[159].	 In	 the	 Miller	 study	 the	 patients	 reported	 im-
proved	comfort	and	ease	of	use	over	time.	Sensation	
of	device	presence	decreased	from	35%	at	week	one	
to	7%	at	12	months.	The	volume	of	urine	lost	during	
exercise	decreased	from	a	median	of	20g	(range	4.9-
80.2g)	without	the	insert	to	2.6g	(1.3-6.8g)	when	the	
insert	was	worn	(p=0.03).	On	a	5-point	scale,	in	which	
1 represented very comfortable and 5 very uncomfort-
able, subjects rated the mean comfort for the sessions 
performed	with	the	insert	in	place	as	2.1.

Treatment	for	positive	urine	cultures	was	undertaken	
in	 20%	 of’	 symptomatic	 and	 11%	 of	 asymptomatic	
patients,	39%	of	patients	had	positive	cultures	which	
were	not	 treated	and	30%	had	negative	cultures	at	
all	 monthly	 intervals	 for	 the	 four	month	 study.	 The	
main	reason	for	drop-out	was	discomfort	[158].	One	
or	more	episodes	of	gross	haematuria	(24%),	cysto-
scopic	indings	of	mucosal	 irritation	at	 four	or	at	12	
months	(9%)	and	asymptomatic	bacteruria	(30%)	on	
monthly	cultures	were	also	documented	[159].	

Robinson	et	al	[161]	carried	out	a	small	randomised	
controlled	 trial	 comparing	 the	NEAT	 device	 (intra-
urethral	 device	with	expandable	 tip)	with	 the	Reli-
ance	 device.	 Twenty-four	 women	 (mean	 age	 51	
years) entered the study and there were eight 
withdrawals.	Devices	were	randomly	allocated	and	
tested	for	 four	months.	 Improvement	was	reported	
for	 6/8	women	 (NEAT)	and	5/8	women	 (Reliance)	
when	compared	to	baseline.	There	were	no	signii-
cant differences in the number of women improved, 
in	mean	reduction	in	urine	loss,	or	in	leakage	scores	
between	the	two	groups.	

Boos	et	al.	[162]	reported	in	an	abstract,	a	random-
ized prospective parallel group trial comparing the 
Reliance	 intra-urethral	 insert	 with	 the	 FemAssist	
external	meatal	 occlusive	 device.	Assessments	 at	
baseline, one month, and three months included 
subjective	 eficacy,	 seven	 day	 diary,	 and	 pad	 test	
(1	 hour).	 Fifty-three	 females	 were	 randomized	
to	 the	 FemAssist	 and	 49	 to	 the	 Reliance	 device.	
There	 were	 some	 initial	 problems	 with	 sizing	 the	
Reliance.	Once	 this	was	 corrected,	 40.8%	 (20)	 of	
women were subjectively dry and the remainder im-
proved	on	completing	the	trial.	Of	women	using	the	
FemAssist,	 28.3%	 [15]	were	dry,	 60.4%	 [32]	were	
improved,	 9.4%	 [5]	 were	 no	 better	 and	 only	 one	
subject	was	made	worse	with	device	use.	Problems	
experienced were few and minor with no serious ad-
verse	events.	The	conclusion	was	that	both	devices	
are	 eficacious,	 the	FemAssist	was	more	 comfort-
able,	but	 required	a	greater	degree	of	user	skill	 to	
achieve	control	of	leakage	(Level	of	Evidence	2).

Figure X-2: A female intraurethral occlusive device.
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Recent	 studies	 have	 investigated	 the	 eficacy	 of	
the	FemSoft	which	is	the	only	intra-urethral	device	
which	is	currently	available.	Dunn	et	al.	[153]	mea-
sured pad weights during four standardized aero-
bics sessions during which six subjects were ran-
domly assigned to exercise twice with the insert and 
twice	without	 it.	The	medians	of	 the	averaged	pad	
weights for the two different types of’ sessions were 
compared.	Median	 urine	 loss	 during	 standardized	
exercise	sessions	decreased	from	20g	(range,	4.9	
to	80.2g)	without	 the	device	 to	2.6g	(range,	1.3	 to	
6.8g)	 with	 the	 device	 (p=0.03).	 Five	 women	 used	
the device at home during unsupervised exercise; 
one	subject	had	urinary	tract	infection.	At	the	end	of	
three months, satisfaction and comfort were rated 
high	on	a	5-point	scale.	The	conclusion	was	that	the	
FemSoft	 urethral	 device	 is	 an	 effective,	 safe,	 and	
comfortable treatment for exercise incontinence in 
women	(Level	of	Evidence	3).

Results	 from	 a	 prospective	 three-year	 study,	 (FDA	
post-approval	device	safety	data	submitted	by	Roch-
ester	 Medical	 Corporation,	 2002	 unpublished),	 for	
evaluation of the long term effect of the device in-
volved	41	subjects.	Of	the	group,	nine	women	were	
65	years	or	older	(22%,	9/41);	80%	were	post-meno-
pausal	with	24	women	(59%)	being	on	hormone	re-
placement.	Thirty-eight,	(93%)	used	absorbent	prod-
ucts	 to	 contain	 urine	 leakage	 prior	 to	 enrolment.	A	
total	of	66	follow-up	visits	took	place	with	an	average	
participation	period	of	4.2	years.	Seven	patients	with-
drew in the third year, three due to non-study related 
health problems and one because of dissatisfaction 
due	 to	urge	symptoms.	Two	were	 lost	 to	 follow	up.	
There	was	a	signiicant	difference	in	the	rates	of	in-
continence at the three-year follow-up between us-
ers	 and	 non-users	 of	 the	 device:	 0.83	 versus	 2.64	
episodes	per	day,	according	 to	voiding	diaries.	The	
difference in urine loss during pad weighing tests 
was	also	signiicant.	There	were	24	reported	adverse	
events	 in	 the	 41	 subjects	 enrolled.	 None	 of	 these	
events required medical intervention except for an-
tibiotic	prescription	in	cases	of	urinary	tract	infection.	
The	24	events	included:	bacteriuria	(11);	symptomat-
ic	UTI	(3);	urinary	symptoms	(3);	device	performance	
problems	(2);	irritation	(2);	and	migration	(1).	

In	33	women	a	 total	of	38	cystoscopies	were	per-
formed	at	three	years.	Only	one	patient	was	report-
ed	to	have	an	abnormal	inding,	but	this	was	due	to	
mucosal	 irritation	produced	by	an	 indwelling	Foley	
catheter during one hospitalization for a problem 
unrelated	 to	 the	 device.	 Patient	 satisfaction	 had	
not	 changed	 over	 the	 follow-up	 time	 interval.	 The	
Quality	of	Life	questionnaire	(I-QoL)	scores	at	three	
years were compared to those at 12 months and 
there	was	improvement	from	the	baseline	of	60.6	to	
74.0.	No	safety	concerns	concerning	urethral	integ-
rity	were	identiied	after	the	three	years	of	continu-
ous	 use.	The	 incidence	 of	 urinary	 tract	 infections,	
given the high number of insertions and removals, 
was	considered	low	risk	(Level	of	Evidence	3).

b) Summary

Intraurethral	devices	have	demonstrated	high	efica-
cy, but have been associated with urinary tract infec-
tion,	 hematuria	 and	 discomfort.	 Bacteruria,	 without	
symptomatic infection, was similar to extraurethral 
device use, which approaches screening urinalysis 
data [146] or may be similar to the rates seen with 
self	 catheterization.	Device	migration	 into	 the	blad-
der, which requires endoscopic removal is the most 
serious	reported	problem.	Long-term	results	are	lim-
ited.	Patient	and	clinician	acceptance	of	this	form	of	
therapy has also been limited and there is currently 
only	 one	 intraurethral	 device	 on	 the	 market.	 High	
cost is also a factor that probably precludes more 
widespread application but ‘occasional’ use, for ex-
ample during exercise may be helpful and affordable 
for	some	patients.	Good	hand	dexterity	is	necessary	
to use the device (Level of Evidence 3 ).

c) Recommendations

Intraurethral	occlusive	devices	may	be	considered	
for women with stress incontinence but they are in-
vasive devices with high cost and have had limited 
evaluation.	They	may	be	most	appropriate	for	inter-
mittent and occasional use (such as during vigorous 
exercise) (Grade of Recommendation C ).

d) Priorities for research

It	 is	 important	 that	 new	 devices	 -	 particularly	 inva-
sive ones - are evaluated by randomized trials and 
comparing	 to	 control	 approved	 devices.	 Long-term	
follow-up results are needed to demonstrate the ef-
fects of such devices on the urethra and / or bladder 
and will determine the real value and safety of devic-
es	that	initially	have	been	adopted	enthusiastically.	

Further	development	and	study	of	the	use	of	intra-
urethral devices for the treatment of urinary inconti-
nence	is	recommended.	In	particular	assessment	of	
their cost-effectiveness and effects on quality of life, 
when used intermittently or for particular activities, 
is	recommended.

3. INTRAVAGINAL DEVICES

Support	of	the	bladder	neck	to	correct	urinary	stress	
incontinence has been achieved, with varying suc-
cess, utilizing traditional tampons, pessaries and 
contraceptive diaphragms, and intravaginal devices 
speciically	designed	to	support	the	bladder	neck.

a) Quality of data and results

1. TAMPONS / PESSARIES 

Nygaard [163] performed a prospective, random-
ized, single blind, and laboratory based study test-
ing 18 patients (age 33-73) with three 40 minute 
standardized	 aerobics	 sessions,	 utilizing	 a	 Hodge	
pessary,	a	super	 tampon,	or	no	device.	Urine	 loss	
was determined by a change in the weight of the 
pad	worn	while	exercising.	 Statistical	 analysis	 of	
the log of urine loss revealed that women lost 
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significantly less urine when exercising with ei-
ther the pessary or the tampon than when exer-
cising	with	no	device.	Continence	 rates	were	6/14	
cured and 2/14 improved with tampons, 4/10 im-
proved	with	a	diaphragm	(Level	of	Evidence	2).

2. DIAPHRAGMS / PESSARIES

Realini	 et	 al,	 [164]	 analyzed	 the	 beneit	 for	 one	
week,	 in	 10	 selected	 patients	 of	 a	 coil-type	 dia-
phragm ring, which was softer than a pessary, utiliz-
ing	diaries	and	a	two	hour	pad	test.	They	also	gave	
an	overall	subjective	evaluation	of	their	experience.	
Urodynamic	 indings	 were	 essentially	 unchanged	
by	wearing	diaphragm	rings.	Four	of	the	10	women	
experienced	 clinically	 signiicant	 improvement	 in	
the amount of urine lost during pad tests, number of 
leaks	per	week,	and	overall	assessment	 response	
(Level	of	Evidence	3).

Suarez	et	al.	 [165]	 included	urodynamic	 testing	 in	
his evaluation of a contraceptive diaphragm in 12 
patients.	Complete	resolution	of	SUI	was	achieved	
in	eleven	of	twelve	patients	(91%)	but	two	of	them	
withdrew from the study because of associated dis-
comfort from the diaphragm, therefore, complete 
resolution	 of	 SUI	 was	 achieved	 in	 9/12	 patients	
(75%)	(Level	of	Evidence	3).

Bhatia	et	al.	 [166]	 reported	on	 the	urodynamic	ef-
fects	of	the	Hodge	pessary	on	30	women	aged	29	
to	71	with	a	history	of	UI.	With	the	pessary,	24	of	the	
30 patients became continent when tested in supine 
position with a full bladder, three of the 24 patients 
lost urine with coughing in the standing position and 
demonstrated	 a	 positive	 cough	 proile	 despite	 the	
presence	of	the	vaginal	pessary.	Urolowmetry	data	
show that the vaginal pessary did not produce any 
obstruction	to	the	free	low	of	urine	and	suggested	
this is a modality to predict the outcome for bladder 
neck	support	surgery.

Richter	 et	 al	 (2010)	 [167]	 compared	 use	 of	 a	 pes-
sary (ring or dish) with behavioural therapy (pelvic 
loor	 muscle	 training	 plus	 strategies	 for	 active	 use	
of muscles to prevent stress and urgency incon-
tinence), compared with combined treatment in a 
randomized controlled trial of 446 women with stress 
incontinence.	Outcomes	were	measured	at	3,	6	and	
12	months.	 There	 were	 small	 differences	 between	
groups at 3 months with slightly better results in 
terms of bothersome incontinence symptoms for the 
behavioural	 therapy	group	 than	 the	pessary	group.	
Combined	treatment	was	not	signiicantly	better	than	
behavioural therapy alone and difference between 
groups	were	not	sustained	at	12	months.	

The	 long-term	discontinuation	 rates	of	 ring	pessa-
ries	(including	the	Introl	device	–	see	below)	was	in-
vestigated	by	Sarma	et	al	(2009)	[168].	A	retrospec-
tive review of the notes of 273 women was carried 
out and found a surprisingly high rate of complica-
tions	 (93	 (56%)	of	 the	167	women	who	were	suc-

cessfully	using	a	pessary	at	4	weeks	subsequently	
developed problems such as bleeding, extrusion, 
discharge	 and	 pain).	 The	 majority	 of	 women	 dis-
continued	use	of	the	pessary	over	time.	It	is	there-
fore important that further studies of pessary use 
should	include	long-term	follow-up	results.	Gorti	et	
al (2009) [169] surveyed clinicians about use and 
follow-up of pessary placement and concluded that 
patients should be followed up at 6-12 monthly in-
tervals.

3. INTRA-VAGINAL  DEVICES DESIGNED SPECIFICALLY  TO SUP-
PORT THE BLADDER  NECK

Included	in	this	category	are:

1.		Removable	reusable	intra-vaginal	ring,	composed	
of silastic, and constructed with two prongs which 
are placed behind the symphysis to support the 
bladder	neck	(Introl,	no	current	distributor).

2.		Single-use	 disposable	 devices:	 (i)	 A	 clam-type	
device composed of polyurethane foam, which is 
folded up upon its long axis and placed into the 
sagittal plane in the vagina, and when moistened, 
its	dimensions	expand	by	30%	and	create	a	sup-
portive cushion under the urethrovesical junction 
(originally	called	the	Conveen	Continence	Guard,	
now	known	as	Contrelle	Activgard);	(ii)	A	version	
of the expanding polyurethane design, with simi-
larities	to	a	tampon,	(Conveen	Continence	Tam-
pon,	 Coloplast,	 Denmark	 (no	 longer	 available)	
(Figure X-3 );	(iii)	An	expanding	polyvinyl	alcohol	
sponge	(Ladycon,	Home	Care	Engros,	Norway);	
(iv) a simple surgical foam cylinder with draw-
string	 e.g.	 Rocket	 stress	 incontinence	 device	
(Rocket	Medical	PLC)

Figure X-3: A female intravaginal occlusive device.
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4. REUSABLE  INTRA-VAGINAL  RING (INTROL)

A	pilot	 laboratory	study	was	carried	out	by	Biswas	
[170], the developer of the device, employed a 
straining	 cystogram.	 Eighty-six	 percent	 of	 the	 pa-
tients were continent with the device in place on 
cystogram.	Following	this	study,	the	number	of	de-
vice	sizes	was	increased	from	eight	to	25.	Evalua-
tion	studies	followed	examining	eficacy,	safety	and	
satisfaction.	Davila	[171]	initially	demonstrated	that	
83%	of	patients	were	dry	on	pad	weight	test.	Later	
[171] the researchers enrolled seventy women (53 
completed) aged 24-76, 29 with stress, and 24 with 
mixed	incontinence	in	a	one	month	study.	A	statisti-
cally	signiicant	reduction	in	incontinence	was	noted	
on	 pad	 testing	 (stress	 mean	 46.6-16.6g;	 mixed,	
mean	31.9-6.8	g)	and	in	bladder	diary	(stress,	mean	
28.6-7.8	 losses	 per	 week;	 mixed,	 mean	 30.2-15	
losses	per	week).	QoL	scores	(I-QoL)	 improved	 in	
both	groups.	With	the	device	 in	place,	urodynamic	
testing indicated normalization of urethral function 
without	 evidence	 of	 outlow	 obstruction.	 Subjects	
found the device comfortable, easy to use and con-
venient.	Side	effects	 included	 ive	urinary	 tract	 in-
fections and 23 cases of vaginal soreness or mild 
irritation (Level of Evidence 3 ).

Moore	et	 al.	 [148]	 detailed	problems	with	 both	 siz-
ing	and	eficacy.	Of	the	80	recruits,	four	could	not	be	
itted,	and	11	did	not	satisfy	all	entry	criteria.	Of	the	
65	participants,	39	(60%)	withdrew;	20	for	distorted	
vaginal	anatomy	which	made	itting	dificult,	ive	for	
lack	of	eficacy,	four	for	constipation,	and	ten	for	un-
related	patient	events.	In	the	remaining	26	patients,	
pad test weights decreased from a baseline median 
of	19g	to	2g	(p<0.001),	62%	were	continent,	and	15%	
were	>50%	improved,	and	wished	no	further	therapy.	
Moore	et	al.	commented	that	the	device	was	dificult	
to	it	in	women	who	have	had	multiple	vaginal	surger-
ies	or	were	oestrogen	deicient.	Long-term	follow-up	
showed that 18 of 26 (from the original 65) continued 
to wear the device at six months (interim dropouts 
being due to concurrent illness in half, the remainder 
had	declining	eficacy).	Of	 these,	78%	continued	to	
wear the device for a minimum follow-up of two years 
(Level of Evidence 3 ).

In	a	separate	study	of	patients	with	mixed	 inconti-
nence	by	Moore	et	al.	[148],	ive	of	21	recruits	never	
wore	 the	 device	 home,	 leaving	 16	 participants.	A	
further	two	did	not	reach	week	four,	because	of	poor	
eficacy	or	 inability	 to	it	 the	device.	 In	 the	14	who	
reached	 week	 four,	 the	 median	 number	 of	 leaks/
day	declined	from	4.3	to	1.0	(p=0.002).	Median	pad	
weight	loss	fell	from	53g	to	7g.	(p=0.012).	Cystom-
etry showed an increase in maximum bladder ca-
pacity	(p<0.05)	and	a	modest	reduction	in	severity	
of	detrusor	overactivity,	with	no	evidence	of	outlow	
obstruction.	Three	women	discontinued	because	of	
poor	eficacy	or	a	poorly	itting	device,	leaving	11	of	
16	participants	(69%)	at	week	eight,	when	median	
pad weight decreased to 2 g (Level of Evidence 3 ).

Kondo,et	al.	[172]	found	no	urinary	low	obstruction	
with	the	device	in	place.	Urine	loss	decreased	from	
20.6	to	4.8	g	per	hour	(p<0.001)	on	the	60-minute	
pad	 weight	 test.	 Twenty	 two	 patients	 (29%),	 re-
ported	 complete	 continence,	 and	 39	 (51	 %)	 had	
decreased severity of incontinence by more than 
50%.	Minor	adverse	effects	occurred	in	26%	of	the	
patients.	According	 to	 the	global	usefulness	 rating	
which	was	employed,	62	patients	(81%)	had	some	
or	maximum	beneit	(Level of Evidence 3 ).

5. REUSABLE  INTRAVAGINAL  HOLLOW TAMPON (CONTIFORM)

The	Contiform	 intravaginal	 device	was	 irst	 tested	
in	2003	and	although	signiicant	beneit	was	shown	
only	20%	of	participants	were	completely	dry	on	24	
hour	pad	test	[173].	In	2007	Allen	et	al	[174]	enrolled	
65	women	to	test	the	device	and	itted	52	devices.	
37	 women	 completed	 the	 protocol	 (4	 weeks	 test-
ing).	Urine	loss	on	pad	testing	was	signiicantly	re-
duced	from	a	median	of	6.6g	to	2.2g	and	there	were	
signiicant	 improvements	 on	 the	 Incontinence	 Im-
pact	Questionnaire	and	Urinary	Distress	Inventory.	
Seven	patients	were	unable	to	insert	the	device	and	
two were shown to have residual urine over 100ml, 
but overall the authors concluded that the device 
was	well	tolerated.

6. DISPOSABLE  INTRA-VAGINAL  DEVICES

Thyssen	et	al.	[175]	tested	the	Continence	Guard	in	
26 women with stress incontinence before and after 
one month’s use: four women discontinued the treat-
ment	because	of	discomfort	or	dificulties	in	using	the	
device	 9	 (41%)	 were	 subjectively	 cured	 of	 inconti-
nence,	10	(45%)	improved	while	three	(14%)	claimed	
unchanged	incontinence.	With	the	device	in	place	all	
had	decreased	leakage	at	the	24-hour	pad	weighing	
test	and	unchanged	urodynamic	tests.	No	vaginal	or	
urinary infections were found (Level of Evidence 3 ).

Thyssen	et	al.	[176]	reported	on	19/22	women	with	
stress incontinence, subjectively and objectively 
cured or improved in a short-term study, and who 
then continued the treatment with the device for 
one	year.	All	19	completed	the	study,	13	(68%)	were	
subjectively	dry,	(26%)	were	improved	and	one	(5%)	
reported	unchanged	 incontinence.	All	but	one	had	
decreased	 leakage	 at	 the	 24h	 pad	 test,	 and	 67%	
a	 greater	 than	 50%	 decrease.	 Subjectively	 cure	
was	41%,	and	36%	were	dry	on	24	hour	pad	test.	
Overall	reduced	leakage	was	statistically	signiicant	
(p<0.0005)	 No	 signiicant	 changes	 were	 found	 in	
the	 other	 urodynamic	 measurements,	 speciically,	
urinary	low	rate.

Sander	et	al.	 [177]	found	subjective	cure	in	11/55	
women	 (20%)	 and	 improvement	 in	 27/55	 (49%)	
was	reported.	Results	of	the	24-hour	pad	test	and	
mean	 leakage	and	epi-sodes	 in	 the	 voiding	diary	
signiicantly	 decreased.	After	 three	 months,	 58%	
of the 55 patients desired to continue device us-
age.	There	was	a	highly	signiicant	improvement	in	
QoL	scores	using	the	IIQ,	as	well	as	two	additional	
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incontinence-related	quality	of	life	questionnaires.	
Responses	to	the	SF-36	general	health	question-
naire	showed	no	signiicant	changes

Hahnet	al.	[178]	reported	on	121	women,	in	a	four	
week	study.	Patients	dropped	out	because	of	vagi-
nal	 irritation	 (25%),	 other	 product-related	 reasons	
(6%),	 lack	 of	 time	 (6%),	 or	 failure	 to	 complete	 a	
user	 questionnaire.	 Of	 the	 remaining	 90	 (mean	
age	47.5),	85	performed	a	24	hour	pad	test,	which	
showed	 that	 baseline	 leakage	 of	 42	 ml/24h	 de-
creased	to	14	ml/24h	(p	<0.001).	Of	these,	39	(46%)	
were	 continent.	 The	 device	 was	 considered	 un-
pleasant	by	8%,	and	caused	some	local	discomfort	
in	62%	on	direct	questioning:	75%	of	these	wished	
to	continue	using	the	device.	The	authors	noted	that	
older women (age 56-65) tolerated the device and 
appeared	more	motivated	 to	 continue.	 Coexistent	
atrophic vaginitis and the use of topical oestrogen 
was not discussed

Thyssen	 et	 al.	 [179]	 reported	 on	 94	 women	 re-
cruited in a cross-over study, which compared two 
versions	 of	 the	 same	 device;	 the	 Conveen	Conti-
nence	Guard	(CCG)	and	the	Contrelle	Continence	
Tampon	 CCT.	 62	 women	 (66%)	 completed	 the	
study with withdrawals mainly due to discomfort or 
for	 unknown	 reasons.	Both	devices	 reduced	 leak-
age	signiicantly	but	the	CCT	was	signiicantly	bet-
ter than	the	CCG.	Few	side-effects	were	reported.	
Thirty-two	women	continued	 the	 treatment	 for	one	
year	or	more	with	63%	preferring	the	“tampon”	type	
design	for	its	ease	of	use.	

The	 report	 on	 the	 polyvinyl	 sponge	 by	 Glavind	
[180] was an acute laboratory study of only six 
women utilizing a pad test measurement during 
30	minutes	of	aerobic	exercise	Without	the	vaginal	
sponge the patients had a mean loss of 7g (range 
2-18g)	during	exercise.	With	the	vaginal	sponge	in	
situ	there	was	no	leakage.

Two	 papers	 have	 been	 published	 recently	 on	 the	
Tipi	 device	 (ConTIPI	 Ltd.	 Israel)	 [181]	 [182].	 This	
device has a resin core with support ‘poles’ covered 
with a soft nylon mesh that stretches between the 
arms	of	the	poles	to	act	as	a	suburethral	sling.	Ziv	
et	al.	 [183]	recruited	60	women	with	severe	stress	
incontinence	to	test	the	product.	A	seven	day	‘con-
trol’ period was followed by a 28 day device usage 
period.	 There	 was	 no	 control	 arm	 or	 comparison	
product.	 Pre-weighed	 pads	 were	 used	 during	 the	
test period and the primary end point was the per-
centage	of	women	achieving	at	least	a	70%	reduc-
tion in pad weight gain from the control period to the 
last	 14	 days	 of	 usage.	Ten	women	withdrew	 from	
the study during the test period, four for device re-
lated	reasons.	Using	intention	to	treat	analysis	85%	
of	women	achieved	at	 least	70%	reduction	 in	pad	
weight	gain.	The	most	common	adverse	events	re-
ported were mild and included genital tract discom-
fort, pain and spotting with blood; the only report of 
a	moderate	event	was	of	candidiasis.	The	authors	

conclude that the device is easy to use, well-toler-
ated	and	effective.	

Farage	et	al	(2011)	used	a	similar	evaluation	design	
with 57 women who had at least seven episodes of 
SUI	per	week.	After	 a	 baseline	period	 the	women	
identiied	the	best	TIPI	among	a	selection	of	 three	
device	 sizes.	 The	 itting	 period	 was	 followed	 by	
14	days	of	 device	usage	 for	 up	 to	12	hours	daily.	
The	 results	 of	 the	 57	 intention	 to	 treat	 population	
shows	that	75%	of	the	patients	had	at	least	a	60%	
reduction	in	SUI	episodes,	the	subjective	perspec-
tive of patients with regard to the severity of their 
incontinence improved and the results show also 
an improvement in the quality of life (statistically 
signiicant	 for:	 feeling	 frustrated,	 impact	 on	 social	
activities	and	impact	on	recreational	activities).	The	
authors stated that the device is safety in daily use 
and	a	nonsurgical	alternative	in	the	therapy	for	SUI.

b) Summary

Support	 of	 the	bladder	 neck	 resulting	 in	 improved	
continence is possible with intravaginal devices 
without	 evidence	 that	 they	 cause	 signiicant	 lower	
urinary tract obstruction or morbidity, but the evi-
dence	is	limited	(Level	of	Evidence	3).

Studies	performed	 in	 the	acute	setting,	 regardless	
of the device type, demonstrate better performance 
than	diary	based	studies	performed	over	 time.	Ef-
icacy	appears	to	be	higher	in	patients	with	minimal	
to	moderate	urinary	leakage.	

Relatively	 high	 drop-out	 rates	 in	 monitored	 studies,	
during which patient support is provided, indicates 
the need for proper patient selection’ and patient and 
provider education, but may also indicate limitations in 
product	eficacy,	dificulties	in	application	or	other	fac-
tors	such	as	discomfort	(Level	of	Evidence	3).

c) Recommendations

Intra-vaginal	 support	 devices	 may	 be	 considered	
as a treatment option when managing women with 
stress urinary incontinence, dependent upon the 
availability of product, patient ability to manage the 
product (particularly manual dexterity) patient ac-
ceptance,	and	cost	(Grade	of	Recommendation	C).

d) Priorities for research

Long-term	 results	 are	 not	 available	 and	 studies	
comparing these therapies to other forms of conser-
vative therapy or surgery are needed

4.  OVERVIEW OF MECHANICAL DEVICES 
FOR WOMEN

a) Overall summary

The	recently	updated	Cochrane	review	of	mechani-
cal devices for urinary incontinence in women [144]
review found seven trials that met their criteria and 
concluded that the role of such devices is question-
able.	 The	 authors	 state	 that	 there	 are	 indications	
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that using mechanical devices might be better than 
no	 treatment	but	 that	 the	evidence	was	weak	and	
that	there	was	insuficient	evidence	to	recommend	
any	speciic	device	or	to	show	that	mechanical	de-
vices	are	better	than	other	forms	of	treatment.	

In	 this	 section	 we	 have	 attempted	 to	 review	 all	
available evidence including many trials that did 
not	meet	Cochrane	criteria.	Most	 trials	were	open	
pre-test post-test trials with no comparators and 
the	strength	of	this	evidence	is	relatively	weak.	Al-
though most trials showed positive effects on symp-
toms, this was often combined with relatively high 
drop-out rates and unwanted effects, such as dis-
comfort,	skin	irritation	or	urinary	tract	infection.

Although	 many	 products	 have	 appeared	 on	 the	
commercial	 market,	 few	 have	 stood	 the	 test	 of	
time	 and	 are	 currently	 marketed	 –	 there	 are	 no	
external urethral devices available and there is 
only	one	intra-urethral	device.	There	are	at	 least	
two	intra-vaginal	devices	available	on	the	market	
and these may have potential to be more accept-
able to women because of their similarities to fa-
miliar	 tampons.	The	 relative	 lack	 of	market	 suc-
cess for these products may indicate low efficacy 
and unwanted effects, but may also reflect their 
relatively high cost compared to pads which are 
the	main	alternative.

b) Overall recommendations

It	 is	possible	 that	some	of	 the	mechanical	devices	
currently	marketed	are	effective	and	acceptable	to	a	
minority of women and, given that they are relative-
ly non-invasive (with the exception of intra-urethral 
devices), they may be suggested to patients for 
consideration and testing, particularly for short-term 
or	occasional	use.

c) Overall priorities for research

The	substantial	withdrawal	rate	and	the	frequency	
of unwanted events indicates that that there is a 
need	 to	establish	eficacy	of	 these	devices	 (com-
pared to no treatment) over longer time periods 
(more	 than	 a	 year),	 with	 careful	 identiication	 of	
unwanted	effects.	

There	 is	 also	 a	 need	 to	 compare	 devices	 with	
simple,	 cheap	 devices.	 The	 Cochrane	 review	
recommends an intravaginal tampon as a suit-
able	comparator.

There	 are	 indications	 that	 the	 devices	may	 best	
be used occasionally or intermittently for specific 
activities and there is a need for this type of use 
to be tested, possibly compared to the most com-
mon	alternative	-	an	absorbent	pad.

As	 these	 devices	 aim	 to	 prevent	 urine	 leakage	
there	 is	 also	 potential	 for	 testing	 their	 eficacy	
compared	to	other	treatments	such	as	pelvic-loor	
exercises	or	surgery.

 

Male	mechanical	devices	aim	 to	prevent	urine	 leak-
age	by	 compressing	 the	penis.	A	 variety	 of	 designs	
are available but occlusion is usually achieved with ei-
ther a clamp or a peri-penile strap (Figure XI-1 ).	Such	
devices have the potential advantages of low cost 
and simplicity compared with a sheath and drainage 
bag.	However	there	is	potential	for	tissue	damage	and	
these	devices	should	be	used	with	caution.

Careful	 assessment	 is	necessary	 for	use	of	 these	
devices because there is potential for damage to 
the penis from ischaemia (restriction of blood to the 
penis).	Such	devices	should	be	itted	by	a	 trained	
health	 professional	 and	 subject	 to	 regular	 review.	
Use	should	be	limited	to	men	who	are	assessed	as	
being	 cognitively	 intact,	 are	 aware	 of	 bladder	 ill-
ing, have normal genital sensation and intact penile 
skin,	have	suficient	manual	dexterity	 to	open	and	
close	 the	 device	 (Moore	 2004)	 and	 are	motivated	
and	willing	to	use	such	a	device.

XI. MECHANICAL DEVICES FOR MEN 
WITH URINARY INCONTINENCE

Figure XI-1: A penile clamp.

1. QUALITY OF DATA

The	use	of	penile	compression	devices	is	described	
only rarely in the literature [184] [185] and is usually 
referred to as a last resort where other forms of man-
agement	 have	 failed	or	 been	 judged	 inappropriate.	
There	has	only	been	one	published	evaluation	[186].

2. RESULTS

Moore	et	al.	[186]	evaluated	three	different	devices	
(Timms	 C3	 penile	 compression	 device;	 Cunning-
ham	 clamp;	 and	 U-Tex	 male	 adjustable	 tension	
band) in a cross-over study in which twelve men 
with stress urinary incontinence following radical 
prostatectomy	tried	each	device	in	turn.	Each	of	the	
devices	 signiicantly	 (p<0.05)	 reduced	mean	urine	
loss (measured using a 4h pad tests) compared 
with	baseline	measurements.	There	was	some	ob-
jective or subjective improvement in continence for 
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each of the 12 men with at least one of the devices, 
although none completely eliminated urine loss 
when	applied	at	a	comfortable	pressure.	

Ten	 of	 the	 12	 men	 rated	 the	 Cunningham	 clamp	
positively;	two,	the	C3;	and	none,	the	U-Tex.	How-
ever,	 the	 C3	 and	 U-Tex	 allowed	 good	 cavernosal	
artery	blood	low	while	the	Cunningham	clamp	sig-
niicantly	reduced	it.	Overall	Moore	et	al.	concluded	
that,	used	correctly,	the	Cunningham	clamp	can	be	
an effective method of controlling urinary inconti-
nence (although it should be noted that complete 
control	 i.e.	 no	 leakage,	was	not	 achieved)	 in	men	
with stress urinary incontinence who are cognitively 
intact	and	aware	of	bladder	illing,	and	have	normal	
genital	 sensation,	 intact	 penile	 skin	 and	 suficient	
manual	dexterity	to	open	and	close	the	device.

Expert	 opinion	 and	 anecdote	 suggest	 that	 penile	
clamps may be more successful when used for 
short	 periods,	 for	 example	 when	 undertaking	 ac-
tivities	such	as	swimming	or	jogging.	Such	activities	
may not only exacerbate incontinence but also pre-
clude	the	use	of	bulky	and	/	or	absorbent	products.

3. SUMMARY

Male	mechanical	devices	can	partially	control	urinary	
leakage	(but	not	eliminate	 it	at	comfortable	 levels	of	
use)	but	are	likely	to	lead	to	reduced	cavernosal	artery	
blood	low	and	therefore	care	must	be	taken	to	ensure	
regular	removal	or	release	(Level	of	Evidence	2).

4. RECOMMENDATIONS

•		Male	mechanical	 devices	may	be	considered	 for	
selected men with stress urinary incontinence who 
are	cognitively	intact	and	aware	of	bladder	illing,	
and have normal genital sensation, intact penile 
skin	 and	 suficient	manual	 dexterity	 to	 open	and	
close	the	device	(B).

•		The	 devices	 should	 be	 itted	 by	 a	 trained	 health	
professional	 and	 reviewed	 regularly	 (Grade	 of	
Recommendation	C).

•		The	 devices	 may	 be	 considered	 for	 short-term	
use	when	undertaking	sport	or	other	activities,	as	
an adjunct to management with other products 
(Grade	of	Recommendation	C).

5. PRIORITIES FOR RESEARCH

•	There	 is	a	need	 for	mechanical	devices	 for	men	
which are discreet, easy to use and which prevent 
leakage	without	risk	of	tissue	damage.

 

Urinary	 catheters	 can	 provide	 an	 effective	 way	 of	
draining the bladder in either the short-term or long-
term, by intermittent or indwelling catheterisation, 
where alternative strategies are unsuitable or unsat-
isfactory.	 However,	 indwelling	 catheters	 are	 rarely	
completely	trouble-free	and	the	risk	of	catheter-relat-

ed complications is high, with substantial detrimental 
impact	on	patients,	carers	and	healthcare	services.	
It	 is	 generally	 agreed	 that	 catheter	 use	 should	 be	
avoided wherever possible and only adopted for 
those for whom alternative strategies are unsuitable 
or unsatisfactory, after careful assessment of the pa-
tient	and	their	particular	problem	[187].	

This	 section	 examines	 the	 characteristics	 of	 uri-
nary catheters, and provides a critical review of 
existing	 evidence	 to	 guide	 decision-making	 on	
choice of catheters, equipment and management 
strategies	 to	 minimise	 associated	 risks.	 Speciic	
issues relating to short-term catheterisation are 
addressed, but the main focus of the section is on 
long-term management of bladder dysfunction, by 
intermittent catheterisation (least invasive) or in-
dwelling	catheterisation	 (most	 invasive).	An	over-
view	of	 factors	 inluencing	choices	of	catheterisa-
tion strategy is provided in Table XII-1 .	 Detailed	
discussion	 of	 key	 issues	 is	 provided	 under	 the	
following headings: user characteristics, catheter 
characteristics,	associated	risks	/	problems,	cath-
eter	management.	

The	 bulk	 of	 research	 evidence	 on	 catheter	 use	
relates	 to	 short-term	 catheterisation.	 In	 particular	
there are numerous trials which focus on catheter-
associated urinary tract infection since this is well 
recognised as a major source of healthcare associ-
ated	 infection.	The	quality	 of	 data	 is	 very	 variable	
and many studies are limited by being underpow-
ered and by other design issues, including poorly 
deined	outcome	criteria	and	highly	selected	study	
populations.	Much	less	research	has	addressed	in-
termittent or long-term indwelling catheter-related 
issues and guidance to healthcare practitioners re-
mains	largely	based	on	expert	opinion.	Some	of	the	
dificulties	 in	 conducting	 research	on	use	of	 conti-
nence	products	are	discussed	in	Section	III.	Further	
discussion	 related	 speciically	 to	 catheters	 is	 pro-
vided	within	the	following	sections.

1. INTERMITTENT CATHETERISATION

Intermittent	 catheterisation	 (IC)	 is	 the	act	of	pass-
ing a catheter into the bladder to drain urine via 
the urethra, or a catheterisable channel such as 
a	Mitrofanoff	 diversion.	 The	 urine	 can	 be	 drained	
into	 a	 toilet,	 urinal,	 plastic	 bag,	 or	 other	 reservoir.	
The	 catheter	 is	 removed	 immediately	 after	 drain-
age.	This	 technique	 avoids	many	 of	 the	 problems	
associated	 with	 indwelling	 catheters.	 Intermittent	
catheterisation may be carried out using a sterile 
technique in some care settings, but clean intermit-
tent	catheterisation	(CIC)	or	clean	intermittent	self-
catheterisation	CISC	 [188]	 is	widely	accepted	as	a	
safe technique for people who are self-caring in their 
own	homes.	Since	some	studies	do	not	distinguish	
between	CIC	and	CISC,	the	term	CIC	has	been	ad-
opted to cover both throughout the following sec-
tion.	CIC	provides	much	greater	convenience	 than	
urethral catheterisation, without unacceptable 

XII. CATHETERS
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Product 
category 

User characteristics  / priorities / contexts which: 
Notes 

FAVOUR use DISCOURAGE use 

Intermittent 
catheters (IC)

 

If more than 100ml retained in 
bladder (C) 
Concept of IC acceptable to user 
(or carer) 
User has sufficient dexterity and 
cognitive ability to manage regular 
drainage 

In general (as with all catheters), where alternative, non-invasive 
management is satisfactory 
If user lacks motivation or unable to cope with regime 

See Section 12.1 
Greater independence for users

 No need for urine collection bags
 Reduced risk of catheter-associated 

complications 
Greater freedom for sexual activity.

 

Long-term 
indwelling 
catheters 
(LTC): general

 

Only for voiding problems which 
cannot be managed satisfactorily 
by other strategies (pads, other 
products or IC)  (A) 
User or carer able to empty 
drainage bag regularly 

In general (as with all catheters), where alternative, non-invasive 
management is satisfactory 
Avoidance of UTI is a priority (A) 
Cognitive impairment (danger of interfering with catheter) (C) 
High risk of recurrent catheter encrustation & blockage (B) 

See Section 12-2 
May be required:  (i) to drain the 
bladder where there is urinary 
retention; (ii) to improve care of for 
those with severe incontinence who 
cannot manage otherwise, are 
terminally ill, or need secure urine 
drainage to heal skin lesions / 
wounds affected by the presence of 
urine 

LTC: urethral 
insertion

 

Concept is acceptable
 

History of urethral trauma 
Haematuria of unknown origin 
High risk of catheter being expelled (bladder spasm) 

 

LTC: supra-
pubic insertion

 

Concept is acceptable

 

Haematuria of unknown origin,  
Bladder tumour 
Small, contracted and fibrotic bladder 
User is obese 

 

Short-term 
indwelling 
catheter

 

Post-operative controlled drainage 
To monitor urine output 
To irrigate the bladder 
To instil medication 
To relieve retention of urine 

In general (as with all catheters), where alternative, non-invasive 
management is satisfactory 
Avoidance of UTI is a priority (A)  

Table	XII	-1:	Catheter	choices.	Catheters	should	only	be	considered	where	there	is	no	satisfactory,	non-invasive	alternative	to	manage	bladder	drainage. (Grade 
of recommendation in brackets)
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increases in infection rate, and has become a 
method of choice for management of bladder drain-
age for neurogenic and non-neurogenic bladder 
dysfunctions	where	urinary	retention	is	a	signiicant	
symptom and not easily remedied by other relatively 
simple	means,	 eg	 TURP	 for	 prostatic	 obstruction.	
CIC	can	be	 taught	 to	people	of	all	ages,	 including	
the very elderly and children as young as four years 
old,	with	parental	supervision	[189]	 [190].	CIC	can	
also be taught to carers, where this is an acceptable 
procedure	to	both	patient	and	carer.

a) Quality of data

The	majority	 of	 research	 evidence	 on	 intermittent	
catheterisation relates to catheter-associated uri-
nary	tract	infection	(CAUTI)	and	catheter	materials	
and	 coatings.	 The	 most	 frequent	 complication	 of	
CIC	 is	urinary	 tract	 infection	(UTI)	but	 it	 is	unclear	
which catheter types, techniques or strategies, af-
fect	its	incidence.	There	is	wide	variation	in	practice	
and important cost implications for using different 
catheters,	 techniques	 or	 strategies.	 Two	 relevant	
Cochrane	reviews	were	 identiied;	 ‘long-term	blad-
der management by intermittent catheters in adults 
and children’ [191]; and ‘urinary catheter policies for 
long-term	bladder	drainage’	[192].	The	objective	of	
the	 irst	 review	was	 to	 examine	which	 intermittent	
catheter types, techniques or strategies, affect the 
incidence	of	UTI.	Fourteen	trials	were	included	but	
sample sizes were small and attrition of participants 
was	 problematic.	 Deinitions	 of	 outcome	 variables	
and	follow-up	periods	differed,	making	it	dificult	to	
draw	clinically	useful	conclusions.	Several	of	the	tri-
als were more than 10 years old and were typically 
less	 rigorous	 in	 design	 and	 analysis.	 The	 authors	
concluded	there	is	insuficient	evidence	to	state	that	
incidence	of	UTI	is	affected	by	use	of	sterile	or	clean	
technique, coated or uncoated catheters, single 
(sterile) or multiple use (clean) catheters, self-cath-
eterisation or catheterisation by others, or by any 
other	strategy.	The	objectives	of	the	second	review	
[193] were to determine if certain catheter policies 
are better than others in terms of effectiveness, 
complications,	quality	of	 life	and	economics.	Com-
parisons included type of catheterisation (intermit-
tent, indwelling urethral and indwelling supra-pubic) 
and	antibiotic	prophylaxis.	Seven	trials	were	includ-
ed	but	all	were	small	and	conidence	intervals	were	
wide.	There	was	 limited	 evidence	which	 indicated	
that prophylactic antibiotic therapy was associated 
with reduced episodes of bacteriuria (asymptom-
atic and symptomatic) in subjects using intermittent 
catheterisation.	In	both	reviews,	the	trials	which	met	
the inclusion criteria were limited by small sample 
sizes	 and	methodological	weaknesses.	A	 third	 re-
view on ‘catheter policies for management of long-
term voiding problems in patients with neurogenic 
bladder’ [194], which aimed to assess the effects 
of	 different	 types	 of	 urinary	 catheter	 (IC):	 in	man-
aging the neurogenic bladder, found there were no 
trials	that	met	the	inclusion	criteria.	Other	research 

in this area is dominated by retrospective reviews 
of bladder management outcomes of patient co-
horts.	 Long-term	 follow-up	 studies	 are	 almost	 ex-
clusively of patient groups with neurogenic bladder 
disorders.	Small	scale,	comparative	studies	of	new	
products are common and are often industry-spon-
sored.	 Quality	 of	 life	 issues	 are	 vitally	 important	
for continence product users but studies are often 
limited by outcome measures predominantly based 
on	user	satisfaction,	in	the	absence	of	clear	criteria.	
Few	studies	have	directly	compared	CIC	with	other	
methods	of	bladder	drainage.

b) User characteristics:

CIC	 is	 a	 commonly	 recommended	 procedure	 for	
people with incomplete bladder emptying not sat-
isfactorily	managed	by	other	methods.	CIC	can	be	
appropriate for post-void residual urine volumes of 
100ml or more in:

•		Patients	 with	 neurological	 disorders	 that	 result	
in urinary retention problems, including failure to 
empty the bladder, incomplete emptying, detrusor 
sphincter	dyssynergia.

•		Patients	with	dificulty	emptying	 the	bladder	after	
surgical	procedures,	 if	outlow	obstruction	occurs	
either	in	the	short	or	long-term.

•		Patients	 who	 accumulate	 a	 build	 up	 of	 residual	
urine caused by detrusor overactivity and inad-
equate	bladder	emptying.	

•	Acute	urinary	retention	(most	commonly	in	men).

•	Management	of	urethral	stricture.

•		Emptying	 the	 bladder	 following	 continent	 urinary	
diversions	such	as	a	Mitrofanoff	diversion.

CIC	may	be	a	practical	option	for	patients	who	are:

•		Suficiently	 motivated	 to	 manage	 their	 bladder	
drainage	by	this	technique.

•		Suficiently	dexterous	to	perform	the	technique.	An	
appropriate level of manual dexterity is essential 
but generally if people can write and feed them-
selves	they	have	suficient	dexterity	[195].

•		Suficiently	 cognitively	 aware	 to	 adhere	 to	 a	 re-
gime and empty the bladder at appropriate time 
intervals to prevent bladder over-distension and 
preserve	upper	urinary	tract	function.	

•		Unable	 to	 perform	 the	 technique	 themselves	but	
willing	to	accept	the	procedure	from	a	caregiver.

Most	 men	 require	 some	 form	 of	 lubrication	 to	 aid	
catheterisation, which can be on the catheter surface 
or	instilled	into	the	urethra	[196]	(Level	of	Evidence	
3).	 For	 those	 with	 preserved	 urethral	 sensation,	 a	
local	anaesthetic	gel	may	be	needed.	Many	female	
patients also use a catheter lubricant / anaesthetic 
gel	 although	 some	 choose	 not	 to.	 In	 developing 
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countries, where resources are limited (or some-
times through patient choice), patients sometimes 
use	plain	water	as	lubricant	[197]	(Level	of	evidence	
4).	Some	may	beneit	 from	adaptive	equipment.	An	
occupational therapist reported [198] on how a spe-
cially constructed penile trough (to hold the penis in 
a	ixed	position)	allowed	catheterisation	with	just	one	
hand	in	a	person	with	multiple	brain	injuries.

Regular	 bladder	drainage	 is	 important	 to	avoid	po-
tential damage to the upper urinary tract from urine 
relux	 and	 raised	 intravesical	 pressure	 from	 build	
up	of	 residual	 urine.	Patients	 require	 individualised	
care plans to help identify appropriate catheterisation 
frequency, based on discussion of voiding dysfunc-
tion and impact on quality of life, frequency-volume 
charts, functional bladder capacity, and ultrasound 
bladder	scans	for	residual	urine.	Some	people	need	
to catheterise several times per day, others less fre-
quently.	 Catheterising	 frequently	 enough	 to	 avoid	
residual urine greater than 500ml is a general rule 
for adults but further guidance is also provided by 
urodynamic	 indings,	 detrusor	 pressures	 on	 illing,	
presence	 of	 relux,	 and	 renal	 function.	 Disabilities	
such	as	blindness,	lack	of	perineal	sensation,	tremor,	
mental disability and paraplegia do not necessarily 
preclude individuals from mastering the technique if 
they	have	suficient	manual	dexterity	[195].	Learning	
the technique may require more sessions for people 
with	physical	disability,	such	as	MS,	and	cognitive	im-
pairment can contribute to less adherence over time 
[199].	 Lack	of	motivation	 is	 the	most	 common	 rea-
son	for	failure,	often	linked	to	dificulty	managing	the	
technique	or	adhering	to	the	required	regime.

Children	 at	 school	 need	 a	 multi-professional	 as-
sessment which may include a continence advi-
sor, paediatric community nurse or school nurse, 
the	 child’s	 consultant,	 the	 child	 and	 parents.	With	
adequate training, suitable facilities and supportive 
teaching staff many children are able to carry out 
CIC	themselves	either	on	a	toilet	or	from	a	wheel-
chair.	CIC	has	been	shown	to	be	a	viable	therapeu-
tic option for children with a large post-void residual 
urine volume in the absence of any neurological ab-
normality	[200].	Intermittent	catheterisation	has	also	
been shown to be an effective technique for elderly 
patients	with	post-void	residuals	more	than	50%	of	
the bladder capacity, resistant to other treatment 
[201].	 In	 a	 group	 of	 21	 patients	 (mean	 age	 76.5	
years),	12	mastered	the	technique	of	CIC,	with	the	
remainder	catheterised	by	their	partners	or	nurses.	
Urinary	continence	was	restored,	urgency,	frequen-
cy	and	nocturia	decreased	and	UTI	rate	diminished,	
resulting	in	improved	quality	of	life.

In	a	study	in	a	110-bed	hospital,	a	bladder	scanner	
was introduced to decrease unnecessary catheter-
izations using either a straight catheter (in-out) or an 
indwelling	catheter	 [202].	Staff	members	were	edu-
cated on the use of the new scanner in conjunction 
with an algorithm to guide decisions on	 treatment.	

Fourteen	 per	 cent	 (11)	 of	 the	 79	 scans	 resulted	 in	
catheterization,	and	 there	was	an	80%	decrease	 in	
catheterizations in 47 persons unable to void, based 
on	 clinical	 observation	 during	 a	 one	month	 period.	
Most	of	those	who	required	catheterization	were	sur-
gical	 patients.	There	were	 three	 in-out	 catheteriza-
tions and eight indwelling catheters were inserted, 
more	were	female	(73%),	and	over	age	75	(p=0.035).

Advantages	of	intermittent	over	indwelling	catheter-
isation include:

•		Greater	 opportunity	 for	 individuals	 for	 self-care	
and	independence.

•		Reduced	risk	of	common	indwelling	catheter-asso-
ciated	complications.

•		Better	protection	of	the	upper	urinary	tract	from	relux.

•		Reduced	need	for	equipment	and	appliances	e.g.	
drainage	bags.

•	Greater	freedom	for	expression	of	sexuality.

•	Potential	for	improved	continence	between.

c) Catheter characteristics

Types	and	characteristics	of	catheters	used	in	inter-
mittent catheterisation vary considerably so evalu-
ation	 and	 selection	 of	 products	 is	 complex	 [191].	
Plain	 uncoated	 catheters,	 typically	 clear	 plastic	
polyvinyl	chloride	(PVC),	are	packed	singly	in	sterile	
packaging.	As	per	industry	standards,	all	disposable	
catheters	are	 intended	 for	 one	 time	use,	 but	PVC	
catheters are frequently cleaned and reused by 
individual users because of cost or concern about 
environmental	issues.	Recently,	to	address	environ-
mental concerns related to single use catheters, a 
new	PVC-free	catheter	was	created	and	evaluated	
by	173	persons	in	comparison	to	the	standard	PVC	
one	[203].	Both	catheters	had	a	hydrophilic	coating.	
No	signiicant	differences	were	found.	Some	health	
care	professionals	make	a	distinction	between	‘sin-
gle-use’	(i.e	disposed	of	after	insertion)	and	‘single	
patient use’ (cleaned and re-used by the same pa-
tient	for	a	limited	period	of	time,	such	as	one	week).	
Where	products	are	used	in	ways	which	differ	from	
manufacturers’ guidance, both patients and health 
care professionals should recognise their personal, 
professional	 /	 legal	 responsibilities.	 In	some	coun-
tries,	including	the	US,	there	are	very	clear	govern-
mental	directives	that	catheters	identiied	as	single-
use	devices	 should	not	 be	 re-used	 in	 any	 setting.	
US	patients	 should	 be	provided	with	 an	adequate	
number of catheters to use a sterile catheter for 
each catheterisation, and patients and carers must 
be	 informed	 that	catheters	are	 identiied	 for	single	
use	 only.	 However,	 not	 everyone	 in	 the	US	 using	
IC	 has	 the	 federal	 insurance	 program	 (Medicare),	
which	began	paying	for	single	use	catheters	on	April	
1,	2008	at	the	rate	of	up	to	200/month	[204]	[205].	In	
one	US	study	of	34	IC	users	[206],	many	said they 
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did not have adequate insurance reimbursement for 
single	use	catheters,	and	35%	cleaned	and	reused	
catheters.

Most	uncoated	intermittent	catheters	are	used	with	
separate lubricant, although this is a matter of per-
sonal	choice.	Cleansing	 for	 re-use	 (where	 this	oc-
curs) varies from being washed with soap and wa-
ter,	boiled,	soaked	in	disinfectants,	or	microwaved.	
Cleaned	catheters	are	air	dried	and	then	stored	in	a	
convenient	container	(often	plastic	containers	/	Zip	
loc	bags	or	paper	bags).	Metal	catheters	made	from	
silver or stainless steel can be sterilized by heat or 
chemicals and may be used repeatedly for longer 
periods	than	other	reusable	materials.

Coated	catheters	are	single	use	only	(they	are	not	
currently suitable to be cleaned and reused) and are 
designed to improve catheter lubrication, ease of 
insertion	 and	 convenience.	 Coated	 catheters	may	
reduce	urethral	 trauma	and	CAUTI	although	good	
quality	research	evidence	remains	limited.	The	most	
common coatings are hydrophilic (which require the 
addition of water to the catheter to form a lubricious 
layer) or pre-lubricated (whereby the catheter is 
supplied	pre-packed	with	a	coating	of	water	soluble	
gel).	There	are	also	several	pre-lubricated	products	
with an integrated collection bag (all-in-one) which 
gives	lexibility	for	the	user	and	are	eficient	for	hos-
pital	use.	Not	all	CIC	users	like	this	type	of	bag;	thus	
trying several types of catheters for various activi-
ties, such as when home or when away, can help 
in	decisions	about	what	is	best	for	the	person	[206].

Intermittent	 catheters	 range	 in	 size	 from	6-20	Ch,	
with most common sizes being 10-12 for females 
and 12-16 for males (Figure XII -1 ).	 Intermittent	
catheters are generally around 40cm long (male 
length) and are more rigid than indwelling catheters 
to	aid	insertion.	A	variety	of	aids	to	assist	catheteri-
sation are available (Figure XII -2 ).

Some	women	ind	a	stiffer	catheter	easier	to	handle	
and some designs are slightly curved and made 
only in female length (around 18cm) to accommo-
date	their	requirements.	A	new	compact	catheter	of	
7cm was as effective in 23 of 24 women in removing 
residual	urine	as	20cm	catheters	[207].	Some	man-
ufacturers	 produce	 conveniently	 packaged	 ‘cathe-
ter-sets’ where the catheter is already attached to a 
urine	containment	pouch	inside	the	pack	and	a	non-
touch, clean technique is facilitated by holding the 
catheter inside the bag and gradually advancing it 
from	the	bag	during	insertion.	Catheter	designs	may	
include a protective tip to help reduce the transfer of 
bacteria from the distal region of the urethra further 
into	the	bladder.	Patients	should	have	the	opportu-
nity to try different catheters and choose which best 
suits	 their	 needs	 and	 lifestyle.	 Different	 catheters	
/	 packs	may	be	appropriate	at	 different	 times	e.g.	
when	added	convenience	for	quick	and	eficient	use	
and	disposal	is	important,	such	as	going	to	work	or	
on	holiday.	

An	 effective	 intermittent	 catheter	 should	 have	 the	
following characteristics:

•		Smooth	 for	 comfort,	 but	 suficiently	 irm	 for	 easy	
insertion	and	maintenance	of	lumen	patency.

•	Minimal	friction	on	insertion	or	removal.

•		Smooth	 edges	 to	 catheter	 eyes	 to	 avoid	 tissue	
trauma	on	frequent	catheterisation.	

•		Shaped	for	easy	passage	through	urethral	contours.

•		Easy	to	hold	and	manipulate	for	those	with	lim-
ited	dexterity.

•		Easy	 to	 identify	 correct	 end	 for	 insertion	 and	 for	
drainage,	for	those	with	visual	impairment.

Although	there	is	an	increasing	range	of	intermittent	
catheter	types	on	the	market	-	including	many	pre-
lubricated products with integrated collection bags 
-	the	quality	of	evidence	for	clinical	beneit	is	poor.	
De	Ridder	et	al	[208]	conducted	a	prospective,	ran-
domised, parallel, comparative trial of a hydrophilic 
coated	catheter	with	an	uncoated	PVC	catheter	with	

Figure XII-1: Examples of catheters for intermittent 
catheterisation: Scott (top) and Nelaton (bottom).

Figure XII-2: Examples of catheters for intermittent 
catheterisation: Scott (top) and Nelaton (bottom).
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123	male	spinal	cord	injured	(SCI)	patients.	Only	57	
completed the 12 month study but fewer patients 
with the coated catheter experienced one or more 
symptomatic	 UTIs	 (p=0.02).	 There	 was	 no	 differ-
ence	 in	 haematuria,	 leukocyturia	 and	 bacteriuria.	
However	a	recent	Cochrane	Review	[191],	conclud-
ed	 that	overall	current	 research	evidence	 is	weak,	
most studies are underpowered and conclusions 
are	 limited	 by	 serious	 design	 issues.	A	 recent	 re-
view	indicated	that	hydrophilic	catheters	are	benei-
cial	for	men	with	SCI,	in	relation	to	safety	(prevent-
ing urethral damage and associated complications) 
and	quality	of	 life	 (comfort)	 [47].However	research	
is	limited	in	women,	MS,	and	spina	biida.	An	earlier	
literature review [209] also indicated the wide vari-
ety of materials and techniques used for intermittent 
catheterisation.	It	concluded	that	there	was	no	one	
best technique or material and that choice of both 
depend greatly on the patient’s individual anatomic, 
social	and	economic	status.

d) Associated risks / problems

Urinary	tract	infection	is	well-recognised	as	the	most	
frequent complication of intermittent catheterisation 
[191].	The	accumulation	of	urine	in	the	bladder	pro-
vides a reservoir for infection, but it has also been 
proposed that the increased intravesical pressure 
reduces the vascular supply to the bladder tissue 
rendering it more susceptible to bacterial invasion 
[210].	 A	 post-void	 residual	 urine	 volume	 of	 150ml	
has	 been	 demonstrated	 to	 be	 an	 independent	 risk	
factor	for	the	development	of	UTI,	in	stroke	patients	
[211]	(Level	of	Evidence	2).	In	Wyndaele’s	review	of	
complications of intermittent catheterisation (82 stud-
ies),	 prostatitis	 was	 identiied	 as	 a	 risk	 in	men	 but	
epididymitis	and	urethritis	were	relatively	rare	[209].	
Trauma	 from	catheterisation,	measured	by	 haema-
turia, was noted to occur regularly but lasting effects 
were	more	limited.	The	prevalence	of	urethral	stric-
tures and false passages increased with longer use 
of	CIC	but	the	review	concluded	that	the	most	impor-
tant preventative measures are good education of all 
involved	in	CIC,	good	patient	compliance,	use	of	an	
appropriate catheter material, good catheterisation 
technique	and	the	avoidance	of	bladder	over-illing.	
Similar	indings	were	reported	by	Campbell	[212]	in	a	
follow	up	of	children	with	spina	biida	who	had	used	
intermittent	catheterisation	with	uncoated	PVC	cath-
eters	for	at	least	ive	years.	The	incidence	of	urethri-
tis, false passage, or epididymitis was very low whilst 
adherence	 to	 the	protocol	was	excellent.	However,	
Ku et al [213] found a higher incidence of epididy-
mitis	in	their	cohort	review	of	140	male,	SCI	patients	
followed	over	16	years.

A	 study	 of	medical	 and	 social	 complications	 of	US	
data	 in	 24,762	 persons	 with	 SCI	 [214]	 who	 were	
evaluated	 every	 ive	 years	 for	 30	 years,	 has	 been	
published	 (see	 section	 XII.1.g	 below	 for	 report	 on	
bladder	 management	 changes	 over	 time).	 Bladder	
management comparisons were done for indwelling 
(IC),	CIC,	condom,	and	spontaneous	voiding.	While	

there was some variation at different time points, 
medical complications were higher in persons with 
indwelling catheters, for pressure ulcers and days in 
the	hospital,	 and	 kidney	 stones,	 though	 infrequent,	
were	 higher	 at	 times.	 Psychosocial	 outcomes	 also	
did	 not	 favour	 IC	 users,	 and	 each	measure	 (satis-
faction with life, perceived health status, and partici-
pation in society) was lower than the other groups, 
though	not	signiicantly	so.	The	authors	said	that	bet-
ter understanding of psychosocial issues could be 
attained though prospective studies, as other factors 
than	bladder	management	might	affect	quality	of	life.

1. URINARY TRACT INFECTION 

It	 is	 dificult	 to	 know	 the	 prevalence	 of	 UTI	 asso-
ciated with intermittent catheterisation as reports 
vary	widely	and	deinitions	of	UTI	are	inconsistent,	
sometimes based on bacteriuria alone (asymptom-
atic)	 and	 sometimes	 on	 symptomatic	UTI	 (with	 or	
without	clearly	deined	criteria).	In	a	study	of	41	Eu-
ropean	 centres	 serving	 children	 with	 spina	 biida,	
although most centres had established protocols 
for	 diagnosis	and	 treatment	of	UTI,	 no	consensus	
was	 identiied	 for	 common	 protocols	 [215].	 Other	
variations found included methods of evaluation, 
catheterisation techniques, frequency of urinalysis 
/ culture, administration or not of prophylactic an-
tibiotics, and the patient group studied (including 
gender, functional ability, behavioural and personal 
hygiene	factors).

In	a	prospective	study	of	128	SCI	patients,	where	
the	incidence	of	UTI	was	calculated	as	the	number	
of episodes per 100 person-days, the overall inci-
dence	 of	 UTI	 was	 0.68.	 The	 rate	 for	males	 using	
CIC	 was	 0.41,	 compared	 to	 2.72	 for	 those	 using	
an	 indwelling	 catheter	 [216].	 Biering-Sorensen	 et	
al.	 [217]	studied	77	SCI	patients	on	CIC	after	ive	
years	and	 found	 that	81%	had	been	 treated	 for	at	
least	 one	 UTI,	 22%	 had	 two-three	 UTIs/year	 and	
12%	had	 four	 or	more	per	 year.	The	 technique	of	
intermittent catheterisation used does not seem to 
be	a	risk	factor	and	despite	different	catheterisation	
techniques used, the number of episodes of clini-
cally	 signiicant	 nosocomial	 urinary	 infections	 and	
the mean species turnover remains similar [218] 
(Level	of	Evidence	2).

In	 the	Cochrane	 review	cited	above	 [191],	 the	pri-
mary outcome measure was catheter-associated in-
fection	(deinition	of	infection	as	used	in	the	trial	re-
ports).	Fourteen	trials	met	the	inclusion	criteria	but	
too little data could be entered into a metanalysis 
to	produce	meaningful	data	summaries.	Based	on	
the available data, the authors concluded that there 
appeared to be no clear difference between various 
methods of catheterisation (sterile catheterisation 
techniques, clean catheterisation with a single-use 
sterile catheter, or clean catheterisation with a clean 
reused	catheter).	Whilst	the	outcomes	of	this	review	
raise	questions	over	eficacy	and	cost-effectiveness	
of expensive coated catheters it is clear that further 
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robust	 research	 is	needed.	All	sample	sizes	 in	 the	
trials were small and only two included statistical 
power calculations, although they were unable to 
achieve	their	predicted	sample	sizes.	Most	studies	
suffered from high attrition rates and several reports 
were	more	than	10	years	old.	The	challenges	of	ob-
taining sound data in this clinical area continue to 
hinder the accumulation of evidence to help guide 
healthcare	 practitioners.	A	 common	 dificulty	 is	 in	
the	 establishment	 of	 robust	 outcome	 measures.	
UTI	 remains	 the	 most	 clinically	 important	 primary	
outcome variable but bacteriuria/ positive urine cul-
ture is not clinically relevant unless accompanied 
by	 symptoms.	 Symptoms	 themselves	 may	 pres-
ent in vague and imprecise ways, especially in el-
derly	and/or	SCI	patients	where	symptoms	can	be	
masked	or	unclear.

Since	the	Cochrane	review	two	further	studies	have	
compared	hydrophilic	versus	plastic	IC	catheters	and	
examined	 the	 effect	 on	 UTI	 [219].	 In	 a	 community	
study of patients with spinal cord injury (45 partici-
pants	completed)	Cardenas	and	Hoffman	 found	no	
differences	in	the	incidence	of	symptomatic	UTI	be-
tween the groups, although the number of antibiotic 
treated	UTIs	was	signiicantly	smaller	in	those	using	
hydrophilic	 catheters.	 Regression	 analysis	 showed	
that	women	were	more	likely	to	have	UTIs	than	men	
and it is noteworthy that there were twice the number 
of women in the control (plastic catheter) group com-
pared	to	the	hydrophilic	group	(N=11	versus	N=5).	

Cardenas	and	other	co-workers	also	carried	out	a	
randomized	trial	of	hydrophilic	or	plastic	ICcatheters	
in	SCI	patients	in	hospital.	This	study	demonstrated	
beneit	 from	 the	 hydrophilic	 catheter	 during	 initial	
early	rehabilitation	with	a	delay	in	the	irst	symptom-
atic	UTI	[220].	Fifteen	North	American	SCI	centres	
took	part,	and	224	patients	were	randomized	to	the	
catheter	 type	within	 10	 days	 of	 beginning	 IC,	 and	
were followed either in the hospital or rehabilitation 
then, when discharged to the community, for up to 
3	months	more,	for	a	total	of	up	to	6	months.	This	
delay	 in	 irst	UTI	 resulted	 in	 a	 daily	 risk	 reduction	
of	 33%	 and	 during	 the	 initial	 institutional	 time	 the	
UTI	rate	decreased	by	21%	(p<0.05)	 in	the	hydro-
philic	 group.	 However,	 no	 differences	 were	 found	
between	the	two	groups	in	the	incidence	of	UTI	over	
the	whole	study	period.

A	Cochrane	 review	 on	 urinary	 catheter	 policies	 for	
long-term bladder drainage [221] reported limited ev-
idence that prophylactic antibiotic therapy was asso-
ciated with reduced episodes of bacteriuria (asymp-
tomatic and symptomatic) but all trials were small 
and	 conidence	 intervals	 were	 wide.	 The	 authors	
caution	that	possible	beneits	from	prophylaxis	must	
be balanced against possible adverse effects such 
as	the	development	of	antibiotic	resistant	bacteria.

In	order	to	improve	rigorous	clinical	evaluation	of	cur-
rent	and	innovative	products	for	CIC,	more	epidemio-
logical data on user populations and characteristics 

of	 catheter	 use	 is	 needed.	A	 recent	 Canadian	 na-
tional survey of intermittent catheterisation practices 
following	SCI	[222],	reported	on	912	responses	to	a	
36-item	self-report	postal	questionnaire.	Fifty	ive	per	
cent of respondents used intermittent catheterisation 
regularly,	with	users	forming	a	signiicantly	younger	
group	than	non-users	(p=0.001).	The	majority	of	us-
ers	 (73%)	 used	 a	 clean	 technique.	 The	 remaining	
27%	 reported	 using	 a	 sterile	 technique.	 Uncoated	
catheters	were	used	most	commonly;	74%	only	used	
uncoated	 catheters;	 15%	 used	 hydrophilic	 coated	
catheters;	and	11%	reported	using	both	types.	These	
notable differences may be partially related to pa-
tient education, costs to patients and health insur-
ance	 funding	constraints.	The	majority	of	 uncoated	
catheter	users	used	 their	catheter	only	once	 (53%)	
but	 a	 further	 30%	 used	 their	 catheter	 more	 than	
nine	 times.	 The	 mean	 frequency	 of	 self-reported	
CAUTIs	in	the	past	12	months	(symptomatic	but	not	
necessarily	 conirmed	 by	 laboratory	 evidence)	was	
2.6,	with	 females	experiences	signiicantly	more	 in-
fections	 than	males	 (p=0.003).	Although	 the	use	of	
hydrophilic coated catheters was associated with a 
lower	rate	of	CAUTI	(2.46	versus	2.62	for	those	using	
uncoated catheters), this difference was not reported 
as	 statistically	 signiicant.	 However	 UTI	 rates	 are	
multi-factorial	and	are	unlikely	to	be	fully	accounted	
for	 by	 the	 variables	 investigated.	A	 signiicant	 rela-
tionship between number of catheterisations per day 
and	CAUTI	rates	was	identiied,	with	those	who	cath-
eterised only once a day having the highest rate of 
infections	(p=0.03).	This	 is	consistent	with	previous	
suggestions that increasing the time that colonised 
urine is present in the bladder is associated with in-
creased	infection	rates	[208].	It	is	interesting	to	note	
that,	while	extra	luid	intake	was	positively	related	to	
reduced	 rate	 of	 CAUTI	 (p<0.001),	 catheter	 re-use,	
catheter disinfection and antibiotic prophylaxis were 
not	signiicantly	associated	with	CAUTI	rate.	Clearly	
there are potential limitations in this study as with 
any	which	employs	 self-report	methodology.	These	
include self-selection of respondents, accuracy of 
recall and quality of information provided, but the 
large number of respondents and the degree of inter-
nal consistency reported by the researchers provide 
creditability	to	these	results.	

Several	studies	have	sought	to	determine	whether	
the antibacterial effects of cranberry extract will re-
duce or eliminate bacteriuria and pyuria in patients 
using	intermittent	catheterisation,	particularly	in	SCI	
populations	 [223]	 [224].	 In	 a	 randomised,	 double-
blind,	 placebo-controlled	 study	 of	 48	 SCI	 patients	
living in the community and using intermittent cathe-
terisation or external urine collection device, partici-
pants ingested 2g concentrated cranberry extract in 
capsule	 form	or	 placebo	daily	 for	 6	months	 [224].	
There	were	no	differences	between	groups	with	re-
spect to number of urine specimens with bacterial 
counts >104 cfu/ml, types and numbers of different 
bacterial	 species,	 numbers	 of	 urinary	 leukocytes,	
urinary	pH,	or	episodes	of	symptomatic	infection.
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2. TISSUE TRAUMA, STRICTURES AND OTHER COMPLICATIONS

Long-term	 follow-up	 studies	 have	 examined	 other	
complications associated with intermittent cathe-
terisation and found urethral trauma to be common 
[225]	[226].	Urethral	bleeding	is	frequent	in	new	pa-
tients and has been noted to continue to occur in up 
to	30%	on	a	 long-term	basis	 [226]	 [227],	however	
risks	of	 tissue	 trauma	may	be	reduced	with	newer	
catheter products which are designed to reduce fric-
tion.	 Consequently	 the	 outcomes	 of	 older	 studies	
need	to	be	considered	with	caution.	The	withdrawal	
frictional force was compared between two hydro-
philic coated catheters and one uncoated catheter 
in a prospective, randomised, participant-blinded, 
crossover	trial	by	Stensballe	et	al	[228].	Forty	par-
ticipants completed the study and it was interesting 
to	note	that	while	one	coated	catheter	(SpeediCath)	
exerted a lower mean withdrawal force than the 
other	catheters,	the	second	coated	catheter	(LoFric)	
exerted	 a	 signiicantly	 higher	 mean	 friction	 force	
than	both	the	other	catheters.	Both	hydrophilic	coat-
ed catheters were associated with less microscopic 
haematuria	 than	 the	 uncoated	 catheter.	 Similarly,	
there was a lower incidence of microscopic haema-
turia reported in two of the coated catheter groups 
compared to uncoated catheters in trials included in 
the	Cochrane	review	[191];	0.31versus	0.65	 [229];	
6/14	(43%)	v	11/14	(78%)	[230].	Trauma	of	the	ure-
thra,	especially	in	men,	can	cause	false	passages.	
Treatment	for	false	passages	in	SCI	patients	by	six	
weeks	indwelling	catheter	use	and	ive	days	antibi-
otics,	has	been	reported	to	be	effective	[231]	(Level	
of	 Evidence	 3).	 The	 false	 passages	 had	 disap-
peared	on	cystoscopy	and	CIC	could	be	restarted.	

It	has	been	claimed	that	 the	 long	 term	risk	of	ure-
thral stricture formation may be less when hydro-
philic	coated	catheters	are	used	[232].	The	degree	
of	 urethral	 inlammation,	 measured	 by	 urethral	
cytology	 in	 two	groups	using	CIC	 (one	using	ordi-
nary	PVC	catheters	with	 lubricant;	 the	other	using	
hydrophilic	coated	catheters),	 showed	signiicantly	
less	urethral	inlammation	in	the	hydrophilic	coated	
catheter	 group.	Although	 this	data	 suggests	 some	
beneit	 in	 using	 hydrophilic	 coated	 catheters	 to	
minimise stricture formation in the long-term com-
parative	 studies	 are	 limited.	 One	 recent	 follow-up	
study	of	31	females	with	spina	biida,	using	CIC	for	
a	median	of	15	years,	examined	risk	of	urethral	le-
sions.	There	were	 few	problems	reported	 (only	on	
20 occasions in a total of 459 patient-years), de-
spite long-treatment periods and use of non-coated 
PVC	catheters	[233].	

The	 relative	 importance	 and	 cost-effectiveness	
of hydrophilic catheter coatings has not been ad-
equately	addressed	 in	 large	scale	studies	 to	date.	
Hedlund	et	al.	[234]	in	their	review	of	28	CIC	stud-
ies, called for a prospective, randomized, long-term, 
multi-centre	 study	 to	 address	 clinical	 beneit	 and	
cost	 effectiveness.	Data	 on	 patient	 characteristics 

should include age; gender; diagnosis of bladder 
dysfunction;	 reason	 for	 CIC;	 physical	 and	 mental	
disability; manual dexterity; and previous treat-
ments.	Effect	parameters	should	include	number	of	
catheterisations; urinary tract infection (symptom-
atic or asymptomatic); early and long-term urethral 
complications; patient satisfaction, preferences; 
and	 drop-out	 rates.	 Robust	 studies	 of	 this	 nature	
are	still	awaited.

3. OTHER COMPLICATIONS 

Formation	of	bladder	 stones	has	been	 found	 to	be	
associated	with	 long-term	 use	 of	 CIC	 in	 a	 number	
of	studies	[235]	(Level	of	Evidence	2).	Barroso	et	al.	
[236]	reported	an	increased	risk	of	developing	blad-
der	calculi	 in	children	performing	CIC	based	on	the	
records	of	403	children.	Stones	were	diagnosed	in	28	
patients.	The	 incidence	was	slightly	higher	 in	 those	
with	a	Mitrofanoff	conduit	but	was	not	inluenced	by	
bladder	augmentation	(Level	of	Evidence	3).	A	retro-
spective	study	of	140	SCI	patients,	followed	up	from	
1987	to	2003,	identiied	27.9%	of	patients	diagnosed	
with	 epididymo-orchiditis.	 This	 problem	 was	 more	
common	in	patients	using	CIC	compared	to	indwell-
ing	catheterisation	 (42.2%	v	8.3%,	P=	0.03).	Multi-
variate	analysis	showed	CIC	 to	be	an	 independent	
risk	factor	for	epididymo-orchiditis,	with	SCI	patients	
in	this	study	subject	to	a	7-fold	higher	risk	(OD	6.96;	
95%CI,	 1.26-38.53)	 [213].	While	 the	 risk	 of	 cancer	
in	long-term	indwelling	catheter	users	is	known,	(see	
section	12.2.10	below)	squamous	cell	cancer	in	per-
sons with intermittent catheters has been reported 
also	in	at	least	eight	cases.	A	number	of	factors	may	
be	 involved	 including	 leukoplakia,	 bacteriuria,	 trau-
ma from the catheter and squamous metaplasia, a 
premalignant	change	[237].	

e) Catheter management

1. EDUCATION, SUPPORT AND QUALITY OF LIFE (QOL)

Good	education	of	all	involved	in	CIC,	good	patient	
compliance, use of an appropriate catheter mate-
rial, and good catheterisation technique have been 
identiied	 as	 the	most	 important	measures	 to	 pre-
vent	adverse	complications	[209].	Factors	affecting	
adherence to self-catheterisation procedures have 
been explored, addressing both initial mastery of 
technique and both short-term adherence and long-
term	 adherence	 [238]	 [239].	 Time	 taken	 to	 build	
conidence	 is	 variable	 and	 may	 range	 from	 days	
to	years	[239].	General	determinants	of	adherence	
related	to	knowledge,	complexity	of	the	procedure,	
misconceptions, fears, shame, motivation, quality 
and	continuity	of	professional	care.	

CIC	may	affect	both	sexuality	and	sexual	activity	
[240] and sensitive support and teaching are need-
ed.	An	 emotionally	 negative	 response	 can	 occur,	
which requires individualized teaching in a relaxed, 
supportive	 environment	 [240].	Adequate	 informa-
tion combined with thorough teaching and good 
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communication	can	help	new	CIC	users	gain	initial	
acceptance	and	adherence	to	the	procedure	[239].	
Some	women	are	not	able	to	locate	the	urinary	me-
atus, and they may not be comfortable in learning 
and thus require additional coaching, encourage-
ment,	practice	and	support	[241]	[206]	[240].	Other	
anatomical issues need to be considered as well, 
such as redundant prepuce in some males, false 
urethral	 passages,	 and	 bladder	 spasms	 [242].	 In	
addition,	 lack	of	adequate	bathroom	accessibility,	
especially in public places, can be a major barrier 
to	adherence	[242]	[206].

Integration	of	the	CIC	regime	into	everyday	life	was	
a	 recognised	 dificulty	 and	 for	 younger	 patients,	 in	
particular, availability of materials, physical impair-
ments	and	resistance	to	‘sickness	role’	were	factors	
which	could	also	compromise	adherence.	Qualitative	
research studies using a grounded theory approach 
have	 identiied	similar	 factors	 inluencing	variations	
in quality of life (see also section XII.4).	These	 in-
clude sex; lifestyle; frequency of duration of carrying 
out	 CIC;	 technical	 dificulties;	 type	 of	 catheter;	 co-
morbidities;	and	individual	predispositions	[241].

In	 the	 large	 scale	 Canadian	 survey	 above	 [222]	
71%	reported	that	CAUTIs	had	negatively	impacted	
on	 their	QoL	 score	 (a	 10-point	 scale).	Several	 sig-
niicant	 variables	 associated	 with	 CAUTI	 and	 QoL	
were	determined.	Interestingly,	time	lost	from	social	
activities was more strongly associated with compro-
mised	QoL	than	actual	number	of	infections	or	days	
lost	 from	work.	 In	another	study	 in	41	persons	with	
SCI,	treatment	success	correlated	positively	with	the	
Qualiveen	QoL	measure.	 Success	 criteria	 involved	
clinical	 symptoms	of	 continence,	 lack	of	autonomic	
dysregulation	 (dysrelexia),	 and	 urodynamic	 testing	
for	 adequate	 bladder	 storage	 capacity	 (>	 360	mL)	
and	detrusor	pressure	(<	40cm	water)	[243].

Twenty	 two	 teenagers	 and	 young	 adults	 with	 my-
elomeningocele were interviewed about psychoso-
cial	 factors	 related	 to	CIC	 [244].	Deciding	when	 to	
disclose	CIC	use	was	 important	 in	 relation	 to	 peer	
support and friendships, and many wished they had 
done	so	at	an	earlier	age,	with	the	help	of	an	adult.	
In	fact	everyone	in	a	group	needed	to	appreciate	the	
need	to	avoid	gossip.	Those	not	in	wheelchairs	found	
it	harder	to	convince	others	of	their	need	to	use	CIC.	
In	healthcare	settings,	many	wanted	to	perform	self-
catheterisation	 instead	of	 staff	 doing	 it.	 Information	
about	sexual	function	was	desired	by	many.

An	Internet	based	qualitative	study	in	the	US	aimed	
at discovering issues and problems in long-term 
CIC	users	 [206]	 found	key	concerns	 related	 to	use	
of bathrooms that were dirty and inaccessible and a 
lack	of	knowledge	of	options	in	supplies	and/or	insur-
ance	coverage.	Other	themes	involved	knowing	the	
body, practising intermittent catheterization, hassles, 
and	adjustment	in	making	intermittent	catheterization	
a	part	of	life.	Experienced	CIC	users	explained	how	

they	made	adjustments	to	include	CIC	in	daily	life	by	
paying	attention	to	their	routines.	

More	education	may	be	provided	to	catheter	users	
through	 the	 Internet	 in	 the	 future.	 In	 a	 study	 us-
ing 18 articles written for persons with spinal cord 
injury (based on suggestions from patients and 
rehabilitation	 nurses),	 consumers	 were	 satisied	
with the information and scored this approach as 
8.02	 on	 a	 1-10	 scale	with	 10	 as	 being	most	 sat-
isied	 [245].	 Information	 was	 available	 in	 English	
and	Spanish.	Utilization	during	the	13	month	study,	
scored as “hits” on the website, was far more fre-
quent	 in	 the	Spanish	 language	materials	 (n=811,	
70%	)	than	“hits”	for	the	English	materials	(n=351,	
30%).	Examples	of	article	content	in	both	languag-
es	included	cranberry	juice	and	UTIs,	cleaning	the	
drainage bag, types of urinary management and 
only	 in	 English,	 latex	 allergies	 and	 catheter	 use,	
autonomic	dysrelexia,	and	sexuality.

2. CATHETER CLEANING FOR RE-USE

Where	 catheters	 are	 cleaned	 for	 re-use	 they	may	
continue	 to	 be	 used	many	 times,	 up	 to	 weeks	 or	
even	 months.	 However,	 health	 professionals	 and	
users need to recognise their personal responsibili-
ties and liabilities in supporting this approach since 
manufacturers’ guidance will normally relate to sin-
gle	use	only	 (see	also	Section	XII.1.c).	Questions	
over how long the same catheter may be safely re-
used require further examination, and may be par-
ticularly important in developing countries, where 
access	to	new	supplies	may	be	limited	[246].	Meth-
ods	of	 cleaning	or	 re-sterilising	 include	soaking	 in	
a variety of antiseptic solutions or boiling water or 
microwave	sterilisation.	In	a	study	which	compared	
three home cleaning methods used by patients 
performing	CIC,	 all	 of	 the	 following	were	 found	 to	
be	effective:	0.6%	hydrogen	peroxide;	bleach	 in	a	
1:4 solution with tap water; and betadine in a 1:2 
solution	with	 tap	water	 [247].	None	of	 the	cleaned	
catheters showed detectable bacterial growth for 
48 hours after the cleaning procedure was per-
formed	(Level	of	evidence	4).	Lavallee	et	al.	 [248]	
also compared the effectiveness of hydrogen perox-
ide, vinegar, dishwashing detergent, and tap water 
alone	 to	 clean	 catheters	 contaminated	with	Pseu-
domonas	 aeruginosa	 and	 Escherichia	 coli.	 They	
also examined the effect of immediate rinsing and 
drying	before	cleaning.	Results	 indicated	that	rins-
ing and drying immediately after use was the most 
effective	at	reducing	bacteria	to	near	zero	(Level	of	
evidence	4).	Microwave	sterilization	has	been	advo-
cated by some, but has not been adequately evalu-
ated.	A	study	by	Sherbondy,	et	al.	[249]	showed	that	
even where standardized instructions (both verbal 
and written) were provided, microwave steriliza-
tion	 techniques	by	 patients	 performing	CIC	 varied	
considerably.	 Many	 patients	 surveyed	 did	 not	 fol-
low the study instructions recommending sterilizing 
used catheters on a daily basis, cleaning with soap 
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and water and air drying before inserting into a mi-
crowave	oven	on	a	paper	 towel.	Microwaving	on	a	
high setting for six minutes on a rotation table was 
recommended	 together	with	a	heat	sink	–	a	cup	of	
water in a microwave-safe container placed in the mi-
crowave	to	absorb	extra	heat.	Catheter	melting	was	
reported	 by	 63%	 and	 was	 signiicantly	 associated	
with	the	absence	of	a	rotation	table.	If	microwaving	is	
to be accepted as an appropriate sterilization meth-
od then users must be provided with a standardised, 
evidence-based,	 protocol	 to	 follow.	 A	 recent	 study	
reported the development of titanium dioxide-coated 
catheters	for	CIC	which	were	easily	sterilized	under	
certain light sources and were shown to be safe in 
experimental	studies	[250].	Preliminary	clinical	anal-
ysis	with	18	volunteers	was	also	promising.

f) Comparisons between intermittent and in -
dwelling catheterisation

A	systematic	review	of	risk	factors	for	UTI	in	adults	
with	SCI	reported	evidence	of	fewer	infections	in	pa-

tients using intermittent catheterisation compared to 
indwelling	catheterisation	[251].	Twenty	two	studies	
met the inclusion criteria for evaluation but the au-
thors noted that many had important methodologi-
cal	 deiciencies.	 Intermittent	 catheterisation	 has	
also	been	shown	to	be	associated	with	fewer	UTIs	
compared to indwelling catheterisation in elderly 
patients after surgical repair of hip fractures [252]
and in a comparative study of patients at a hospital 
department	of	urology	[253].

g) Catheter use over time in persons with SCI

Bladder management methods in 24,762 patients 
were	tracked	for	over	30	years,	using	the	US	Na-
tional	 Spinal	 Cord	 Injury	 Database,	 yielding	 the	
results summarsied in Table XII-3 	 [168].	Surveys	
were	completed	every	ive	years	to	evaluate	cathe-
ter	use	at	discharge	from	rehabilitation.	In	addition,	
continued use in the same individuals was evalu-
ated 30 years later in follow up data with 12,984 to 
determine	changes	in	use	over	time.	

Patient education & support: 

• Discussion of individual bladder dysfunction and reasons for CIC. 

• Personal anatomy and identification of urethral orifice. 

• CIC technique – comfortable position, frequency, observation of patient’s technique. 

• Hygiene. 

• Discussion of any psycho-sexual anxieties (body image, sexual function etc). 

• Single use versus reusable catheters (cleaning, storing, re-use, disposal). NB including 
awareness of personal / legal issues. 

• Difficulties and what to do. 

• Dietary advice and avoidance of constipation. 

• Obtaining supplies. 

• Follow-up visits and consultations. 

 
Guidance for common problems: 

• Catheter will not go in at first attempt – relax for a while and try again a bit later; lubricate 
catheter (eg dipping in water or gel); if necessary seek professional guidance. 

• Catheter inserted into vagina by mistake – withdraw, wash and re-insert. 

• Catheter will not come out – leave for a few minutes, relax and try to ‘let go’, cough gently 
and withdraw catheter. 

• UTI – report changes in urine (eg blood, sediment, smell). Know how to recognise signs 
of symptomatic infection and seek treatment and review of CIC technique. 

 

Table XII-2: Intermittent catheterisation 

Table XII-2 provides some guidance on patient education and troubleshooting for CIC.
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At	 discharge	 from	 rehabilitation,	 condom	 catheter	
use	decreased	gradually	 (35%	 in	1972	 to	1.5%	 in	
2001) while clean intermittent catheterization in-
creased	from	13%	in	1972,	peaked	in	1991	at	56%,	
and	fell	slightly	to	50%	in	2001.	Indwelling	catheter	
use	initially	decreased	during	this	time	(33%	in	1972	
to	17%	in	1991)	but	increased	somewhat	to	23%	in	
2001.	In	follow	up	data,	the	great	majority	of	those	
originally using an indwelling catheter stayed with it, 
i.e.,	71%	after	30	years.	However,	most	persons	us-
ing	CIC	or	condom	drainage	did	not	continue	to	use	
them,	and	only	20%	and	35%,	respectively,	did	so	
after	30	years.	This	indicates	that	despite	CIC	being	
the bladder drainage method of choice, individuals 
with	SCI	might	use	indwelling	catheters	if	not	able	to	
manage	CIC	(Level	of	Evidence	3).

Patel	et	al.	[254]	examined	the	outcomes	of	different	
forms of urinary drainage for men with acute urinary 
retention.	After	 a	 short	 period	 of	 indwelling	 urinary	
catheterisation	patients	were	taught	 to	use	CIC	(34	
men).	Patients	who	 failed	 this	were	 re-catheterised	
and taught to manage a valve or failing this a leg 
bag	(16	men)	and	 then	discharged	home.	The	CIC	
group	had	a	higher	rate	of	spontaneous	voiding	(56%	
v	25%)	and	a	lower	incidence	of	UTI	(32%	v	75%).	At	
TURP	20%	in	the	CIC	group	had	a	UTI	compared	to	
69%	in	the	indwelling	catheter	group.	Patients	using	
CIC	 preferred	 it	 and	 had	 fewer	 complications.	 The	
authors	 concluded	 that	 CIC	 was	 well	 accepted	 by	
those patients who were able to manage the tech-
nique,	resulted	in	fewer	UTIs	and	should	be	consid-
ered	in	patients	presenting	with	acute	retention.	

In	a	recent	2-week	prospective	study	of	intermittent	
catheterisation versus indwelling urethral catheteri-
sation in older female patients in a rehabilitation set-
ting, 81 females >65 years with post-voiding residu-
al volume persistently >300 ml were randomized to 
one	of	two	groups	[255].	Both	groups	demonstrated	
similar success in regaining bladder function and 
similar	 rates	 of	 bacteriuria.	 The	 authors	 conclud-
ed	 that	 intermittent	 catheterisation	was	 justiied	 in	
managing this patient group, particularly since in-
dwelling catheters were deemed to hinder rehabili-
tation	and	adversely	affected	quality	of	life.

An	RCT	of	72	women	post-urogyncological	surgery	
(stress	UI	 or	 pelvic	 organ	 prolapse)	 compared	 in-

termittent	 catheterization	 (CIC)	 with	 supra-pubic	
catheterization	(SPC)	 [256].	The	 length	of	hospital	
stay	 was	 decreased	 signiicantly	 (Mann-Whitney	
p=0.003)	with	CIC	(median	5	days,	range	2-19)	as	
compared	with	SPC	(median	6	days,	 range	2-15).	
The	days	of	catheterization	also	decreased	signii-
cantly	 (Mann-Whitney	 p=0.01)	 with	 CIC	 (mean	 4,	
SD	26,	median	2)	as	compared	with	SPC	(mean	5,	
SD	36,	median	4),	but	the	differences	were	viewed	
as	limited	clinically.	Post-op	UTIs	were	higher	in	the	
CIC	group	(13	versus	nine	 in	 the	SPC	group),	but	
not	 signiicantly	 (Fishers’	 exact	 p=0.44).	 Of	 note,	
the	 CIC	 group	 had	 the	 opportunity	 to	 void	 much	
sooner	than	the	SPC	group	because	the	latter	were	
on straight drainage for 48 hours post-operatively 
as hospital policy, and this may have had an impact 
on	the	results	and	clinical	relevance.

In	 a	 prospective	 RCT	 of	 CIC	 versus	 supra-pubic	
catheterisation	 (SPC)	 for	 post-operative	 bladder	
care following hysterectomy in 40 women there 
was	no	signiicant	difference	in	the	length	of	blad-
der	 care	 between	 the	 two	 groups	 [257].	 Bacteri-
uria	was	higher	 in	the	CIC	group	at	days	3	and	5	
(p=0.05	and	0.004,	respectively)	although	it	is	un-
clear whether there was evidence of symptomatic 
infection.	However,	 there	was	 a	 higher	 incidence	
of	 symptoms	 /	 problems	 arising	 from	 the	 SPC	
site,	of	which	23%	were	shown	to	have	a	positive	
wound	swab.	The	authors	concluded	 that	despite	
a higher rate of bacteriuria, the high incidence of 
site	problems	with	SPC	could	be	avoided	by	CIC.	
The	technique	of	CIC	was	seen	to	be	more	accept-
able	 to	 patients	 (p=0.009);	 allowing	 fewer	 distur-
bances	at	night	(p=0.006);	greater	freedom	to	lead	
a	 normal	 life	 during	 the	 day	 (p=0.000);	 and	 less	
anxiety	 /	 embarrassment	 (p=0.005)	 compared	 to	
SPC.	However,	 in	a	study	of	43	persons	with	 tet-
raplegia	who	were	on	artiicial	ventilation	compar-
ing	IC	and	SPC,	SPC	users	had	signiicantly	fewer	
urological complications and better quality of life, 
as	measured	by	the	ICIQ-SF	(3	items),	but	not	sig-
niicantly	better	[258].

h) Summary

CIC	is	 the	preferred	method	of	urinary	drainage	in	
patients with neurogenic bladder dysfunction and 
others with problems of bladder emptying who are 

 

Bladder 
management 

Use (%) 
1972 

Use (%) 
1991 

Use (%) 
2001 

Continued use at
30 years (n= 12,984) 

CIC 13 56  50  20  

Indwelling 
catheter 

33  17 23 71  

Sheath 35 4.7  1.5 35 

 

Table XII-3: From US data base of SCI, surveys of bladder management every ive years for 30 years. (Cam-
eron et al, 2010)[168). N=24,762.
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capable	of	performing	 the	procedure	and	who	ind	
it	acceptable.	It	can	be	taught	to	patients	of	all	ages	
who	have	suficient	manual	dexterity	and	motivation	
to	manage	 the	 technique.	Urinary	 tract	 infection	 is	
the most frequent complication and the most impor-
tant preventative measures for all complications are 
good	education	of	all	involved	in	CIC	management,	
good patient compliance and support, use of an ap-
propriate catheter material and good catheterisation 
technique.	Dificulties	in	carrying	out	the	procedure	
such	as	physical	 and	 technical	 dificulties,	 embar-
rassment,	 time	 involved	 and	 lack	 of	 appropriate	
public facilities may deter users from adhering to 
the	 regime.	 Hydrophilic-coated	 catheters	 confer	
beneits	 in	 terms	 of	 comfort	 and	minimised	 tissue	
trauma	compared	to	non-coated	catheters	(Level	of	
evidence	2/3)	but	evidence	of	beneit	 in	relation	to	
urinary	tract	infection	is	less	clear.	

The	 available	 data	 on	 intermittent	 catheterisation	
does not provide convincing evidence that any 
speciic	 technique	 (sterile	 or	 clean),	 catheter	 type	
(coated or uncoated); method (single use or mul-
tiple use), person (self or other), or strategy is better 
than	any	other	for	all	clinical	settings.	This	relects	
lack	 of	 reliable	 evidence	 rather	 than	 evidence	 of	
no	difference.	Currently	clinicians	will	need	to	base	
decisions about which technique and type of cath-
eter to use on clinical judgment, in conjunction with 
patients.	Differential	costs	of	catheters	/	techniques	
may	also	inform	decision	making.

In	particular,	CIC	has	been	shown	to	have	beneits	
over indwelling catheterisation in the following ways:

•		Avoidance	 of	 common	 problems	 associated	with	
LTC	use	such	as	catheter	leakage	and	/	or	practi-
cal management of drainage systems

•		Avoidance	 of	 complications	 linked	 to	 bacterial	
bioilm	 formation,	 including	 catheter	 encrustation	
and	blockage.	Strong	evidence	for	reduced	risk	of	
CAUTI	is	less	clear.	

•		Maintenance	of	some	level	of	bladder	capacity	and	
muscle	tone	by	allowing	the	bladder	to	ill	periodical-
ly,	compared	to	free	drainage	by	indwelling	catheter.

•		Less	urethral	inlammation	(measured	by	cytology)	
than	 urethral	 indwelling	 catheterisation	 (Level	 of	
evidence	2/3).

•		Lower	incidence	of	bladder	calculi	than	indwelling	
catheterisation	(Level	of	evidence	2/3).

2. INDWELLING CATHETERISATION

Indwelling	catheters	(Figure XII-3 ) may be used in 
the short-term to manage an acute need for con-
trolled bladder drainage or as part of a long-term 
management strategy (Table XII-1 ).	

Catheters	may	be	inserted	into	the	bladder	urethral-
ly	(UC)	or	suprapubically	(SPC)	through	an	incision	

in	 the	 abdominal	wall.	 The	 continued	 requirement	
for indwelling catheterization should be reviewed at 
regular intervals and the catheter removed promptly 
if no longer necessary, since catheter use is associ-
ated	with	 a	 number	 of	 risks.	The	major	 complica-
tion associated with short-term, indwelling catheters 
used in acute care, is nosocomial (healthcare ac-
quired) catheter-associated urinary tract infection 
(CAUTI),	which	 can	 lead	 to	 life-threatening	bacte-
raemia in vulnerable groups and may also contrib-
ute to reservoirs of antibiotic resistant microorgan-
isms	 [187]	 [122]	 [259],	 Long-term	 catheters	 (LTC)	
are	 also	 associated	 with	 increased	 risk	 of	 CAUTI	
and a further range of problems including: recurrent 
blockage	due	 to	encrustation	by	mineral	 deposits;	
meatal tissue damage - often caused by excessive 
weight from heavy drainage bags; frequent bladder 
spasm with potential expulsion of the catheter; for-
mation of bladder calculi; and potential for long-term 
neoplastic changes in the bladder (although further 
long-term	studies	are	needed	to	establish	this	risk).	
Although	 for	 some	 patients	 an	 LTC	 catheter	 can	
provide satisfactory management of bladder prob-
lems and greater independence, others experience 
pain and discomfort with a catheter in situ and / or, 
are distressed by the impact of a catheter on their 
body	image	and	sexuality.	 Intermittent	catheterisa-
tion	(See	Section	XII.1)	is	less	invasive	and	is	gen-
erally	associated	with	fewer	risks.	

a) Quality of Data

Nine	Cochrane	 reviews	 relating	 to	short	and	 long-
term	 indwelling	 catheter	 use	 were	 identiied.	 Five	
reviews	on	short-term	(<14	days	or	other	temporary	

Figure XII-3: A Foley catheter (left) and a suprapu- 
bic catheter with a sharp trocar for introducing the 
catheter (right).
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short-term	use	as	deined	by	triallists)	catheter	issues	
included: types of urethral catheters for manage-
ment of short-term voiding problems in hospitalised 
adults [260]; policies for bladder management[192]; 
the role of prophylactic antibiotics [221]; use of 
alpha	 blockers	 for	 acute	 retention	 prior	 to	 a	 trial	
without a catheter [261] and policies for removal of 
short-term	indwelling	catheters	[262].	The	objective	
of	the	irst	review	[260]	was	to	determine	the	effect	
of	type	of	indwelling	urethral	catheter	on	the	risk	of	
UTI.	Twenty-three	trials	-	comparing	different	types	
of standard catheters or a standard catheter with an 
antiseptic catheter (silver alloy or impregnated with 
silver oxide), or an antibiotic impregnated catheter 
(either minocycline and rifampicin, or nitrofurazone) 
-	met	the	criteria.	The	reviewers	concluded	that	cur-
rently available evidence suggests that silver alloy 
catheters prevent asymptomatic bacteriuria in the 
short-term catheterised patient, although trials are 
generally	 of	 poor	 quality	 (Level	 of	 evidence	 2/3).	
They	 also	 recommended	 that	 further	 economic	
evaluation	 is	 required	 to	 conirm	 that	 reduction	 of	
infection compensates for the increased cost of the 
silver	 alloy	 catheters.	 Catheters	 impregnated	 with	
antibiotics	were	also	beneicial	in	reducing	bacteri-
uria in hospitalised adults catheterised for less than 
a	week	but	data	were	 too	 few	 for	 those	catheter-
ised	 longer.	 However,	 it	 is	 important	 to	 note	 that	
although bacteriuria is a commonly used outcome 
measure	 in	 CAUTI	 studies	 there	 is	 much	 debate	
over	the	clinical	utility	of	this	measure.	Many	stud-
ies fail to distinguish between asymptomatic bacte-
riuria	and	symptomatic	infection.	This	is	discussed	
further	in	Section		XII.2.h.3.	

The	second	 review	 [192]	 included	14	 trials	which	
reported	 on	 comparisons	 between	 SPC	 and	 UC	
for	short	term	(up	to	14	days).	Higher	relative	risks	
scores	were	 found	 for	UC	 related	 to	more	bacte-
riuria	 (RR	 2.60;	 95%	CI	 2.12	 to	 3.18),	 more	 fre-
quent	 re-catheterization	 (RR	 4.12;	 95%	 CI	 2.94	
to7.56)	 and	 increased	 discomfort	 (RR	 2.98;	 95%	
CI	 2.31	 to	 3.85)	 (Level	 of	 Evidence	 1).	The	 third	
review	[221]	included	six	parallel	group	RCTs	and	
reported	weak	evidence	that	antibiotic	prophylaxis	
reduced	the	rate	of	symptomatic	UTI	in	female	sur-
gical patients, compared to antibiotics given when 
clinically	indicated.	The	review	of	policies	for	cath-
eter removal [262] reported suggestive, but incon-
clusive,	evidence	of	beneit	from	midnight	removal		
of	 the	 catheter	 (larger	 volumes	 at	 irst	 void)	 and	
shorter hospital stay after early rather than de-
layed	removal.	

In	 the	 ifth	 Cochrane	 review	 [261]	 use	 of	 alpha	
blockers	prior	 to	a	 trial	without	a	catheter	 for	acute	
retention	was	evaluated.	This	 treatment	 is	believed	
to relax smooth muscle in the prostate which would 
improve	urine	low	and	decrease	the	need	for	recath-
eterisation.	Five	clinical	 trials	were	 involved,	 in	 four	
trials ranging from 24-72 hours prior to catheter re-
moval	in	most	persons	(up	to	eight	days	in	one	trial).	

In	the	other	study,	the	drug	was	given	for	eight	days.	
Results	overall	were	mixed,	with	two	trials	favouring	
the treatment and two favouring placebo, and thus 
there was limited but positive evidence that this was 
helpful.	There	were	some	side	effects,	such	as	hy-
potension and headache, but this was similar in the 
placebo	groups.	Further	research	was	suggested.

Of	 the	 four	Cochrane	 reviews	 relating	 to	 long-term	
catheter use, a review of 400 articles for comparative 
methods of using catheters for neurogenic bladder 
management,	updated	in	2011	[194]	failed	to	ind	any	
trial	 that	met	 the	 inclusion	criteria.	A	second	review	
[263] to compare types of indwelling catheter for long-
term	use	(deined	as	>30	days)	found	only	three	trials	
which	met	the	inclusion	criteria.	One	trial	compared	
antiseptic impregnated catheters with standard cath-
eters and two compared different types of standard 
catheter.	The	authors	 reported	 ‘an	astonishing	 lack	
of evidence for this clinically highly relevant prob-
lem’.	Since	the	included	studies	were	very	small	and	
showed	methodological	weakness,	the	authors	con-
cluded	 that	 the	 available	 evidence	 was	 insuficient	
as a reliable basis for practice and catheter choice 
remains	largely	based	on	clinical	experience.	In	the	
third	 Cochrane	 review	 on	 ‘urinary	 catheter	 policies	
for long-term bladder drainage’ [264], seven trials 
met	 the	 inclusion	criteria.	All	were	small,	with	wide	
conidence	intervals.	No	appropriate	trials	addressed	
comparisons	between:	indwelling	UC	and	SPC;	UC	
and	intermittent	catheterisation;	or	SPC	and	intermit-
tent	catheterisation.	Evidence	pertaining	to	whether	
antibiotic prophylaxis is better than antibiotics given 
when	clinically	indicated,	was	insuficient	as	a	basis	
for	clinical	practice.

A	fourth	new	Cochrane	review	for	long-term	catheter	
care involved washout policies for the management 
of long-term catheters in adults [265] which examined 
ive	 trials,	 four	of	which	were	poorly	 reported	or	de-
signed.	Two	crossovers	compared	group	differences	
not sequential treatments in individuals, and two 
parallel	groups	provided	 limited	value.	One	 trial	with	
a	 strong	methodology	 had	 a	 small	 sample	 size.	No	
differences were found in three studies in which so-
lutions	were	compared:	saline,	acidic,	and	antibiotic.	
Unfortunately,	there	was	not	enough	evidence	overall	
to	conclude	that	washouts	were	of	beneit.	Larger	size	
samples	in	full	randomized	trials	are	needed.	

There	 was	 little	 research	 to	 judge	 the	 value	 of	
catheter clamping prior to removal, and one (non-
Cochrane)	 systematic	 review	 [266]	 of	 postopera-
tive clamping in three clinical trials in 224 surgical 
patients	 (mostly	women)	was	 inconclusive.	 In	 two	
studies, clamping in comparison with free drainage 
was	 not	 effective	 in	 reducing	UTI	 (not	 deined)	 or	
retention	post	removal.	Time	to	irst	void	decreased	
in	one	study.	Recatheterisation	and	 length	of	 stay	
were measured in one study each, and were not 
different	 between	 groups.	 More	 recently	 in	 a	 trial	
in	Sweden,	113	persons	>50	years	with	short	term	
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catheters post hip fracture were randomized to 
clamping	 or	 free	 drainage	 [267].	The	 primary	 out-
come was the time to normal voiding, with a median 
of	 6	 hours	 (Q14-Q38)	 in	 the	 group	 with	 clamping	
and	four	hours	(Q13–Q37.	25)	in	the	group	with	free	
drainage.	 This	 difference	 was	 not	 signiicant,	 nor	
were groups different related to recatheterization or 
length	of	hospital	stay.	

Overall	 long-term	 catheter	 care	 practices	 remain	
poorly	 supported	by	 research	evidence.	This	 is	 at	
least	partially	due	to	dificulties	in	conducting	trials	
in long-term catheterised populations for a variety of 
reasons, many of which have been discussed in ear-
lier	sections	(See	Sections	XII,	XII.1	and		XII.1.d).

The	 impact	 of	 long-term	 catheters	 on	 users’	 qual-
ity	of	life	(QoL)	is	a	very	important	issue	which	has	
not	been	studied	adequately.	No	Cochrane	reviews	
have dealt with this topic directly, although several 
reviews	have	included	issues	with	an	impact	on	QoL	
such	as	catheter	related	complications	and	comfort.	
One	RCT	 addressed	 education	 needs	 of	 catheter	
users.	Other	studies	include	a	small	number	of	pro-
spective cohort studies, with the remainder being 
retrospective studies and case series reports, pro-
viding	evidence	at	Level	3.	Much	relevant	research	
uses qualitative research methodologies, aimed at 
understanding the nature of long-term catheter-re-
lated	issues	and	patient	concerns.	Measures	of	QoL	
used commonly rely on a single question of quality of 
life	or	satisfaction	on	a	3-	or	10-point	scale.	Validated	
QoL	 instruments,	 such	as	SF	36	are	 not	 only	 infre-
quently	used,	but	are	 likely	 to	 lack	sensitivity	 for	 the	
speciic	 issues	which	concern	catheter	users.	There	
is	one	device-speciic	measure	for	long-term	catheter	
users [268], recently validated in two small samples 
for internal consistency reliability and content validity 
(expert	 review)	 [269].	 Factor	 analysis	 yielded	 three	
subscales related to management, interpersonal, and 
psychosocial	issues.	Work	in	this	area	is	continuing.	

b) Prevalence of indwelling catheters use

1. DECREASING ACUTE CARE USE

Short-term	catheterisation	is	common	in	acute	care	
settings,	with	up	to	25%	of	patients	receiving	a	cath-
eter	during	their	hospital	stay	[270]	[187].	Recently	
a	change	in	the	US,	whereby	CAUTI	will	not	be	re-
imbursed during hospital stays [271], has triggered 
a number of studies designed to reduce the use and 
duration of indwelling catheters in acute care, and 
subsequently	 the	number	of	associated	 infections.	
A	popular	approach	 is	a	 “bundle”	 in	which	several	
evidence-based strategies are grouped and imple-
mented	 in	 a	 system-wide	 approach.	 Analysis	 of	
cause and effect are incorporated into the bundled 
activities,	and	checklists	are	often	used	to	address	
the issues in methods (procedures), people, envi-
ronment,	and	equipment	[272].

In	one	study	[273],	in	a	community	hospital’s	22	bed 
intensive	 care	 unit	 (ICU),	 a	 bundled	 approach	was	

used	 to	 decrease	 catheter	 use	 with	 a	 checklist,	 a	
decision	algorithm	and	criteria	based	guidelines.	A	
ishbone	diagram	helped	the	nurses	to	identify	the	
(historical) reasons for extended catheter device 
days	(duration	of	use)	and	to	plan	the	intervention.	
The	device	days	decreased	signiicantly	from	4.72	
(SD	7.67)	 in	124	persons	to	2.98	(SD	3.17)	 in	83	
persons,	 p=0.38,	 t=	 -2.10,	 df	 176,	 n=83).	 Similar	
results	 were	 found	 in	 an	 inner	 city	 ICU	 with	 21	
beds [274] with duration of catheter use decreas-
ing	 from	 312	 days/month	 to	 239	 days/month.	
CAUTI	events	decreased	as	well,	 from	4.7/month	
in the 11 previous months, to zero during the six 
months’	intervention.	Also,	a	multidisciplinary	team	
was successful in using a bundled approach and 
decreased	catheter	use	by	56%	and	 the	duration	
of	device	days	by	71%	[275].	In	a	hospital	in	Bra-
zil	[276],	the	CAUTI	rate	went	from	10	to	3.3/1000	
catheter days after an intervention that bundled 
several	activities	 in	 the	previous	year.	Settings	 in	
rehabilitation [277] [278] and in an emergency de-
partment [279] have also been able to decrease 
catheter	use	and	CAUTI	by	effective	surveillance	
and	an	interdisciplinary	approach.	

Requiring	documentation	for	the	reason	for	catheter	
placement	 is	critical	 to	 reducing	unnecessary	use.	
In	one	study	with	emergency	room	physicians	[280]
education and guidelines for placement contributed 
to an increase in appropriate indications for catheter 
use	 (72.6%	 to	 82.2%	 post	 intervention),	 and	 un-
necessary	 catheterizations	 decreased	 signiicantly	
from16.4%	 to	 13%	 (p=0.018).	 Inappropriate	 cath-
eter	use	(30%)	in	a	hospital	study	in	Italy	with	461	
patients	 [281]	was	 linked	with	 older	 age,	 not	 hav-
ing had surgery, conscious state, comorbidities, the 
length of time the catheter had been used, and the 
hospital	ward.	In	the	only	randomized	(and	patient	
blinded) trial related to interventions to decrease 
catheter use in acute care [282], automatic stop 
orders for inappropriate catheter indications were 
successful in decreasing catheter duration in 392 
patients.	For	those	randomized	to	stop	orders,	cath-
eter	duration	was	lower	at	3.7	days,	compared	with	
5.0	 in	 usual	 care	 (mean	 difference	 -1.3;	 95%	CI=	
-2.1,	-0.6).	Likewise,	inappropriate	catheterizations	
were	 lower	 in	 the	stop	orders	group	at	2.2	versus	
3.9	 in	 usual	 care	 (mean	 difference	 -1.7;	 95%	CI=	
-2.2,-1.2).	 CAUTI	 and	 recatheterisation	 rates	 did	
not	differ.	

Simple	 approaches	 such	 as	 checklists	 and	 stop	
reminders have also been effective in decreasing 
catheter	use.	In	one	study	testing	a	checklist	[283]
catheter	 duration	 decreased	 signiicantly	 in	 ive	
acute care hospital units from 402 to 380 pre/post 
intervention	(p=0.047),	and	CAUTI	went	down	from	
2.88	to	1.46/1000	catheter	days	(NS).	Compliance	
with	the	checklist	varied	from	50-100%	but	provider	
surveys	indicated	most	viewed	the	checklists	as	rel-
evant,	easy	to	use,	and	were	satisied	with	them.	An	
educational intervention on issues related to infec-
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tions	and	notiication	of	the	continued	catheter	pres-
ence [284] also successfully decreased catheter 
use	 and	 the	CAUTI	 rate.	A	 simple	 chart	 reminder	
sticker	 related	 to	 removing	 the	 catheter	 when	 not	
needed	 [285],	 resulted	 in	 a	 signiicant	 increase	 in	
appropriate	indications	and	a	decrease	in	CAUTI	in	
a	hospital	setting.	

In	a	study	of	an	educational	strategy	to	use	remind-
ers	with	or	without	structured	education,	Gokula	and	
colleagues	(2007)	[286]	reported	a	14%	reduction	in	
the number of inappropriately catheterized elderly 
patients in emergency departments, following a staff 
education program and the use of an indications 
checklist	attached	to	each	catheter	kit.	The	interven-
tion also enhanced documentation about catheter 
use.	 In	another	study,	 the	 total	duration	of	catheter	
use and number of days of inappropriate catheter 
use	 was	 signiicantly	 less	 for	 patients	 randomized	
to an intervention that required staff in three hospi-
tals	in	Canada	to	remove	the	patient’s	catheter	if	six	
criteria for appropriate catheterization were not met 
[282].	 Saint	 and	 colleagues	 (2005)	 [287]	 reported	
a similar outcome from a simple reminder to assist 
hospital staff to remember which patients had cath-
eters.	Using	a	pretest-posttest	design,	two	of	the	four	
wards were assigned to the intervention group, and 
two	served	as	controls.	The	researchers	 found	that	
of 5,678 patients, the average duration of catheter 
use	decreased	by	7.6%	in	the	intervention	group	and	
increased	by	15.1%	in	 the	control	group	(p=0.007).	
Similarly,	 Voss	 (2009)	 [288]	 reported	 a	 reduction	
from	33%	catheter	use	to	15.3%	(p=0.0006)	in	acute	
care older patients after the implementation of a pro-
tocol designed to enhance clinicians awareness of 
the appropriate use of catheters and the parameters 
for	catheter	removal.

A	systematic	 review	of	 reminders	and	stop	orders	
for catheter use in acute care settings [289] indi-
cated	a	beneit	in	the	rate	of	CAUTI,	which	was	re-
duced	by	52%	(p=0.001),	duration	of	use	decreased	
by	37%,	and	2.61	fewer	catheter	days’	use	in	treat-
ment	versus	control	groups.	Stop	orders	were	more	
effective	than	reminders.	

Empowering	nurses	to	remove	catheters	when	not	
indicated was also successful in a quality improve-
ment	project	[290].	Daily	prevalence	of	catheter	use	
decreased	from	24%	to	17%.	However,	in	an	anon-
ymous	 survey	 of	 164	 nurses	 [291]	 54%	 said	 they	
were not comfortable removing a catheter without 
a	physician’s	order,	but	74%	remind	 the	physician	
daily	of	the	presence	of	the	catheter.	

2. PREVALENCE OF CATHETERS AND CAUTI

Despite	 the	 increase	 in	 research	 in	 preventing	
CAUTI,	 many	 hospitals	 do	 not	 have	 systems	 in	
place	 for	 prevention.	Based	on	 a	 large	 survey	 to	
600	non-governmental	hospitals	and	119	VA	hos-
pitals	in	the	US	[292],	only	about	1/3	of	the	respon-
dents stated that they use antimicrobial catheters 

or bladder scanners, and surveillance data were 
not	 tracked	 for	 catheter	 placement	 by	 56%,	 nor	
duration	of	use	by	74%.	Catheter	reminders	were	
used	by	only	10%.

The	prevalence	of	LTC	use	 in	home	care	or	com-
munity care settings varies widely and can be more 
dificult	 to	determine.	A	 large	scale	survey	of	4010	
older people (>65 years) receiving home care in 11 
European	 countries,	 found	 a	 mean	 prevalence	 of	
LTC	use	of	 5.4%,	 ranging	 from	0%	 in	 the	Nether-
lands	to	23%	in	Italy	[228].	In	another	large	study	of	
1004 frail older women living in the community the 
reported	LTC	prevalence	rate	was	38.1%	[229].	Du-
ration	of	use	can	be	for	many	years.	In	a	US	sample	
of 43 community dwelling long-term catheter users, 
who each provided data over a six months’ period, 
mean	use	was	11.7	years	(ranging	in	months	from	
1-589;	median	8.8	years).	Twenty	persons	had	used	
it	over	10	years	[126].

There	is	evidence	that	older	patients	aged	65	years	
or more are often catheterised inappropriately [293] 
[294]	 [295].	 Gokula	 et	 al.	 [294]	 surveyed	 a	 10%	
random sample of patient charts from 2845 elderly 
patients who received an indwelling catheter during 
hospital	admission	 in	one	year.	Less	 than	half	 the	
selected charts recorded an appropriate indication 
for	 catheterisation.	An	 explicit	 reason	 for	 catheter	
insertion	was	documented	in	only	13%	of	charts	and	
there	was	no	written	order	for	catheterisation	in	33%	
of	the	charts.	Only	18%	had	documented	care	plans	
for	 catheter	 removal.	 Expert	 opinion	 and	 experi-
ence suggests that even when there is an appropri-
ate clinical reason for initial catheterisation, patients 
may remain catheterised unnecessarily if medical 
and	nursing	staff	fail	to	review	ongoing	need	(Level	
of	Evidence	3).	Problems	of	inappropriate	catheter	
use may be compounded when patients are trans-
ferred from one clinical setting to another without 
adequate information on why the person was cath-
eterised	 [296].	Wald	et	al	 [297]	 reported	 that	32%	
of patients catheterised during treatment for hip 
fracture in their study were discharged to nursing 
homes	with	the	catheter	still	in	place.

The	prevalence	of	catheterized	patients	 in	nursing	
homes is generally higher than in people living at 
home	and	has	been	reported	to	be	around	9%	in	the	
UK	 [298],	but	 there	may	be	considerable	variation	
between	homes	[299].	In	nursing	homes	in	the	US,	
it	 has	 been	 estimated	 that	 between	 7-10%	 of	 the	
residents	have	an	LTC	[300],	although	igures	vary	
from	state	to	state.	More	recent	data	from	analysis	
of	a	US	National	Nursing	Home	Survey	[301]	and	a	
point prevalence study of nursing home-associated 
infections	 in	 the	 Department	 of	 Veterans	 Affairs	
nursing home care units [302] demonstrated simi-
lar	prevalence.	Tsan	et	al.	 [302]	 reported	a	preva-
lence	of	10.7%	for	indwelling	urethral	catheters	and	
2.46%	for	suprapubic	catheters	amongst	a	nursing	
home	population	of	11,475	in	133	care	home	units. 
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There	is	some	evidence	of	decreasing	rates	of	uri-
nary	catheterisation	in	some	places.	A	retrospective	
cohort study of the use of urine collection devices 
in	skilled	nursing	facilities	(SNFs)	in	ive	US	states	
examined the characteristics of 57,302 patients 
who	remained	in	an	SNF	for	one	year	in	2003	[303].	
The	 prevalence	 of	 indwelling	 catheterisation	 was	
12.6%	 at	 admission	 and	 4.5%	 at	 annual	 assess-
ment	 (p<0.001).	Paraplegia,	 quadriplegia,	multiple	
sclerosis and comatose state were strongly associ-
ated	with	LTC	use.	Male	residents	were	more	likely	
to use a catheter at every assessment, as were 
obese patients; individuals with diabetes mellitus, 
renal	 failure,	 skin	 conditions,	 deep	 vein	 thrombo-
sis,	aphasia	or	end-stage	disease;	and	those	taking	
multiple	medications.

A	qualitative	study	of	catheter	use	in	14	UK	care	
homes	(skilled	nursing)	[304]	found	that	catheter	
use	 was	 higher	 in	 homes	 which	 were	 task-cen-
tred rather than patient-centred, and / or where 
patients were inappropriately given residential 
care	when	skilled	nursing	was	actually	needed.	In	
contrast, the homes with lower rates of catheter 
use	(6%	or	<	versus	9%	or	>)	were	more	proactive	
related to catheter removal (many of which had 
been “inherited from the hospital”), and they ac-
tively	promoted	toileting	and	mobility.	Both	groups	
had similar staffing and believed their approaches 
enhanced	patient	dignity.	

Duration	 of	 catheter	 use	 in	 home	 settings	 varies	
widely, with a median of 3-4 years and some indi-
viduals	using	them	over	20	years	[305]	[306].	Man-
agement regimes for continence problems in older 
people continue to demonstrate a predominance of 
containment strategies, using pads and catheters 
[307]	 and	 consequently	 unwarranted	 use	 of	 LTCs	
for incontinence continues in many places despite 
known	catheter-associated	risks.

In	 view	 of	 the	 considerable	 cost,	 and	 morbidity	
and mortality associated with the use of catheters, 
health services should consider adopting similar 
successful strategies, incorporate such informa-
tion into their policies and ensure that education on 
catheters	forms	part	of	staff’s	continuing	education.

c) User characteristics

Short-term	catheterisation	(usually	deined	as	up	to	
14 days) is most commonly used:

•		During	surgical	procedures	and	post-operative	care.

•		For	accurate	monitoring	of	urine	output	in	acute	illness.

•	Instillation	of	medication	directly	into	the	bladder.	

•	For	relief	of	acute	or	chronic	urinary	retention.	

Long-term	indwelling	catheters	-	routinely	changed	
and replaced, often over many months or years - 
may	 be	 required	 to	 aid	 those	 who	 have	 dificulty	

emptying their bladder due to obstruction or neuro-
logical disorders, where intermittent catheterisation 
is	not	a	satisfactory	option.	LTCs	may	also	be	used	
to provide supportive care for those with severe in-
continence who cannot manage otherwise, are ter-
minally	ill,	or	need	treatment	to	heal	skin	lesions	or	
surgical	wounds	affected	by	the	presence	of	urine.

Long-term	catheterisation	 is	most	 commonly	 used	
to help manage:

•		Bladder	outlet	obstruction	 (BOO),	where	patients	
are	unsuitable	for	-	or	waiting	for	-	surgical	relief.

•		Chronic	retention,	often	as	a	result	of	neurological	
injury or disease (where intermittent catheterisa-
tion	is	not	possible).

•		Debilitated,	paralysed	or	comatose	patients	(in	pres-
ence	of	skin	breakdown	and	infected	pressure	ulcers).

Intractable	urinary	incontinence	where	catheterisa-
tion enhances the patient’s quality of life (as a last 
resort when alternative non-invasive approaches 
are	unsatisfactory	or	unsuccessful).	

d) Routes of catheter insertion

For	some	patients	the	insertion	of	an	indwelling	cath-
eter	suprapubically	 (SPC)	 into	 the	bladder,	 through	
the abdominal wall, offers advantages over the ure-
thral	 route	 (UC).	 SPC	may	 be	 necessary	 following	
urethral or pelvic trauma but also offers advantages 
in	acute	and	long-term	care.	In	frail	elderly	men,	and	
/	 or	 those	prone	 to	 infection	e.g.	 diabetes	mellitus,	
SPC	can	be	preferable	to	a	urethral	insertion	to	avoid	
urethritis,	 orchidoepidydimitis	 and	 prostatitis	 [107].	
Strategies	to	support	the	SPC	may	be	required	(e.g	
anchoring	to	the	abdominal	wall	with	a	BioDerm	tube	
holder) to prevent traction and potential displace-
ment	of	the	catheter	or	balloon	[308].	

Advantages	of	SPC	compared	to	UC	are:

•		Avoidance	 of	 risk	 of	 urethra	 trauma	 to	men	 and	
women	during	catheter	insertion	and	withdrawal.

•		Avoidance	of	 risk	of	urethral	destruction	 /	necro-
sis from pressure caused by the weight of poorly 
supported catheter bags, expulsion of the catheter 
(particularly in neurologically impaired women), or 
sitting	on	the	catheter	in	wheelchair	bound	women.

•		Ease	 of	 access	 to	 entry	 site	 in	 patients	 with	 re-
duced mobility, who are wheelchair bound, have 
restricted	hip	mobility,	or	experience	urethral	pain.

•		Facilitation	of	post-surgical	trial	of	voiding	(by	tem-
porarily	clamping	the	drainage	tubing).

•		Greater	 freedom	 for	 expression	 of	 sexuality,	 al-
though this may be counteracted by perceptions 
of	altered	body	image.

•		Reduced	risk	of	contamination	where	faecal	incon-
tinence	is	a	problem.	



1725

SPC	 insertion	 is	 generally	 contra-indicated	 in	 pa-
tients	 with	 haematuria	 of	 unknown	 origin,	 bladder	
tumour,	or	small	contracted	or	ibrotic	bladders	which	
may have resulted from long-term urethral cath-
eterisation	 on	 free	 drainage.	 In	 obese	 or	 immobile	
patients	the	traditional	SPC	stoma	site	may	become	
concealed by an apron of excess anterior abdomi-
nal wall fatty tissue which can lead to sub-optimal 
care	by	both	patient	and	carer.	SPC	 is	an	effective	
and well-tolerated method of bladder management 
for	many	SCI	patients	[309]	[310]	[311].	In	Sheriff	et	
al’s study [309] the general level of satisfaction with 
SPC	was	very	high	with	70%	of	patients	awarding	a	
satisfaction	score	of	9/10	and	95%	awarding	7/10	or	
more.	It	is	of	interest	to	note	that	in	18%	of	cases,	an	
SPC	was	 inserted	 following	 the	 request	 of	 the	 pa-
tient, having heard about this form of bladder man-
agement	from	others.	A	review	of	current	literature	on	
SPC	in	the	neuropathic	bladder,	by	Feifer	&	Corcos	
[311]	 identiied	 some	 notable	 differences	 between	
early	studies	and	more	recent	reports.	Problems	and	
complications	of	SPC	identiied	 in	earlier	studies	of	
SCI	patients	were	 less	common	in	 the	more	recent	
investigations, in which patients were managed with 
anti-cholinergics, frequent catheter changes and vol-
ume	maintenance	procedures.	

Recent	studies	demonstrated	similar	morbidity	pro-
iles	to	clean	intermittent	catheterisation.	In	one	ret-
rospective study from 2010 [312] comparing 85 per-
sons	with	neurogenic	bladder	prior	to	SPC	use,	and	
after	a	mean	of	65.3	(	±	48.0)	months	with	SPC,	an-
ti-cholinergic medicine and bladder clamping (with 
a valve) did not seem to be needed to preserve 
detrusor	compliance	nor	renal	function.	Bladder	ca-
pacity	did	decrease	signiicantly,	though,	and	renal	
function deteriorated in three persons, two of whom 
were	on	anticholinergics	and	none	used	clamping.	
Complications	 were	 reported	 by	 62.6%,	 including	
recurrent	 blockage	 (19.2%),	 surgery	 for	 bladder	
stones	(12.1%),	and	CAUTI	(28%).	3.6%	had	septi-
caemia	or	were	hospitalized	for	CAUTI.	In	another	
retrospective	study	of	179	men	with	SCI	comparing	
indwelling	 urethral	 catheters	 (UC)	 and	 suprapubic	
catheters	(SP)	[313]	complication	rates	were	similar	
for	UTIs,	recurrent	bladder/renal	calculi	and	cancer.	
However,	 those	 with	 UC	 had	 higher	 urethral	 and	
scrotal	 complications	 and	 SP	 users	 suffered	 from	
leakage	from	the	urethra	and/or	SP	tube	site.	Indi-
vidualizing	care	management	was	suggested.

Although	 SPC	 has	 gained	 wide	 acceptance	 for	
bladder	 drainage	 and	many	 regard	 SPC	 insertion	
as	a	simple	procedure,	 it	 is	not	without	 risks.	The	
initial	insertion	of	the	SPC	requires	a	minor	surgical	
procedure	which	presents	a	potential	 risk	of	 injury	
to adjacent structures to the bladder, especially the 
small and large intestines with resultant peritonitis 
[314]	 [309].	 Other	 complications	 of	 initial	 SPC	 in-
sertion include misplacement [315] [316] [317], dis-
placement to the peritoneal cavity and sepsis, [318] 
and	incisional	hernia	[319]	[320].	There	are	a	num-

ber	of	SPC	techniques	for	insertion	described	in	the	
literature and training models have been developed 
to	 facilitate	 teaching	 [321].	Some	modern	catheter	
insertion	 kits	 employ	 the	 initial	 introduction	 of	 a	
guide wire into the bladder, to facilitate accurate po-
sitioning	of	the	catheter	introducer.	However,	where	
patients	are	at	high	risk	of	bowel	injury	(eg	previous	
abdominal	surgery	or	small	ibrotic	bladders	which	
do not expand well at cystoscopy), some authorities 
recommend	introduction	of	the	SPC	by	percutane-
ous technique using intraoperative ultrasonography 
combined	 with	 lexible	 cystoscopy	 [322]	 [323].	 In	
low	 risk	 patients	 nurse	 specialists	 may	 undertake	
irst	insertion	of	an	SPC,	according	to	agreed	policy	
and	protocols	[324].	Subsequent	SPC	changes	can	
be	competently	managed	by	skilled	nurses	[325].

e) Catheter characteristics

An	effective	indwelling	catheter	should	have	the	fol-
lowing design characteristics:

•		Retained	 in	 the	bladder	effectively,	 yet	easily	 re-
movable	without	trauma	to	tissue.

•		Soft	‘tip’	within	the	bladder	to	avoid	pressure	dam-
age	to	the	mucosa.	

•		Effective	drainage	while	minimising	risk	of	bladder	
mucosa	being	‘sucked’	into	drainage	channel.

•	Conforms	to	shape	of	urethra.	

Despite	 some	 notable	 efforts	 to	 improve	 catheter	
design,	the	original	Foley	design	has	changed	very	
little	over	the	years	and	remains	the	most	common.	
However	 traditional	 drainage	 systems	 may	 fail	 to	
drain the bladder to completion, due to potential 
outlow	 obstruction	 caused	 by	 air-locks	 within	 the	
curled,	 redundant	 drainage	 tubing	 segments.	 A	
novel, spiral-shaped, drainage tubing design has 
recently been reported which appears to optimize 
low	and	minimize	residual	urine	[119].	Adding	more	
eyeholes has been suggested to reduce residual 
urine	[326]	and	in	a	case	report,	leakage	[327].	Fur-
ther	evidence	of	eficacy	is	awaited.

f) Catheter materials

An	 ideal	 catheter	 material	 requires	 the	 following	
properties: 

•	Soft	for	comfort.

•	Causing	minimal	tissue	reaction	or	friction.

•		Suficiently	 irm	 for	 easy	 insertion	 and	 mainte-
nance	of	lumen	patency	in	situ.

•		Elastic	recoil	so	that	an	inlated	balloon	can	delate	
to	almost	its	original	size.

•		Resistant	to	colonisation	by	micro-organisms	and	
to	encrustation	by	mineral	deposits.	

Catheters	are	made	of	a	variety	of	materials	includ-
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ing	 polyvinyl	 chloride	 (PVC)	 or	 other	 plastic,	 latex	
rubber	with	or	without	a	coating,	silicone	or	metal.	
Plastic	 catheters	 are	 relatively	 cheap	 to	manufac-
ture, have a thin wall and relatively large lumen, 
and are designed for short-term use (in situ up to 14 
days).	 Latex	 catheters	 are	 restricted	 to	 short-term	
indwelling use (and commonly avoided where pos-
sible) because of potential discomfort due to high 
surface friction, vulnerability to rapid encrustation 
by mineral deposits from the urine and the implica-
tion of latex allergic reactions in the development 
of urethritis and urethral stricture [328] [329] [330] 
[331]	[332]	[333]	or	anaphylaxis	[334].	

Attempts	 to	 minimise	 friction	 during	 catheterisa-
tion and to reduce tissue reactions have led to the 
coating of latex catheters with tightly bonded ma-
terials designed to provide a smoother, less irritant 
surface which also minimizes absorption of water 
by the latex (and subsequent changes in internal 
and	 external	 catheter	 diameters).	 Polytetraluoro-
ethylene	 (PTFE	 or	 telon)	 coated	 latex	 catheters	
are sometimes used for medium-term use (catheter 
can remain in situ up to 28 days) but the materials 
known	to	cause	least	friction	and	tissue	reaction	are	
silicone elastomer and hydrophilic polymer-coated 
catheters, or all-silicone catheters [335] (Table XII-
4).	These	materials	are	therefore	recommended	for	
long-term	use	(i.e.	expected	to	remain	in	situ	for	14	
days or more, and changed regularly for a new cath-
eter	 as	 part	 of	 a	 long-term	 strategy	 of	 care).	 LTC	
materials are also less vulnerable to rapid coloni-
sation by bacteria and encrusting by mineral de-
posits	 than	short-term	catheter	materials.	There	 is	
evidence that silver-alloy coated catheters can help 
to	 reduce	 risks	of	CAUTI	 in	 the	short-term	 (where	
bacteriuria	 is	used	as	the	outcome	measure)	(See	
Section		XII.3.a),	but	no	currently	available	material	
or surface coating is completely immune to micro-
bial	colonisation.

Inlation	 of	 silicone	 catheters	 with	 water	 can	 some-
times lead to water loss from the balloon over time, 

[336]	with	an	associated	risk	of	the	catheter	falling	out	
[337].	Consequently	some	manufacturers	recommend	
illing	the	balloon	with	a	10%	aqueous	glycerine	solu-
tion,	or	to	ill	the	balloon	with	the	full	10mL,	knowing	
that	1/4	to	1/2	could	be	lost	over	time	[336].

Most	 catheter	materials	 are	 suitable	 for	 either	UC	
or	SPC,	 however	 not	 all	UC	 catheters	 are	 also	 li-
censed	 for	 SPC.	 Suprapubic	 catheter	 removal	 is	
sometimes associated with trauma of tracts or sto-
ma site where overgranulation has occurred, with 
bleeding	 and	 patient	 discomfort	 [338]	 [325].	 This	
can be a particular problem with catheter materials 
such as all-silicone, which are prone to hysteresis, 
leading	to	balloon	cufing	on	delation.	This	problem	
may also occur with hydrophilic coated catheters 
but	is	less	common	[339]	[340].	Management	of	this	
and other catheter-related problems is considered 
below	in	Section	XII.2.k.

The	main	 inding	of	 a	 recent	Cochrane	Review	of	
types of indwelling urinary catheters for long-term 
bladder	drainage	in	adults	[263]	was	a	remarkable 
lack	 of	 evidence	 for	 this	 clinically,	 highly	 relevant	
problem.	Despite	consideration	of	11,000	abstracts	
and 74 full papers, only three trials met the inclusion 
criteria.	 Since	 these	were	 very	 small	 and	 showed	
methodological	 weakness,	 the	 authors	 concluded	
that	there	was	insuficient	evidence	to	provide	a	reli-
able	basis	for	clinical	decision-making	and	catheter	
choice	remains	largely	based	on	clinical	experience.

g) Catheter size – catheter gauge, length and 
balloon size

Indwelling	catheters	are	formed	either	by	building	
up layers through dipping and coating on a shaped 
‘former’ or by a process of extrusion of a single 
material.	 Catheter	 size	 is	 measured	 in	 Charrière	
(Ch)	 –	 also	 called	 French	 gauge	 (Fr)	 -	which	 re-
fers to the circumference of the catheter shaft in 
millimetres.	Internal	diameter	varies	depending	on	
the manufacturing method, with the extrusion pro-
cess resulting in a catheter with relatively thinner 

Duration of catheterisation Catheter material 

Intermittent Removed immediately after urine 
drainage. 

Plastic: with or without hydrophilic polymer coating. 
Metal (silver, stainless steel). 

Indwelling, 
short term use 

Catheter expected to be in situ for 
< 14 days. 

Latex or plastic 
PTFE-coated latex. 
Silver-alloy coated 
(catheter materials  recommended for long-term use 
may also be selected).  

Indwelling LTC 

Catheter expected to be in situ for 
14 days or more (recommended 
time between catheter changes 
depends on local catheter policy - 
may be up to 12 weeks). 

Silicone elastomer-coated latex. 
Hydrophilic polymer-coated latex. 
All silicone 

 

Table XII-4: Catheter materials 
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walls	 and	 a	 larger	 lumen	 for	 the	 same	Charrière	
size.	A	 size	 12Ch	 catheter	made	 by	 dipping	 and	
coating will have an external diameter of around 
4mm and an internal diameter of around 2mm or 
less.	 Urinary	 low	 rate	 is	 related	 to	 the	 internal	
diameter	 of	 the	 catheter	 but	 12	 -16	Ch	 catheters	
(usual sizes for adults) easily drain normal quan-
tities of urine, including larger volumes produced 
by	 diuresis	 [341].	 Although	 larger	 sizes	 may	 be	
needed following urological procedures where 
blood clots and other debris are a problem, large 
catheters are generally associated with increased 
bladder irritability and spasm [113], and with po-
tential	blockage	of	para-urethral	glands	and	tissue	
damage,	 including	 urethral	 strictures.	 Therefore	
large catheter sizes should be avoided wherever 
possible.	 It	 is	 not	 known	whether	 large	 catheters	
contribute	to	CAUTI,	but	the	smallest	size	to	main-
tain good drainage and prevent urethral and blad-
der	neck	trauma	is	recommended	[342]	further	re-
search may be needed to determine best practices 
[343].	Small	balloon	sizes	are	recommended	for	all	
patients	(10ml	for	adults	and	2.5-5ml	for	children)	
to	minimise	 the	 risk	of	 discomfort	 and	bladder	 ir-
ritation.	 Larger	 balloons	 tend	 to	 sit	 higher	 in	 the	
bladder with potential for increased residual urine 
volumes	to	collect	below	the	catheter	eyes.	Larger	
balloons	are	also	associated	with	increased	risk	of	
meatal tissue damage caused by bladder spasm 
and possible expulsion of the catheter with a fully 
inlated	balloon.	

The	 most	 common	 sizes	 of	 SPC	 catheters	 for	
adults	 are	also	12-16Ch.	Some	SPC	kits	 provide	
a	speciic	catheter	 in	 the	kit	and	 therefore	dictate	
the sizes available; others allow the insertion of 
a	 range	of	 Foley	 catheters.	Since	 the	 catheter	 is	
inserted	 into	 the	 bladder	 via	 an	 artiicial	 stoma	 it	
is possible that slightly larger sizes may be better 
tolerated	than	for	UC	although	there	is	no	research	
evidence	to	support	this.	

The	 standard	 male	 length	 catheter	 (41-45cm)	 is	
available to males and females but a shorter female 
length (25cm) can be more comfortable and dis-
crete	for	some	women.	The	female	length	catheter	
should	not	be	used	for	males	as	inlation	of	the	bal-
loon	within	the	urethra	can	result	in	severe	trauma.	
In	one	case	series	report	 [344]	six	boys,	aged	<	1	
month to 16 years suffered damage to the bulbar or 
prostatic	urethra	due	to	inlation	within	the	urethra.	
Three	required	suprapubic	catheters,	and	all	healed	
without	further	complications.	Insertion	to	the	bifur-
cation	of	the	catheter	–	that	is,	until	only	the	inlation	
and drainage ports were visible - was advised to 
prevent	 this.	 Paediatric	 catheters	 are	 usually	 ap-
proximately	30cm	long.

h) LTC–associated risks / problems: catheter-
associated urinary tract infection (CAUTI)

The	urinary	 tract	 is	 recognised	as	 the	commonest	
site for nosocomial infection in hospitals and nurs-

ing	homes,	accounting	 for	between	21%	and	45%	
of all healthcare-associated infections [345] [346] 
[65]	[347]	[302]	[348].	National	nosocomial	infection	
surveillance	systems	monitor	CAUTIs	and	provide	
guidance	for	benchmarking	[349].	The	presence	of	
an	indwelling	catheter	is	a	key	risk	factor	in	around	
80%	of	nosocomial	UTIs.	The	risk	of	bacteriuria	in-
creases	 by	 5-8%	 per	 day	 of	 catheterisation	 [350]	
[351]	 [352]	and	virtually	all	 LTC	patients	are	 likely	
to	be	bacteriuric	within	 four	weeks	 [342].	A	major-
ity of microorganisms derive from the patient’s 
own	colonic	and	perineal	lora	or	from	the	hands	of	
health-care personnel during catheter insertion or 
management	 [187].	Access	 is	gained	 in	 two	ways:	
(1) extraluminally during catheter insertion or via 
the periurethral space; (2) intraluminally following 
breaks	 in	 the	 closed	 system	 or	 contamination	 of	
urine	in	the	drainage	bag.	The	comparative	impor-
tance	 of	 these	 routes	 is	 dificult	 to	 determine,	 but	
animal models have demonstrated rapid colonisa-
tion	 via	 the	 intraluminal	 route	 following	a	 break	 in	
the closed system, compared to the extraluminal 
route (32-48 hours v 72-168 hours respectively) 
[353].	 However,	 clinical	 studies	 have	 shown	 that	
colonisation will occur even when strict infection 
control	practices	are	adhered	to	[354].	

Indwelling	 catheters	 rapidly	 become	 colonised	 by	
micro-organisms which form a strongly adherent 
bioilm	 on	 catheter	 and	 drainage	 equipment	 sur-
faces.	Bioilm	 formation	 begins	 by	 deposition	 of	 a	
conditioning layer of proteins, electrolytes and other 
organic molecules from the urine [355] which may 
then	 mask	 catheter	 surface	 properties	 designed	
to	 inhibit	 colonisation.	 Micro-organisms	 attached	
to catheter surfaces divide to form micro-colonies, 
ultimately developing a complex three-dimentional 
structure,	 including	 luid	 illed	 channels	 through	
which	the	bioilm	members	receive	nutrients,	diffuse	
away wastes and send chemical signals to each 
other	 [356].	Catheter	 bioilms	 commonly	 comprise	
mixed communities of micro-organisms embedded 
in a matrix of host proteins and microbial exopoly-
saccharides [357], [358] (Figures XII-4, XII-5 and 
XII-6).	Microorganisms	growing	as	a	bioilm	are	less	
susceptible to antimicrobial therapies than free-liv-
ing organisms and are a major source of resistant, 
nosocomial	pathogens	[187]	[359]	[259].	Decreased	
susceptibility arises from multiple factors including; 
physical impairment of diffusion of antimicrobial 
agents, reduced bacterial growth rates; and local 
alterations of the micro-environment that may im-
pair	 activity	 of	 the	 antimicrobial	 agent	 [356].	 The	
close	proximity	of	cells	within	a	bioilm	can	facilitate	
plasmid exchange and the spread of antimicrobial 
resistance	[355].

1. ANTIBIOTIC USE

Hospitalized	patients	are	 likely	to	be	on	antibiotics	
for other causes than an indwelling catheter, which 
also	might	be	present.	In	one	study	in	an	acute	care	
setting, [360] catheterized patients on antibiotics 
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antibiotics	 use,	 in	 particular	 with	 luoroquinolone.	
The	 researchers’	model	 predicted	 that	 decreasing	
CAUTI	in	hospitals	with	high	rates	(75th	percentile	
or	>)	could	reduce	antibiotic	use	by	2.1%	and	0.4%	
for	luoroquinolone.

2. PREVALENCE OF CAUTI

The	majority	of	research	on	the	risks	of	CAUTI	has	
been conducted in acute care settings where cath-
eters usually remain in place for less than 14 days 
and many patients’ health is already compromised by 
co-morbidities	[362].	A	series	of	reports	from	the	In-
ternational	Nosocomial	Infection	Control	Consortium	
(INICC)	 provided	 rates	 of	 CAUTI	 in	 intensive	 care	
unit	(ICU),	using	the	methodology	of	the	US	National	
Nosocomial	 Infections	 Surveillance	 system.	 The	
rates	per	1000	catheter	days	were:	Brazil	9.6	 [363]	
and	Peru	 5.1	 [364].	Overall,	 in	 13	 limited	 resource	
countries	implementing	INICC	infection	control	guide-
lines	for	education	and	surveillance	(Argentina,	Bra-
zil,	Colombia,	Costa	Rica,	Cuba,	El	Salvador,India,	
Macedonia,	Mexico,	Morocco,	Philippines,Peru,	and	
Turkey)	the	CAUTI	rates	dropped	from	8.2	to	6.9	per	
1000	 catheter	 days	 [365].	A	 later	 report	 in	 ICUs	 in	
Cyrus,	Greece	gave	a	rate	of	2.8/1000	catheter	days	
[366].	From	the	U.S.	National	Healthcare	Safety	Net-
work	(NHSN)	[367]	from	January	2006	through	De-
cember	2008,	the	pooled	mean	CAUTI	rate	in	ICUs	
ranged	from	3.1	to	7.4	/1000	catheter	days,	depend-
ing on the type of	 specialty	 unit.	 Surveillance	 was	
suggested for a minimum of three months, based on 
a pilot study describing the protocol and surveillance 
tool used in six hospitals caring for elderly people in 
Scotland	[368].

Less	 is	 known	 about	 the	 prevalence	 of	 CAUTI	 in	
long-term and home care settings or about the po-
tential	 for	 reduction	 of	 CAUTI	 and	 improved	 cost	
beneits	 in	 the	 LTC	 population	 [352].	 Encourag-
ingly,	in	a	recent	U.S.	study	in	North	Carolina	home	
health	 and	 hospice	 populations,	 [369]	 the	 CAUTI	
rates	have	decreased	over	11	years	of	surveillance.	
The	 rate	 of	 catheter-associated	 UTI	 decreased	 in	
home	health	from	4.2/1000	catheter	days	in	1998	to	
0	 in	2008,	and	 in	hospice	patients	 from	2.35/1000	
catheter	days	in	1999	to	0	in	2008.	Infection	control	
specialists trained the persons collecting data, and 
presumably	 the	 rates	 relect	 symptomatic	 CAUTI.	
However,	 in	a	hospital	study	of	U.S.	Veterans	with	
spinal cord injury and disorder, [348] the rate was 
higher	 (8.9/1000	 catheter	 days),	 relecting	 greater	
risk.	In	a	similar	population	of	100	inpatient	and	out-
patient veterans with chronic catheters, candiduria 
was	present	in	17%,	and	all	but	one	had	an	indwell-
ing	catheter.	This	was	of	concern	due	to	 the	 likeli-
hood	of	reoccurrence	of	this	microorganism	[370].

In	 the	 multi-national	 survey	 of	 4010	 older	 people	
(>65	 years)	 receiving	 home	 care	 in	 11	 European	
countries,	the	risk	of	a	UTI	was	found	to	be	6.5	times	
greater for catheterised individuals than for non-
catheterised	 [371].	 Prevalence	 of	 a	 UTI	 amongst	

Figure XII-4: Bioilm - ‘pillars, mushrooms and water 
channels’ (Reproduced with the permission of Mon -
tana University Centre for Bioilm Engineering).

Figure XII-5: Scanning electron micrograph of bioilm.

Figure XII-6: SEM of bacteria colonising catheter sur-
face – Proteus mirabilis, Enterococcus faecalis, lacto-
bacillus sp.

for	a	 shorter	period	of	 time	 (<	5	days)	were	more	
likely	to	develop	CAUTI	than	those	taking	antibiotics	
longer, and the former should be evaluated for this 
risk.	 In	a	prevalence	study	 in	France	of	antibiotics	
used to treat hospital acquired infections, [361] uri-
nary tract infection had the highest association with 
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1004 frail older women living in the community was 
21%	 in	 catheterized	 women	 compared	 to	 10%	 in	
non-catheterized	subjects	(p>0.001)	[372].	Further-
more,	catheterised	subjects	were	more	likely	to	die	
within	a	year	(RR1.44;	95%	CI	1.01-2.07).	Tsan	et	
al’s	point	prevalence	survey	[302]	of	Nursing	Home	
acquired	infections	found	13.2%	of	11,475	residents	
had	an	indwelling	urinary	catheter.	Of	those,	13%	of	
residents	with	a	UC	and	9.5%	of	those	with	a	SPC	
had	a	UTI.	In	catheterised	SCI	populations	the	over-
all rate of urinary tract infection has been quoted as 
about	 2.5	 episodes	per	 patient	 per	 year	 [373].	Al-
though	randomized	trials	are	lacking	there	is	some	
evidence	of	reduced	rates	of	bacteriuria	and	CAUTI	
with	SPC,	condom	catheters	and	intermittent	cath-
eterisation	compared	to	UC	[373]	[374]	[302].

Bacteraemia	 resulting	 from	 CAUTI	 invariably	 rep-
resents a serious complication which may occur in 
approximately	4%	of	catheterised	patients	with	bac-
teriuria	 in	acute	 care	settings	 [375]	 [376]	 [377].	 In	
their	review,	Saint	et	al.	[375]	statistically	pooled	re-
sults from several prospective studies on short-term 
indwelling	catheterization	(in	which	the	deinition	of	
bacteriuria varied between studies, ranging from 
>103	cfu/ml	to	>105	cfu/ml)	and	estimated	(Level	of	
Evidence	2)	that:

•		26%	of	patients	(not	receiving	systemic	antibiotics)	
with a short-term, standard non-coated indwelling 
catheter in situ for between two and 10 days will 
develop	bacteriuria.	

•		72%	of	patients	developing	bacteriuria	will	remain	
asymptomatic	and	not	require	treatment.

•		24%	of	those	developing	bacteriuria	will	develop	a	
symptomatic	UTI	without	bacteraemia.

•		4%	with	bacteriuria	will	develop	bacteraemia.

This	data	is	interesting	since	it	provides	supporting	
evidence that bacteriuria remains asymptomatic in 
a	majority	of	catheterised	patients.	However,	it	can	
be	dificult	to	generalize	such	data	from	acute	care	
contexts	 to	 other	 practice	 settings.	 Unfortunately,	
few epidemiological studies or comparative cath-
eter evaluations are conducted on long-term cath-
eterised	patients	in	community	settings.	

3. OUTCOME MEASURES AND CRITERIA FOR CAUTI

Interpretation	of	the	literature	on	CAUTI	is	often	con-
fused	by	the	range	of	deinitions	and	outcome	mea-
sures	used.	In	this	chapter,	the	terms	symptomatic	
infection and asymptomatic bacteriuria have been 
employed to distinguish as clearly as possible be-
tween	 symptomatic	 and	 asymptomatic	 conditions.	
However	many	studies	make	little	or	no	distinction	
between	these	states,	referring	to	both	as	infection.	
This	 can	 be	 particularly	 confusing	 when	 attempt-
ing to interpret results in terms of the magnitude of 
infection-related problems, clinical importance and 
implications	for	services	and	individuals.

Bacteriuria is commonly used as a surrogate out-
come measure for the clinically more important 
outcomes	 of	 symptomatic	 UTI.	 Although	 symp-
tomatic infection is far less common than asymp-
tomatic bacteriuria, the frequency of catheter use 
produces considerable overall morbidity and mor-
tality [378]for patients and high costs to health-
care services [377], often including unnecessary 
antibiotic drug therapy which may then become a 
major	source	of	antibiotic	resistant	pathogens.	As-
ymptomatic bacteriuria can lead on to symptomatic 
infection,	but	not	necessarily.	Questions	about	the	
signiicance	of	long-term	asymptomatic	bacteriuria	
in	 its	 own	 right	 (e.g.	 effects	 of	 chronic	 tissue	 in-
lammation)	are	currently	unanswered.

In	non-catheterised	patients	the	criterion	for	‘signii-
cant’ bacteriuria is commonly accepted to be >105 

cfu/ml but since growth of micro-organisms in cath-
eterised patients is rapid, many authorities consider 
>102 or 103 cfu/ml in a urine sample collected from 
the sampling port of the catheter, to be indicative 
[187]	 [342]	 [110].	 Most	 deinitions	 of	 symptomatic	
UTI	[379]	are	based	on	those	used	for	non-catheter-
ised	patients	and	include	signiicant	bacteriuria.	For	
catheterised patients, these include presence of py-
uria (>10wbc/mm3) plus one or more clinical signs 
and symptoms for which no other aetiology is ap-
parent:	fever,	suprapubic	or	lank	discomfort,	blad-
der spasm haematuria, changes in mental state, or 
malaise	/	lethargy.	Pyuria	alone	is	not	diagnostic	of	
UTI.	 [110].	 For	 SCI	 patients	 signs	 and	 symptoms	
may also include increasing spasticity and / or wors-
ening	autonomic	dysrelexia	(usually	manifested	by	
increase in blood pressure, headache, sweating 
above	the	SCI	lesion,	lushing	below	the	SCI	lesion)	
[380]	or	a	“sense	of	unease”	[110].	Elderly	persons	
may	have	atypical	or	generalized	symptoms	[284].	
In	 a	 study	 of	 the	 validity,	 accuracy	 and	 predictive	
value	of	UTI	signs	and	symptoms	in	person	with	SCI	
using intermittent catheters, [381] cloudy urine had 
the	highest	accuracy	(83.1%)	and	leukocytes	in	the	
urine	 was	 the	most	 sensitive	 (82.8%).	 Fever	 was	
the	most	 speciic	 (99%)	but	 least	 sensitive	 (6.9%)	
symptom.	 Moreover,	 patients	 might	 be	 better	 at	
identifying	when	they	do	not	have	UTI,	as	positive	
predictive	value	was	32.6%	and	negative	predictive	
value	was	82.8%.

However,	 commonly	 used	 criteria	 for	 symptomatic	
urinary	infection	have	been	questioned	by	Tambyah	
and	Maki	[362]	in	a	prospective	study	of	1497	newly	
catheterised	 patients.	 No	 signiicant	 difference	 in	
reported symptoms of pain, urgency, dysuria and fe-
ver was found between patients with a catheter-as-
sociated infection and those without, nor was there 
statistical	evidence	that	peripheral	leukocytosis	was	
predictive	of	 infection	 (p=0.14)	 (Level	 of	Evidence	
2).	The	criterion	for	bacteriuria	(catheter-associated	
infection) in this study was >= 103 colony form-
ing	units	 (cfu)/ml	urine).	This	inding	 raises	 further	
questions over the selection of the most appropri-
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ate	outcome	measures	in	studies	of	CAUTI.	Indeed	
concerns	 have	 also	 been	 raised	 over	 current	 UTI	
criteria for non-catheterised populations, particu-
larly for elderly groups, including nursing home resi-
dents.	Consensus	criteria	(e.g.	Loeb	criteria	2001)	
have been found to be limited in terms of sensitivity, 
speciicity	and	predictive	value	by	Juthani-Mehta	et	
al.	 [382]	and	these	authors	have	called	 for	clearer	
identiication	and	evaluation	of	evidence-based	clin-
ical criteria associated with laboratory evidence of 
UTI.	A	further	complication	to	dificulties	in	conirm-
ing	‘best	criteria’	for	UTI	and	CAUTI	is	the	variation	
in	 the	clinical	and	scientiic	deinitions	 required	 for	
speciic	 populations,	 for	 research	 purposes	 or	 to	
meet stipulations for reimbursement from govern-
ments	and	medical	agencies.	Asymptomatic	bacte-
riuria might be treated inappropriately, as described 
in	 a	 study	 in	 which	 32%	were	 treated	 (53	 of	 164	
episodes of bacteriuria) [383] further confound-
ing	 the	deinitions	of	CAUTI	 that	 include	treatment	
with	antibiotics.	It	is	important	that	efforts	to	resolve	
these	issues	are	progressed	as	quickly	as	possible	
to provide greater clarity in the interpretation of ex-
isting research, the design of new studies and the 
application	of	clinically	important	indings.

4. REDUCING THE RISK OF CAUTI

Risk	 factors	which	are	 independently	predictive	of	
increased	risk	for	CAUTI	have	been	 identiied	 in	a	
number of large prospective studies of short-term 
catheterised patients [187] (Table XII-5 ).	 There	 is	
evidence that females have a substantially higher 
risk	than	males	(relative	risk:	RR	2.5-3.7),	and	1.3-
2.2,	p=0.001	in	an	ICU	setting	[384].	But	the	greatest	
risk	 is	associated	with	prolonged	catheterisation	>	
six	days	(RR	5.1-6.8).	A	recent	retrospective	cohort	
study of 35,904 undergoing major surgery reported 

that	86%	of	patients	had	a	perioperative	indwelling	
catheter	 [385].	 Multivariate	 analysis	 showed	 that	
postoperative catheterisation for longer than two 
days	was	associated	with	increased	risk	of	UTI.

Use	 of	 a	 preconnected	 drainage	 bag	 may	 be	 of	
value	in	preventing	CAUTI	in	acute	care	settings.	A	
prospective	study	in	the	UK	of	205	patients	in	three	
medical wards over two periods, each of about six 
months’ surveillance, [386] compared use of precon-
nected	bags	with	 the	usual	bags.	The	CAUTI	 rate	
was	41%	lower	in	the	group	with	the	preconnected	
bags,	with	rates	of	37.8/1000	catheter	days	for	the	
usual	bags,	compared	with	22.4/1000	catheter	days	
in	the	intervention	group	(RR	0.59	(0.35–0.99)	0.04.	

In	 Japan,	 a	 prospective	 observational	 study	 in	 ive	
hospitals	 evaluated	 risks	 in	 persons	with	 catheters	
3>	 days,	 using	 a	 Cox	 proportional	 hazards	 model	
[387].	 Risks	 were	 signiicantly	 associated	 with	 two	
practices in this study of 555 inpatients, not using 
a	 pre-connected	 closed	 system	 (RR	 2.35,	 95%	CI	
1.20–4.60,	p=0.013)	and	the	lack	of	daily	cleaning	of	
the	perineum	(RR	2.49,	95%	CI	1.32–4.69,	p=0.005).

Although	 there	 is	some	evidence	 to	suggest	 there	
may	be	a	reduced	risk	of	CAUTI	when	SPC	is	em-
ployed	 compared	 to	UC,	 the	 data	 is	 limited,	 stud-
ies are often small and most catheterisations are 
for	 post-operative	 care	 in	 acute	 care	 settings.	
One	 large	 scale	 point	 prevalence	 study	 of	 nurs-
ing home acquired infections in >11,000 residents 
[302]	 reported	 that	 9.5%	 of	 residents	 with	 a	 SPC	
had	 a	UTI	 compared	 to	 13%	 of	 those	with	 a	UC.	
These	 data	 just	 fail	 to	 demonstrate	 a	 statistically	
signiicant	 difference	 between	UC	 and	 SPC	 (one-
sided,	Fisher’s	exact	test;	p=0.066).	A	review	of	ive	
published	RCTs	comparing	SPC	with	urethral	catheters	

Risk factor Relative risk 

Prolonged catheterisation  >6 days 5.1-6.8 

Female 2.5-3.7 

Catheter insertion outside the operating room 2.0-5.3 

Other active sites of infection 2.3-2.4 

Diabetes 2.2-2.3 

Malnutrition 2.4 

Ureteral stent  2.5 

Renal insufficiency (creatinine > 2.0mg/dL) 2.1-2.6 

Using a catheter to measure urine output 2.0 

Improper position of drainage tube (above 
bladder or sagging below drainage bag) 

1.9 

Table XII-5: Risk factors for catheter-associated infection based on prospective studies and use of multi -
variate statistical modelling (adapted from Maki & Tambyah 2001)[187].
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following colorectal surgery [388] reported that sample 
sizes were small, catheters were used short-term 
and there was no apparent difference in the dura-
tion	of	catheterisation	between	the	two	techniques.	
Signiicant	UTI	was	 deined	 in	 different	 papers	 as	
bacteriuria with either >104 or 105 organisms or cfu/
ml.	Frequency	of	UTI	was	less	in	the	SPC	group	in	
three	of	the	studies,	with	no	signiicant	difference	in	
the	other	 two.	The	SPC	groups	reported	 less	pain	
and	 discomfort	 than	 the	 urethral	 groups	 and	SPC	
was preferred by those patients who experienced 
both.	 The	 authors	 concluded	 that	 the	 results	 fa-
voured	 SPC	 over	 urethral	 catheterisation	 as	UTIs	
are reduced, particularly in females, and the ability 
to attempt normal voiding is facilitated, particularly 
in males (Level of Evidence 2 ).	

Much	of	the	recent	research	on	reduction	of	risk	of	
CAUTI	 has	 centered	 on	 the	 development	 of	 cath-
eters	 with	 antimicrobial	 surfaces,	 such	 as	 silver.	
Silver	 ions	 are	 bactericidal	 [389],	 non-toxic	 to	 hu-
mans when applied topically, and have been used 
successfully in other areas of infection control such 
as	 burn	 wounds.	 Silver	 is	 also	 purported	 to	 have	
broad	 spectrum	 activity	 against	 Gram-positive,	
Gram-negative,	aerobic	and	anaerobic	organisms.	
Early	 silver-coatings	 incorporated	 silver	 oxide	 into	
the external surface of the catheter material only, 
but	eficacy	against	CAUTI	was	limited	[390].	Sub-
sequently, silver-alloy coatings were developed to 
provide an integral coating on both internal and ex-
ternal surfaces and promote a slow release of sil-
ver	 ions.	Other	 developments	 have	 been	 directed	
towards impregnation of catheter materials with 
antibiotic or antiseptic agents such as nitrofurazone 
[391] [392] [393] [394]; minocycline and rifampicin 
[395]; chlorhexidine, silver sulfadiazine, triclosan 
[396]	and	others.	Although	a	large	number	of	stud-
ies (both laboratory models and clinical studies) 
have	attempted	to	examine	the	potential	beneits	of	
antimicrobial catheters, most have used bacteriuria 
-	rather	than	symptomatic	UTI	-	as	a	surrogate	end-
point.	Most	 reports	were	either	 prospective	 cross-
over studies [397] or prospective surveillance of 
outcomes associated with introduction of new cath-
eter types, in comparison with historical or baseline 
outcomes associated with previously used catheter 
types	 [398]	 [399]	 [400].	Almost	 all	 have	examined	
short-term	catheter	use	in	acute	care	settings.	

A	 recent	Cochrane	 review	 [260],	 designed	 to	 de-
termine the effect of type of indwelling urethral 
catheter	 on	 the	 risk	 of	 UTI,	 examined	 23	 trials,	
comparing different types of standard catheters or 
a standard catheter with an antiseptic catheter (sil-
ver alloy or impregnated with silver oxide); or an 
antibiotic impregnated catheter (either minocycline 
and	 rifampicin,	 or	 nitrofurazone).	 The	 reviewers	
commented that trials were generally of poor qual-
ity but concluded that current evidence suggests 
silver alloy catheters prevent asymptomatic bacte-
riuria	in	the	short-term	catheterised	patient	(Level	

of	 Evidence	 1).	 They	 recommended	 that	 further	
economic	 evaluation	 is	 necessary	 to	 conirm	 the	
extent to which reduction of clinically important in-
fection compensates for the increased cost of the 
silver	alloy	catheters.	Catheters	 impregnated	with	
antibiotics	were	also	 found	 to	be	beneicial	 in	 re-
ducing bacteriuria in hospitalised adults catheter-
ised	for	less	than	a	week,	but	data	were	too	few	for	
patients	catheterised	longer.

An	earlier	systematic	review	of	antimicrobial	urinary	
catheters	to	prevent	CAUTI	in	hospitalized	patients	
[401]	identiied	12	randomised	or	quasi-randomised	
trials of silver-alloy coated (n=9) or nitrofurazone-
coated catheters (n=3) compared to standard 
silicone	or	 latex	catheters.	Pre-post	study	designs	
were	 excluded.	 No	 study	 addressed	 symptomatic	
UTI	 and	 therefore	 analysis	was	based	on	bacteri-
uria.	Although	all	studies	indicated	some	beneit	in	
prevention or delay of onset of bacteriuria the effect 
size	 varied	 substantially	 between	 studies.	 Varia-
tions were related to catheter type, patient charac-
teristics, control group bacteriuria rate and year of 
publication	 (i.e	 prevailing	 clinical	 conditions	 at	 the	
time	of	 the	study).	Post	enrolment	exclusions,	ab-
sence of intention to treat analysis, highly selected 
study	samples	and	lack	of	data	on	clinically	mean-
ingful	end-points,	all	limited	the	ability	to	draw	dein-
itive	conclusions	on	eficacy.	The	authors	concluded	
that, according to fair-quality evidence, antimicrobial 
catheters can prevent bacteriuria in hospitalized pa-
tients	during	short-term	catheterisation	(Level	of	Ev-
idence 1), but trial results are highly context depen-
dent.	The	relevance	of	results	to	other	institutions	or	
patient groups depends on the similarities between 
settings with respect to a range of variables, includ-
ing:	background	bacteriuria	rate,	baseline	catheter	
type, local catheter use and maintenance practices, 
patient	groups	and	patterns	of	antimicrobial	usage.	
The	authors	cautioned	that	older	data	may	lack	cur-
rent	relevance,	particularly	where	background	rates	
of bacteriuria have changed notably in the interven-
ing	period.	Although	 there	 is	evidence	 that	antimi-
crobial-coated catheters prevent bacteriuria during 
short-term	catheterisation,	 there	 is	a	 lack	of	corre-
sponding	data	to	demonstrate	clinical	beneit	[402].	
Further	 well-designed	 and	 adequately	 powered	
randomised trials, with clinically relevant endpoints 
are needed to clarify comparative clinical utility and 
economic	value.

In	contrast	 to	 the	majority	of	 trials	of	silver-coated	
latex	catheters	Srinivasan	et	al	[403]	found	no	signif-
icant reduction in bacteriuria with silver-impregnat-
ed, silicone catheters despite similar performances 
in	vitro.	However,	outcomes	may	have	been	affect-
ed by notable differences in the study groups in this 
prospective,	 cross-over	 study.	 The	 authors	 drew	
attention to the fact that not all silver products are 
the same and clinical trials of new products remain 
critically	important.	Any	potential	advantages	of	sil-
ver alloy catheters (or other antimicrobial catheters) 
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for	LTC	patients	remain	uncertain,	although	clinical	
experience	 suggests	 some	 beneits	 for	 individu-
als	 with	 frequent	 symptomatic	 infections.	 It	 is	 not	
known	whether	 argyria	 (deposition	 of	 silver	 in	 the	
skin)	may	be	a	potential	problem	for	long-term	care	
patients or whether silver-resistant mutants may be 
selected	by	repeated	exposure	[404]	[405].

A	common	concern	over	the	use	of	antimicrobial	im-
pregnated catheters is that elution of sub-inhibitory 
levels of the antimicrobial agent into the urine may 
induce resistance in resident organisms with pro-
longed	 catheter	 use	 [406].	 Antiseptic	 agents	 are	
generally	considered	more	likely	to	confer	resistance	
to surface colonization than antibiotics and not to 
select for infection with antimicrobial drug resistant 
bacteria.	Alternative	approaches	to	inhibiting	bioilm	
development include development of catheter sur-
faces	which	reduce	protein	absorption	[407];	inlation	
of the balloon with a biocide solution, such triclosan, 
which then diffuses throughout the catheter mate-
rial and into the surrounding area [408] [409]; or ef-
forts to disrupt matrix or glycocalyx components with 
agents such as heparin [410], and colonization with 
a	competing	benign	organism.	Bacterial	interference	
with	E.	 coli	 83972	was	 attempted	 in	 13	CIC	 users	
with	 SCI,	 [411]	 [110],	 and	 eight	 were	 successfully	
colonized	 in	 19	 three-day	 attempts.	 Monthly	 urine	
cultures (until colonization was lost in the urine) indi-
cated	a	reduction	in	symptomatic	UTI	rate	per	year,	
0.77	per	patient	year	as	compared	with	2.27	per	pa-
tient	year	prior	to	the	study.

Relatively	few	studies	have	examined	the	cost	ben-
eits	 of	 different	 catheters.	 Those	 that	 have	 tend	
to rely heavily on assumptions that a certain pro-
portion of patients with bacteriuria will develop the 
clinically	important	outcomes	of	symptomatic	UTI	or	
bacteraemia.	The	focus	of	economic	studies	gener-
ally falls on acute care settings and, as discussed 
earlier,	 it	can	be	dificult	 to	generalise	results	 from	
one	practice	setting	to	another.	Practitioners	and/or	
institutions who are considering introducing a new 
product	 (e.g.	 catheter	 type)	 for	 a	majority	 of	 their	
patients on the basis of claims of improved cost-
effectiveness from clinical research studies, are ad-
vised	to	look	carefully	at	the	similarities	and	differ-
ences between their own local practice (and patient 
groups)	compared	to	that	described	in	the	research.	
Economic	studies	are	 frequently	 required	 to	make	
assumptions	 about	 certain	 data	 (e.g.	 increased	
length	of	hospital	stay	for	CAUTI)	which	is	then	ap-
plied	to	an	economic	model.	(?Cross	ref	to	econom-
ics	chapter).	Such	assumptions	may	or	may	not	be	
applicable	in	local	settings.

Numerous trials of oral antibiotics, antimicrobial 
bladder washes, drainage bag solutions and topical 
disinfectants all lead to the common conclusion that 
bacteriuria	and	UTI	may	be	suppressed	temporarily	
at	best,	but	resistant	organisms	are	highly	likely	to	
emerge	[357].	The	application	of	devices	to	secure	

catheters in place, to prevent a ‘to and fro’ pistoning 
effect that could favour invasion of catheter tracts 
by microorganisms, has been shown to reduce the 
incidence of catheter-related blood stream infection 
in	central	venous	catheters.	Only	one	prospective,	
randomised trial has examined a similar device for 
urinary	 catheters	 (StatLock)	 [380].	 Although	 the	
study	 in	118	SCI	patients	failed	to	achieve	statisti-
cally	signiicant	results	the	authors	reported	a	clini-
cally important reduction in the rate of symptomatic 
UTI	of	45%	and	called	for	further	larger	scale	trials.	
They	also	noted	 the	polymicrobial	 nature	of	 infec-
tions	 including	 the	presence	of	a	Candida	species	
in	more	than	20%	of	infections.

5. TREATING CAUTI: ANTIBIOTIC USE 

Some	 studies	 have	 suggested	 that	 methenamine	
hippurate	may	have	a	beneicial	 effect	 in	prevent-
ing bacteriuria in patients requiring short-term cath-
eterisation	during	and	post-surgery.	However,	a	Co-
chrane review [393] designed to address this issue 
concluded there is not enough reliable evidence to 
conclusively support its use for urinary prophylaxis 
and	identiied	a	range	of	methodological	limitations	
in	existing	studies.	Caution	is	needed	in	translating	
research	 on	 reducing	 CAUTIs	 in	 short-term	 cath-
eters	to	LTCs	but	treatment	of	asymptomatic	bacte-
riuria	is	not	recommended	in	either	for	either	group.	
Urine	cultures	should	be	obtained	before	 initiating	
treatment	 to	 permit	 selection	 of	 speciic	 therapy	
for the infecting organism and the extensive use of 
broad	spectrum	therapy	should	be	avoided	[412].

Studies	 of	 LTC	 patients	 can	 be	 dificult	 given	 the	
relatively high proportion of disabled or elderly pa-
tients,	many	of	whom	are	very	frail.	However,	rou-
tine	use	of	prophylactic	antibiotics	in	LTC	patients	is	
not supported by research evidence and has been 
shown to favour the emergence of resistant organ-
isms	[110].	In	a	double-blind,	cross-over	study	of	34	
elderly nursing home patients with urethral catheters 
[413] subjects were randomised to receive antibiotic 
prophylaxis	(200mg/day	norloxacin	)	or	placebo	for	
three	months,	followed	by	cross-over.	Urine	cultures	
were	obtained	once	monthly.	Episodes	of	UTI,	cath-
eter-related complications (obstruction, encrusta-
tion,	leakage,	suprapubic	pain,	inlammation	of	me-
atus, haematuria and side effects of treatment were 
monitored	weekly.	Symptomatic	UTI	was	deined	as	
bacteriuria >105	 cfu/ml	 and	 (i)	 a	 temp>38.5oC	 for	
two days in the absence of other clinical sources 
of	infection	or	(ii)	lank	pain	or	unexplained	mental	
disturbance	 or	 abdominal	 discomfort.	Only	 23	 pa-
tients	 completed	 the	 study	 and	 although	 norloxa-
cin failed to reduce asymptomatic bacteriuria, there 
was	a	signiicant	reduction	in	symptomatic	UTIs	(1	v	
12,	p<0.02)	and	a	decrease	in	catheter-associated	
complications	of	obstruction	and	leakage	(p<0.05).	
Of	 the	 11	 patients	 who	 did	 not	 complete	 the	 study,	
six died (of non-infectious causes), one died of septic 
shock	and	 four	were	withdrawn.	However,	norloxacin	



1733

treatment was also strongly associated with the ac-
quisition	of	gram-positive	norloxacin	resistant	lora	
(RR	4.66,	95%	CI	2.47-8.80),	and	there	was	a	rapid	
recolonisation	by	norloxacin-sensitive,	gram-nega-
tive	bacteria	on	cessation	of	treatment.	Overall	the	
study	 concluded	 that	 norloxacin	 failed	 to	 prevent	
bacteriuria in long-term catheterised patients and 
favoured the emergence of quinalone-resistent or-
ganisms, although there were some clinically ob-
servable	beneits	in	some	patients.	

Similarly	 there	 is	 little	strong	evidence	of	beneit	 in	
prophylactic antibiotics prior to re-catheterisationand 
it	 is	not	 routinely	 recommended	 [110].	One	RCT	 in	
which 70 residents in a long-term care home were 
allocated	to	a	treatment	group	(1gm	IV	meropenem	
given 30 minutes before re-catheterisation) or con-
trol	group	(no	antibiotics)	showed	no	signiicant	dif-
ferences	in	urine	cultures	at	3,	7,	14	or	28	days	[414].	

When	catheterised	patients	are	prescribed	a	course	
of antibiotics for symptomatic infection a common 
question from healthcare practitioners is whether the 
catheter should be changed to a new one prior to 
starting	antibiotics.	There	are	concerns	that	this	may	
allow	 time	 for	a	new	bioilm	 to	become	established	
on the catheter within a few hours (and provide a 
source of re-infection) before the antibiotics have 
taken	effect.	In	contrast,	the	2009	International	Clini-
cal	Practice	Guidelines	from	the	Infectious	Diseases	
Society	of	America	suggest	a	catheter	change	if	the	
catheter	had	been	in	place	for	at	least	two	weeks	and	
was	still	needed.	The	 rationale	was	 that	 this	would	
facilitate	resolution	of	symptoms	and	decrease	risk	of	
bacteriuria	and	CAUTI	[110].	There	is	little	research	
to	guide	practice	but	in	one	RCT	of	54	nursing	home	
residents managed by long-term catheterisation, 
subjects were randomised to undergo catheter re-
placement, or no catheter replacement, before anti-
biotic	intervention	for	clinical	diagnosis	of	UTI	[216].	
Clinical	outcomes	(reduction	in	polymicrobial	counts,	
time to achieve afebrile status and clinical status at 
72	 hours)	were	 signiicantly	 better	 among	 subjects	
randomised to catheter change immediately before 
institution	 of	 antibiotics	 (Level	 of	 Evidence	 2).	 Re-
placement of the catheter, in patients suspected of 
having	a	UTI,	prior	 to	collecting	a	urine	sample	 for	
culture and sensitivity testing has also been shown 
to	 reduce	 the	 number	 of	 pathogens	 identiied,	 the	
number of antimicrobials prescribed and laboratory 
costs	[415].	There	is	evidence	that	certain	bacterial	
strains	may	be	particularly	dificult	to	eradicate.	In	a	
prospective study of infection in catheterised nursing 
home	patients	a	single	genotype	of	P.mirabilis	was	
shown to persist in the urinary tract despite many 
changes of catheter, periods of non-catheterisation 
and	antibiotic	therapy	[416].

Cranberry	 juice	 has	 long	 been	 advocated	 as	 a	
treatment for urinary tract infection and there is 
some evidence of decreased symptomatic infec-
tions in some study populations, but not in cath-

eterized persons	[417].	However	current	evidence	
to date is limited to non-catheterised patients and 
caution needs to be applied in extrapolating results 
to	catheterised	patients.

i) LTC-associated risks and problems: recurrent 
catheter blockage

Recurrent	catheter	encrustation	by	mineral	depos-
its,	 leading	 to	 catheter	 blockage	 occurs	 in	 up	 to	
50%	of	LTC	users,	with	resultant	increased	costs	to	
services	and	patients	[418]	[419]	[420]	[421].	Heavy	
encrustation on external surfaces of the catheter tip 
and balloon can also cause painful tissue trauma 
on	catheter	removal.	The	major	components	of	en-
crustation are calcium phosphates and magnesium 
ammonium phosphate (struvite) (Figures XII-7 and 
XII-8) which precipitate from the urine, most com-
monly	under	alkaline	conditions.

The	precipitation	of	different	ionic	species	(ie	Ca++,	
Mg++,	and	phosphates)	is	inluenced	by	their	ionic	
concentrations	in	the	urine.	In	addition,	the	urinary	
pH	at	which	different	ions	precipitate	from	the	urine	
varies, not only for different ions, but also between 
individuals	and	at	different	times	[422]	[423].	These	
factors contribute, at least in part, to individual vari-
ability in terms of susceptibility to catheter encrusta-
tion	and	time	to	blockage.	Catheterised	patients	can	
usually	be	classiied	into	‘blockers’	or	‘non-blockers’	
[418]	 [424]	 where	 ‘blockers’	 are	 those	 individuals	
who	experience	recurrent	catheter	blockage	within	
a	few	days	to	a	few	weeks.	Early	recognition	of	re-
current	 ‘blockers’	 facilitates	proactive	care	 through	
appropriate	 catheter	 change	 regimes	 [424].	 Urine	
from	recurrent	blockers	tends	to	have	a	very	narrow	
‘safety	margin’	between	‘voided’	urinary	pH	and	the	
pH	 at	 which	 crystallisation	 (or	 nucleation)	 occurs.	
This	 margin	 is	 much	 wider	 in	 non-blockers	 [425].	
Precipitates	 occur	 most	 commonly	 under	 alkaline	
conditions caused by the presence of urea-splitting 
micro-organisms	 such	 as	 Proteus	mirabilis,	 in	 the	
catheter	bioilm	[426]	[424]	[427]	[425].

1. REDUCING CATHETER ENCRUSTATION – CATHETER MATERIALS

The	 majority	 of	 research	 on	 catheter	 encrustation	
comprises experimental, laboratory-based studies 
addressing current and / or potential catheter mate-
rial surface properties in relation to bacterial adhe-
sion	and	encrustation.	Encrustation	may	sometimes	
take	place	 in	 the	absence	of	 infection	 [428]	 and	 is	
inluenced	 by	 catheter	 surface	 properties,	 includ-
ing roughness and irregularity, hydrophobicity and 
wetability,	 charge,	polymer	chemistry	and	coatings.	
None of the currently available long-term catheter 
materials	is	resistant	to	bioilm	formation	and	encrus-
tation.	In	a	series	of	laboratory	studies	of	18	types	of	
catheter materials, using a model of the catheterised 
bladder,	 none	 resisted	 bioilm	 formation	 by	 a	 clini-
cal	strain	of	P.mirabilis	[429]	[430].	Relative	times	to	
catheter	 blockage	 were:	 silver-coated	 latex	 17.7h;	
hydrogel-coated latex 34h; silicone-coated latex 38h; 
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all-silicone	47h.	However,	 the	authors	note	 that	 the	
internal diameter of the coated latex catheters was 
much	smaller	than	for	the	silicone	catheters	(1.5mm	
compared	to	2.5mm).	

This	 inding	was	 conirmed	 [409]	 in	 tests	with	 ive	
types of catheters (pure silicone, silicone-coated 
latex, hydrogel-coated latex, hydrogel/silver-coated 
latex,	and	nitrofurazone	silicone)	colonized	with	P.	
mirabilis	108	cfu/mL	and	a	urine	pH	of	8.5	All	had	
heavy	encrustation	by	18	h.	and	were	blocked	with-
in	40	h.	There	are	implications	for	coated	catheters,	
such as silver, because the bacteria can continue to 
grow	even	when	attached	to	the	crystalline	bioilm,	
which	shields	them	from	the	silver.	To	keep	the	pH	
from	rising,	antimicrobials	need	to	get	into	the	urine.

Targeting	P.	mirabilis	infection	for	treatment	as	soon	
as it is introduced into the urinary tract may be 
beneicial	 in	preventing	 recurrent	encrustation	and	

blockage	 [431].	While	 this	organism,	which	 is	har-
boured in the intestines, may not cause problems 
in the urinary tract of a healthy person, it has many 
characteristics that negatively impact the bladder of 
a	catheterized	person	who	has	an	already	 inlam-
matory	 process	 taking	 place.	 These	 include:	 four	
adhesins	that	help	make	it	stick	to	the	bladder	and	
catheter, a protective capsule, several secretions 
that	promote	extraction	of	host	nutrients,	quick	mi-
gration	capacity,	and	a	powerful	urease	[431].	The	
ability	of	P.mirabilis	to	evade	the	host’s	immune	re-
sponse	make	it	a	very	dificult	organism	to	treat.	For	
example,	a	structure	 in	 the	membrane	called	LPS	
contributes to virulence and can cause hypotension, 
fever,	DIC	and	 shock.	Another	 component	 (migra-
tion	factor	Cmf]	improves	swarming	[432].

Although	 it	 is	 not	 possible	 to	 examine	 the	 effects	
of polymer surface properties on microbial adhe-
sion and formation of catheter encrustation in de-
tail here, recent studies have shown that strongly 
electron donating surfaces are less prone to adher-
ence	by	P.mirabilis	 than	more	hydrophobic	materi-
als	 [433].	 Some	 copolymer,	 polyurethane	 blends	
are associated with less microbial adherence and 
improved	 resistance	 to	 encrustation	 in	 an	artiicial	
bladder	 model	 [434].	 The	 effect	 of	 iontophoresis	
produced by passing an electric current through sil-
ver electrodes attached to catheters has also been 
shown	to	inhibit	bacterial	growth	[435].	Another	po-
tentially promising innovation is the use of the anti-
septic agent triclosan in the catheter balloon [408] 
[436]	[437].	In	laboratory	models	of	the	catheterised	
bladder	infected	with	P.mirabilis,	silicone	and	latex-
based	 catheters,	 with	 balloons	 inlated	with	 triclo-
san, drained freely for seven days compared to 24h 
for	 controls	 inlated	 with	 water.	 Triclosan	 became	
impregnated throughout the silicone catheter mate-
rial and strongly inhibited the formation of the crys-
talline	 bioilm.	 However,	 latex-based	 catheters	 re-
quired a higher concentration of triclosan (>1mg/ml) 
than silicone catheters to produce similar inhibitory 
effects	 on	 P.	mirabilis.	 Diffusion	 through	 the	 latex	
balloon occurred but the latex-based catheter did 
not	become	impregnated	with	triclosan	throughout.	
The	 potential	 beneits	 of	 triclosan	 in	 catheter	 bal-
loons now needs to be tested in clinical trials but it is 
also important to note that not all microbial species 
responsible	for	CAUTIs	are	sensitive	to	this	biocide	
and emergence of resistant strains is a common 
concern	[437].

2.  REDUCING CATHETER ENCRUSTATION – INTERVENTIONS

A	number	of	studies	have	employed	in	vitro	models	
of	the	catheterised	bladder	to	examine	the	inluence	
of urinary composition on bacteria growth and en-
crustation, and the ability of acidic irrigations to re-
duce	encrustation	build	up.	There	is	good	evidence	
from	 laboratory	 studies	 that	 increased	 luid	 con-
sumption (leading to lower concentration of encrus-
tation components) increases the time to catheter 

Figure XII-7: Section of catheter showing encrusta- 
tion and blockage.

Figure XII-8: SEM of encrusting material - struvite 
and calcium phosphate.
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blockage	 [438].	 Increasing	 citrate	 concentration	 in	
luid	intake	and	urinary	output	(eg	through	drinking	
orange juice or other fruit juices such as lemon or 
lime) has also been shown to increase time to cath-
eter	blockage	(see	below).	Cranberry	juice	has	fre-
quently	been	advocated	 to	 reduce	UTIs,	microbial	
adherence	and	bioilm	development	but	an	 in	vitro	
study	by	Morris	and	Stickler	[439]	drinking	cranber-
ry juice did not produce urine which was inhibitory to 
the	development	of	P.mirabilis	bioims	and	catheter	
blockage,	although	increased	luid	intake	was	bene-
icial.	Although	some	studies	have	claimed	drinking	
cranberry	juice	can	decrease	urinary	pH	in	healthy	
volunteers	[440],	this	is	unlikely	to	be	accomplished	
in catheterised patients, in the presence of contin-
ued ammonia production by the action of urease-
producing	micro-organisms	[441].	

Urease	 inhibitors,	 including	 acetohydroxamic	 acid	
(1.0mg/ml)	 and	 luorofamide	 (1.0microg/ml),	 have	
been	shown	to	restrict	the	increase	in	urinary	pH	of	
P.mirabilis	infected	urine	from	9.1	to	7.6,	in	a	simple	
physical	 model	 of	 the	 catheterised	 bladder	 [430].	
Signiicant	reductions	in	precipitation	of	calcium	and	
magnesium salts were also noted but the impact of 
possible side-effects remains unclear, and therefore 
clinical	potential	is	uncertain.	Clinical	studies	on	the	
prevention or management of catheter encrustation 
are extremely limited and only two relevant studies 
addressing the use of urease-inhibitors were identi-
ied.	One	early	clinical	study	[442]	examined	oral	ad-
ministration of a urease inhibitor (acetohydroxamic 
acid)	to	ive	patients	who	required	frequent	catheter	
changes	(>1	every	2	weeks)	due	to	encrustation	and	
blockage.	The	dose	was	based	on	body	weight	(eg.	
250mg three times daily for patients between 50-
70kg).	 The	 degree	 of	 encrustation	 decreased	 sig-
niicantly	 during	 therapy	 (p<0.05)	 and	 the	 authors	
reported minimal adverse side effects experienced 
by	patients,	but	acknowledged	the	potential	for	more	
severe	side	effects	 to	occur.	A	subsequent	double-
blind,	RCT	of	acetohydroxamic	acid	in	the	palliative	
treatment of infection-induced urinary calculi, dem-
onstrated	 lowered	urinary	pH	 in	urine	 infected	with	
P.mirabilis	but	the	side	effects	were	unacceptable	to	
patients	[443]	(Level	of	Evidence	1).	

An	 alternative	 approach	 to	 reducing	 catheter	 en-
crustation, aimed at increasing the ‘safety margin’ 
between	urinary	pH	and	the	nucleation	pH	(pHn)	(i.e.	
the	pH	at	which	crystals	of	calcium	and	magnesium	
are formed in the urine) warrants further clinical in-
vestigation.	 In	 laboratory	 studies	 using	 models	 of	
the	 catheterised	bladder,	 the	pHn	of	 the	urine	was	
shown to increase when urine concentration was de-
creased and also by addition of citrate to the urine 
[438].	In	models	supplied	with	urine	containing	citrate	
at	1.5mg/ml	or	above,	catheter	drained	freely	for	the	
seven	day	experimental	period.	Drinking	500ml	pure	
orange juice per day can achieve concentrations of 
citrate	of	up	to	1.2mg/ml	urine	[423]	and	further	clini-
cal evaluation of the effects of increasing a patient’s 

luid	intake	with	citrate	containing	drinks	is	awaited.	
Viable	cell	counts	of	P.mirabilis	in	the	model	suggest	
that	results	were	unlikely	to	be	due	to	direct	effects	
of	citrate	on	the	growth	of	metabolism	of	P.mirabilis	
in	 the	catheter	bioilm,	but	rather	on	the	process	of	
mineral	crystallization.	

Recent	 research	provides	more	evidence.	 In	a	 re-
cent	randomized	six	week	crossover	trial	of	citrated	
drinks	in	24	persons	with	catheter	blockage	[444],	it	
was	demonstrated	that	the	pHn	could	be	signiicant-
ly	increased.	The	highest	level	of	change	was	with	
lemon	 juice,	 with	 a	 “safety	 margin”	 of	 0.84	 (95%	
CI	 0.63,	 1.04),	 followed	 by	 luid	 intake	 0.57	 (95%	
CI	0.37,	0.78),	and	potassium	citrate	0.41	(95%	CI	
0.20,	0.61).	Overall,	the	safety	margin	for	the	drinks	
was	 signiicant	 (p<0.001)	 when	 controlling	 for	 the	
three	 groups.	 Each	 participant,	 who	 had	 experi-
enced	 at	 least	 three	 blockages	 within	 four	 weeks	
previously,	 received	 all	 three	 drinks.	 Baseline	 24	
hour	urines	were	obtained	after	each	week,	allowing	
for	a	washout	period	between	 the	one	week	drink	
consumption	for	each	arm	of	the	study.	The	lemon	
juice	concentration	was	60mL/1	litre	of	water,	potas-
sium	citrate	was	6	g/1	litre,	and	the	luid	intake	was	
also	1	 litre	additional.	Participants	were	 instructed	
to	consume	the	drinks	each	day	in	addition	to	their	
usual	luid	intake	and	they	tracked	their	intake	and	
output	 during	 the	 study.	This	 study	 provides	 addi-
tional evidence that optimal and consistent levels 
of	luid	 intake	could	minimize	catheter	blockage	or	
increase the interval between changes, in persons 
with	persistent	encrustation	and	blockage.	

The	 reduction	 of	 encrustation	 and	 corresponding	
extension of ‘catheter life’ by regular instillation of 
an acidic catheter maintenance solution into the 
catheter has been advocated by some researchers, 
particularly where frequent catheter changes for 
recurrent	 blockage	 are	 dificult	 and	 /	 or	 unaccept-
able	to	patients.	Solution	G	(Suby	G)	and	Solution	
R	(Table	XII-5)	have	been	shown	to	be	effective	in	in	
vitro models of the catheterised bladder [445] [446] 
[447] and in vitro models of struvite stone chemoly-
sis	 [448].	 In	 response	 to	 concerns	 over	 potential	
damage to the bladder mucosa from acidic catheter 
maintenance	solutions,	Getliffe	et	al.	[446]	advocate	
the use of small volumes of solution so that less 
enters	the	bladder.	Under	controlled	laboratory	con-
ditions	smaller	volumes	of	acidic	solutions	(Suby	G)	
(50ml), retained in the catheter for 15 minutes, were 
shown to be as effective as the commonly available 
commercial	 standard	 of	 100ml.	Getliffe	 et	 al.	 also	
showed that two sequential washouts with 50ml 
were	more	effective	than	a	single	washout.

There	 is	 relatively	 little	 clinical	 evidence	 to	 draw	
on in this area and outcomes remain to be tested 
in	well-controlled	clinical	 trials.	Most	clinical	stud-
ies are small-scale and descriptive although both 
Getliffe	 [424]	 and	 Kunin	 et	 al.	 [418]	 compared	
groups	 of	 ‘blockers’	 and	 non-blockers’	 to	 identify	
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characteristics	of	 recurrent	 ‘blockers’.	One	small-
scale,	comparative	trial	of	Suby	G,	Solution	R	and	
saline catheter ‘washouts’ in 14 older female pa-
tients [449] reported a higher incidence of red-cells 
in	 the	 retrieved	 washout	 luid	 with	 Suby	 G	 com-
pared	to	saline	(mean	incidence	of	28%	and	14%,	
respectively.	However,	increased	shedding	of	uro-
epithelial cells was present in the retrieved wash-
out from all three solutions suggesting this was at 
least partially related to the physical process of 
administration.	This	issue	was	previously	raised	by	
Elliot	et	al.	[450]	who	also	demonstrated	increased	
uroepithelial shedding following washouts with up 
to	60ml	saline	0.9%;	chlorhexidine	0.02%	or	noxy-
thiolin	2.5%.

A	more	 recent	RCT	with	 73	 community	 dwelling	
individuals,	which	aimed	to	compare	weekly	cath-
eter flushes with saline or an acidic solution, with 
no flushes, reported the mean time until catheter 
removal	 was	 very	 similar	 between	 groups.	 Im-
portantly, there was no evidence of detrimental 
effects,	 such	 as	 increased	 risk	 of	 symptomatic	
infection,	 from	 breaking	 the	 closed	 system	 in	
order	 to	 apply	 catheter	 flushes.	 Urinary	 pH	 did	
not change over the study time; at baseline the 
mean	was	 6.3	 (SD	 1.04),	 range	 5-8.5.	 However	
the study was underpowered and subjects were 
only	 followed	 for	 a	maximum	 of	 eight	 weeks,	 or	
until the catheter was changed three times, or a 
symptomatic	UTI	developed.	There	were	consid-
erable difficulties with recruitment of patients and 
target	numbers	fell	short	within	each	group	(Level	
of	Evidence	2)	[358).	A	sample	of	400	per	group,	
1200 in total, was estimated posthoc, as giving 
sufficient power for future research in this area 
[451].	Other	clinical	studies	have	focused	on	che-
molysis of infection stones (principally composed 
of	struvite).	Stronger	acidic	solutions	such	as	So-
lution	R	have	been	shown	 to	dissolve	 fragments	
of struvite renal calculi following lithotripsy [452] 
but potential benefits may be outweighed by the 
greater	risk	of	inflammatory	tissue	reactions	when	
used	as	a	catheter	maintenance	solution.	Renaci-
din	solution	is	approved	for	kidney	stone	disinte-
gration	in	the	US	but	although	it	may	be	effective	
for	 recurrent	 catheter	 blockers,	 there	 is	 no	 pub-
lished	research	evidence	of	its	use	in	this	group.	

Overall,	methodological	issues	make	it	difficult	to	
draw robust conclusions on the effectiveness of 
acidic	solutions	in	managing	catheter	blockage.	It	
is	unlikely	 that	any	currently	available	strategies	
will completely prevent catheter encrustation and 
a more practical aim is to extend catheter life to a 
period which is acceptable to users and manage-
able	by	healthcare	professionals.	Early	detection	
of	 impending	blockage	by	determination	of	usual	
length of catheter-life [424] or by application of 
a sensor device designed to detect early stages 
of	P.	mirabilis	biofilm	formation	[453]	are	likely	to	
remain	the	main	stays	of	management.

j) LTC-associated risks and problems: urethral 
trauma, bladder calculi and bladder cancer

1. URETHRAL TRAUMA

Urethral	 trauma	 and	 discomfort	 can	 occur	 during	
catheterisation but may be minimised by using a 
sterile lubricant or anaesthetic gel [454], however 
clinical	 practice	 remains	 variable.	 More	 studies	
have considered the use of lubricants for male cath-
eterisation but few have considered the procedure 
for	women	or	for	supra-pubic	catheterisation	[455].	
A	 recent	 randomised,	 double-blind	 study	 with	 62	
alert, cooperative females requiring urethral cath-
eterisation, demonstrated that the group receiving 
lignocaine	gel	had	a	signiicantly	lower	median	pro-
cedural pain score compared to the group receiving 
a	water-based	 lubricating	 gel	 [456].	 It	 is	 not	 clear	
whether cleaning the urinary meatus prior to inser-
tion	 is	needed,	based	on	 two	small	 trials	 (Level	of	
Evidence	II).	In	one	study,	0.05%	chlorhexidine	glu-
conate or sterile water was tested in a home care 
sample (N=20), with four urine specimens cultured 
over	 two	weeks.	No	difference	was	 found,	and	no	
one	 developed	 a	 symptomatic	CAUTI	 [457].In	 the	
other study of 60 women receiving outpatient gyn-
aecological surgery,[458] povidone-iodine was 
compared	with	water.	No	 signiicant	 differences	 in	
bacteriuria	 or	 symptomatic	 CAUTI	 were	 found	 in	
comparing urine samples just prior to insertion and 
24	hours	later.	

2. BLADDER CALCULI  

Most	 long-term	 follow	up	studies	of	LTC	use	have	
addressed	 SCI	 populations.	 Indwelling	 catheters	
(UC	 and	SPC)	 have	 been	 signiicantly	 associated	
with	 increased	 risk	 of	 bladder	 calculi	 formation	 in	
SCI	patients,	compared	to	 intermittent	catheterisa-
tion	 [460]	 [235].	 In	a	 retrospective	 cohort	 study	of	
457 patients, controlled for variable follow up times 
by	regression	analysis,	both	UC	and	SPC	were	sig-
niicantly	associated	with	 increased	risk	of	bladder	
calculi formation compared to intermittent catheteri-
sation	 IC	 (hazard	 ratio	 10.5;	 p<0.0005	 and	 12.8;	
p<0.0005)	 respectively	 [461].	 This	 increased	 risk	
was independent of age, sex, level and degree of 
injury	 but	 calculi	were	 no	more	 likely	 to	 form	with	
SPC	 than	 UC	 (hazard	 ratio	 1.2,	 p=0.6).	 Another	
case	series	of	SPC	in	118	patients	with	neurogenic	
bladders [462] found common complications were 
bladder	calculi	 (25%),	 (particularly	associated	with	
high	urinary	pH)	and	urethral	leakage	(10%).	Blad-
der	calculi-free	rates	at	ive	and	10	years	were	77%	
and	64%	respectively,	falling	to	50%	at	20	years.	

Where	SPC	has	 been	 compared	 to	CIC	 the	main	
difference appears to be in a lower incidence of 
bladder	calculi	in	the	CIC	group.	A	prospective	com-
parison of long-term outcomes between 34 quad-
riplegic	 patients	 managed	 by	 SPC	 (mean	 period	
8.6	years)	and	27	paraplegic	patients	managed	with	
CIC	(mean	period	9.9	years)	reported	no	signiicant	
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difference between groups in respect of symptomatic 
UTI,	renal	stone,	degree	of	bother	and	overall	satis-
faction	[310]	but	there	was	a	signiicantly	increased	
incidence	of	bladder	stones	in	the	SPC	group.	How-
ever a recent review of current literature [311] (56 
studies), concluded there were variations between 
older	and	more	recent	studies.	More	recent	studies	
showed	morbidity	proiles	to	be	similar	for	SPC	and	
CIC,	where	patients	were	managed	by	anticholiner-
gic medications, frequent catheter changes and vol-
ume	maintenance	procedures.	A	dedicated	catheter	
clinic established to aid the management of patients 
having	 problems	 with	 LTC,	 reported	 the	 majority	
of	 patients	 were	 elderly	 with	 chronic	 disabilities.	
A	 signiicant	 proportion	 of	 those	with	 catheter	 en-
crustation	and	blockage	(45%	of	147	patients)	were	
shown	to	have	formed	bladder	calculi	[463].

3. BLADDER CANCER

A	 number	 of	 retrospective,	 cohort	 reports	 of	 SCI	
patients	have	linked	bladder	cancer	with	long-term	
indwelling	catheterisation	[464]	[465]	[466].	The	re-
ported incidence of squamous cell and transitional 
cell carcinoma associated with chronic indwelling 
catheterisation varies widely between studies but 
Groah	et	al.	[466]	in	their	follow-up	of	3670	subjects,	
calculated	that	patients	with	SCI	and	an	indwelling	
catheter	were	25	times	more	likely	to	develop	blad-
der	 cancer	 than	 the	 general	 population	 (Level	 of	
Evidence	3).	For	SCI	patients	without	an	indwelling	
catheter,	 the	 risk	 of	 bladder	 cancer	 was	 15	 times	
that	 of	 the	 general	 population.	Since	SCI	 patients	
are	already	at	increased	risk	of	developing	bladder	
cancer	compared	to	non-SCI	groups,	the	inluence	
of an indwelling catheter on bladder cancer requires 
further	clariication,	including	the	potential	relation-
ship between duration of catheterisation and cancer 
development.	 Bladder	 calculi	 have	 been	 identiied	
as	an	independent	risk	factor	for	bladder	cancer	by	
some	authors	(464].	

Most	 reports	 have	 grouped	UC	 and	SPC	 togeth-
er as indwelling catheters but a small number of 
case study reports have drawn attention to long-
term	risks	of	carcinoma	within	the	cystostomy	tract	
with	SPC,	with	or	without	further	extension	into	the	
bladder	[467]	[468]	[469].	However,	in	a	retrospec-
tive analysis of screening biopsies for bladder ma-
lignancy	in	36	patients	with	SPC	for	more	than	12	
years,	Hamid	et	al.	 [470]	found	no	tumours	in	the	
screened	group	although	histological	indings	were	
frequently	abnormal	(Level	of	Evidence	2).	These	
authors raise concerns over the interpretation of 
screening cystoscopy and biopsy in this popula-
tion and note the importance of the distinguishing 
between	histological	changes	and	conirmed	can-
cers	when	interpreting	study	results.	Recently	pub-
lished guidance on management and prevention of 
catheter-associated urinary tract infection, based 
on an extensive survey of the literature, includes 
a recommendation that patients with urethral 
catheters in place for 10 years or more should be 

screened	annually	for	bladder	cancer	[471]	(Grade	
of	Recommendation	C).	

k) Catheter management strategies

Although	guidelines	and	protocols	for	catheter-care	
practices are abundant, relatively few practices are 
supported by research evidence and even fewer by 
evidence	from	randomized	controlled	trials.	For	ex-
ample,	 in	 the	 ‘Guidelines	 for	 prevention	of	 health-
care associated infections in primary and communi-
ty	care’	commissioned	by	the	UK’s	National	Institute	
for	 Clinical	 Excellence	 [472],	 of	 29	 recommenda-
tions relating to urinary catheterisation only six 
were	Grade	A	(directly	based	on	Level	1	evidence);	
with	one	each	at	Grades	B	and	C.	The	 remaining	
21	were	all	grade	D,	being	based	on	evidence	from	
expert	groups	or	clinical	opinion.	

1. GUIDELINES

In	 2009,	 the	 U.S.	 Healthcare	 Infection	 Control	
Practices	Advisory	 Committee	 issued	 through	 the	
Centers	for	Disease	Control	and	Prevention	(CDC)	
updated	 Guideline	 for	 Prevention	 of	 Catheter	As-
sociated	Urinary	Tract	Infections	[342].	This	guide-
line,	which	updated	the	1982	Guideline,	expanded	
information about catheter related issues, including 
intermittent, condom, suprapubic, and chronically 
catheterised	 long-term	 users.	 The	 recommenda-
tions made by this committee for preventing cath-
eter-associated urinary tract infections, based on 
systematic review of the best available evidence, 
address the following issues:

	•		who	should	receive	an	indwelling	urinary	catheter

	•	catheter	insertion

	•	catheter	maintenance

	•		quality	improvement	programs	to	achieve	appro-
priate placement, care, and removal of cath-
eters

	•	administrative	infrastructure	required	

	•	surveillance	strategies	

This	new	guideline	recommended	selected	practices	
at	grade	B	based	on	level	of	evidence	of	1	or	2.	There-
fore, many topics were judged as “no recommenda-
tion/unresolved	issue”	due	to	a	lack	of	evidence.

2. QUALITY INDICATORS AND REGULATOR INITIATIVES

It	 is	 well	 established	 that	 guidelines	 alone	 do	 not	
change	practice.	Further	efforts	should	be	directed	
to disseminating evidence-based guidelines about 
catheter care through education and the use of 
quality	indicators	and	regulatory	initiatives.	

Regulation	 that	 is	accompanied	by	 the	use	of	evi-
dence	based	quality	indicators	has	a	powerful	inlu-
ence	on	the	quality	of	care.	Quality	indicators	are	de-
ined	as	quantitative	measures	relecting	a	professional 
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care standard which are used as guides to monitor 
and evaluate the quality of important patient care 
and	support	service	activities.	The	ACOVE	(Assess-
ing	Care	of	Vulnerable	Elders)	suite	of	quality	indi-
cators has been designed to measure the quality of 
care	for	vulnerable	elders	[473].	It	incorporates	one	
quality indicator to guide measurement of the qual-
ity	of	care	related	to	catheter	use.	

“IF	a	VE	has	clinically	signiicant	urinary	retention,	
and a long-term (> 1 month) urethral catheter is 
placed,	 THEN	 there	 should	 be	 documentation	 of	
justiication	for	its	use,	BECAUSE	treatment	of	cer-
tain	 underlying	 causes(s)	 of	 urinaryretention	 (e.g.,	
treatment of constipation or bladder outlet obstruc-
tion)	may	carry	less	risk	than	long-term	urinary	cath-
eterization”	[473].

Another	 attempt	 to	 ensure	 the	 appropriate	 use	 of	
catheters	 is	 the	use	of	 assessment	 protocols.	 For	
example, regulation for long-term care settings in 
the	 USA	 mandates	 that	 all	 newly	 admitted	 Medi-
care/Medicaid	funded	residents	receive	an	assess-
ment	using	a	standardized	form	called	the	Minimum	
Data	 Set	 (MDS).	A	 further	 level	 of	 assessment	 is	
triggered when/if a resident is newly incontinent and 
the	Resident	Assessment	Instrument	Minimum	Data	
Set	 is	 completed	 (RAI-MDS).	This	assessment	 in-
formation in turn, acts as a prompt for staff to design 
an individualized care plan based on direct contact 
with residents, appropriate staff, and through use 
of	observation,	interviews	and	record	reviews.	The	
MDS	and	RAI	are	now	used	 in	a	number	of	other	
countries,	including	Canada	and	Iceland,	and	other	
countries have developed their own assessment 
instruments.	Ideally,	these	assessment	instruments 
should prompt staff to enquire about whether the 
residents’ catheter is medically warranted, and to 
identify catheter related problems, and care plans 
should contain information about an individualized 
catheter care plan (including the frequency of cath-
eter	 changes	and	ongoing	maintenance).	This	as-
sessment	process	is	strengthened	in	the	USA	by	its	
link	to	quality	indicators.	Speciically,	long-term	care	
facilities are required to use information from the 
residents’ comprehensive assessment to provide 
assurances that:

	 •		Catheters	 are	 used	 for	 only	 medically	 valid	
reasons; 

	 •		Catheters	are	 removed	as	 soon	as	 clinically	
warranted;

	 •		Efforts	are	applied	to	restore	or	improve	blad-
der function as much as possible; and

	 •		Efforts	are	made	to	prevent	infection	while	the	
catheter	 is	 inserted	 (U.S	Dept	of	Health	and	
Human	Services,	2004).

It	remains	to	be	seen	if	these	measures	will	reduce	
catheter rates in long-term care, and how they will 
impact	day-to-day	catheter	use	and	catheter	care.	

However,	similar	 regulatory	approaches	should	be	
considered by government and health agencies in 
other	countries.

3. CATHETER CHANGE PROCEDURES AND CATHETER COMFORT

Indwelling	 catheters	 can	 cause	 substantial	 patient	
discomfort but although anecdotal information on 
the discomfort experienced by many catheterised 
patients	 is	 readily	available,	 there	 is	a	general	 lack	
of	published	evidence	from	research	studies.	Further	
investigation and guidance to practitioners is need-
ed.	Catheter-related	pain	or	discomfort	can	occur	as	
the	catheter	 is	passed,	 in	situ	and	on	 removal.	Lo-
cal anaesthetic lubricant gels are commonly used to 
aid the insertion of indwelling catheters in males and 
protect	 the	 sensitive	 urothelium	 from	 trauma	 [474].	
Similar	use	of	anaesthetic	gels	 is	generally	 recom-
mended for females although the procedure may be 
less consistent in some places and where only small 
amounts of lubricant are applied to the catheter tip 
this	may	be	insuficient	to	coat	the	urethra	adequate-
ly.	There	is	little	research	evidence	to	underpin	clini-
cal	practice	in	this	area	although	the	NICE	guidelines	
on infection control [472] recommend: ’an appropri-
ate lubricant from a single–use container should be 
used during catheterisation to minimise trauma and 
infection’.	The	choice	of	lubricating	gel	is	usually	left	
to practitioners but not all gels containing anaesthetic 
agents (eg lidocaine) are suitable for both urethral 
and	suprapubic	use.	One	prospective,	 randomized,	
double-blind, controlled trial of plain lubricant versus 
lidocaine gel prior to female catheterisation in an ac-
cident	and	emergency	department	 found	no	signii-
cant differences in pain ratings, based on lubricant 
type or catheter size amongst 100 women recruited 
to	the	trial	[475].	Anaesthetic	gels	may	be	contraindi-
cated in patients with damaged or bleeding urethral 
membranes and should be used with caution in those 
with	cardiac	conditions,	hepatic	insuficiency	and	epi-
lepsy	 [476].	 Lubricants	which	contain	 chlorhexidine	
have been reported to trigger anaphylaxis in a small 
number of patients during catheter insertion and con-
sequently a careful history is required to screen for 
sensitivities	[477]	[96].	

In	a	study	with	45	infants	(2-24	months)	who	need-
ed urethral catheterization, random assignment was 
made to either a topical lubricant (control), topical 
and intraurethral lubricants, or topical and intraure-
thral	lidocaines	[478].Infants	with	the	lidocaine	had	
less distress, but the lidocaine did not eliminate the 
distress	totally.	

Catheterization	 in	 males	 can	 be	 dificult	 at	 times,	
and different approaches can be used, including a 
Coude	catheter,	various	guide	wires	or	iliform	cath-
eters, and other techniques performed by urolo-
gists.	Research	 in	 this	area	 is	needed	to	compare	
different	practices	and	associated	risks	[479].

Catheters	can	be	painful	when	in	situ.	In	one	study	
at	 a	 US	 Veterans	Affairs	 Medical	 Centre,	 42%	 of	
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catheterised patients reported it was uncomfort-
able,	with	48%	complaining	it	was	painful,	and	61%	
stated	it	restricted	their	activities	of	daily	living	[107].	
In	one	small	sample	of	43	community	dwelling	per-
sons with long-term catheters, pain was reported 
by	 24	 (54%)	 [126].	 Causes	 of	 pain	 were	 bladder	
spasms, position of the catheter, or related to cath-
eter	changes.	Three	had	pain	all	the	time,	but	21	of	
24	 persons	 had	 it	 intermittently.	 If	 bladder	 spasm	
is the cause of pain when a catheter is in situ a 
low dose of an anticholinergic medication can help 
[480].	 Other	 helpful	 approaches	 include	 treating	
constipation if present, ensuring that the catheter 
is the smallest size to provide adequate drainage, 
and ensuring that the drainage bag is well support-
ed	to	prevent	dragging	on	the	catheter.	Attention	to	
the	catheter	position	is	needed	to	prevent	kinks	or	
twists in tubing and ensurethat the catheter straps 
are	not	blocking	urine	low	[481].	Blockage	in	urine	
low	 can	 cause	 bladder	 distension	 resulting	 in	 in-
creases in hydrostatic pressure and bleeding points 
which open the way to bacteria, already present, to 
cause	a	symptomatic	infection	[210].

Bladder discomfort related to an indwelling catheter 
can	 exacerbate	 post-operative	 pain	 by	 mimicking	
overactive bladder syndrome that is resistant to 
conventional	opioid	therapy.	Sub-lingual	oxybutinin	
has been shown to be an effective treatment for 
pain after radical retropubic prostatectomy, with sig-
niicant	 reduction	 in	 other	 pain	 relief	 requirements	
[482].	 Cufing	 of	 the	 catheter	 material	 on	 balloon	
delation	 (see	 below)	 and	 /	 or	 encrustation	 of	 the	
catheter by mineral deposits may cause pain during 
catheter	removal.	Encrustation	is	discussed	further	
in	Section	12.2.9	and	management	of	 these	prob-
lems	is	also	discussed	below.	

4. EDUCATION OF HEALTHCARE  PROVIDERS

Educational	 approaches	 should	 ensure	 that	 all	
healthcare	practitioners	have	the	necessary	knowl-
edge	and	skills	to	care	for	individuals	with	a	catheter.	
Some	research	however,	points	 to	gaps	 in	health-
care	 practitioners’	 knowledge	 about	what	 catheter	
to select, and how to minimize and manage ongo-
ing	 problems[483].	 Mody	 and	 colleagues	 (2010)	
[484]	 assessed	 nursing	 home	 healthcare	workers’	
knowledge	and	awareness	of	 recommended	cath-
eter	care	practices,	and	found	signiicant	discrepan-
cies	between	their	knowledge	and	research-based	
recommendations.	 Respondents	 were	 drawn	 from	
seven	community-based	nursing	homes	in	the	USA	
and included nurses and nurse aides 

Twin	surveys	were	sent	 to	healthcare	providers	 in	
Minnesota	 to	 determine	 their	 level	 of	 knowledge	
about	catheter	use.	The	physicians	(N=635)	relect-
ed awareness of the indications for catheter use, 
and	about	1/3	said	they	remove	them	sooner.	How-
ever,	about	30%	were	unsure	about	how	to	prevent	
UTI	[485].	Nurses	(N=370)	were	aware	of	catheter 
indications,	but	some	were	likely	to	approve	of	cath-

eter	 use	 in	 the	 ICU	 (for	 whatever	 reason)	 and	 of	
the	value	of	silver	coatings	on	catheters	[485].Both	
studies	had	low	response	rates,	of	9%	and	4%	phy-
sicians	and	nurses,	respectively.	Another	survey	to	
333	persons,	(70%	RNs	and	27%	unlicensed	assis-
tants) indicated that there was a need for more edu-
cation	related	to	catheters	[486].	Incorrect	practices	
involved	 not	 securing	 the	 catheter	 (75%)	 and	 not	
knowing	when	 to	 replace	 the	 catheter	 (74%).	The	
response	 rate	 was	 54%,	 and	 about	 half	 of	 those	
surveyed	had	less	than	two	years	work	experience.	

An	audit	of	education	given	 to	nursing	students	 in	
Greece	indicated	that	there	was	a	need	to	upgrade	
teaching	methods	 [487].	 Proiciency	was	 impaired	
by	 a	 lack	 of	 attention	 to	 preparing	 the	 patient	 (in-
cluding emotional and practical aspects), old text-
books,	outworn	traditions,	little	or	no	instruction	on	
troubleshooting	and	a	lack	of	sophisticated	methods	
for	teaching	(e.g.	DVDs	showing	the	procedure).	

An	audit	of	adherence	to	standards	of	nursing	care	
in	 one	 UK	 Trust	 related	 to	 catheter	 practices	 in	
patients’	homes	[488].	All	nurses	surveyed	(N=25)	
indicated they would change the catheter every 12 
weeks	unless	there	was	a	reason	to	do	this	more	
often; no data were provided on the percentage 
with	 12	 week	 changes.	 Though	 a	 closed	 system	
was advocated by all nurses, washouts were per-
formed	by	75%	and	sampling	ports	for	urine	sam-
ples	were	used	by	28%,	and	the	rest	used	a	clean	
drainage	bag.	A	similar	audit	was	conducted	 in	a	
hospital	 setting	 [489].	 Continuing	 catheter	 care	
was	well	documented	at	98%,	but	11%	were	miss-
ing	details	on	insertion.

5. CATHETER CHANGE FREQUENCY

Protocols	on	indwelling	catheter	change	frequency	
vary widely from monthly to up to three months if the 
catheter	is	trouble-free.	In	the	absence	of	clear	sup-
porting evidence this remains an area of controversy 
amongst clinicians with advocates of early change 
believing this to reduce the incidence of complica-
tions while others argue that frequent changes in-
crease	 the	 risk	 of	 infection,	 trauma	and	 long-term	
histological	 changes.	 However,	 very	 sparse	 evi-
dence	suggests	that	CAUTI	might	be	less	when	the	
catheter	 is	 changed	 every	 4-6	weeks,	 rather	 than	
only	when	it	blocks,	or	with	planned	changes	of	ev-
ery	two	weeks	[490].

SPC	 changes	 can	 be	 competently	 managed	 by	
skilled	nurses	[325],	often	in	the	patient’s	own	home,	
but	the	new	catheter	should	be	inserted	as	quickly	as	
possible	whilst	the	track	is	still	easy	to	follow.	A	delay	
of only a few minutes can result in partial oblitera-
tion	of	the	tract	[491].	It	is	also	possible	to	insert	the	
new catheter too far through the bladder so it enters 
the urethra with resultant trauma when attempts to 
inlate	the	balloon	are	made.	Careful	observation	of	
the length of catheter external to the abdomen and 
the angle of protrusion prior to catheter change can 
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help to ensure correct positioning of the new catheter 
[492].	Dressings	around	the	stoma	site	are	not	nor-
mally required unless there is excessive discharge, 
causing	staining	and	/	or	sticking	to	clothing.

While	 nurses	 do	 not	 usually	 order	 catheter	 inser-
tions, and there may be times when delay in a clini-
cally appropriate catheterisation is harmful to certain 
patients.	A	new	protocol	and	algorithm	was	thus	de-
veloped	by	nurses,	physicians	and	other	key	stake-
holders in an orthopaedic unit of a large urban hos-
pital	to	facilitate	catheter	insertion	in	certain	deined	
situations	 [493].	 Indications,	such	as	spinal	column	
injury, and contraindications were depicted in a dia-
gram to identify when to stop, consider the issues 
(e.g.,	neutropenia),	and	when	to	insert	the	catheter.

Urinary	catheter	 ‘delation	cuff’	 formation	can	be	a	
problem	 in	both	SPC	and	UC,	causing	dificulty	 in	
removal	and	great	discomfort	to	patients.	Evidence	
suggests	delation	cuff	 formation	can	be	a	particu-
lar	 problem	 for	 all-silicone	 SPCs.	 A	 retrospective	
study of 113 patients cared for by community nurses 
showed	that	30%	of	nurses	had	experienced	prob-
lems changing catheters in the previous 12 months 
[494].	In	vitro	studies	have	conirmed	increased	re-
tention force and resistance to withdrawal caused 
by cuff formation and although cuffs can form with 
other catheter materials (eg hydrogel coated-latex) 
the retention force is less than with all-silicone mate-
rial	[339].	It	has	been	suggested	that	slow	delation	
may enhance the probability of the silicone balloon 
returning	 to	 its	 pre-inlation	 shape	 [340].	 Alterna-
tively,	reinsertion	of	0.5-1ml	water	is	suficient	to	ill	
the	catheter	 inlation	 lumen	and	eliminate	 the	bal-
loon	cuff.	Subsequent	use	of	lubrication	with	gentle	
removal of the catheter has been well-tolerated by 
patients	and	produced	virtually	no	trauma.

6. PERSONAL HYGIENE AND INFECTION CONTROL

Meatal	cleansing	by	simple	washing	with	soap	and	
water during routine bathing or showering is rec-
ommended	 (Level	 of	 Evidence	 1)	 [495]	 [496].	 No	
consistent reduction in bacteriuria has been dem-
onstrated by any other meatal cleansing regimes, 
using povidone-iodine solution or cream, chlorehex-
idine,	polymicrobial	creams,	1%	silver	sulfadiazine	
or antiseptic lubricating gels, compared to routine 
bathing	 or	 showering	 [374]	 [122].	 Effective	 hand-
washing by healthcare professionals, carers and 
patients, before and after handling catheters and 
drainage equipment is generally accepted to be the 
most important component of any infection control 
strategy.	Healthcare	professionals	 and	 formal	 car-
ers	should	also	wear	gloves.	Catheters	and	drain-
age equipment are commonly supported in position 
by	 tapes,	 Velcro	 and	 other	 securing	 devices	 (eg	
CathSecure,	StatLock)

More	 securement	 devices	 are	 now	 on	 the	market	
providing choices for long-term users, in particu-
lar.	 Consideration	 should	 be	 given	 to	 usual	 activ-

ity,	clothing,	size	of	the	person	(e.g.	thighs)	and	the	
weight	of	the	bag	it	would	support.	All,	but	especial-
ly those using adhesives, need to be comfortable, 
easy	to	use,	and	gentle	to	the	skin	[497].These	se-
curement devices are designed to control post-op-
erative bleeding, maintain surgical anastomoses in 
the lower urinary tract, and prevent urethral erosion 
or trauma and accidental dislodgement from trac-
tion	[498].	The	importance	of	these	in	reducing	risks	
of	CAUTI	and	the	mechanism	involved	are	not	well-
established	[380]	(See	also	section	XII.2.h).

7. URINE COLLECTION – CATHETER VALVES

Urine	may	drain	continuously	from	the	bladder	into	
a	drainage	bag	attached	to	the	catheter	(See	Sec-
tion	XIII)	or	 intermittently	via	a	catheter	valve.	The	
valve is a small device connected to the catheter 
outlet	 in	 place	of	 a	 bag.	Closure	and	opening	 the	
valve	allows	bladder	illing	and	intermittent	drainage	
rather	than	continuous	drainage	into	a	bag.	Valves	
are available in a variety of designs (Figure XII-9 ) 
ranging from simple inexpensive types used for up 
to	a	week,	to	more	expensive,	complex,	forms	which	
last longer and which may permit one handed ac-
tion.	However,	valves	are	not	available	or	licensed	
in	all	countries.

Figure XII-9: Example catheter valves.

Most	valve	designs	can	be	attached	to	a	drainage	
bag at night to allow free drainage while the patient 
sleeps.	A	 valve	 can	 provide	 a	 discreet	 alternative	
to conventional urine drainage bags and may offer 
improved maintenance of bladder tone and capac-
ity	for	appropriate	patients.	A	spigot	is	not	a	suitable	
alternative to a valve since it must be removed from 
the	catheter	to	allow	drainage	thereby	breaking	the	
‘closed	system’.	Patients	must	be	able	 to	manipu-
late the valve mechanism and empty the bladder 
regularly	 to	 avoid	 overilling,	 with	 accompanying	
risks	 of	 back	 pressure	 on	 the	 upper	 urinary	 tract.	
Valves	are	generally	inappropriate	for	patients	with	
poor manual dexterity, poor bladder capacity, detru-
sor	 overactivity,	 ureteric	 relux,	 renal	 impairment	
or	 cognitive	 impairment.	 There	 is	 relatively	 little	
research-based literature on catheter valves with 
much	of	 the	evidence	supporting	beneicial	effects	
derived	from	the	 level	of	expert	opinion.	Concerns	
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over	possible	increased	risk	of	infection	associated	
with valves have not been realised although there is 
a	paucity	of	research	in	this	area.	A	lack	of	knowl-
edge on valves may interfere with their use in ap-
propriate situations; therefore, a full assessment is 
required to determine whether the person is a good 
candidate for a catheter valve using a systematic 
process,	such	as	an	algorithm	[499].

The	lushing	mechanism	resulting	from	bladder	ill-
ing and emptying may be expected to contribute to 
reduction	in	problems	of	encrustation	and	blockage.	
One	 study	was	 found	 that	 provides	 new	evidence	
as	to	how	a	catheter	valve	might	do	this	[500].	The	
laboratory study involved four experiments with a 
bladder	model	and	artiicial	urine	cultured	with	Pro-
teus	 mirabilis.	 Manual	 valves	 were	 opened	 every	
two or four hours with continuous drainage at night, 
followed by experiments with automatic valves 
timed	 to	 open	 for	 ive	 minutes	 every	 two	 to	 four	
hours	around	 the	clock	 for	seven	days.	All	experi-
ments were compared with continuous drainage of 
urine.	Analysis	of	variance	showed	that	all	models	
controlled	by	valves	during	the	daytime	(12	h)	took	
signiicantly	more	time	to	block	(62.6	versus	35.9	h,	
p=0.039)	than	24	hour	continuous	drainage.	Experi-
ments were done with automatic valves which ran 
24 hours day every two or four hours, and time to 
blockage	extended	 to	119.8	h	versus.	50.7	h,	and	
159.8	hversus.	44.7	h,	respectively.	

There	 is	 stronger	evidence	of	 beneits	 in	 terms	of	
patient comfort and independence since this is a 
common	inding	in	most	studies.	Five	studies	com-
paring a catheter valve with standard drainage (leg 
bag)	were	identiied:	three	were	cross-over	designs,	
with 28, 16 and 18 subjects respectively [501] [502] 
[503]	 (Level	 of	Evidence	 3);	 two	 randomized	 their	
sample of 100 subjects to either catheter valve or 
standard	drainage	[504]	[505]	(Level	of	Evidence	2).	
None	of	the	studies	identiied	any	signiicant	differ-
ence in urinary tract infection and a majority found 
a high level of preference or acceptability of cath-
eter	 valves	 (>72%).	 There	 were	 no	 differences	 in	
reported incidence of bladder spasms or discomfort; 
however, there was a higher incidence of nocturnal 
frequency	and	episodes	of	bypassing	with	valves.	It	
was suggested that a combination of a valve during 
the day and free drainage at night through an open 
valve connected to a drainage bag could be an ap-
propriate	management	strategy.

Several	studies	have	evaluated	a	single	valve	de-
sign [506] [507] but only one has compared a broad 
range	 of	 valve	 designs	 [508].	 Fader	 et	 al	 under-
took	 a	 comparative	 evaluation	 of	 the	 seven	 cath-
eter	 valves	 available	 on	 the	 UK	 market	 in	 1996.	
Each	 valve	 type	 was	 tested	 for	 one	 week	 by	 be-
tween 19 and 36 subjects, followed by completion 
of	a	product	evaluation	questionnaire.	Performance	
scores (and costs) varied widely between products 
but critical characteristics were: being easy to ma-
nipulate,	leak-free,	and	inconspicuous.	The	authors	

concluded that prescribers need to be aware of the 
strengths and limitations of different valves for ap-
propriate	 product	 selection	 (Level	 of	 Evidence	 3).	
A	more	recent	development	concerns	the	design	of	
a	prototype,	novel,	automatic	valve	system	for	LTC	
patients [509] which may be helpful for patients who 
lack	suficient	dexterity	to	manage	a	manual	valve.	
In	summary:

	•		Catheter	 valves	provide	a	well-accepted	system	
of bladder emptying for suitable patients who 
are able to manipulate the valve mechanism 
and empty the bladder regularly to avoid over-
illing	(Level	of	Evidence	2).	

	•		There	is	no	evidence	of	increased	risk	of	urinary	
tract infection with valves compared to conven-
tional	drainage	systems	(Level	of	Evidence	2).	

	•		Valves	may	promote	maintenance	of	bladder	tone	
and	capacity	(Level	of	evidence	4).	

8. MAINTAINING EFFECTIVE CATHETER DRAINAGE

Use	of	 urinary	 catheters	 is	 rarely	 completely	 trou-
ble-free.	 Catheter	 drainage	 can	 be	 compromised	
by a variety of factors from simple causes such as 
kinked	 tubing	or	 the	 position	 of	 the	 drainage	bag,	
to bladder spasm, pressure of a constipated bowel 
on the adjacent urethra, suction of bladder mucosa 
into	 the	 catheter	 eye,	 or	 blockage	 by	 blood	 clots,	
mucous or encrustations formed by deposits of min-
eral	salts.	The	algorithms	in	Figures XII  -10 to XII-
12 combine	current	evidence-based	knowledge	and	
expert opinion to provide some guidance on trouble-
shooting	common	problems.	

9. RECURRENT CATHETER ENCRUSTATION AND BLOCKAGE

Factors	 affecting	 persistent	 catheter	 encrustation	
leading	to	recurrent	blockage	have	been	discussed	
earlier	 in	section	XII.2.i.	The	day	 to	day	manage-
ment	of	recurrent	catheter	encrustation	and	block-
age is largely a nursing responsibility but there 
are	 few	 options	 available.	 Maintenance	 of	 dilute	
urine	 by	 a	 suitably	 high	 level	 of	 luid	 intake	 has	
been shown to reduce encrustation in laboratory 
studies [438] and increased urinary citrate concen-
tration	produced	by	drinking	orange	juice	or	other	
fruit	 juices	may	also	be	beneicial	 [438].	However	
the amounts required may be relatively high and 
clinical	studies	are	needed	to	assess	beneits	and	
possible	detrimental	side	effects	e.g	on	bowel	be-
haviour.	Use	of	a	catheter	valve	in	suitable	patients	
may also help reduce build up of encrustation by 
facilitating	 periodic	 lushing	 but	 clinical	 evidence	
is	currently	unavailable.	In	a	majority	of	patients	a	
characteristic pattern of ‘catheter life’ can be iden-
tiied	with	careful	record-keeping	of	three	or	more	
catheter	episodes	[424]	[418]	[510].	This	may	allow	
pro-active strategies of care designed to change 
the	catheter	before	likely	blockage.	However,	very	
frequent catheter changes can be unsuccessful or 
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Figure XII-10: Troubleshooting long-term catheter problems: urine does not drain (N = No; Y = Yes). (Al -
ways have a spare catheter available)
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Figure XII-11: Troubleshooting long-term catheter problems: urinary by-passing.

unacceptable for some patients, as well as being 
costly	 in	 terms	of	 health	 service	 resources	 [420].	
In	 a	 study	 of	 planned	 catheter	 changes	 [511],	
based on observation of the intervals for three 
changes,urinary	 pH,	 and	 visual	 encrustation,	 un-
planned	 changes	decreased	 signiicantly	 from	46	
the year prior (n=39) to 30 during the 12 months 
post	intervention	(n=21,	p<0.01).	The	major	impact	
on quality of life related to catheter problems de-
creased	from	39%	to	5%,	though	satisfaction	with	
care	management	did	not	change	much.	

An	alternative	strategy	is	the	regular	prophylac-
tic instillation or irrigation of the catheter with 
an acidic ‘catheter maintenance’ solution to dis-
solve	 mineral	 deposits.	 In	 older	 literature	 the	

term ‘bladder washout’ appears but as the aim 
is to wash the catheter, rather than the bladder, 
‘catheter maintenance solution’ is a more appro-
priate	 term.	 A	 range	 of	 commercially	 available	
catheter-maintenance solutions is indicated in 
Table 12-6 , although these are not necessar-
ily	 available	 in	 all	 countries.	 Support	 for	 irriga-
tions is strongly divided between those claiming 
benefit for specific patients who experience very 
frequent	 blockage	 and	 those	 who	 consider	 any	
break	 to	 the	 closed	 system	 to	 increase	 risks	 of	
infection.	 Research	 evidence	 is	 primarily	 de-
rived from laboratory models of the catheterised 
bladder.	The	few	clinical	studies	which	have	ad-
dressed this issue have been limited by method-
ological	deficits	and	small	sample	size.



1744

Figure XII-12: Troubleshooting long-term catheter problems: the inlation balloon does not delate.
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l) Levels of evidence relating to catheter-associ -
ated risks and complications

•				All	currently	available	catheter	materials	are	subject	
to	bacterial	bioilm	formation	(Level of Evidence 1 ).

•		Silver	alloy	coated	catheters	are	associated	with	a	sta-
tistically	signiicant	 reduction	 in	 incidence	of	asymp-
tomatic bacteriuria in short-term catheterised, hos-
pitalized adults (studies of varying quality included) 
(Level of Evidence 1 ).	There	 is	 less	robust	data	to	
show that silver-alloy catheters reduce symptomatic 
infection (Level of evidence 4 ).	Silver	oxide	coated	
catheters	are	not	associated	with	a	statistically	signii-
cant reduction in bacteriuria (Level of Evidence 2 ).	

•		Antimicrobial	catheters	can	prevent	bacteriuria	 in	
hospitalized patients during short-term catheter-
ization	(<14days)	(Level of Evidence 1 ).	Trial	re-
sults are highly context dependent and the effec-
tiveness	of	speciic	antimicrobial	preparations	may	
be	 limited	 to	 speciic	 groups	 of	 microorganisms.	
Potential	toxicity	and	/	or	antimicrobial	resistance	
is	unknown	(Level of Evidence 2 ).

•		There	 is	 little	 evidence	 to	 guide	 the	 precise	 tim-
ing of antibiotic cover (when required) for catheter 
change.	One	study	has	shown	that	clinical	outcomes	
(i.e.	reduction	in	polymicrobial	counts	in	urine,	time 

to achieve afebrile status and clinical status at 72 
hours)	 are	 signiicantly	 better	 among	subjects	 ran-
domised to catheter change immediately before in-
stitution of antibiotics (Level of Evidence 2 ).

•		A	majority	of	health	services	have	clear	policies	on	
the use of antibiotics, designed to limit unneces-
sary	use.	Current	evidence	does	not	support	rou-
tine use of antibiotic cover during catheter chang-
es unless the patient’s condition renders them 
particularly	at	risk	(Level of evidence 4 ).

•		Meatal	 cleansing	 by	 simple	 washing	 with	 soap	
and	water	(i.e.	not	with	antimicrobial	agents)	dur-
ing routine bathing or showering is recommended 
(Level of Evidence 1 ).	

•		Recurrent	 urinary	 catheter	 blockage	 caused	 by	
encrustation	 occurs	 in	 40-50%	 of	 all	 long-term	
catheterised patients (Level of Evidence 2 ).	 In	
the majority a characteristic pattern of ‘catheter 
life’	can	be	identiied	(Level of Evidence 3 ).

•		Evidence	from	in	vitro	models	of	the	catheterised	
bladder indicates that i) dilute urine; ii) high urine 
citrate	content	(>	1.5mg/mL)	reduce	risk	of	block-
age (Level of Evidence 2 ).

•		Evidence	 from	 in	 vitro	models	 of	 the	 catheterised	
bladder indicates that acidic ‘catheter maintenance’ 

Suby G or Solution G 
 

3.23% citric acid solution, pH 4, containing magnesium 
oxide to minimise tissue irritation, aimed at reducing 
encrustation. Used where routine catheter maintenance is 
required to reduce build up of encrustations. 

Solution R1 

6% citric acid solution, pH 2, containing magnesium 
carbonate, aimed at dissolving encrustations. A stronger 
acid than Suby G and therefore not recommended for 
frequent, regular use. 

RenacidinR2 
A citric acid solution, pH 3.5-4.2, containing glucono-delta-
lactone to minimise tissue irritation and magnesium 
carbonate, aimed at reducing encrustation. 

Mandelic acid 1%1 
An acidic solution, pH 2, aimed at inhibiting the growth of 
urease-producers. A stronger acid which is not commonly 
used to reduce catheter encrustations    

Saline 0.9%1,3 
A neutral solution, pH 7, recommended for flushing of 
debris and small blood clots. Neutral pH solutions will not 
dissolve catheter encrustations. 

Chlorhexidine 0.02%1 

An antiseptic solution aimed at preventing or reducing 
bacterial growth, in particular E. coli and Klebsiella species 
(but will not prevent biofilm formation on long-term 
catheters) 

1 Available in the UK pre-packed in a sterile delivery devices designed for instillation into a 
urinary catheter.  
2 RenacidinR is approved in the USA for kidney stone disintegration only. Although it may 
be effective in certain situations for persistent catheter blockers, there are no supporting 
studies. 

•
 

Saline is widely ava ilable
 

1

Table XII-6: Catheter maintenance solutions
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solutions may have a role in dissolving encrusta-
tions	in	persistent	blockers	(Level of Evidence 2 ).	
There	is	insuficient	evidence	from	RCTs	to	assign	
an	in	vivo	level	of	evidence.

•		Suprapubic	catheterisation	 (SPC)	 is	an	appropri-
ate alternative to urethral catheterization for many 
patients	 following	 appropriate	 risk	 assessment	
(Level of Evidence 1 ).

•		There	is	some	evidence	for	a	reduction	in	catheter-
associated	 infection	 in	 SPC	 use	 during	 short-term	
catheterisation (Level of Evidence 2 ), compared to 
urethral	catheter	insertion.	However,	there	is	no	cor-
responding	evidence	for	long-term	catheterisation.

•		Patient	comfort,	quality	of	life	and	satisfaction	with	
SPC	is	generally	good	compared	to	urethral	cath-
eters (Level of Evidence 1 ).

•		Catheter	 valves	 provide	 a	 well-accepted	 system	
of bladder emptying for suitable patients who are 
able to manipulate the valve mechanism and emp-
ty	the	bladder	regularly	to	avoid	overilling	(Level 
of Evidence 2 ).	

•		There	 is	no	evidence	of	 increased	risk	of	urinary	
tract infection with valves compared to conven-
tional drainage systems (Level of Evidence 2 ).

m) Urinary catheters versus other care strategies

Very	few	studies	have	compared	urinary	catheteri-
sation with other strategies to manage urinary in-
continence,	 not	 least	 because	of	 the	 dificulties	 in	
recruiting	to	and	conducting	robust	trials.	For	male	
patients who do not have problems with retention 
of urine external urine collection systems are an 
option	 (See	Sections	VII,	VIII	and	 IX).	One	 recent	
prospective, randomized, unblinded, controlled trial 
on	men	>40years	in	a	US	Veterans	Affairs	Medical	
Centre	 reported	 that	 the	use	of	 condom	catheters	
was	 less	 likely	 to	 be	 associated	 with	 bacteriuria,	
symptomatic	UTI	or	death	than	the	use	of	 indwell-
ing	catheters	[101].	Patients	reported	that	condom	
catheters	were	more	comfortable	(P=0.02)	and	less	
painful	(P=0.02)	than	indwelling	catheters.

A	 small	 number	 of	 studies	 have	 attempted	 to	
examine preferences for different urinary incon-
tinence	 treatments	 in	 long-term	 care.	 In	 a	 de-
scriptive, comparative study of preferences for 
treatments for frail older adults, residents in long-
term care facilities were interviewed and groups 
likely	to	serve	as	proxy	decision	makers	were	sur-
veyed (family members of residents and nursing 
staff)	 [512].	Forced	choice	comparisons	of	conti-
nence	treatments	were	measured.	Although	there	
was wide variation within and between groups, 
most preferred non-invasive strategies (diapers 
and prompted voiding) to invasive strategies in-
cluding	 indwelling	 catheterisation.	 Older	 adults	
stated they would choose a treatment based, in 
part, on feeling dry, being natural, not causing 

embarrassment, being easy, and not resulting 
in	 dependence.	 Similar	 results,	 showing	 urinary	
catheterisation as the least favoured choice, were 
found in a study of 117 medical inpatients aged 80 
years or over, their physicians, nurses and family 
members	[513].

3. CATHETER-RELATED QUALITY OF LIFE

Use	 of	 a	 LTC	 is	 often	 a	 last	 choice	 for	 bladder	
management	when	other	options	such	as	CIC,	for	
males a sheath (condom) catheter, or other void-
ing	treatments	like	Credé	procedure,	are	either	un-
satisfactory	or	no	longer	practical.	Catheter	users	
must deal with a variety of problems that disrupt 
their	 daily	 activities	 and	 negatively	 affect	 QoL,	
such	 as	 CAUTI,	 blockage,	 leakage	 and	 catheter	
dislodgment.	 In	 addition,	 the	 visibility	 of	 a	 cath-
eter or drainage bag can contribute to shame or 
stigma,	 and	 urine	 odour	 can	 be	 embarrassing.	A	
catheter can also be a reminder of vulnerability as-
sociated with illness / mortality and a symbol of a 
loss	 in	control	of	bodily	 function.	Yet	catheter	us-
ers	also	acknowledge	catheter-associated	beneits	
of freedom from wetness, convenience, and utility 
in	promoting	urine	drainage.	While	this	section	fo-
cuses on long-term catheter use, even short-term 
catheters	can	have	a	detrimental	 impact	on	QoL.	
For	instance	in	a	study	of	short	term	catheter	use	
prior	to	surgery	for	acute	urinary	retention,	leaking,	
blocking,	urgency,	and	pain	at	the	penis	or	during	
erection	were	all	reported	[514].

Studies	 of	 QoL	 issues	 commonly	 utilise	 qualitative	
research methodologies, such as phenomenology 
or	 grounded	 theory	 approaches	 (see	 also	 Section	
XII.1.e).	In-depth	interviews	with	catheter-users	and	
carers provide important insights into aspects of ‘liv-
ing with a catheter’ and contribute research based 
evidence to support development of effective care 
strategies.	Measurement	 of	QoL	and	 the	 impact	 of	
factors	which	may	affect	it	is	complex.	Most	validated	
QoL	instruments	fall	into	one	of	two	groups:	i)	generic	
measures designed to encompass domains includ-
ing physical, mental and social wellbeing; ii) disease 
speciic	 measures	 designed	 to	 measure	 change	
in	 QoL	 resulting	 from	 treatment.	 For	 those	 people	
whose urinary symptoms are managed by products 
or devices, including catheter users, it is particularly 
dificult	to	assess	the	impact	of	the	product	on	QoL.	
This	 is	 partially	 because	 changes	 are	 more	 likely	
to be related to improved management of ongoing 
symptoms rather than actual change in symptoms, 
and	partially	because	QoL	is	also	dependent	on	the	
underlying	disease	process.	

Much	of	 the	 literature	on	LTC	use	 involves	people	
with neurogenic bladder, particularly those with 
spinal	cord	 injury	 (SCI)	or	multiple	sclerosis	 (MS).	
Thus,	 QoL	 in	 catheter	 users	 must	 be	 considered	
from a perspective of how the disease and the de-
vice	affect	the	individual’s	life.	For	instance,	in	one	
postal	 survey	 of	 230	 people	 with	 SCI,	 the	 factors	
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which	had	most	 impact	on	QoL	were	social	activi-
ties and accomplishments, including employment, 
attending	 school,	 and	 other	 activities.	 There	 was	
no	 association	 between	 QoL	 and	 different	 blad-
der	 drainage	 methods	 [515].	A	 particular	 problem	
for people with spinal cord injury or disease is au-
tonomic	 dysrelexia	 (AD),	 an	 autonomic	 nervous	
system syndrome causing symptoms which include 
severe	 hypertension,	 headache	 and	 sweating.	 A	
blocked	urinary	catheter	can	be	a	common	cause.	
AD	can	be	a	serious	problem	requiring	emergency	
medical	attention,	but	lack	of	knowledge	and	aware-
ness	of	the	risks	by	some	health	care	providers	can	
cause	high	 levels	of	anxiety	 for	SCI	patients	 [516]	
[305]	(Level	of	Evidence	3).	

There	 is	currently	one	 instrument	measuring	qual-
ity of life in people with indwelling urinary catheters 
[269] though this measure was validated in two 
small	samples.	Further	development	and	validation	
are	ongoing	in	the	US	and	in	the	UK	(Level	of	Evi-
dence	3).

The	 published	 literature	 addressing	QoL	 in	 cathe-
ter-users is small, and is commonly limited to re-
ports	addressing	levels	of	satisfaction	with	a	device.	
Studies	which	include	a	broader	perspective	of	QoL	
are discussed below under the following headings: 
changes in bladder management, embarrassment, 
sexuality, catheter-related pain, catheter adjust-
ment,	and	self-management.

a) Changes in Bladder Management

Changes	 in	 bladder	management	 are	 often	made	
to	promote	QoL	but	there	are	trade	offs	that	require	
weighing	up	the	pros	and	cons	of	various	methods.	
People	 sometimes	 switch	 from	CIC	 to	 an	 indwell-
ing catheter - despite the inherent problems with an 
indwelling catheter -because quality of life might be 
improved.	In	particular,	women	with	cervical	spinal	
cord	 injury	 (SCI)	may	need	an	 indwelling	catheter	
because	 of	 dificulties	 in	 transferring	 to	 the	 toilet,	
limited hand dexterity, or dependence on caregiv-
ers	 [517].	 Moreover,	 many	 people	 have	 used	 dif-
ferent	bladder	drainage	methods	over	time.	In	one	
study,	 of	 30	 long-term	 catheter	 users,	 80%	of	 the	
sample	had	used	another	form,	and	33%	had	used	
two	or	 three	different	 types	[518].	 In	another	small	
study	with	a	sample	of	11,	100%	had	used	another	
method,	and	27%	had	used	two	or	three	other	types	
[306].	Reasons	for	non-compliance	with	CIC	in	re-
lation	 to	QoL	or	satisfaction	have	been	addressed	
in	 Section	XII.1.e	 and	 in	 some	 studies	 comparing	
drainage	methods	(Level	of	Evidence	3).

Two	 studies	 provided	 additional	 evidence	 of	 how	
changes in bladder drainage methods are made to 
improve	their	quality	of	life.	In	a	retrospective	study	
assessing compliance with bladder management, 
50	new	spinal	cord	injury	(SCI)	patient	records	were	
reviewed after admission, discharge, and follow up 
from	1994-1997	[517].	Of	38	patients	on	IC	at	hospi-

tal	discharge,	20	(52%)	were	back	to	UC	at	follow	up.	
Six	of	10	females	on	IC	had	resumed	UC.	Reasons	
for	not	continuing	with	IC	were:	the	need	to	depend	
on caregivers, poor hand functioning, spasticity, in-
continence (despite anticholinergic drugs), and for 
females with cervical injury, toileting inconvenience 
(Level	 of	Evidence	 3).	 In	 contrast,	 a	 retrospective	
chart review and follow up questionnaire was used 
with	236	SCI	injured	people	(at	least	10	years	post	
injury)	between	1956-1990	[519].	An	85%	response	
rate	was	achieved	 in	 the	sample,	with	82%	males	
who	 had	 tetraplegia	 (47%)	 or	 paraplegia	 (53%).	
Although	46%	changed	their	bladder	management	
method	over	time	and	28%	considered	the	method	
a	problem,	in	58%	of	those	who	had	tetraplegia,	the	
use	of	CIC	went	up	from	11%	at	discharge	to	36%.	
Suprapubic	 tapping	 decreased	 from	 57%	 to	 31%	
and	Crede	increased	from	5%	to	19%.	CIC	alone,	or	
with other methods, was the most common method 
(Level	of	Evidence	2).

b) Embarrassment

Embarrassment	and	a	sense	of	lack	of	bladder	con-
trol are two major catheter-related issues that are 
ongoing	 problems	 for	 many	 people.	 In	 one	 study	
at	 a	 US	 Veterans	Affairs	 Medical	 Centre,	 30%	 of	
catheterised patients surveyed found the indwelling 
catheter	embarrassing,	and	61%	stated	it	restricted	
their	activities	of	daily	 living	 [107].	The	catheter	 is	
placed in a position in the body normally considered 
‘private’, yet health care providers frequently need 
access	 to	 the	 site	 to	 provide	 care.	Also,	 the	 force	
of	urine	low	is	something	that	catheter	users	must	
deal	with	on	a	daily	basis.	In	a	qualitative	phenom-
enological study of 14 people with long-term cathe-
ters, people told stories of how getting wet in public 
was embarrassing and how the force of the urine 
was	like	water	that	had	built	up	pressure	[516].	They	
used	the	metaphor	of	“lowing	water”	to	describe	the	
force	of	urine	low,	the	weight	of	the	drainage	bag,	
and	the	sound	of	urine	sloshing	around	in	the	bag.	

Living	with	the	catheter	was	described	in	one	quali-
tative	study	[305]	as	a	swing	back	and	forth	between	
stigma, when it contributed to embarrassment or 
shame,	and	acceptance	when	 it	was	working	right	
and	did	not	cause	problems.	The	catheter	became	a	
source of embarrassment during catheter changes, 
bag	emptying,	and	when	it	leaked	or	spilled	in	pub-
lic.	 Individuals	used	planning	and	great	care	when	
going	out	 (e.g.	mapping	out	 the	 toilets)	 to	prevent	
urine	accidents.	They	were	bothered	also	by	 their	
lack	 of	 bodily	 control,	 the	 monotonous	 care,	 and	
how it was a reminder of their condition and mortal-
ity (Level of Evidence 3 ).

Catheter	related	embarrassment	is	a	common	ex-
perience stemming from exposure to the opposite 
sex, the visibility of the urine bag, and unpredict-
ability	of	urine	accidents	[520]	[521]	[305].	Breech-
es	in	privacy	were	identiied	in	two	qualitative	stud-
ies of the lived experience of catheter use [522] 



1748

[523]	[305]	[524].	To	care	providers,	catheters	may	
seem commonplace, but male / female sensitivities 
may occur during catheter care, particularly cath-
eter changes, including men who are embarrassed 
by	 a	 female	 care	 provider	 [520].	 Embarrassment	
can be minimized by providing privacy during cath-
eter changes and same sex care providers when 
possible	[522]	[305]	[523].	Acknowledging	the	em-
barrassment that exists if the nurse is of the oppo-
site sex paradoxically may diminish the vulnerabil-
ity	[305].	Humour	is	often	used	by	care	providers,	
catheter users, and caregivers, and a professional 
approach by the health care provider may help the 
catheter user accept the situation [522] [305] [523] 
(Level of Evidence 3 ).

A	 few	 studies	 have	 examined	 QoL	 issues	 related	
to practical aspects of living with the catheter, such 
as	managing	 the	drainage	bag	 (See	Section	VIII).	
While	 most	 people	 who	 are	 self-caring	 cope	 with	
the management of their catheter drainage system, 
many	 ind	 them	 restrictive	 and	 report	 a	 negative	
impact	 on	QoL.	 In	 a	 small	 pilot	 study	 based	 on	 a	
postal	 questionnaire	 to	LTC	catheter	users	 (n=59)	
[525]	almost	25%	of	respondents	stated	that	wear-
ing a bag had a major negative affect on everyday 
living.	Concealment	of	the	bag	was	one	of	the	most	
important	concerns	raised	(89%).	Keeping	the	urine	
drainage bag covered and its visibility minimized 
can help reduce embarrassment and the stigma re-
lated	 to	 using	 a	 catheter.	 The	 visibility	 of	 the	 bag	
can	be	considered	demeaning	and	it	exempliies	a	
loss	 of	 bladder	 control	 [305]	 [523].	Moreover,	 if	 a	
bag	 is	 unreliable,	 and	springs	a	 leak	 for	 instance,	
it	contributes	to	vulnerability.	Even	using	a	catheter	
for	a	short	time	can	be	an	assault	to	one’s	dignity.	
In	a	study	in	post-operative	short-term	catheter	use,	
people complained about feeling “on display” and 
objectiied	[522]	(Level of Evidence 3 ).

c) Sexuality

In	a	study	of	experiences	of	25	men	with	prostate	
cancer, many of whom were treated with a urinary 
catheter, subjects reported the catheter contribut-
ed to feelings of shame, excess hospital visits for 
complications, and with other treatments for can-
cer,	 an	 end	 to	 sexual	 activity	 [526].	 Men	 viewed	
healthcare professionals as having responsibility 
for medical decisions and they alone felt respon-
sible for the catheter, micturition, and sexual life 
(Level of Evidence 3 ).

Issues	 related	 to	sexuality	were	dominant	 in	sev-
eral	 other	 studies.	Using	a	 catheter	 compounded	
changes in sexual life caused by illness or injury 
[521]	 [524].	 In	 one	 study,	 catheter	 users	 com-
plained that care providers did not provide enough 
information about sexuality and how to adapt to a 
catheter	 [524].	 Despite	 some	 care	 provider’s	 re-
luctance to address these issues, sexual health 
should be a part of assessments [527], and infor-
mation about sexual activity should be provided 

proactively, while recognizing that some catheter 
users will wish to engage in sexual intercourse and 
others will not (Level of Evidence 3-4 ).

In	a	study	of	20	men	in	Nigeria	with	prostate-related	
obstruction, who used an indwelling catheter from 
1-36 months, [528], negative changes in self-es-
teem	and	sexuality	(manhood)	were	reported.	How-
ever, family and friends were instrumental in provid-
ing	support	and	encouragement,	including	inancial	
help	and	transportation	to	the	hospital.	The	underly-
ing	 disease	may	 also	 impact	 on	 sexuality.	 For	 in-
stance, a urinary catheter complicates sexual activ-
ity	in	people	with	spinal	cord	injury	(SCI).	Moreover,	
men may have changes in sexual performance re-
lated to ejaculation, erectile function, and arousal 
[529].	 For	 females	 with	 SCI,	 experimenting	 with	
positions, lubrication, and preventing spasticity may 
be	helpful	in	sexual	activity	[529]	(Level	of	Evidence	
2).	 For	 people	 with	 SCI,	 sex-related	 autonomic	
dysrelexia	 (AD)	 occurs	most	 often	 in	 people	who	
suffer	 from	AD	during	bladder	or	bowel	care	 [530]	
(Level	of	Evidence	2).	Autonomic	dysrelexia	 is	an	
autonomic nervous system syndrome that occurs in 
people	with	spinal	cord	injury	or	disease.	Symptoms	
include severe hypertension and excruciating head-
ache	as	well	as	sweating	and	goosebumps.	 It	can	
be a serious problem—even life-threatening--re-
quiring emergency medical attention, yet it is some-
times ignored or disregarded by health care pro-
viders	 [516].	A	blocked	catheter	 is	also	a	 frequent	
cause	 of	AD.	 In	 a	 qualitative	 study	 [524],	 several	
people	complained	that	care	providers	did	not	know	
much	 about	AD	 and	 often	 dismissed	 their	 anxiety	
and concerns (Level of Evidence 3 ).	

Promoting	sexual	health	for	persons	with	catheters	
[531] requires awareness of self (especially in rela-
tion to sexuality), training for health care providers, 
open communication, and advocacy for and valida-
tion	of	patients’experiences.	

d) Catheter-related Pain

Pain	 related	 to	 catheter	 use	 is	 not	 always	 recog-
nized although anecdotal information suggests that 
many	people	ind	a	urethral	catheter	uncomfortable	
(see	also	Section	XII.2	k.3	on	catheter	comfort	and	
catheter	change	procedures).	In	Saint	et	al’s	study	
[107]	90%	of	catheterised	patients	surveyed	report-
ed they found the indwelling catheter uncomfortable 
or painful, and in a study of 43 community dwelling 
persons	 [126]	 54%	 reported	 catheter-associated	
pain, and in a sample of 20 men who used a cath-
eter	 for	 prostate	 obstruction,	 35%	had	 pain	 [528].	
Sometimes	 women	 complained	 about	 the	 pain	
because of sitting on the catheter or sores in the 
vaginal area [516], however it is unclear whether 
sores	or	skin	 irritation	are	related	to	 latex	sensitiv-
ity,	 friction,	 or	 wetness	 or	 a	 combination.	 Bladder	
spasms,	CAUTIs,	blockage,	and	dislodgement	can	
all contribute to catheter-associated pain, as well as 
insertion and removal procedures [532] [523] [516] 
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(Level of Evidence 3 ).	Pain	arising	from	AD	in	SCI	
patients	can	result	from	catheter	blockage	and	has	
been	discussed	above.

e) Adjustment to a Catheter

Adjusting	to	 living	with	a	catheter	may	take	a	con-
siderable	 time.	 In	 Roe’s	 study	 [533]	 participants	
reported	 it	 had	 taken	 them	 up	 to	 a	 year.	 Similar	
lengths of time are commonly reported in anecdotal 
evidence.	An	educational	booklet	for	catheter	wear-
ers	has	been	shown	to	signiicantly	improve	knowl-
edge	and	acceptance	of	the	catheter	[534].	Though	
the implications for this type of intervention are posi-
tive	(Level	of	Evidence	1-2),	the	sample	was	small	
(n=45)	and	the	study	has	not	been	replicated.	The	
core	category	identiied	in	a	study	using	a	grounded	
theory approach to examine older people’s expe-
riences	 of	 living	with	 a	 LTC	was	 ‘all	 about	 accep-
tance’.	Two	 further	categories	deined	as	 ‘at	ease’	
and	‘unease’	relected	the	extremes	of	their	experi-
ence and these were mediated by ‘interaction with 
others’	[535].	The	presence	of	a	catheter	can	affect	
the individual’s view of their own body and such 
shifts in body image can cause some people to ex-
clude	themselves	socially.	New	catheter	users	(both	
urethral and suprapubic) may resist the “intrusion 
of	 the	 catheter”	 prior	 to	 acknowledging	 the	 need	
for	it	[536].	Qualitative	studies	have	shown	that	al-
though some people felt ill prepared for a catheter, 
and even viewed it as distasteful, most learned to 
accept	 the	device	over	 time	 [536]	 [523].	Catheter-
users have described their changed perceptions of 
the body and of how they learned to pay attention 
to urine	low	to	prevent	catheter	 related	problems.	
Though	most	acknowledged	feeling	vulnerable	be-
cause of disruptions caused by the catheter, they 
noted	also	that	keeping	urine	lowing	was	critical	to	
their	wellbeing	[537]	(Level	of	Evidence	3).

Health	 care	 providers	 need	 to	 provide	 proactive	
support and education about the catheter and its 
care, particularly since some catheter users are 
uncomfortable	 in	 asking	 for	 help	 or	 support.	Male	
/ female sensitivities can interfere; for example, a 
woman	might	be	disinclined	to	talk	about	her	cath-
eter	with	her	son	[536]	[523]	(Level	of	Evidence	3).

Guiding	and	 supporting	an	 individual’s	 adjustment	
to living with a catheter involves promoting dignity, 
supporting the changed body image so that the 
catheter becomes a part of self (and almost not no-
ticed), and learning self-management and self-care, 
and	 in	planning	 for	 active	 life	 in	 the	 community.	 It	
is	essential	that	catheter	users	know	how	to	select	
suitable	equipment.	Simple	advice	such	as	not	us-
ing a coloured catheter in the summer when white 
clothing would allow it to show can be very help-
ful.	Knowing	where	toilets	are	and	planning	for	out-
ings (rehearsing) can prevent urine accidents [516] 
(Level	of	Evidence	3).	Ambulatory	females	who	use	
a belly bag need to face the toilet when emptying 
the	bag.	Since	this	position	is	associated	with	male	

toileting rather than female it can sometimes cause 
embarrassment.	Some	women	may	prefer	to	use	a	
unisex	toilet	where	possible.

While	adjustment	takes	time,	emotional	distress	with	
the	catheter	can	swing	back	into	the	picture	at	any	
time	 if	 problems	 develop.	 Depending	 on	 whether	
the	device	is	working	well	or	not,	people	can	move	
back	and	forth	between	acceptance	and	estrange-
ment from the catheter [305] when the problem in 
the	background	emerges	and	brings	the	issue	once	
again	to	the	foreground	[538]	(Level	of	Evidence	3).	
Learning	to	live	with	a	catheter	involves	recognizing	
that	the	beneits	can	outweigh	the	problems	[524],	
watching for signs of problems, and adjusting to the 
interpersonal	 and	 sexual	 changes	 [536]	 (Level	 of	
Evidence	3).

f) Self-management

Self-monitoring,	a	component	of	self-management,	
involves awareness of what to notice and related 
measurements	or	observations	[539].	Self-monitor-
ing	urine	low	was	found	to	be	helpful	in	preventing	
or minimizing catheter-related problems in a pilot 
study with 11 community-based individuals over a 
six	months’	time	[306].	In	this	study,	a	3-day	urinary	
diary	of	intake	and	output	was	combined	with	an	ed-
ucational program, individualized to the interests of 
participants.	Most	participants	said	they	learned	to	
pay	attention	to	urine	low,	through	observing	con-
tinuous drainage into the drainage bag, increased 
awareness of the urine colour, position of the cath-
eter,	and	by	monitoring	the	consistency	of	their	luid	
intake	 [306].	Health	 care	providers	 can	help	 cath-
eter users to learn to manage their catheter them-
selves,	(i.e.	self-care)	by	identifying	where	they	are	
in	the	process	of	learning	self-care	and	by	working	
with	them	[536]	(Level	of	Evidence	3).

g) Summary

Most	 published	 studies	 of	 patients	with	 indwelling	
catheters	have	focussed	on	short-term	catheters	(<	
14 days) in hospitalised patients and relatively few 
have compared different modes of catheterisation 
(urethral,	 suprapubic,	 intermittent).	 The	main	 sub-
ject	of	research	on	catheter	use	has	been	the	risk	
of catheter-associated infection and the surrogate 
outcome measure of bacteriuria (asymptomatic) is 
commonly	employed.	However,	there	are	important	
questions over the appropriateness of this as an 
outcome	measure.	Although	there	is	clear	evidence	
to support a small proportion of catheter care proce-
dures (indicated below) the majority of procedures 
are based on clinical experience and expert opin-
ion.	Long-term	studies	are	dificult	 to	carry	out	 for	
a variety of reasons (not least the frailty of many 
long-term catheterised patients) and there are rela-
tively fewer studies based on community dwelling 
patients.	RCTs	may	not	be	the	most	appropriate	or	
pragmatic	design	 for	 these	groups.	Although	 there	
are	now	a	number	of	Cochrane	reviews	relating	to	
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long-term catheter use it is clear that the quality of 
studies available frequently precludes drawing ro-
bust	conclusions.	

The	published	literature	on	SPC	use	is	still	relatively	
small, with much of it based on single centre co-
hort or case studies, or on short-term post-operative 
care following surgical procedures (not necessarily 
related	to	lower	urinary	tract	symptoms).	The	major-
ity	 of	 reports	 on	SPC	 for	 long-term	bladder	 drain-
age focus on the management of neurogenic blad-
der.	Robust	conclusions	are	often	dificult	 to	reach	
given the relatively short follow-up time frame of 
many	studies	and	the	lack	of	precise	deinitions	of	
key	 outcome	 measures	 such	 as	 measurement	 of	
infection.	 Overall	 the	 risks	 associated	 with	 short	
and long-term use of indwelling catheters are com-
mon	to	both	urethral	and	SPC	insertions,	including	
CAUTI,	tissue	trauma,	catheter	encrustation	leading	
to	blockage,	formation	of	bladder	calculi	and	histo-
logical	changes.

Quality	 of	 life	 measures,	 including	 evaluation	 of	
psychometrics, need to be developed further and 
tested in this population, which may have different 
needs	than	others	with	incontinence.	Studies	of	in-
continent people that include catheter users should 
present data in ways that give the reader informa-
tion	 about	 this	 sub-population.	 Sensitivity	 and	 a	
proactive stance from care providers could prevent 
or minimize some of the stigmatizing effects of the 
catheter, including those related to privacy needs, 
dignity,	and	sexuality.	Further	product	development	
may help catheter users attain a higher quality of 
life.	Additional	research	on	the	effects	of	self-man-
agement/self-care may provide direction for teach-
ing that could contribute to a higher quality of life for 
catheter	users.

4.  OVERALL RECOMMENDATIONS RELAT -
ING TO CATHETERS

a)  Intermittent catheters

	 •	Clean	 intermittent	 catheterisation	 (CIC)	 is	 a	
treatment of choice for those with ongoing 
bladder emptying problems and residual urine 
> 100ml who are able to manage the tech-
nique (Grade of Recommendation A ).

	 •		CIC	 technique	 can	 be	 taught	 to	 all	 ages	 of	
people with appropriate motivation and man-
ual dexterity (or to a carer where this is ac-
ceptable	to	both	parties).	Appropriate	educa-
tion and ongoing support is needed (Grade of 
Recommendation C/D ).

	 •		Frequency	of	catheterisation	needs	to	be	based	
on	 individual	 need,	 to	 prevent	 over-illing	 of	
bladder (Grade of Recommendation C ).

	 •		An	external	lubricant	or	lubricant-coated	cath-
eter is recommended to minimise urethral 
trauma (Grade of Recommendation C ).

	 •		CIC	users	may	beneit	 from	access	to	differ-
ent	 catheters	 or	 catheter-packs	 for	 different	
purposes (eg ease of use may be particular 
important	when	at	work	or	 in	public)	 (Grade 
of Recommendation C )

b) Indwelling catheters

	 •		Indwelling	catheters	should	only	be	used	af-
ter alternative management strategies have 
been considered and rejected as unsatisfac-
tory (Grade of Recommendation A ).

	 •		Duration	of	catheterisation	should	be	minimal	
(Grade of Recommendation A ).	

	 •		A	 closed	 drainage	 system	 should	 be	 main-
tained	 to	 reduce	 risk	 of	 catheter-associated	
infection (Grade of Recommendation A ).

	 •		Asymptomatic	 bacteriuria	 should	NOT	be	
treated with antibiotics (unless urologi-
cal instrumentation is planned) (Grade of 
Recommendation B ).

	 •		Routine	urine	culture	in	an	asymptomatic	
patient is not recommended (Grade of 
Recommendation C ).

	 •		Silver-alloy	 catheters	 should	 be	 considered	
for short-term catheterised patients to re-
duce	the	risk	of	catheter-associated	infection	
(Grade of Recommendation A)  but further 
economic evaluations are required to deter-
mine	cost-beneit	to	institutions.

	 •		Catheter	 materials	 designed	 for	 long-term	
use (all-silicone, silicone or hydrogel-coating) 
should be used where a catheter is expected 
to	be	used	long-term	(i.e.	>14days)	(Grade of 
Recommendation B ).

	 •		Meatal	 cleansing	 with	 plain	 soap	 and	 water	
(not with antimicrobial agents) is recommend-
ed (Grade of Recommendation A ).

	 •		Addition	 of	 disinfectants	 to	 drainage	 bags,	
bladder irrigation and antibiotic prophylaxis are 
NOT	recommended	as	routine	infection-control	
measure (Grade of Recommendation A ).

	 •		If	an	indwelling	catheter	is	being	considered,	
SPC	should	be	considered	alongside	UC,	fol-
lowing	appropriate	risk	assessment	(Grade of 
Recommendation B ).

	 •		UC	and	SPC	 insertion	should	be	carried	out	
only	by	appropriately	trained	and	skilled	prac-
titioners using aseptic technique (Grade of 
Recommendation C ).

	 •		UC	 and	 SPC	 catheters	 and	 drainage	 bags	
should be adequately supported to prevent 
meatal or cystostomy damage from traction 
(Grade of Recommendation C ).
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	 •		In	 patients	 with	 recurrent	 catheter	 encrusta-
tion	and	blockage,	careful	monitoring	should	
be	undertaken	to	identify	a	characteristic	pat-
tern of ‘catheter life’ and instigate pre-emptive 
catheter	 changes	 prior	 to	 likely	 blockage	
(Grade of Recommendation C ).

c) Catheter valves

	 •		A	catheter	valve	can	provide	an	effective	means	
of catheter drainage following appropriate patient 
assessment (Grade of Recommendation B ).

	 •		A	combination	of	a	valve	during	the	day	and	
free drainage at night through an open valve 
connected to a drainage bag could be an ap-
propriate management strategy (Grade of 
Recommendation D).  

5. PRIORITIES FOR RESEARCH

a) General

	 •		Despite	 much	 published	 research	 (primarily	
on short-term catheter use in acute care set-
tings), catheter studies have been hampered 
by	 methodological	 weaknesses.	 There	 is	 a	
need	 for	 agreement	 on	 key	 criteria	 to	 per-
mit robust comparisons between studies: (i) 
criteria	 for	 symptomatic	 UTI,	 (ii)	 signiicant	
bacteriuria in a catheterised patient and its 
clinical/research usefulness (iii) standardised 
time frames for following patients in studies of 
catheter-associated infection eg 48h, 5 days, 
7 days, 14 days 21 days etc (iv) documenta-
tion of the use of antibiotics prior to and during 
a study eg preoperatively in surgery or com-
mencement of antibiotics for other conditions 
during the study, (v) patient follow-up to in-
clude	post	catheter	removal.

	 •		A	 standardised	 deinition	 of	 UTI	 should	 be	
adopted	as	 the	primary	outcome	variable.	At	
present	 the	most	 recent	CDC/NHSN	surveil-
lance	deinition	of	health	care-associated	UTI	
is	an	example	[379].	Although	criteria	for	both	
symptomatic	 UTI	 and	 asymptomatic	 bacteri-
uria	are	deined	by	the	CDC/NHSN,	it	should	
be	 recognised	 that	deinitions	are	applicable	
to	 non-catheterised	 populations	 and	 speciic	
to	 acute	 care	 settings	 and	 additional	 deini-
tions	apply	to	catheterized	patients	[342].

	 •		Moreover,	 deinitions	 which	 distinguish	 be-
tween asymptomatic and symptomatic infec-
tion in catheterized patients can be prone to 
coding	 errors.	 Inappropriately	 treated	 asymp-
tomatic bacteriuria confounds the errors [540] 
and	contributes	to	a	lack	in	knowledge	of	effec-
tive	ways	to	treat	symptomatic	CAUTI	[541].

	 •		Better	 adherence	 to	 CONSORT	 guidelines	
[542] eg double blind randomization with ap-
propriate power calculations, intention to treat 
analysis with inclusion of study drop-outs

	 •		Need	for	clinical	studies	which	are	adequately	
powered to detect differences in clinically and 
economically important endpoints in prefer-
ence to (or in addition to) more easily mea-
sured	surrogate	endpoints	such	as	bacteriuria.

	 •		Comparative	 studies	 of	 different	 patient	
groups	eg.	males	and	 females,	different	age	
groups, patients at home and those in institu-
tional care, including patients’ comfort, satis-
faction	and	quality	of	life	measures.

	 •		Further	 research	on	 the	development	of	bio-
materials that resist microbial adherence and 
bioilm	 formation	 and	 /or	 prevent	 catheter-
associated bacteriuria in both long-term and 
short-term	catheter	users.

	 •		Further	efforts	aimed	at	reduction	of	short	and	
LTC	use,	particularly	acute	care	and	nursing	
home	populations.	Targeted	areas	to	 include	
evaluation	 and	 management	 of	 skin	 prob-
lems, and alternative measures for people 
with diabetes mellitus, obesity and communi-
cation	problems.	

b) Intermittent catheters

There	 is	 lack	of	evidence	demonstrating	the	effec-
tiveness of any particular catheter type, technique 
or	strategy.	Variations	in	clinical	practice	and	growth	
in the use of single-use catheters (particularly coat-
ed catheters) with associated increased costs mean 
that	 large,	well-designed,	 parallel	 group	RCTs	are	
needed.	RCTs	 are	 dificult	 to	 conduct	 in	 this	 area	
and must focus on the most important pragmatic 
questions, for both clinical and cost-effective rea-
sons.	Key	issues	are	identiied	below.

	 •		What	 evidence	 is	 there	 that	 coated	 (single-
use) catheters are superior to uncoated 
(multi-use)	 catheters	 and	 in	 what	 ways	 (e.g	
infection,	 comfort,	 convenience)?	 Further	
studies	are	needed	on	 the	risks	 /	beneits	of	
single use catheterisation (new catheter used 
at each insertion) versus single patient use 
(patient cleans, stores and re-uses the same 
catheter for several days) for patients whose 
long-term	bladder	management	is	by	CIC.

	 •		To	 assist	 assessment	 of	 cost-effectiveness,	
it is recommended that patient acceptability / 
satisfaction with procedure and a measure of 
health state utility are measured for different 
situations	(e.g.	at	home	and	when	away	from	
home)	as	a	secondary	outcome	variable.

c) Indwelling catheters

	 •		Epidemiological	studies	of	CAUTI	in	LTC	use	
in	community	care	settings.	

	 •		Better	prospective	data	on	 long-term	sequa-
lae of indwelling catheter use, eg ongoing 
symptoms,	strictures,	calculi,	bladder	cancer. 
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	 •		Studies	comparing	catheterisation	techniques	
eg	CIC,	suprapubic	and	urethral	catheters,	on	
CAUTI	and	other	risks	or	potential	beneits

	 •		Studies	to	determine	whether	the	frequency	of	
regular	 re-catheterisation	 make	 a	 difference	
to	CAUTI	and	other	complications

	 •		Studies	to	ascertain	if	there	are	detrimental	effects	
on bladder tissue from persistent asymptomatic 
bacteriuria	in	long-term	catheterised	patients.

	 •		Clinical	evaluation	of	strategies	to	reduce	re-
current	 catheter	 encrustation	 and	 blockage,	
including maintaining a dilute urine, increased 
level of urinary citrate, role of acidic ‘catheter 
maintenance’	solutions.

	 •		Further	 development	 of	 catheter	 materials	
resistant	 to	 microbial	 bioilm	 formation,	 new	
approaches	to	disruption	of	the	bioilm,	or	al-
ternatives	to	catheterisation.

d) Catheter valves

	 •		Clinical	 investigation	 of	 effect	 of	 catheter	
valves on incidence and frequency of catheter 
encrustation	and	blockage.

	 •		Cost-effectiveness	studies	of	disposable	ver-
sus	re-useable	valves.

	 •		Studies	 designed	 to	 demonstrate	 if	 catheter	
valves promote maintenance of bladder tone 
and	capacity.

	 •		Further	examination	of	combination	manage-
ment strategies such as valve during the day 
and	free	drainage	overnight.

e) Quality of life

	 •		Identiication	of	appropriate	quality	of	life	indicators/
criteria	and	measures	for	catheterised	patients.	

	 •		Development	of	a	quality	of	life	measurement	
instrument including both subjective mea-
sures and objective measures, including fac-
tors	such	as:	 frequency	of	catheter	blockage,	
catheter-associated infection, hospitalization, 
unplanned catheter changes, adequacy of 
equipment,	knowledge	about	self	care,	interac-
tion	with	caregivers	in	catheter	management.

	 •		Case	 study	 analyses	 to	 maximise	 evidence	
gained through clinical experience and expert 
opinion, particularly where opportunities for 
formal	research	are	likely	to	be	unrealistic.

 

The	broader	issues	of	conservative	management	of	
faecal incontinence are dealt with comprehensively 
in chapter 16 while this chapter deals with products 

for	 preventing	 or	 managing	 faecal	 incontinence.	
They	fall	into	three	main	categories:

	 •		Products	that	aim	either	to	prevent	or	contain	
leaked	stool.

	 •		Products	that	seek	to	prevent	or	mask	the	offen-
sive	odour	that	occurs	from	leaked	stool	or	latus.

	 •		Products	 for	 preventing	 or	 treating	 perianal	
skin	 damage	 associated	 with	 faecal	 inconti-
nence (one of the primary complications of fae-
cal	incontinence	and	an	important	part	of	care).

Products	 dealing	 with	 skin	 health	 and	 odour	 are	
covered	in	Sections	XIV	and	XV,	respectively,	while	
products for preventing or containing faecal inconti-
nence are covered in this section (apart from absor-
bent	pads,	which	are	included	in	Section	VI).

1.  PRODUCTS TO PREVENT OR CONTAIN 
LEAKED STOOL

There	 is	 little	 knowledge	 about	 product	 manage-
ment	for	people	suffering	with	faecal	 incontinence.	
Peden-McAlpine	 et	 al.	 (2008)	 [543]	 show	 in	 their	
study the experiences of ten women with faecal in-
continence.	They	show	how	a	number	of	strategies,	
such	as:	bathroom	rituals,	eating	habits	or	iber	sup-
plements belong to the management strategies of 
the affected, so that they may actively participate in 
a	normal	public	life.	The	use	of	aids	is	also	a	major	
strategy	as	Bliss	et	al.	(2011)	[544]	also	show.	More	
than 1/3 of those questioned (189 participants) 
would no longer pursue their activities, when they 
had	no	aids	at	 their	 disposal.	Thereby,	 those	who	
suffer seriously with faecal incontinence resort to 
absorbent aids, particularly to pantiliners from the 
range	of	feminine	hygiene	products.	First	and	fore-
most of importance for the study participants was 
odour	control,	however,	when	asked	about	their	sat-
isfaction with various aspects of the product, they 
ranked	odour	control	as	the	worst.

Products	fall	into	three	groups:

	 •	Plugs	to	prevent	leakage	of	faeces.

	 •		Devices	 to	 channel	 faeces	 from	 the	 rectum	
into	a	storage	container.

	 •		Absorbent	pads	to	contain	leaked	faeces	(see	
Section	6).

An	anal	plug	(Figure XIII-1 ) consists of a foam, cup-
shaped	plug	that	is	collapsed	and	held	by	a	ilm	for	
insertion;	 the	 plug	 opens	 when	 the	 ilm	 comes	 in	
contact	with	the	moist	rectal	mucosa	[545]	[546].	It	
is	 inserted	like	a	suppository	using	a	 lubricant	gel.	
It	has	a	string	for	removal	or	 it	can	be	expelled	by	
raising	 intra-abdominal	 pressure	 and	 pushing	 like	
during	normal	defaecation.	The	anal	plug	has	been	
used mainly by community living people, both adults 
and children, who are independent in managing 
faecal	 incontinence	 and	 toileting.	 Another	 type	

XIII. PRODUCTS FOR PREVENTING OR 
CONTAINING FAECAL INCONTINENCE
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of experimental anal plug consists of a balloon 
at	the	end	of	a	catheter	connected	to	a	notiication	
device.	The	catheter	is	intended	to	be	inserted	into	
the	rectum	by	the	user	and	the	inlated	balloon	acts	
as the anal plug; there are also vent holes on the 
distal tip of the catheter (Figure XIII-2 ).	The	dispos-
able, double lumen, balloon-cuffed rubber catheter 
has an infra-red photo-interrupter sensor that is 
connected	to	a	pager	[547].	When	faeces	enter	the	
rectum, a photosensor signal is sent to the pager 
which	then	notiies	the	person	to	inlate	the	balloon.	
Before	a	bowel	movement,	 the	balloon	 is	delated	
and	the	catheter	is	withdrawn.	To	prevent	ischemic	
bowel	damage,	patients	are	advised	to	delate	 the	
balloon	for	10-15	min	every	3-4	hours.

By contrast, devices for channelling faeces from the 
rectum to a storage container are used primarily by 
people	 who	 are	 acutely	 ill,	 critically	 ill,	 conined	 to	
bed, or in long-term care institutions and receive as-
sistance in incontinence management and toileting 
by	 caregivers	 [548]	 [549]	 [550]	 [551]	 [552].	 These	
devices do not prevent faecal incontinence and are 
used	primarily	for	preventing	or	treating	skin	damage	
associated	 with	 faecal	 incontinence.	 They	 include	
rectal	tubes,	catheters,	trumpets,	and	pouches.

Rectal	 tubes	 and	 catheters	 are	 inserted	 into	 the	
rectum and drain faeces through openings at their 
proximal end into a collection bag (Figure XIII-3 ).	
Sometimes	a	balloon	slightly	distal	 to	the	proximal	
tip	is	inlated	with	the	aim	of	preventing	leakage	of	
faeces around the catheter and to retard inadver-
tent	expulsion	of	the	tube	during	defaecation	[549].	
This	arrangement	works	best	with	liquid	stool	which	
is	most	likely	to	be	able	to	low	without	blocking	the	
drainage	lumen	[553]	[552].	Bowel	management	pro-
grams often include daily saline irrigations through 
the rectal catheter to maintain liquid consistency of 
stool	and	catheter	patency.	Differing	amounts	and	
frequency of irrigation have been reported (300 to 
900	ml).	Cutting	the	tip	of	the	catheter	off	at	an	angle	
to	facilitate	drainage	of	stool	of	thicker	consistency	
has	been	reported	[554].	A	rectal	tube	/	catheter	is	
contraindicated in patients who have intestinal mu-
cosal disease, immunosuppression, gastrointestinal 
bleeding or bleeding tendencies, recent myocardial 
infarction	or	prostate	surgery	[555]	[554].	Use	of	a	
rectal	 tube	 with	 or	 without	 inlating	 the	 balloon	 is	
controversial because of concerns of perforating 
the rectum, damaging the anal sphincter or rectal 
mucosa, stimulating intestinal secretion worsening 
diarrhoea	and	 thus	 incontinence	 [553]	 [554]	 [556].	
Critically	ill	patients,	who	often	receive	a	rectal	tube,	
may	 be	 at	 greater	 risk	 for	 intestinal	 ischemia	 and	
rectal damage because they experience shunting of 
blood	from	the	gastrointestinal	tract	during	shock	or	
low	perfusion	states.

A	 rectal	 trumpet	 is	 a	 nasopharyngeal	 airway	 that	
is inserted into the rectum and connected to a col-
lection	bag	at	its	distal	end.	The	lange	end	of	the	
trumpet is inserted into the rectum [557] (Figure 
XIII-4).	A	possible	advantage	of	the	rectal	trumpet	
over a rectal tube is that it is shorter and has less 
contact with the rectal mucosa, so limiting the area 
of	possible	damage.	Other	limitations	are	similar	to	
those	 for	 the	 rectal	 tube	 /	 catheter	 regarding	 risk	
of expulsion from forceful valsalva movements and 
dislodging during linen changes or from tugging on 
the	collection	bag	 [557].	Nasopharyngeal	airways	
that can be used as a rectal trumpet are produced 
by	several	manufacturers.

An	external	anal	pouch	consists	of	a	pliable	wafer,	
which has an opening at its centre, an adhesive on 
the	body	side,	and	a	collection	bag	on	the	other.	The	
wafer	 adheres	 to	 the	 perianal	 skin	 (Figure XIII-5 ).	

 Figure XIII-1: Anal plugs.

Figure XIII-2: Procon anal plug with infra-red photo- 
interrupter sensor and pager. (Reproduced with the 
permission of Wiley-Blackwell Publishing)

a:  infrared photo-interrupter sensor and latus vent 
holes incorporated into the catheter

b: 20 cc air cuff (similar to a regular bladder catheter)
c: latus venting charcoal ilter
d: cuff ill valve
e: monitor connector
f: monitor that resembles a “beeper” or pager



1754

The	bag	has	a	resealable	port	at	its	distal	end	through	
which faeces can be drained without the need to re-
move	the	wafer	from	the	skin.	The	port	can	also	be	
connected	 to	 a	 larger,	 gravity	 drainage	 bag.	Some	
pouches	have	a	small	 folded	lap	 that	allows	latus	
to	 escape	 so	 that	 it	 doesn’t	 inlate	 and	 rupture	 the	
bag.	The	pouch	avoids	the	risks	of	rectal	or	sphincter	
damage	associated	with	the	rectal	tube	or	trumpet.	If	
used without the additional drainage bag, it can col-

lect	leaked	stool	of	any	consistency	without	clogging.	
A	 limitation	of	 the	rectal	pouch	 is	dificulty	 in	apply-
ing it on people who have a small space or severe 
oedema	between	 the	anus	and	vagina	or	 scrotum.	
Other	 reported	 disadvantages	 include	 dificulties	 in	
maintaining the seal (especially when the perianal 
skin	is	already	damaged);	break	of	the	seal	when	re-
positioning	 the	patient;	 and	skin	 tears	by	 traumatic	
removal	of	the	adhesive	[557]	[551].

An	intra-anal	stool	bag	is	composed	of	a	latex	bag	
(20cm non-extended, to 26cm extended) that is in-
serted into the anus and an adhesive attachment 
(10 cm in diameter) applied perianally [558] (Figure 
XIII-6).	There	is	a	cut-out	on	the	ventral	urinary	side	
of	the	adhesive	wafer.

Aspects	 of	 patient	 assessment	 that	 are	 relevant	 to	
products	 to	prevent	or	 contain	 leaked	stool	 include	
the	 following:	a)	physical	characteristics	(e.g.	some	
anal	plugs	may	be	too	large	to	it	smaller	sized	chil-
dren),	 b)	 dexterity	 (e.g.	 some	 degree	 is	 needed	 to	
insert	or	remove	an	anal	plug),	c)	mobility	(e.g.	rectal	
catheters are mainly used for patients who are in bed 
versus	ambulatory),	 d)	 nature	of	 incontinence	 (e.g.	
bowel catheters will require irrigation when stool con-
sistency is not loose or liquid in order to remain pat-
ent;	and	e)	personal	priority	and	lifestyle	(e.g.,	some	
persons will wear an anal plug on certain occasions 
such	as	when	swimming,	despite	discomfort).

2. QUALITY OF DATA

Since	 the	 previous	 review	 there	 have	 been	 two	
observational studies in which the anal plug has 
been	evaluated.	One	study	was	of	adults	[559]	and	

Figure XIII-3: Rectal catheters; Flexiseal Fecal Man -
agement System, Convatec (Nordic Capital Fund 
VII and Avista Capital Partners); Princeton, NJ 
(top); and Zassi Bowel Management System, Hol-
lister, Inc. Libertyville, IL (bottom).

Figure XIII-4: A rectal trumpet.

Figure XIII-5: An anal pouch.
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the other of children [560] bringing the total num-
ber of published evaluations of anal plugs for con-
trolling	 faecal	 incontinence	 to	 ten.	There	was	 one	
study	of	 the	anal	 catheter	plug	 (Procon,	AnaTech,	
El	Paso,	TX).	Six	reports	included	children	of	which	
two	 studied	 children	 exclusively	 [561]	 [562].	 The	
study designs were one randomized clinical trial, 
four repeated measures (cross-over), one pre-post 
design, two prospective cohort studies, one cross-
sectional survey, one case series, and one case 
report.	One	 study	 did	 not	 specify	 the	manufactur-
er of the anal plug studied [560], one study [561] 
compared	 plugs	 of	 two	 manufacturers	 (Coloplast,	
Denmark	and	Med.SSE-System,	Germany)	and	all	
other studies of anal plugs evaluated products from 
the	same	manufacturer	(Coloplast).	There	has	also	
been one published evaluation of a rectal trumpet 
using a case series design [557] and one each of 
an external anal pouch and an intra-anal stool bag 
in which no comparison group or pre-post measures 
were	included.

3. RESULTS

a) Anal Plugs

Most	evaluations	of	anal	plugs	have	involved	rela-
tively	 small	 cohorts	 of	 ambulatory	 subjects.	 The	
largest sample had 48 subjects and 26 of 31 per-
sons in the intervention group who wore the anal 
plug	completed	 the	study	 [563].	The	aetiologies	of	
faecal incontinence varied across studies and in-
cluded	spina	biida,	imperforate	anus,	spinal	injury,	

post-surgical incontinence, sphincteric injury, and 
obstetric	 trauma.	 Faecal	 incontinence	 was	 mea-
sured by self-report using a daily stool diary in six 
studies	[563]	[562]	[547]	[545]	[546]	[564].	A	ques-
tionnaire /survey was used in one descriptive [565] 
and	one	repeated	measures	study	[561].	The	main	
reported outcome measures were: the number of 
episodes of faecal incontinence per number of anal 
plugs used due to self removal or need for defeca-
tion [545]; the number of patients experiencing no 
faecal incontinence [564] [562] [561] [546] [560] or 
improved faecal incontinence [546] while using the 
plug; score on a 10-point visual analogue scale for 
control	of	faecal	 leakage,	[559];	the	number	of	pa-
tients	able	to	retain	150	ml	of	viscous	luid	while	us-
ing the plug [564]; and the change in a faecal incon-
tinence	severity	score	[563]	[547].	The	percentage	
of	 participants	 lost	 to	 follow-up	 ranged	 from	 10%	
[545]	to	80%	[564].	

The	effectiveness	of	the	plug	in	preventing	faecal	
incontinence	 in	 adults	 ranged	 from	 83%	 [564]	 to	
38%	[562]	(Level	of	Evidence	3).	Bond	et	al	[563]	
conducted a randomized clinical trial of the effec-
tiveness of an anal plug that included 31 adults and 
children	 with	 spina	 biida	 in	 the	 treatment	 group	
and	17	adults	and	children	in	a	control	group;	84%	
of	 the	 treatment	 group	 and	 100%	 of	 the	 control	
group	 completed	 12	 months	 of	 follow-up.	 There	
was no statistical difference in the faecal inconti-
nence severity score between the group wearing 
an anal plug and the one that did not; however, 
the study was determined to be underpowered to 
detect	 differences.	Norton	and	Kamm	 [546]	 com-
pared	 two	anal	 plugs	 for	 two	weeks	each	 in	 ran-
dom	order	in	a	cross-over	design.	Of	the	20	adults	
(16	female)	participating,	10	(50%)	were	continent,	
and	 9	 (45%)	 withdrew	 after	 trying	 the	 irst	 plug.	
Three	anal	plugs	were	compared	by	10	adults	for	
one	week	each	in	a	cross-over	design	in	an	earlier	
study	 by	 Mortensen	 and	 Humphreys	 [545].	 Con-
tinence	 was	 achieved	 in	 83%	 of	 anal	 plug	 uses	
overall.	Faecal	incontinence	occurred	in	18%,	19%	
and	15%	of	uses	when	Plug	1,	2	or	3	were	worn,	
respectively.	Only	 one	 subject	 withdrew	 from	 the	
study.	In	a	pre-post	comparison	of	an	anal	catheter	
plug,	seven	of	18	adults	(39%)	with	various	aetiolo-
gies	of	faecal	incontinence	and	a	Cleveland	Clinic	
FI	 severity	 score	 >7	 completed	 a	 14-day	 wear	
period	 [547].	The	mean	 (standard	 deviation	 (sd))	
faecal incontinence score during wear of the anal 
plug	 (5.2	 (3.0))	was	 less	 than	half	 that	 before	 its	
use	(12.7	(3.6)).	Thirty	middle-aged	patients	(aged	
63 (52-70) years (mean (range)) with intractable 
FI	 of	 various	 aetiologies	 tested	 the	 anal	 plug	 for	
three	weeks;	 the	 score	 for	 control	 of	 faecal	 leak-
age on a visual analogue scale (1= very poor to 
10= extremely good) was 9 (median) after 1 and 
3	 weeks	 of	 using	 the	 plug	 [559].	 Christiansen	 &	
Roed-Petersen	[564]	reported	that	86%	of	persons	
were	able	to	retain	150	ml	of	viscous	luid	while	an	
anal	plug	was	inserted.	

Figure XIII-6: Interanal stool bag (left) and Outer attach -
ment wafer of Interanal stool bag (right). (Reproduced 
with the permission of Wiley- Blackwell Publishing)
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In	the	study	of	children	only,	38	children	(ages	six	to	
15 years) after anorectal malformation repair com-
pared two anal plugs (one made of polyurethane 
and	one	of	polyvinyl	alcohol)	for	three	weeks	each	in	
random	order	in	a	cross-over	design.	Approximately	
two-thirds	(61%)	completed	the	study.	Twelve	chil-
dren	(32%)	were	completely	continent	using	either	
plug	and	ive	(13%)	reported	“total	 failure.”	Two	or	
fewer	soiling	accidents	occurred	 in	74%	using	 the	
polyurethane	plug,	and	 in	65%	using	 the	polyvinyl	
alcohol	plug	[561].	

In	a	study	of	20	children	and	adults	with	spina	bi-
ida,	average	age	12	years	(range	=	4-29	years),	the	
weekly	number	of	episodes	of	FI	soiling	decreased	
from 4 (0-28) to 0 (0-8) (median (range)) after us-
ing	the	anal	plug	[560].A	survey	of	adults	and	chil-
dren showed that a higher percentage of children 
tolerated using an anal plug over a longer period 
of	 time	 [565].	Five	of	eight	 (63%)	adult	 survey	 re-
spondents who had faecal incontinence of various 
aetiologies stopped using an anal plug immediately 
while	three	used	it	periodically	for	12	to	20	months. 
Two	of	seven	child	respondents	stopped	anal	plug	
use	immediately	while	ive	(71%)	used	it	weekly	for	
an	average	of	2.5	years.	

The	 most	 common	 reported	 problems	 associated	
with wearing an anal plug included discomfort and 
failure	to	retain	the	plug.	Despite	eficacy,	approxi-
mately two-thirds of the subjects in two studies 
[564] [546] said they would not continue to wear the 
plug	due	to	discomfort.	Discomfort	occurred	in	10%	
to	12%	of	the	times	that	one	of	the	three	anal	plugs	
were	worn	 in	 another	 study	 [545].	 In	more	 recent	
studies,	23%	and	33%	of	subjects	reported	discom-
fort	 [563]	 [560]and	 23-25%	 withdrewfrom	 studies	
because	of	pain	[562]	or	discomfort[560].	More	men	
than women withdrew from one study because of 
discomfort	[559].	Adults	who	experience	discomfort	
do	 not	 seem	 to	 adapt	 over	 time	 [559].	After	 three	
weeks	 of	 wear,	 adults	 reported	 a	 score	 on	 a	 ten-
point visual analogue scale for comfort while insert-
ing the anal plug was 7 (5-9) and while removing 
it	 was	 8	 (7-10)	 (median	 (range)).	 There	 was	 no	
association between comfort of the plug and ano-
rectal sensitivity during anal-rectal physiology tests 
in	 adults	 [546].	 Children	 seem	 to	 experience	 less	
discomfort	than	adults	while	wearing	the	anal	plug.	
[561]	[559].	Approximately	20%	of	children	reported	
that insertion of the polyvinyl alcohol plug was pain-
ful	 while	 17%	 found	 removal	 of	 the	 polyurethane	
plug to be painful; one child experienced bleeding 
on	removal	of	this	second	plug.	Rectal	bleeding	also	
occurred	in	adults	but	infrequently	[545].	

Failure	to	retain	the	anal	plug	was	reported	by	13%	
of subjects in two studies [563] [562] and was noted 
by one child in the paediatric study as a reason for 
withdrawal	 [561].	The	size	of	any	plug	 tested	was	
too	large	for	six	children	in	one	study	[561].	Twenty-
seven of 30 adult subjects preferred a small size 
anal	 plug	 [559].	 Other	 tolerance	 problems	 were	

fairly	uncommon.	In	one	study,	adults	rated	all	three	
anal plugs that were evaluated as relatively easy to 
insert.	Two	plugs	were	dificult	to	remove	in	only	5%	
and	6%	of	uses,	respectively,	while	the	third	was	dif-
icult	to	remove	in	23%	of	uses	[545].	Other	reported	
problems were feeling a need to defecate [546], in-
convenience	 or	 dificulty	 in	 managing	 [546]	 [547],	
and	local	irritation	[565].

b) Rectal Trumpet

One	case	series	study	evaluated	the	use	of	a	rectal	
trumpet in 22 acutely or critically ill patients with fae-
cal	 incontinence	 and	 perineal	 skin	 damage	 [557].	
For	90%	of	the	subjects,	the	skin	damage	had	been	
caused by wearing a rectal pouch immediately prior 
to	the	study.	Subjects	used	the	trumpet	for	periods	
varying	between	36	hours	and	16	days	(mean	6.5	
days;	sd	4.4	days).	The	reasons	for	any	discontinua-
tion	of	use	were	reported.	Outcome	was	determined	
using a daily questionnaire completed by patients’ 
nurses	and	the	health	of	the	perianal	skin	was	noted	
by	subjective	assessment.	No	standardised	deini-
tions	 or	 criteria	 for	 restoration	 of	 skin	 integrity	 or	
healing	of	skin	damage	were	reported.	Two	subjects	
were	lost	to	follow	up.	Faeces	were	successfully	di-
verted to and contained by the collection bag in all 
patients.	Recovery	from	skin	damage	was	reported	
in	7	(39%)	patients	and	partial	healing	of	skin	in	the	
remaining	 11	 (61%).	 Discomfort	 on	 insertion	 was	
noted	for	41%	of	subjects	(Level	of	Evidence	3).

c) Rectal Catheter Systems

Closed	 rectal	 catheter	and	collection	bag	systems	
speciically	designed	for	extended	use	and	diversion	
of faeces are commercially available, primarily for 
acutely-ill	or	bed-ridden	patients	 (Flexi-Seal™	and	
Flexi-Seal™	Signal™	Faecal	Management	System,	
Convatec	A	Bristol	Myers	Squibb	Company;	Prince-
ton,	NJ;	Actilo	Indwellling	Bowel	Catheter	(formerly	
Zassi®	Bowel	Management	System);	Hollister,	Inc.,	
Libertyville,	IL;	Dignicare®	and	Dignishield™	Stool	
Management	 Systems,	 Bard	 Medical).	 The	 cath-
eters of these systems typically contain a retention 
cuff	that	collapses	to	assist	with	insertion	(US	FDA	
approved	for	up	to	29	days)	and	a	port	for	irrigation.	
In	one	system	 (Acti-lo)	 there	 is	 also	a	 collapsible	
zone below the cuff that resides in the anus to al-
low normal anal sphincter function during use and 
a	 second	 port	 for	 sampling	 intestinal	 luid.	A	 third	
catheter	 has	 an	 inner	 balloon	 that	 can	 be	 inlated	
to serve as an anal plug to promote retention of an 
enema,	for	instance	(Kim,	US	Patent	5	569	216,	ap-
parently	not	currently	commercially	available).

Six	studies	evaluated	use	of	a	rectal	catheter	sys-
tem.	Three	studies	used	one	type	of	catheter	while	
the other three studies used three different types 
of	 systems.	One	 study	was	 of	 children	 [566].	The	
designs included a prospective single cohort in four 
studies [548] [567] [549] [566], a pre-post descrip-
tive design[568], and a retrospective case-matched 
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pre-post	design	[569].	The	largest	sample	size	was	
106 in the retrospective chart review whereas sam-
ple sizes in the prospective studies were relatively 
small,	ranging	from	20	to	42	subjects.	In	the	studies	
of adults, subjects were burn patients in two stud-
ies [567] [569] and acutely or critically-ill patients 
in	 three	studies	[548]	 [568]	 [549].	 In	 three	studies,	
irrigation of the catheter with saline, a combination 
of lactulose and saline irrigation or use of an en-
ema	was	used	to	keep	the	stool	liquid	and	the	rectal	
catheter	patent	[567]	[569]	[549].

In	only	two	studies	was	the	effectiveness	of	the	rec-
tal catheter system in reducing faecal incontinence 
reported	(Level	of	Evidence	3).	In	the	one	paediatric	
study,	 31	 children	 (11	 females)	 participated.	 Eight	
families refused to stop using the rectal catheter 
to complete an incontinence diary without use of a 
catheter.	Two	children	had	balloon	extrusions	and	
three were noncompliant resulting in their study 
withdrawal.	The	mean	number	of	daily	faecal	incon-
tinence episodes as reported on a daily diary de-
creased	from	3	to	1.5	in	males	and	from	1.6	to	1.1	in	
females	(p<0.05	for	both)	[566].	Three	children	ex-
perienced	no	 improvement	 of	 faecal	 incontinence.	
In	 the	one	adult	study,	39	of	42	subjects	 (62%	fe-
male) with diarrhoea in intensive care units in seven 
hospitals	completed	the	study.	There	was	up	to	29	
days	 of	 follow-up.	 Varying	 degrees	 and	 types	 of	
leakage	around	the	rectal	catheter	were	reported	in	
71%	of	 198	assessments;	 35%	of	 these	 leakages	
extended	to	pads	on	the	bed	or	beyond	[548].	Sev-
en	(17%)	of	subjects	had	dificulty	retaining	the	rec-
tal	catheter.	Section	6.11	discusses	use	of	a	small	
gauze dressing for absorbing small amounts of 
stool	leakage	and	a	moisture	barrier	as	skin	protec-
tive strategies that might also help prevent damage 
from	 stool	 leakage	 around	 a	 rectal	 catheter.	 Skin	
damage from the tape holding the catheter in place 
and rectal bleeding are other reported but uncom-
mon	complications	[567]	[548].	

The	effect	of	a	rectal	catheter	on	various	outcomes	
associated	with	stool	 leakage	has	also	been	stud-
ied.	Two	studies	reported	costs	savings	in	terms	of	
reducing	laundering	of	soiled	bed	linens.	One	study	
reported that the number of bed linen changes in 
burn patients with diarrhoea decreased eight-fold 
and dressing changes in hospitalized or burn pa-
tients decreased in half after a bowel system was 
introduced	[567].	A	multi-site	study	of	146	bedridden	
patients	in	the	U.S.	showed	that	one	catheter	(Hol-
lister,	 Inc)	 reduced	 the	 rate	 of	 bed	 linen	 changes	
(1.2	changes	per	day)	more	 than	another	 (1.7	per	
day)	 (Convatec).	Estimates	of	 cost	 savings	based	
on	staff	time	and	laundry	costs	was	almost	$14	USD	
per	patient	per	day	[570].

Other	 outcome	 measures	 of	 rectal	 catheter	 use	
included	urinary	tract	 infections,	 incidence	of	skin	
/ soft tissue damage or infections, prevalence of 
pressure ulcers, and number of linen changes 

(Level	of	Evidence	3/4).	 In	a	retrospective	review	
of medical records, approximately twice as many 
burn	patients	had	skin	/	soft	tissue	or	urinary	tract	
infections before a bowel catheter system was in-
troduced	 than	 after	 (p<0.01)	 [569].	A	 prospective	
study of acutely and critically-ill patients showed 
that	41%	who	had	normal	skin	in	the	perineum	or	
buttocks	at	baseline	maintained	normal	skin	during	
use	of	the	bowel	catheter,	44%	with	some	degree	
of	skin	damage	 improved,	and	8%	had	worsened	
skin	 condition	 [548].	The	 percentage	 of	 intensive	
care	unit	patients	with	a	stage	 II	or	greater	pres-
sure ulcer was observed to be less at nine months 
after	use	of	a	bowel	catheter	was	introduced.	The	
total number of patients observed was not report-
ed.	The	length	of	time	during	which	the	prevalence	
of pressure ulcers was determined prior to catheter 
use	was	also	not	reported	[568].	

The	 condition	 of	 the	 rectal	mucosa	was	 observed	
endoscopically in 40 patients total across three 
studies; the evaluations were not blinded or inde-
pendent and did not use a rating scale [548] [567] 
[549].	All	endoscopic	observations	were	reported	as	
being	 normal	 after	 rectal	 catheter	 use.	 Few	 com-
plications associated with use of the rectal cath-
eter	 system	were	 reported	 in	 one	 study.	 Leakage	
around the rectal catheter seemed to be the most 
frequent	 problem.	 Catheter	 expulsion	 occurred	 in	
a	small	number	of	patients	and	skin	damage	 from	
trying to secure the tube occurred only in one pa-
tient.	Altered	rectal	sphincter	function	occurred	us-
ing	one	of	the	catheters	[549].	As	the	catheters	are	
used more widely in clinical practice, there are more 
case reports of complications including rectal or 
lower gastrointestinal bleeding and need for blood 
replacement,	 mucosal	 pressure	 necrosis,	 istula,	
and	autonomic	dysrelexia	[571]	[572]	[573]	MAUDE	
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/
cfmaude/search.cfm.	(Level	of	Evidence	3).

d) Anal Pouch

One	case	series	study	evaluated	 the	use	of	an	ex-
ternal	anal	pouch	(Technoline,	Concordia,	Moderna,	
Italy)	 in	 120	 nursing	 home	 or	 hospitalized	 patients	
(65	men,	55	women,	ages	45-96	years)	 [574].	The	
nursing home residents (n = 92) were bedridden and 
had faecal and urinary incontinence or were treated 
for constipation for rectal enemas that drained into 
the	pouch.	Ten	had	a	pressure	ulcer.	They	used	the	
pouch	for	four	weeks	or	more.	Acute	care	patients	(n	
= 28, of which 10 were in the intensive care unit) had 
diarrhoea	 and	 were	 temporarily	 bedridden.	 Forty-
ive	 patients	who	 had	 surgery	 of	 the	 perineal	 area	
received a pouch to collect post-surgical drainage 
for	up	to	three	days.	 In	the	nursing	home	residents	
free	 of	 pressure	 ulcers,	 no	 new	 ulcers	 developed.	
In	 those	with	 a	 pressure	 ulcer,	 healing	 occurred	 in	
ive	residents,	ulcer	diameter	was	reduced	by	50%	in	
three	residents,	and	there	was	less	than	50%	reduc-
tion	in	two	residents.	Of	the	nursing	home	and	acute 
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care	participants,	77%	found	the	pouch	comfortable	
and	75%	thought	 it	was	better	 than	a	sanitary	nap-
kin.	 Seventy-seven	 percent	 of	 the	 nurses	 thought	
the	anal	pouch	was	easy	to	apply	and	78%	thought	
is	easy	to	remove.	Reported	complications	included	
moderate	pain	on	removal	in	18	(15%)	patients	in	the	
nursing	home	or	acute	care	(Level	of	Evidence	3).

An	 internal	 anal	 stool	 bag	 (Terumo	 Corp.,	 Tokyo,	
Japan)	 was	 applied	 to	 ive	 bedridden	 patients	 (3	
female,	 2	male)	 aged	 68-90	 years	 [558].	 Persons	
were administered a biscodyl suppository prior to 
insertion of the stool bag into the anus to control ex-
cretion	of	faeces.	The	bag	was	successful	in	collect-
ing	stool	50%	of	the	time	(Level	of	Evidence	3).	The	
bag	was	removed	after	each	stool	was	collected.

Bliss	 and	 Savik	 (2008)	 [88]	 carried	 out	 a	 study,	 to	
examine the use of a surgical dressing to absorb a 
small	leak	of	feces.	These	anorectal	dressings	can	be	
placed	between	the	buttocks.	Of	28	people	who	had	
faecal incontinence, 27 had used the dressing and 23 
of	them	wanted	to	continue	to	use	it.	79%	reported	no	
skin	complications,	and	80%	of	the	participants	rated	
their	 conidence	 in	 its	effectiveness	as	very	good	 to	
good.	Use	of	the	dressing	lessened	anxiety	about	fae-
cal	soiling	in	81%	and	was	thought	to	improve	quality	
of	 life	 in	76%.	The	authors	stated	 that	new	 types	of	
absorbent	products	will	become	available.

4. SUMMARY

	 •		An	 anal	 plug	 can	 successfully	 prevent	 fae-
cal incontinence but it is associated with high 
levels of discomfort, more so in adults than 
children	(Level	of	Evidence	3).

	 •		A	 rectal	 catheter	 system	 diverts	 faeces	 to	 a	
collection bag and promotes healing of dam-
aged	 perineal	 skin	 but	 requires	 liquid	 stool	
consistency	to	remain	patent.	Some	catheter	
systems enable irrigation of the rectum to 
maintain	liquid	stool	consistency.

	 •		Non-blinded	 and	 non-independent	 endoscopic	
observations suggest the rectal catheter does 
not cause rectal mucosal damage during the rec-
ommended	length	of	use	(≤	29	d	in	the	US).	As	
rectal catheter usage increases in clinical prac-
tice, case reports of complications have become 
evident; among the common ones reported are 
perianal	skin	damage,	rectal	bleeding,	and	mu-
cosal	pressure	necrosis.	(Level	of	Evidence	3).

	 •		A	 rectal	 trumpet	 can	 successfully	 channel	
faeces to a collection bag and there is some 
evidence that it can thereby enable damaged 
perianal	skin	to	recover	but	it	has	been	asso-
ciated with discomfort and its safety has not 
been	determined	(Level	of	Evidence	3).	

	 •		An	 external	 anal	 pouch	 and	 an	 internal	 anal	
bag	 can	 be	 used	 to	 collect	 stool	 (Level	 of	
Evidence	3)	but	 the	adhesive	wafers	used	 to	

adhere	them	can	cause	skin	damage	upon	re-
moval.	The	internal	anal	bag	has	been	primar-
ily used when a bowel movement is induced 
using	a	suppository.

5. RECOMMENDATIONS

	 •		Anal	 plugs	may	 be	 tried	 but	many	 patients	 are	
likely	to	use	them	on	a	limited	basis	or	reject	them	
due	to	discomfort	(Grade	of	Recommendation	C).	

		 •			The	use	of	a	rectal	 trumpet	(i.e.	a	nasopharyn-
gel tube inserted into the rectum) in patients with 
loose / liquid stool consistency offers an alterna-
tive to the rectal pouch when pouch adherence is 
a	problem	and	may	preserve	perianal	skin	integ-
rity	or	facilitate	healing	(Grade	of	Recommenda-
tion	C).	The	safety	of	the	rectal	trumpet	has	not	
been	determined,	but	it	suggests	a	lower	risk	due	
to its shorter length than a standard, longer rectal 
tube	(Grade	of	Recommendation	C).

	 •		Use	of	a	standard	rectal	tube	with	and	without	
an	inlatable	balloon	for	faecal	diversion	is	indi-
cated primarily for non-ambulatory patients with 
liquid	stools	(Grade	of	Recommendation	C).	

	 •		Use	of	an	anal	pouch	attached	to	a	drainage	
catheter to divert liquid stool is recommended, 
but	 there	 is	 a	 risk	 of	 skin	 damage.	 For	 this	
reason it is not recommended in cases where 
skin	is	already	damaged	or	the	need	for	fae-
cal	diversion	is	less	acute	(e.g.	where	stool	is	
more	formed)	(Grade	of	Recommendation	C).

6. PRIORITIES FOR RESEARCH

	 •		Development	 of	 an	 anal	 plug	 that	 is	 more	
comfortable	and	tolerable.

	 •		More	rigorous	evaluation	of	anal	plugs	using	
larger subject cohorts and more objective out-
come	measures	over	longer	periods	of	use.

	 •		More	 rigorous	 evaluation	 of	 rectal	 tubes	 /	
catheters and trumpets using larger subject 
cohorts and more objective outcome mea-
sures	(e.g.	 for	assessing	health	of	 the	rectal	
mucosa)	over	longer	periods	of	use.

	 •		Development	and	evaluation	of	an	external	anal	
pouch that is easy to apply and remove, adheres 
to	skin	better	and,	perhaps,	even	promotes	heal-
ing	of	damaged	skin	to	which	it	would	be	applied.	
Further	evaluation	of	an	 internal	stool	bag	with	
similar adherent properties (as recommended 
for	the	external	anal	pouch)	is	needed.

1. BACKGROUND

The	skin	of	an	 incontinent	 individual	will	be	regu-
larly exposed to contact with urine and / or fae-

XIV. SKIN HEALTH AND CONTI-
NENCE PRODUCTS
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ces	and	damage	 to	 the	 skin	 is	 the	main	physical	
health consequence of urinary and faecal incon-
tinence.	The	majority	of	 current	knowledge	about	
the	effects	of	 urine	and	 faeces	on	skin	has	been	
obtained from studies with pads or pad materials 
on animals, healthy infants, and on body areas 
such	as	the	forearm	or	back	of	adults.	Where	clini-
cal trials have been conducted, they have usually 
been	on	 infants	 and	 rarely	 on	adults	 using	pads.	
Skin	irritation	within	the	pad	occlusion	area	is	usu-
ally	 termed	 diaper	 dermatitis	 in	 infants.	 In	 adults	
the	 term	 perineal	 dermatitis	 (PD)	 has	 commonly	
been used, but more recently it has been proposed 
that	 incontinence-associated	dermatitis	 (IAD)	 is	a	
better	 term	 because	 affected	 skin	 areas	 are	 not	
conined	 to	 the	 perineum	 [575]	 [576].	 A	 consen-
sus	 panel	 in	 2005	 deined	 IAD	as	 ‘erythema	and	
oedema	of	the	surface	of	the	skin,	sometimes	ac-
companied by bullae with serous exudate, erosion, 
or secondary cutaneous infection [577] and this 
term	 and	 deinition	 has	 been	 widely	 used	 since	
then	[578]	[575]	[579].	More	recently	IAD	has	been	
classed as a sub-category of ‘moisture-associated 
skin	damage’	(MASD)	which	includes	intertriginous	
dermatitis and peristomal and periwound moisture-
associated	dermatitis	[579]	[580].	

Literature reviews and consensus papers

There	 has	 been	 considerable	 interest	 in	 IAD	over	
the last few years, particularly with regard to its 
deinition	and	aetiology	and	there	have	been	three	
review/consensus papers on the subject [578] [575] 
[579] and one focusing on the prevention and treat-
ment	of	IAD	[581].	

a) The role of urine and faeces in skin irritation

Prolonged	exposure	to	water	alone	has	been	shown	
to cause hydration dermatitis [582] [583] and pro-
longed	occlusion	of	the	skin	(as	within	a	continence	
product)	has	been	demonstrated	to	reduce	skin	bar-
rier	 function	 [584]	 and	 signiicantly	 raise	 microbial	
counts	 and	 pH	 [585]	 [586].	 Repeated	 wetting	 and	
drying	makes	the	skin	more	vulnerable	to	substances	
that	are	usually	innocuous,	e.g.,	bile	salts	[587]	[588].	
A	 product	 that	 simply	 maintains	 wet	 and	 occluded	
skin	(even	without	the	additional	constituents	of	urine	
and	faeces)	is	therefore	likely	to	cause	skin	irritation	
and	increase	skin	permeability	to	other	irritants.

Using	a	hairless	mouse	model	Buckingham	and	Berg	
[589] examined the role of faeces in the aetiology 
of	 diaper	 dermatitis.	 They	 identiied	 proteases	 and	
lipases as the major irritants and noted that these 
faecal	enzymes	not	only	irritated	the	skin	directly	but	
also	increased	the	susceptibility	of	the	skin	to	other	
irritants	such	as	bile	salts.	The	irritant	effect	of	faeces	
was virtually eliminated by heating, which destroys 
enzymes, and was restored by the replacement of 
speciic	 enzymes	 [e.g.	 lipase	 and	 protease).	 Skin	
damage appeared dependent on the concentration 
and length of exposure to enzymes in faeces [590].

A	similar	mouse	model	was	used	by	 the	same	re-
searchers to examine the role of urine in the ae-
tiology	 of	 diaper	 dermatitis	 [588].	They	 found	 that	
the irritant potential of urine by itself was minimal 
over short periods (48 hours) but after continuous 
exposure	 (10	 days),	 skin	 damage	 became	 appar-
ent.	 The	 researchers	 also	 measured	 skin	 perme-
ability and found that continuous exposure to urine 
greatly	 increased	 skin	 permeability	 (more	 than	 15	
fold)	 compared	 to	 occluded	 skin	 or	 skin	 exposed	
only	to	water.	

However,	 the	 combination	 of	 urine	 and	 faeces	
caused	 signiicantly	 higher	 levels	 of	 irritation	 than	
urine	or	 faeces	alone.	The	authors	concluded	 that	
the	presence	of	 faecal	urease	results	 in	 the	break	
down	 of	 urinary	 urea	 causing	 an	 increase	 in	 pH,	
which increases the activities of faecal proteases 
and	 lipases	 leading	 to	 skin	 irritation.	 The	 role	 of	
microorganisms - which comprise approximately 
50%	of	the	solid	component	of	faeces	-	in	skin	dam-
age	 is	 unresolved.	Microorganisms	 on	 the	 skin	 of	
infants with and without diaper dermatitis were simi-
lar	[591].	Zimmerer	[592]	sampled	the	microlora	of	
the	 skin	 after	 pre-loading	with	 pre-wetted	 patches	
containing urine and found that the microbial counts 
were	signiicantly	higher	for	wet	patches	relative	to	
the	dry	patch	controls.	 It	was	nearly	 impossible	 to	
establish infection with the opportunistic organism, 
Candida	albicans,	on	normal	skin	without	complete	
occlusion	of	 the	site	 [593].	Therefore,	 it	 is	 thought	
that bacterial or fungal infection is secondary to al-
terations	in	the	skin	barrier	that	allow	penetration	of	
the	microorganisms	[594].

Zimmerer	et	al.	[592]	examined	the	role	of	skin	wet-
ness in the development of diaper dermatitis by 
using	 the	volar	 forearms	of	adult	volunteers.	They	
aimed to determine the effects of wet and dry di-
aper	materials	 on	 skin	 health	 with	 respect	 to	 fric-
tion, abrasion damage, permeability and microbial 
growth.	 Pre-wetted	 patches	 of	 baby	 diapers	 were	
placed on the volar forearms of adults for two hours 
and	then	the	skin	was	subjected	to	friction	and	abra-
sion.	The	coeficient	of	friction	for	the	‘wet’	skin	was	
signiicantly	 higher	 than	 for	 ‘dry’	 skin	 although	 in-
creased	luid	loading	of	wet	patches	did	not	further	
increase	 skin	 friction.	Similarly,	 skin	 hydrated	with	
a	wet	 patch	 showed	 a	 signiicant	 increase	 in	 skin	
abrasion	 damage	 relative	 to	 a	 dry	 patch.	 Again,	
variations	 in	 the	 luid	 loading	 of	 the	 patch	 did	 not	
produce	signiicant	changes	in	abrasion	damage.

Although	the	volar	forearm	is	most	commonly	used	
for	skin	experimentation,	 it	has	not	been	shown	to	
be	a	valid	model	for	the	skin	exposed	to	an	incon-
tinence	pad,	 i.e.	buttocks	and	groins.	Schnetz	and	
colleagues [595] demonstrated that trans-epidermal 
water	 loss	 (TEWL)	 measurements	 (used	 to	 mea-
sure	both	skin	barrier	function	and	excess	water	in	
the	 skin)	 from	 the	 volar	 forearm	 did	 not	 correlate	
with	those	taken	from	the	face,	although	the	left	and 
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right	side	of	the	face	showed	good	correlation.	The	
researchers	 concluded	 that	 TEWL	 measurements	
for	 the	 study	 of	 facial	 cosmetics	 should	 be	 taken	
from	 the	 face	 rather	 than	 the	 forearm.	 Similarly,	
studies using the volar forearm may not be valid 
for	the	buttocks	and	groin.	Skin	in	the	perianal	area	
was shown to be more sensitive to faecal irritation 
than	that	on	the	inner	arm	[596].

Recently	Fader	and	colleagues	(2010,	2011)	 [597]	
[598] reviewed the literature on measurement of 
TEWL	 for	 assessment	 of	 overhydrated	 skin	 and	
found	that	there	was	a	lack	of	standardization	in	all	
components of the method including the analysis 
and	 interpretation	 of	 indings	 [597]	 and	 they	 de-
scribe the development and testing of a more valid 
and robust method and compare measurements 
made on younger and older women and on volar 
forearm	and	hip	skin.	The	authors	conclude	that	age	
did	not	signiicantly	affect	measurements	but	those	
made on the hip were consistently higher and more 
variable	than	those	made	on	the	forearm.	It	is	rec-
ommended	that	the	forearm	is	used	for	future	work.

Berg [588] analysed the aetiological factors contrib-
uting to infant diaper dermatitis and developed a 
model (Figure XIV-1 ) to show its development and 
resolution.	However,	 the	applicability	of	 this	model	
to adults with incontinence has not been tested, and 
other factors such as low mobility and prolonged 
pressure - which are common in frail, older adults - 
are	not	accounted	for	in	this	model.	In	addition,	this	
model assumes the presence of urinary and faecal 
incontinence, which is much less common in adult 
populations	than	urinary	incontinence	alone.

b) Prevalence of incontinence-associated der -
matitis / perineal dermatitis

Incontinence-associated	dermatitis	(IAD)	has	been	
deined	 most	 recently	 as	 “an	 inlammation	 of	 the	
skin	occurring	with	or	without	erosian	or	secondary	
cutaneous	infection”.	Perineal	dermatitis	(PD)	is	an	
inlammation	of	the	skin	characterized	by	redness,	
tissue	 breakdown	 or	 denudement,	 vesiculation,	
oozing, crusting, soreness, itching, and in its more 
severe form, pain and fungal patches [599] [600] 
[575]	within	the	pad	area.	In	the	largest	study	of	as-
sessment records of more than 59,000 residents in 
510	nursing	homes	located	in	31	US	states,	Bliss	et	
al.	[601]	reported	a	prevalence	of	perineal	dermati-
tis	of	nearly	6%.	In	studies	with	smaller	sample	siz-
es and other populations, perineal dermatitis (Table  
XIV-1)	has	been	shown	to	affect	about	a	quarter	to	
a	half	of	patients.	

Recently	 there	 has	 been	 further	 clinical	 evidence	
supporting the role of faeces in the development of 
IAD.	 Bliss	 et	 al	 (2011)	 [544]	 studied	 the	 develop-
ment	of	IAD	in	45	criticially	ill	adults	in	three	critical	
care	units.	Most	(76%)	were	male	and	all	were	free	
of	 IAD	at	 the	 start	 of	 the	 study.	 IAD	developed	 in	
36%	of	patients	and	the	median	time	to	onset	was	
4	days	 (range	1-6).	Severe	 IAD	(denudement)	oc-
curred	in	9%	of	the	observed	time.	Frequent	incon-
tinence of loose or liquid stools and diminished cog-
nitive	awareness	were	signiicant	 independent	risk	
factors	for	development	of	IAD	sooner.

Shigeta	 and	 colleagues	 (2011)	 [610]	 studied	 the	
skin	 of	 100	 older	 Japanese	 patients	 in	 a	 nursing	

Figure XIV-1: Berg’s model of diaper dermatitis (1987).
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home who had faecal and/or urinary incontinence 
and	wore	 absorbent	 products.	Multivariate	 logistic	
regression analysis showed that the presence of di-
arrhea	was	an	independent	risk	factor.	

Bliss	et	al.	 [611]	prospectively	 investigated	the	de-
velopment	of	 IAD	using	assessment	data	of	1,850	
elders	who	were	free	of	IAD	at	admission	to	a	nurs-
ing	 home.	 The	 preliminary	 report	 showed	 that	 at	
three months after admission, faecal incontinence 
alone	and	double	incontinence	were	signiicant	pre-
dictors	of	 IAD,	but	urinary	 incontinence	alone	was	
not	 a	 signiicant	 risk.	 The	 prevalence	 of	 IAD	 ap-
pears	to	be	inluenced	not	only	by	the	type	of	patient	
(nursing home versus hospitalized) but also by the 
type	of	incontinence	and	whether	or	not	a	skin	dam-
age	prevention	program	is	followed.

Measurement of IAD

There	 is	 no	 widely	 available	 valid	 or	 reliable	 tool	
for	 the	 assessment	 of	 PD	 /	 IAD	 although	 four	 in-
struments have been published [614] [615] [601] 
[617].	One	of	these	tools,	the	Perineal	Assessment	
Tool,	despite	its	name,	is	an	instrument	primarily	for	
assessing	 the	 risk	 of	 IAD	 (versus	 assessing	 skin	
health) and it has been described and used by its 
developer	 as	 such	 [616].	 The	 most	 recently	 pub-
lished tool [617] has been subject to internal vali-
dation and determines degree of redness, amount 
of	skin	loss	and	presence	of	rash	on	13	body	loca-
tions;	a	 revised	version	 for	dark-toned	skin	 is	also	
being	 tested.	Most	 researchers	have	 reported	 rat-
ings of colour changes (degree of erythema) based 
on visual inspection, which may be confounded 
by the presence of reactive hyperaemia on areas 

subject	 to	pressure	 (particularly	 the	buttocks,	hips	
and	sacrum).	In	some	studies	(mainly	those	inding	
higher	proportions	of	IAD)	trained	staff	or	research-
ers	have	been	utilised	to	carry	out	skin	inspections	
at	 pre-speciied	 times	and	 in	 others	 (mainly	 those	
inding	lower	proportions	of	IAD)	the	usual	care	staff	
have	been	asked	to	report	skin	problems	or	written	
records have been used; this may explain the wide 
range	of	prevalence	reported.	

Few	studies	report	the	severity	of	PD.	In	a	prospec-
tive surveillance study of 981 nursing home resi-
dents with incontinence of urine and/or stool over 
six	weeks,	 the	most	common	anatomical	 locations	
of	 PD	 were	 the	 buttocks	 (73%	 of	 those	 with	 PD)	
and	perianal	area	 (70%)	 followed	by	 the	genitalia,	
scrotum	and	groin	(36%)	and	thighs	(24%)	with	the	
smallest	percentage	near	the	sacrum	(9%).	Approx-
imately	one-third	of	residents	had	PD	in	more	than	
one	location.	Mild	PD	was	by	far	the	most	common	
(69%	of	residents);	severe	PD	affected	only	8%	of	
residents	[616].

c) Pressure ulcers and incontinence

The	role	of	urinary	and	faecal	incontinence	in	the	de-
velopment	of	pressure	ulcers	 is	uncertain.	Studies	
aiming	to	identify	risk	factors	for	the	development	of	
pressure ulcers have generally found that the pres-
ence of both urinary and faecal incontinence was a 
risk	[617]	[618]	[619]	[620],	but	some	studies	have	
only found faecal rather than urinary incontinence 
to	 be	a	 risk	 factor	 [621]	 [622].	Pressure	ulcer	 risk	
assessment scales all have a sub-scale of inconti-
nence or moisture-level, and the main mechanism 
for the development of pressure ulcers has been 
thought to be the increased friction and increased 
vulnerability	to	abrasion	of	wet	skin.

Some	 researchers	have	used	pressure	ulcer	clas-
siication	systems,	such	as	those	published	by	the	
National	 Pressure	 Ulcer	Advisory	 Panel	 (NPUAP)	
or	 the	 European	 Pressure	 Ulcer	 Advisory	 Panel	
(EPUAP),	to	measure	skin	health.	The	validity	and	
reliability of most of these tools have not been es-
tablished.	 Doughty	 et	 al	 [623]	 and	 Bethell	 [624]	
described numerous other limitations of pressure 
ulcer staging systems and despite recent revisions 
of	the	NPAUP	and	EPUAP	staging	systems,	many	
of	the	shortcomings	still	apply.	The	reliability	of	the	
EPUAP	staging	score	(which	is	a	modiied	version	
of	 the	NPUAP	 score)	 has	 been	 tested	 recently	 in	
three	studies	using	photographs	of	pressure	ulcers.	
These	photographs	included	‘moisture	lesions’	(de-
ined	as	lesions	resulting	from	prolonged	exposure	
of	the	skin	to	excessive	luid	because	of	urinary	or	
faecal incontinence, profuse sweating or wound 
exudate).	A	high	degree	of	 reliability	 for	classiica-
tion of moisture lesions was found amongst 44 pres-
sure	 ulcer	 experts	 (Kappa	 =0.80)	 [625].	 However,	
inter-rater reliability was found to be much worse 
(Kappa	=	0.37)	when	photographs	were	viewed	by	
473 non-expert nurses [626] and subsequently in 

Authors
 

Sample
 

Prevalence 
of dermatitis 

(%)

Lyder et al., 
1992 [602] 

15 older people: hospital 
psychogeriatric wards 

33 

Keller et al., 
1990 [603] 

95 older people: long stay 53 

Brown, 1994 
[22]

 166 adults (acute medical 
wards) 

35 

Bale et al., 2004 
[604] 

79 nursing home residents 25 

Zehrer et al., 
2005 
[605] 

398 nursing home residents 
on a skin damage 
prevention regimen 

4 

Bliss, Savik  et 
al., 2006 [601] 

59,558 nursing home 
residents 

5.7 

Bliss, Zehrer et 
al., 2006  [601] 

1,918 nursing home 
residents on a skin damage 
prevention program 

3.5 

Ehman et al., 
2006 [606] 

45 adult intensive care unit 
patients 

36 

Junkin et al., 
2008 [607] 

698 paediatric and adult 
hospitalized patients 

20 

Shigeta et al., 
2008[608] 

100 older Japanese patients 
in a nursing home 

36 

Beeckman et al., 
2011[609] 

141 long-term care patients 22.5 

Table XIV-1: Studies reporting the prevalence of 
incontinence-associated dermatitis
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a	European	study	of	1,452	non-expert	nurses	from 
ive	 European	 countries	 (Kappa	 =	 0.36).	 The	 au-
thors concluded that better descriptors needed to 
be	 incorporated	 into	 the	EPUAP	system	and	more	
education	was	needed.	

An	education	tool	aimed	at	improving	skills	in	pres-
sure	 ulcer	 classiication	 (the	 PUCLAS	 education	
tool)	was	developed	by	a	workgroup	of	the	EPUAP	
and	was	tested	by	Beeckman	and	colleagues	[627]	
in	a	 randomised	controlled	 trial.	1217	nurses	 from	
Belgium,	the	Netherlands,	UK	and	Portugal	partici-
pated.	At	 baseline	 45%	 of	 skin	 photographs	were	
classiied	 correctly	 and	 results	 were	 signiicantly	
improved in the intervention group who received 
the	 PUCLAS	 education	 tool	 (63%	 classiied	 cor-
rectly)	compared	to	 the	control	group	(53%	classi-
ied	correctly).	Furthermore	the	proportion	of	correct	
assessments	 for	 IAD	was	 71%	 in	 the	 intervention	
group	 and	 36%	 in	 the	 control	 group.	 The	 authors	
conclude	that	the	PUCLAS	tool	improved	pressure	
ulcer	classiication.	

However	 there	 is	still	debate	regarding	the	validity	
of	 separately	 classifying	 IAD	 from	pressure	ulcers	
particularly	 when	 skin	 damage	 occurs	 over	 bony	
prominences.	To	investigate	the	validity	of	classify-
ing	moisture	lesions,	Houwing	et	al.	[628]	examined	
the histology of 14 biopsy samples of damaged 
patient	skin.	Skin	damage	was	classiied	using	the	
EPUAP	system:	12	were	moisture	lesions,	one	was	
a grade 4 pressure ulcer (extensive tissue destruc-
tion / necrosis) and one was a combination of a 
moisture lesion and a grade 1 pressure lesion (non-
blanchable	erythema).	Both	pressure	ulcers	had	a	
histological pattern suggesting ischemic pathology; 
the histology of the moisture lesions, however, was 
either	of	an	 ischemic	or	 irritation	pattern.	Because	
of the overlap in histology patterns of some of the 
moisture lesions and the pressure ulcers, the au-
thors	concluded	that	there	is	no	justiication	for	clas-
sifying moisture lesions separately from pressure 
ulcer	lesions.`	This	inding	requires	further	study	as	
there	are	several	limitations	of	their	study.	First,	the	
true	aetiology	of	the	skin	damage	and	the	veracity	
of	 the	 EPUAP	 classiication	 were	 not	 determined;	
some moisture lesions seem to be partially over 
a bony prominence so that a mix of pressure and 
moisture damage cannot be ruled out, which might 
explain	the	mixed	histology	patterns.	Secondly,	the	
moisture lesions and the pressure ulcer were both 
described	as	having	blanchable	erythema.	

Identiication	 of	 moisture	 lesions	 as	 distinct	 from	
pressure ulcers is sought as a way to solve the ten-
sion between inadequate prevention / treatment of a 
pressure ulcer and inappropriate use of costly pre-
vention	 relieving	 devices	 /	measures.	 It	 is	 also	 of	
importance	in	determining	care	quality.	Pressure	ul-
cers are deemed as quality indicators in many coun-
tries	and	are	considered	 to	be	preventable.	Facili-
ties may not be allowed to charge for the care and 

treatment of patients who develop pressure ulcers 
and	may	also	be	ined.	The	‘correct’	classiication	of	
IAD	and	pressure	ulcers	therefore	has	inancial	and	
reputational	implications.

Fader	et	al.	[629],	examined	the	effects	of	absorbent	
continence pads on mattress interface pressures 
using an articulated model or “phantom” as the 
subject and found that the presence of a pad sig-
niicantly	and	substantially	(around	20%)	increased	
the	peak	pressures	recorded	between	the	buttocks	
and	 the	pad	 /	mattress.	Peak	pressures	were	 fre-
quently found at the locations of pad creases and it 
was considered that pad folding and compression 
may	 contribute	 to	 raised	 interface	 pressures.	 It	 is	
therefore possible that continence product use con-
tributes to the formation of pressure ulcers by rais-
ing	interface	pressures.	

Black	et	al.	(2011)	[579]	have	categorized	IAD	as	dis-
tinct from pressure ulcers as shown in Table XIV.2

2.  CLINICAL STUDIES OF THE IMPACT OF 
PRODUCTS AND PRODUCT MATERIALS 
ON SKIN HEALTH

In	the	1980s,	product	manufacturers	introduced	dia-
pers	with	 super-absorbent	 polymers	 (SAP),	 which	
were	 designed	 to	 reduce	 skin	 wetness,	 buffer	 pH	
and reduce urine / faecal contact in order to help 
prevent	 diaper	 dermatitis.	 This	 led	 to	 clinical	 and	
laboratory	 studies	 to	 evaluate	 the	 eficacy	 of	 dia-
pers with different materials, in particular, super-ab-
sorbent	polymers	(SAP)	compared	to	those	without,	
and compared to conventional washable diapers.

a) Quality of data

There	are	three	types	of	studies	testing	the	effects	
of	 different	 products	 or	 product	 materials	 on	 skin	
health: (i) clinical trials of normal infants wearing di-
apers; (ii) laboratory wet patch testing of adult fore-
arms with diaper or continence pad patches; and 
(iii) clinical trials of adult absorbent pads containing 
different	materials.	The	 infant	 diaper	 studies	were	
randomised controlled trials with large samples and 
blind	measurement	of	outcomes.	It	should	be	noted	
that these studies were carried out by industry-em-
ployed	staff.	The	infant	and	laboratory	studies	used	
a probe comprising two hygrosensors and thermis-
tors	 (an	 evaporimeter)	 placed	 on	 the	 ‘wet’	 skin	 to	
measure	 trans-epidermal	 water	 loss	 (TEWL),	 an	
indicator	of	skin	hydration	 level.	However,	 there	 is	
uncertainty about the optimum procedures for mea-
suring	 TEWL,	 and	 different	 procedures	 and	 out-
comes	were	used	 in	 the	studies,	making	 it	dificult	
to	 compare	 results.	 Probably	 the	 most	 important	
threat to the validity of these studies is the selection 
of	products	or	materials	used	in	the	study.	None	of	
the studies adequately described the products used 
-	in	particular,	regarding	their	total	absorbency.	Thus	
it is possible that an alternative explanation for the 
fairly	consistent	indings	 that	disposable	pads	with 
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SAP	perform	better	on	skin	outcome	measures	may	
be	 that	 those	with	SAP	simply	had	greater	absor-
bency	than	those	without.

b) Results

1. CLINICAL  STUDIES OF INFANT DIAPERS

Campbell	 and	 colleagues	 [630]	 conducted	 four	
clinical studies involving 1,614 infants randomly 
assigned	 to	 either	 disposable	 diapers	 with	 SAP,	
disposable	diapers	without	SAP	or	washable	cloth	
diapers.	 Disposable	 diapers	with	 SAP	were	 asso-
ciated	 with	 signiicantly	 reduced	 skin	 wetness	 as	
measured	by	TEWL,	lower	pH	and	lower	ratings	of	
diaper dermatitis when compared to the two other 
diaper	products	(Level	of	Evidence	2).

Lane	 et	 al.,	 [631]	 randomised	 disposable	 diapers	
without	 SAP	 and	 disposable	 diapers	 with	 SAP	 to	
149	newborn	infants	and	assessed	their	skin	condi-
tion	seven	times	over	a	14	week	period.	Skin	rash	
ratings	were	signiicantly	 lower	 for	 infants	wearing	
diapers	with	SAP	at	only	one	time	period	(14	weeks)	
(Level	of	Evidence	2).

Davis	 and	 colleagues	 [632]	 assessed	 150	 infants	
over	15	weeks	 in	a	 cross-over	 study	 involving	 four	
different disposable diaper types, two with different 
levels	of	SAP	and	two	with	different	levels	of	luff	pulp	
only.	Both	diapers	containing	SAP	were	associated	
with	signiicantly	less	skin	wetness	and	signiicantly	
lower	 pH.	Clinical	 skin	 ratings	 showed	 signiicantly	
lower	ratings	for	the	SAP-containing	pads	compared	
to	the	lower	weight	luff	pulp	pad,	but	not	compared	
to	the	higher	weight	luff	pad	(Level	of	Evidence	2).

2. LABORATORY  STUDIES OF DIAPER PATCHES

Wilson	and	Dallas	[633]	used	the	adult	normal	volar	
forearm	 skin	model	 to	 compare	 patches	 taken	 from	
16	different	infant	diapers.	They	found	that	disposable	
diapers	containing	SAP	left	the	skin	signiicantly	drier	
than washable diapers and disposable diapers with-

out	SAP	(p<0.01).	Disposable	diapers	without	SAP	did	
not	differ	signiicantly	from	reusable	diapers	and	there	
were	no	signiicant	differences	between	products	with-
in	any	of	the	three	groupings	(Level	of	Evidence	2).	

However,	 in	 a	 subsequent	 study	 involving	 20	 dis-
posable and washable adult incontinence pads in-
corporating a similar range of materials to the baby 
diaper	study	Dallas	and	Wilson	[634]	found	signii-
cant differences between products within each of 
the three product groupings but not between group-
ings	(Level	of	Evidence	2).	Grove	et	al.	[635]	used	
a similar approach to compare three infant diapers 
and	 found	 a	 signiicant	 difference	 in	 skin	wetness	
between two that contained similar quantities of 
SAP	(p<0.001).	The	one	in	which	the	SAP	was	in	a	
layer	near	the	water-proof	backing	kept	the	skin	dry-
er	than	that	in	which	it	was	near	the	coverstock.	The	
third diaper – which had a microporous (breathable) 
backing	kept	 the	skin	signiicantly	dryer	 than	each	
of	the	other	two	(p<0.001)	(Level	of	Evidence	2).

3. CLINICAL  STUDIES OF ADULT ABSORBENT  PRODUCTS

There	has	been	one	clinical	study	of	adult	 inconti-
nent patients comparing underpads with and with-
out	SAP,	diapers	with	and	without	SAP	and	wash-
able	cloth	underpads	and	which	used	skin	condition	
as	 the	 primary	 outcome	 variable	 [22].	 This	 study	
included 166 incontinent patients (urine, faeces 
or both) from three acute care facilities who were 
divided	 into	 the	 ive	 groups.	 It	 is	 unclear	 whether	
randomisation to group occurred by patient or by 
facility.	One	facility	used	the	washable	cloth	under-
pads	 only	 for	 their	 patients.	 Other	 patients	 tested	
either diapers or underpads and crossed-over from 
without	SAP	to	with	SAP	products	after	six	weeks.	
Skin	measurements	were	made	for	colour,	integrity	
and	symptoms	using	 rating	scales.	Both	blind	and	
non-blind	measurements	were	made.	

Findings	 were	 rather	 complex	 and	 dificult	 to	 in-
terpret and no corrections for multiple comparisons 

Factors IAD Stage I Pressure Ulcers Stage II Pressure Ulcers 

History of 
condition 

Exposure to urine or 
stool 

Exposure to pressure, shear and/or 
microclimate from immobility or inactivity 

Exposure to pressure, shear and/or 
microclimate from immobility or inactivity 

Location of 
affected skin 

Skin folds in areas 
where urine or stool can 
accumulate 

Skin usually over bony prominences or 
exposed to other external pressure (eg, 
medical device) 

Skin usually over bony prominences or exposed 
to other external pressure (eg, medical device) 

Colour of 
wound bed 

Shiny, red, glistening, 
no slough in wound bed 

Nonblanchable erythema of intact skin Shiny pink or red open wound, no slough in 
wound bed 

Colour of 
periwound 
tissue 

Red, irritated, 
edematous 

Normal for race/ethnicity, edema may be 
palpable  

Normal for race/ethnicity, edema may be 
palpable 

Characteristics 
of involved 
area 

Blotchy, not uniform in 
appearance 

Tend to be single areas of erythema Tend to be single ulcers with distinct ulcer 
wound margin 

Pain Burning, itching and 
tingling  

Sharp pain, usually no itching; pain may 
intensify when patient is initially moved off 
of injured areas  

Sharp pain, usually no itching; pain may 
intensify when patient is initially moved off of 
injured areas 

Odour Urine, faecal odour None None unless infected and then may have odour 
of infecting organism 

Other Candidiasis common 
(seen as satellite 
lesions) 

Redness tends to resolve with offloading or 
repositioning of device 

Ulcer bed is shallow and heals through 
epithelialization  

Table XIV-2: Differentiation of IAD Versus Stage I and II Pressure Ulcers
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appear	to	have	been	made.	Overall	there	were	no	dif-
ferences	in	skin	measurements	between	the	diaper	
and underpad groups but - for some measurement 
sub-groups - differences were found with mean co-
lour	scores	being	signiicantly	higher	(worse)	in	the	
without-SAP	diaper	 group	 and	 the	washable	 cloth	
underpad	group.	Blinded	‘worst’	skin	colour	scores	
were	highest	for	without-SAP	diapers	and	washable	
cloth	underpads	and	lowest	for	with-SAP	products.	
Overall	 the	 indings	 supported	 the	 favourable	 ef-
fects	of	SAP	on	skin	health	but,	as	with	 the	 infant	
diaper studies, total absorbency of the products was 
not	reported	(Level	of	Evidence	2).

Hu	et	al.	[66]	randomised	an	unnamed	range	of	dis-
posable insert pads with mesh pants to 34 nursing 
home residents who were matched (based on incon-
tinence severity) with 34 residents who received the 
usual	 reusable	 cloth	diaper	 product.	Skin	 condition	
was	rated	at	baseline	and	after	 the	ive	week	inter-
vention	period	by	a	blinded	nurse	 researcher.	Skin	
condition	was	reported	to	be	signiicantly	better	in	the	
disposable	pad	group	(Level	of	Evidence	2).

More	recently	Beguin	and	colleagues	(2010)	 [636]	
tested	 a	 modiied	 diaper	 design	 (incorporating	 a	
top layer of specialised cellulose – beneath the 
top	sheet	–	to	maintain	skin	pH,	and	air-permeable	
side	panels	 to	minimise	skin	occlusion)	 in	a	small	
study	 of	 12	 patients	 using	 a	 pre-post	 test	 design.	
Skin	pH	was	signiicantly	lower	when	patients	used	
the	modiied	 diaper	 and	 8	 out	 of	 12	 patients	 had	
resolution	of	pre-existing	skin	lesions.	A	larger	more	
robust trial would be needed to establish any impor-
tant	clinical	beneit.	

3.  CLINICAL STUDIES OF SKIN-CARE PROD -
UCTS AND NURSING PRACTICES TO 
MAINTAIN OR IMPROVE SKIN HEALTH

The	 skin	 of	 incontinent	 people	 requires	 frequent	
cleansing	to	remove	urine	and	/	or	faeces.	Soap	and	
water	is	in	common	use	[637]	but	it	is	known	that	re-
peated exposure to anionic surfactants (common in 
soaps)	results	in	skin	irritation	[638]	[639].	In	addition,	
the	action	of	washing	is	also	considered	likely	to	con-
tribute	to	mechanical	damage	of	the	stratum	corneum.	

Cleansing	of	skin	soiled	with	urine	and	/	or	faeces	
should occur immediately if possible or promptly 
after episodes of incontinence [640] [641] [642] 
[643]	 [644]	 [579]	 [575].	 In	 addition,	 an	 individual-
ized schedule for cleansing the perineum according 
to patients’ needs or preferences [645] [646] [575] 
[579] or at routine intervals, such as daily or at bath 
time [647] [576] [640] [642] [648] has been recom-
mended	(Level	of	Evidence	3).	

The	 practice	 of	 cleansing	 or	 wiping	 the	 perineum	
front	to	back	is	recommended	as	standard	practice	
in the literature - particularly for women [649] [650] 
[651] [652] [653]; this recommendation is based on 
the physiological rationale of lowering presumed 

risk	 of	 contaminating	 the	 urethra	 with	 faecal	 bac-
teria	 and	 subsequent	 urinary	 tract	 infection	 [653].	
One	retrospective	study	of	pregnant	women	found	a	
signiicantly	higher	association	of	urinary	tract	infec-
tions	 in	women	who	self-reported	they	wiped	back	
to	front	(25.8%)	than	among	those	who	wiped	front	
to	back	(18.5%)	[654]	(Level	of	Evidence	2).	

To	minimize	 friction	damage	of	 the	skin	during	 the	
perineal cleansing process, gentle cleansing and 
patting	dry	the	skin	[655]	[656]	rather	than	rubbing	
or using a soft cloth is recommended by clinical ex-
perts [616] [657] [576] [643] [644] [658] [659] [659] 
(Level	of	evidence	4).	

However	there	is	some	evidence	that	drying	the	skin	
by patting may be less effective than gentle towel 
drying	or	drying	with	a	hair	dryer	[660].	Damp	skin	
is more vulnerable to friction damage and special 
care may therefore be needed to ensure that the 
skin	is	dry.	For	already	damage	skin,	there	are	clini-
cal anecdotes of using a small hand-held hair-dryer 
set on a low and cool setting rather than drying with 
a	 cloth.	 Further	 research	 into	 cleaning	 and	 drying	
techniques	and	products	is	encouraged.

Alternative	cleansers	are	available	which	have	been	
formulated with the intention of overcoming some 
of	the	limitations	of	soap	and	water.	Although	over-
hydration	of	skin	is	detrimental,	an	excessively	dry	
stratum	corneum	develops	cracks	and	issures	and	
can be as ineffective a barrier as an over hydrated 
one	 [583].	Soap	has	a	high	pH	 (9.5-11)	 [661]	and	
under	 laboratory	conditions	skin	that	has	been	ex-
posed	to	high	pH	solutions	has	been	found	to	have	
increased stratum corneum swelling and other 
signs	of	skin	damage.	However,	 there	 is	a	 lack	of	
controlled clinical trials comparing standard (high 
pH)	soap	with	pH	neutral	soap	or	cleansers.	

Many	modern	 cleansers	 are	 designed	 to	 be	 used	
without	 water	 [i.e.	 ‘no-rinse’)	 and	 are	 designed	 to	
provide	 a	 less	 aggressive	 skin	 environment	 than	
soap	(e.g.	lower	pH)	but	this	may	compromise	their	
effectiveness	in	cleaning	the	skin	of	urine	and	fae-
ces.	This	question	has	been	addressed	by	Ronner	
et al, (2010) [662] who compared soap and water 
and a no-rinse cleanser in terms of their ability to 
remove escherichia coli and staphylococcus aure-
us.	This	laboratory	study	employed	volunteer	volar	
forearms and found low level and comparable levels 
of	residual	bacteria	on	the	skin.	

The	 use	 of	 topical	 products	 aiming	 to	 prevent	 or	
treat	 skin	 irritation	 is	 common	 but	 there	 is	 a	 lack	
of	 standardisation	 in	 deinitions	 and	 descriptions	
of	 products,	 which	 makes	 comparisons	 dificult.	
Products	 such	 as	 ‘moisturisers’	 or	 ‘barriers’	 may	
be	 applied	 to	 the	 skin	 after	 cleansing,	 and	 some	
cleansers	 also	 incorporate	 moisturisers.	 The	 aim	
of	moisturisers	(also	known	as	emollients)	is	to	hy-
drate	 the	 skin	 by	 reducing	 trans-epidermal	 water	
loss	through	occlusion	(e.g.	petrolatum),	by	drawing	
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water into the stratum corneum by the addition of a 
humectant	(a	hygroscopic	substance,	e.g.	glycerol)	
or by adding water in the applied water-miscible 
product.	These	modes	of	action	are	often	combined	
in the same product, but there are exceptions - such 
as	petrolatum	-	which	only	work	by	occlusion	[663].	
Some	products	are	designed	speciically	to	prevent	
penetration of water into the stratum corneum (‘bar-
rier’	products)	such	as	liquid	skin	sealants	contain-
ing polymers, and may allow trans-epidermal water 
loss	 whilst	 preventing	 external	 water	 penetration.	
Simple	occlusive	products	such	as	petrolatum	may	
also act as barrier products to water but also oc-
clude	trans-epidermal	water	loss.

The	 application	 of	 skin	 barriers	 is	 recommended	
on	 areas	 that	 would	 come	 in	 contact	 with	 leaked	
urine	 and	 /	 or	 faeces.	 In	 general	 these	 areas	 in-
clude	 the	 buttocks	 and	 perianal	 area,	 groin,	 and	
inner	thighs.	Community-living	persons	report	leak-
ing small amounts of faeces that remain between 
the	buttocks.	Clinically,	nursing	staff	have	observed	
seepage of faeces around a rectal catheter in hos-
pitalized	patients.	In	both	groups,	perianal	skin	pro-
tection	 is	 important,	 and	 skin	 barriers	 are	 recom-
mended	(Level	of	evidence	4).

Topical	 creams	 are	 commonly	 used	 to	 prevent	
and treat dermatitis but controlled experiments to 
assess	 eficacy	 on	 human	 and	 animal	 skin	 have	
produced	 equivocal	 results.	 Ghadially	 et	 al.	 [663]	
showed	that	barrier	recovery	(measured	by	TEWL)	
on	experimentally	irritated	skin	was	accelerated	by	
the	application	of	petrolatum	and	De	Paepe	K	et	al.	
[664] showed similar results using a different mois-
turising	 cream.	 Hannuksela	 and	 Kinnunen	 [665]	
showed that treatment with moisturisers prevented 
the development of irritation in an experiment in-
volving	frequent	skin	washing	with	liquid	detergent.	
However,	Gabard	[666]	was	unable	to	demonstrate	
signiicant	acceleration of barrier recovery to chroni-
cally	 irritated	 skin	 following	application	of	 different	
moisturisers using a chronic irritation model and 
also	found	that	some	creams	enhanced	irritation.	

The	eficacy	of	barrier	products	in	preventing	water	
penetration	of	 the	 skin	has	been	 tested	 in	 labora-
tory	 settings.	 Vinson	 and	Proch	 [667]	 applied	wet	
patches	with	a	water-soluble	marker	to	skin	coated	
with three different barrier products and measured 
dye	extracted	from	the	skin	by	absorbance	spectro-
photometry.	One	multiple	barrier	product	performed	
signiicantly	better	than	a	petrolatum-based	and	an	
allantoin-based	 protectant.	 Waring	 and	 Hoggarth	
[668]	used	a	Chromameter	to	measure	skin	colour	
change	after	staining	skin	with	a	water-soluble	dye,	
covering it with a barrier product and washing the 
skin.	 Petrolatum	 products	 were	 found	 to	 be	more	
effective	barriers	than	dimethicone-based	products.	
In	a	 later	 study,	Hoggarth	et	al.	 [669]	 investigated	
the	 barrier	 function	 and	 skin	 hydration	 properties 
of	 six	 skin	 protectants	 when	 applied	 to	 the	 volar	

forearms	of	18	healthy	volunteers.	The	researchers	
found that each had different performance proper-
ties with the water-in-oil products containing petro-
latum performing better than the oil-in-water prod-
ucts containing dimethicone for protection against 
irritation	 or	 maceration.	 However	 the	 dimethicone	
products had higher hydration properties compared 
to	 the	 petrolatum	 products.	 Overall	 the	 water-in-
oil petrolatum-based product was the only product 
to	 be	 eficacious	 for	 all	 performance	 variables.	 A	
limitation of some petrolatum-based moisture bar-
riers	compared	 to	a	non-alcohol	barrier	ilm	 for	 in-
dividuals wearing absorbent pads or briefs is that 
the petrolatum-based products have been shown to 
transfer	 from	 the	 skin	 onto	 the	 absorbent	 product	
and	reduce	luid	update	by	54%	to	90%.	[605].	How-
ever this has not been tested in clinical trials and the 
effects	of	different	 topical	products	on	the	 leakage	
performance	of	absorbent	pads	is	unknown.

Other	practices	that	may	affect	skin	health	 include	
frequency	of	pad	changing.	Increasing	pad	chang-
ing	 may	 reduce	 skin	 wetness	 by	 application	 of	 a	
dry	pad	and	may	 therefore	beneit	skin	health.	 In-
creased pad changing is commonly recommended 
to prevent or treat dermatitis particularly in infants 
[670]	Level	of	Evidence	4.

a) Quality of data

Several	studies	of	skin	cleansing	and	/	or	moisturis-
ing / barrier products to prevent perineal dermatitis 
have been limited by being uncontrolled [614] [671] 
[604]	[672]	and	of	small	size	and	lacking	adequate	
power calculations [673] [674] [602], or not including 
any	clinical	outcome	measures	[673].	Measurement	
of dermatitis may also have been compromised by 
reactive	hyperaemia	on	skin	areas	subject	to	pres-
sure.	Only	four	randomised	controlled	trials	of	a	skin	
cleansing regimes to prevent perineal dermatitis 
could	be	found,	and	two	RCTs	of	products	to	treat	
dermatitis.	Two	trials	focused	on	the	costs	of	barrier	
products	use.	In	addition	there	was	one	randomised	
crossover	trial	of	pad	changing	frequency.

b) Results

1. SKIN CLEANSING / MOISTURISING PRODUCTS TO PREVENT 
DERMATITIS

Byers	et	al.	[673]	compared	four	different	cleansing	
/ moisturising regimes including soap and water us-
ing	a	multiple	cross-over	design.	Despite	having	a	
very small sample size (n = 12 elderly women) they 
found	 statistically	 signiicant	 differences	 in	 TEWL,	
pH	 and	 erythema	 between	 some	 of	 the	 regimes,	
and soap and water was found to be the least ef-
fective	product	for	skin	health.	No	clinical	outcomes	
were measured and differences in outcomes were 
small	(Level	of	Evidence	2).

Beeckman	et	al,	2011	[609]	randomised	141	nurs-
ing home residents to receive standard cleansing 
with	 pH	neutral	 soap	 and	water	with	 the	 use	 of	 a	
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3-in-1 perineal care washcloth impregnated with a 
3%	 dimethicone	 skin	 protectant	 over	 a	 period	 of	
120	days.	Skin	health	was	measured	using	the	IAD	
skin	condition	assessment	tool.	Although	no	differ-
ences	in	the	severity	of	IAD	were	found	there	were	
substantial	 differences	 in	 prevalence	 of	 IAD	 (ex-
perimental:	 8.1%	 versus	 control:	 27.1%,	 F	 =	 3.1,	
p=0.003)	(Level	of	Evidence	2).

Cleansing products

Cooper	and	Gray	[657]	randomised	93	long-term	el-
derly	subjects	to	skin	cleansing	with	soap	and	water	
or with a foam cleanser over a 14 day period and 
blindly	 assessed	 perineal	 skin	 photographs	 at	 zero,	
seven	and	14	days.	The	skin	of	37%	of	subjects	using	
soap	and	water	remained	‘healthy’	compared	to	66%	
of	subjects	using	the	foam	cleanser.	However,	statisti-
cal	analysis	was	not	carried	out	(Level	of	Evidence	3).

Lewis-Byers	 et	 al.	 [658]	 randomised	 32	 nursing	
home residents with incontinence to a soap and 
water or no-rinse cleanser regime over a period of 
three	weeks.	No	signiicant	differences	in	skin	con-
dition were found but no power calculations were 
included	(Level	of	Evidence	3).

Taken	together,	the	evidence	from	these	trials	indi-
cate that specialised cleansers may be better than 
soap	 and	 water	 for	 skin	 health,	 although	 there	 is	
still	a	need	for	further	robust	clinical	trials.	Reported	
staff opinion tends to favour specialised cleansers 
rather than soap and water and there may also be 
cost savings [614] [673] [674] [658] although the re-
liability and validity of the health economic analyses 
carried	out	to	date	has	been	questioned	by	Beeck-
man	(2009)	[581].

Costs of barrier products to prevent dermatitis

Zehrer	 et	 al.	 [605]	 compared	 the	 cost	 and	 eficacy	
of	 three	 incontinence	 skin	 barrier	 products	 in	 250	
nursing	 home	 residents	 from	 four	 facilities.	A	 poly-
mer-based	barrier	ilm	was	used	either	once	daily	or	
three	times	weekly,	and	one	of	two	petrolatum	oint-
ments	was	used	after	each	episode	of	incontinence.	
Residents	 were	monitored	 for	 skin	 damage	 for	 six	
months.	There	were	no	signiicant	differences	in	ef-
fectiveness	among	the	various	barrier	ilm	and	oint-
ment	protocols	of	care.	Time	and	motion	measures	
were used to determine the costs of the products 
and	associated	nursing	 labour.	Daily	cost	of	barrier	
product	ranged	from	$0.17	for	the	barrier	ilm	applied	
three	times	per	week	to	$0.76	for	a	petrolatum	oint-
ment	applied	after	each	 incontinent	episode.	When	
nursing staff labour to apply the barrier products was 
included in the cost analysis, costs increased from 
$0.26	per	day	for	the	less	frequently	applied	barrier	
ilm	to	$1.40	per	day	for	the	more	frequently	applied	
petrolatum	ointments	(Level	of	Evidence	3).	

Bliss	 et	 al.	 [616]	 randomly	 selected	 16	 nursing	
homes to compare the cost and effectiveness of 
four	skin	damage	prevention	regimens.	 In	 three	of	

the	four	skin	prevention	regimens,	a	moisture	barri-
er	ointment	or	cream	of	different	compositions	(43%	
petrolatum;	98%	petrolatum;	and	12%	zinc	oxide	+	
1%	dimethicone)	was	applied	after	each	episode	of	
incontinence, while in the fourth, a polymer-based 
alcohol-free	barrier	ilm	was	applied	three	times	per	
week.	All	 regimens	 used	 a	 pH-balanced,	moistur-
izing cleanser of the same manufacturer as the bar-
rier.	Time	and	motion	measures	were	documented	
for	 the	 amount	 of	 skin	 care	 products	 used,	 the	
number, type, and time of caregivers performing 
IAD	prevention	 care,	 and	 the	 number	 and	 type	 of	
supplies	used.	Compared	to	the	three	regimens	in	
which a barrier was applied after each episode of in-
continence, the use of a regimen in which a barrier 
ilm	was	applied	three	times	weekly	had	signiicantly	
lower costs for the barrier product, labour associ-
ated with barrier application, and total cost which 
included	products,	labour,	and	supplies.	There	were	
also savings in total product (cleanser and barrier) 
and	total	labour	costs.	The	total	cost	was	lowest	for	
the	regimen	using	the	barrier	ilm	compared	to	the	
other regimens in which a barrier needed to be ap-
plied	after	each	episode	of	 incontinence.	The	total	
cost	savings	 ranged	 from	$	0.40	 to	$0.85	per	epi-
sode	of	incontinence	(Level	of	Evidence	2).

Although	both	these	studies	demonstrated	cost	sav-
ings	when	using	barrier-ilm	products	such	savings	
are dependent on relatively infrequent application 
of	the	barrier-ilm	product.	This	may	be	achieved	by	
assigning product application to care staff on par-
ticular shifts but uncontrolled use of such products 
may	be	expensive.

2. SKIN PRODUCTS TO TREAT DERMATITIS

In	a	double	blind	controlled	trial	of	64	subjects,	An-
thony	 et	 al.	 [675]	 compared	 the	 eficacy	 of	 cream	
formulated	to	treat	dermatitis	(Sudocrem)	with	zinc	
cream	BP.	Thirty	subjects	showed	inlammatory	le-
sions	of	the	buttocks	and	a	signiicantly	greater	pro-
portion	of	subjects	allocated	 to	Sudocrem	showed	
reduction	in	skin	redness	at	both	seven	days	and	14	
days.	No	differences	were	found	in	the	prevention	of	
inlammatory	lesions	between	the	two	groups.	Skin	
measurements were made over the ischial tuberosi-
ties but the effect of reactive hyperaemia was not 
accounted	for.	There	was	no	control	group	receiving	
no	skin	treatment	and	therefore	it	was	not	possible	
to	establish	the	eficacy	of	using	cream	as	treatment	
per	se	(Level	of	Evidence	2).

Baatenburg	 de	 Jong	&	Admiraal	 [676]	 determined	
the	 cost	 of	 treating	moderate	 to	 severe	 IAD	 in	 39	
nursing home patients in the Netherlands randomly 
assigned to treatment with a non-stinging barrier 
ilm	or	 zinc	oxide	oil.	The	barrier	 ilm	was	applied	
every	 48	 -	 72	 hours	 for	 less	 severe	 skin	 damage	
and	24	-	48	hours	for	more	severe	damage.	Zinc	ox-
ide oil was applied twice per day and after each epi-
sode	of	incontinence.	Both	barriers	reduced	IAD	but	
the	no-sting	barrier	ilm	was	signiicantly	associated	



1767

with	reduced	severity	of	skin	redness	and	skin	loss,	
although	 skin	 assessments	were	 not	 blinded.	The	
cost per day of the nursing staff labour in the regi-
men	using	the	barrier	ilm	was	€68.58	(sd	=	€	23.61)	
compared	 to	€88.20	 (sd	=	€22.88)	 in	 the	 regimen	
using	the	zinc	oxide	oil	The	total	cost	(including	bar-
rier, labor and supplies) per day of the regimen us-
ing	the	barrier	ilm	(€76.13,	sd	=	€25.48)	was	also	
less than for the regimen using the zinc oxide oil 
(€102.96,	sd	=	€23.25)	(Level	of	Evidence	2).

3. PAD CHANGING FREQUENCY

Fader	et	al.	[629]	investigated	the	effect	of	different	
frequency of night-time pad changing on 81 incon-
tinent nursing / residential home subjects from 20 
homes.	Following	a	two	week	baseline	period,	sub-
jects were randomised by home to pad changing at 
22.00	and	06.00	for	four	weeks	followed	by	22.00,	
02.00	 and	 06.00	 for	 four	 weeks,	 or	 vice	 versa.	
Blinded	skin	measurements	of	instrumental	erythe-
ma (using an erythema meter), visual rating, trans-
epidermal	water	loss	and	pH	were	made	at	baseline	
and	during	the	last	two	weeks	of	each	regime	with	
instrumental erythema measurements used as the 
primary	 outcome	 variable.	 Trans-epidermal	 water	
loss	measurements	were	signiicantly	higher	when	
pads	 were	 changed	 less	 frequently	 (22.00	 and	
06.00)	indicating	that	skin	was	wetter.	No	other	sig-
niicant	differences	were	found.	However,	ive	sub-
jects	developed	stage	II	pressure	ulcers	in	the	less	
frequent pad changing regime compared to none in 
the	 frequent	 pad	 changing	 regime.	Although	more	
frequent pad changing did not demonstrate less 
dermatitis	/	erythema,	the	pressure	ulcer	indings	-	
though	non-signiicant	-	make	it	unwise	to	conclude	
that less frequent pad changing does not damage 
skin	health	(Level	of	Evidence	2).

4. SUMMARY

	 •		Incontinence-associated	dermatitis	 is	a	com-
mon problem amongst absorbent product us-
ers (Level of Evidence 2 ).

	 •		Skin	wetness	overhydrates	skin	and	potenti-
ates the effects of other irritants (Level of 
Evidence 2 ).

	 •		Faecal	incontinence	is	more	irritating	than	uri-
nary incontinence, but the combined effects of 
urine and faeces are particularly damaging to 
skin	(Level of Evidence 2 ).

	 •		Absorbent	 pads	 containing	 super	 absorbent	
polymers	 are	 associated	 with	 reduced	 skin	
wetness (Level of Evidence 3 ).

	 •		Wet	 skin	 is	 more	 vulnerable	 to	 friction	 and	
abrasion injury (Level of Evidence 2 ).

	 •		Pressure	ulcers	are	associated	with	urinary	and	
faecal incontinence (Level of Evidence 2 ).

	 •		Bodyworn	 absorbent	 products	may	 raise	 in-

terface pressures measured under the but-
tocks	(Level of Evidence 3 ).

	 •		There	are	indications	that	skin	cleansers	may	
be more cost-effective than soap and water 
(Level of Evidence 3 ) and may be better for 
skin	health	(Level of Evidence 2 ).

	 •		Barrier	skin	products	may	impede	water	pen-
etration into the stratum corneum (Level of 
Evidence 3 ).

	 •		A	regular	and	structured	skin	care	regimen	using	
topical preparations such as moisturisers or bar-
rier creams is associated with a low incidence of 
perineal dermatitis (Level of evidence 4 ).

	 •		More	 frequent	 pad	 changing	 has	 not	 been	
shown to prevent dermatitis, but less frequent 
pad changes may be associated with pres-
sure ulcers (Level of Evidence 3 ).

5. RECOMMENDATIONS

	 •		Absorbent	pads	with	SAP	should	be	selected	
in preference to those without (Grade of Rec -
ommendation B ).

	 •		Absorbent	pads	should	be	changed	regularly	
to	minimise	skin	wetness	(Grade of Recom -
mendation C ).

	 •		Patients	 with	 faecal	 or	 double	 incontinence	
should be changed as soon as possible after 
incontinence has occurred to prevent the de-
velopment of dermatitis from protease and li-
pase activity (Grade of Recommendation B ).

	 •		Patients	 should	 be	 washed	 gently	 at	 times	
of pad change with either soap and water or 
cleansers.	 Cleanser	 may	 be	 less	 time-con-
suming than soap and water (Grade of Rec -
ommendation C ).

	 •		Skin	 barrier	 products	 should	 be	 applied	 to	
areas that potentially come in contact with 
leaked	urine	and	/	or	faeces	(Grade of Rec -
ommendation D )

	 •		Barrier	products	may	be	applied	to	skin	within	
the pad area to reduce water penetration of 
the	skin	(Grade of Recommendation C ).

	 •		Buttock	and	sacral	areas	should	be	protected	
using	 topical	 skin	 barrier	 products,	 contain-
ment products or diversion devices in patients 
vulnerable	 to	 IAD	or	pressure	ulcers	 (Grade 
of Recommendation C ).	

6. PRIORITIES FOR RESEARCH

	 •		Controlled	 randomized	 trials	 that	 investigate	
the	 effectiveness	 of	 skin	 care	 products	 or	
skin	 care	 regimes	 to	 prevent	 or	 treat	 peri-
neal	 skin	 damage	 due	 to	 urinary	 and	 faecal	
incontinence	are	recommended.	Trials	which	
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aim to test the comparative effects of different 
cleansing regimes, different barrier products 
and use of barrier products compared to care-
ful	 cleansing	 are	 needed	 in	 particular.	 Such	
studies should determine appropriate sample 
sizes	 using	 power	 analyses.	Analyses	 need	
to be powered to distinguish effects on par-
ticipants	 with	 faecal	 or	 double	 incontinence.	
Objective	 measures	 from	 instruments,	 stan-
dardized clinical assessments, and patient 
symptom	ratings	should	be	included.	

	 •		Laboratory-based	 studies	 on	 healthy	 volun-
teers are recommended to help select prod-
ucts	and	establish	potential	eficacy	of	prod-
ucts	before	undertaking	RCTs.

	 •		Further	work	 is	needed	 to	examine	 the	 rela-
tionship	 between	 IAD	 and	 pressure	 ulcers,	
in particular the potential and/or methods to 
discriminate between them, including use of 
biomarkers	and	technology.

	 •		Studies	 to	 identify	 markers	 or	 ways	 of	 dis-
criminating	between	pressure	ulcers	and	IAD	
are	 required.	 Trials	 to	 test	 the	 comparative	
effectiveness	 of	 different	 skin	 cleansing	 re-
gimes are needed as are trials to determine 
whether	skin	barrier	products	deliver	beneits	
over careful cleansing alone and, if they do, 
which	work	best.

Fear	 of	 smelling	 is	 a	 major	 concern	 that	 preoc-
cupies many people suffering from incontinence 
and it is an issue that has been raised in several 
qualitative studies that have explored the subjec-
tive	 opinion	 of	 the	 patient	 eg	 [677]	 [678]	 [5].	Ac-
cordingly, there is a demand for products which will 
mask	odour	or,	preferably,	prevent	it.

1. PRODUCTS FOR URINARY INCONTINENCE

Fresh,	 infection-free	 urine	 smells	 only	 slightly	 but	
bacterial action on urea over time yields pungent 
smelling	ammonia.	

A	variety	of	anti-microbial	solutions	are	available	
for washing such products as hand-held urinals 
or for treating urine spillage onto soft furnishings 
such	as	carpets.	They	aim	to	prevent	smell	by	de-
stroying	 the	bacteria	 responsible	 for	break	down	
of	 urea.	 There	 are	 no	 robust	 published	 studies	
that	have	sought	 to	evaluate	such	products.	An-
other	approach	is	to	mask	the	smell	of	stale	urine	
using a strong but (hopefully) pleasant smelling 
liquid.	There	are	no	 robust	published	studies	on	
such products either but anecdotal evidence sug-
gests	that,	in	time,	the	masking	smell	comes	to	be	
associated with the incontinence that it is intend-
ed	 to	 disguise.	 Several	 companies	 supply	 prod-

ucts (washable bedpads, carpets, chairs, clothing 
and bed linen) made with fabrics that have been 
treated with anti-microbial agents intended to re-
duce	 the	smell	of	any	urine	on	or	 in	 them.	How-
ever, again, there have been no robust published 
studies	to	investigate	efficacy.	

One	 of	 the	 12	 disposable	 bodyworn	 pads	 for	
lightly	 incontinent	 women	 evaluated	 by	 Clarke-
O’Neill	 et	 al.	 [18]	 was	 treated	 with	 a	 lavender	
scent but it was not found to perform significantly 
better than the other products in terms of pre-
venting	smell.	However,	 the	scent	was	appreci-
ated	 by	 18%	of	 the	 50	 test	 subjects,	who	 com-
mented	favourably	on	it.

2. PRODUCTS FOR FAECAL INCONTINENCE

Odour	 associated	 with	 faecal	 incontinence	 may	
occur	 from	 involuntarily	 leaked	 stool	 or	 latus.	 In	
a study with subjects eating a self-selected diet, 
Moore	 et	 al.	 [679]	 identiied	 the	 volatile	 chemi-
cals primarily responsible for faecal odours as the 
methyl sulphides: methanethiol, dimethyl disul-
phide,	and	dimethyl	trisulphide.	Hydrogen	sulphide	
was	 thought	 to	make	 a	 smaller	 contribution.	 In	 a	
subsequent study with persons consuming a bo-
lus of pinto beans and lactulose (a non-absorbable 
carbohydrate)	 Suarez	 et	 al.	 [680]	 attributed	 the	
odour	of	 latus	 to	 the	sulphur	compounds,	hydro-
gen	sulphide,	methanethiol,	and	dimethyl	sulphide.	
The	 intensity	of	 the	odour	 in	latus	was	related	to	
the concentration of the sulphur-containing com-
pounds: the ability of the human nose to recognise 
malodorous odour appears to be related to the 
amount	 of	 gas	 expelled	 [680].	 Different	 states	 of	
health and gastrointestinal function, diet composi-
tion, relative concentrations of sulphide gases and, 
possibly, short chain fatty acids or ammonia are 
expected to contribute to the odour of faeces and 
latus	[679]	and	[680].	

There	are	several	commercially	available	devices	
that	 are	 designed	 to	 absorb	 the	 odour	 of	 flatus.	
One	such	product	originally	called	the	“Toot	Trap-
per”	and	renamed	the	“Flatulence	Filter”	 (UltraT-
ech	products,	Inc.,	Houston,	TX,	USA)	is	a	cush-
ion or pad (which can be placed directly against 
the	 anus)	 that	 is	 lined	 with	 activated	 charcoal.	
Both the cushion and pad are encased in either a 
washable	or	a	disposable	cover.	There	are	similar	
products	by	other	manufacturers	 (e.g.,	Flat-D	by	
Flat-D	Innovations,	Inc.,	Iowa,	USA	and	GasMed-
ic	 and	 GasBGon	 by	 Dairiair	 and	 manufactured	
by	 ECVC,	Greenville,	 NC,	 USA).	 Pads	 compris-
ing fabric covered activated charcoal that can be 
worn	next	to	the	anus	or	attached	to	a	brief	(Gas-
Medic	 underair	 pad	 by	Dairiair	 and	 Flat-D,	 Flat-
D	 Innovations,	 Inc.,	Cedar	Rapids,	 IA).	There	 is	
also underwear (briefs) entirely made of covered 
activated	carbon	cloth	(Underease	protective	un-
derwear	(UltraTech	Products,	Inc.,	Houston,	TX).	
Ohge	at	 el.	 [681]	 compared	 the	 effectiveness	 of	

XV. ODOUR CONTROL PRODUCTS
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11 devices containing activated carbon in six nor-
mal	adults	 (50%	 female)	under	controlled	condi-
tions	 in	absorbing	odoriferous	 rectal	gases.	Five	
types of seat cushions, four types of pads, and 
two types of briefs (one that held a pad next to 
the anus and one made of activated carbon fiber 
fabric)	were	tested.	A	mixture	gas	comprising	100	
ml of nitrogen with traces of hydrogen sulphide 
(40 ppm), methylmercaptan (40 ppm) and hydro-
gen (5,000 ppm) was instilled into the rectum of 
the	 subjects	 via	 a	 rectal	 tube.	 Since	 hydrogen	
does not react with charcoal, the amount of un-
absorbed sulphide was determined from the ratio 
of sulphide to hydrogen collected from the panta-
loons	relative	to	the	ratio	in	the	instilled	gas.	The	
subjects wore mylar pantaloons that were sealed 
at the thighs and waist with elastic bandages to 
reduce	convection	to	the	air.

The	 subjects’	 clothing,	 apart	 from	 any	 device,	
absorbed	 approximately	 22%	 of	 sulphide	 gas.	
The	 cushions	 absorbed	 an	 amount	 comparable	
to	usual	clothing,	20%.	The	various	pads	and	the	
brief with an attached pad held near the anus ab-
sorbed	55-77%	of	the	rectal	gas.	The	underwear	
made of charcoal fabric was the most effective 
and	removed	nearly	all	 (95-99%)	of	 the	sulphide	
gas.	The	charcoal	 fabric	briefs	are	 reusable	and	
the	 charcoal	 is	 allegedly	 regenerable	 with	 heat.	
There	 are	 no	 reports	 of	 any	 odour	 absorbing	
devices being evaluated in persons with faecal 
incontinence.	 In	 vitro	 studies	 showed	 that	 each	
device had the capability of absorbing the rectal 
gases and that their performance efficiency de-
pended on contact between the charcoal element 
and	 gas.	 Briefs	 entirely	made	 of	 activated	 char-
coal fabric appear to provide the greatest surface 
area	for	contact	with	malodorous	rectal	gas.	The	
absorption of odorous gas by clothing suggests 
that washing outer clothing as well as underwear 
is	important	to	reduce	odour.

Some	products	aim	to	reduce	the	amount	of	mal-
odorous	 flatus	 that	 is	 produced.	 Administration	
of	 the	 probiotic,	 Lactobacillus	 plantarum,	 (5	 x	
107 cfu/ml) in a randomized trial of 60 patients 
with	 IBS	significantly	 reduced	 flatulence	 (by	half	
in	 44%	 of	 patients).	 Only	 18%	 of	 the	 placebo	
group	 reported	 reductions	 of	 flatulence	 [682].	
Although	 administration	 of	 charcoal,	 yucca	 and	
zinc acetate reduced the percentage of episodes 
of malodorous gas [683], there are inconsistent 
findings about reductions in flatulence from in-
gesting	activated	charcoal	in	humans	[165]	[684].
Two	 clinical	 trials	 involving	 small	 sample	 sizes	
(19 and eight persons, respectively ) showed that 
the over-the-counter product, Beano, which con-
tains	α-galactosidase,	reduced	flatus	frequency	in	
normal persons following the ingestion of beans 
[685]	 [686].	A	 significant	 reduction	 in	 cumulative	
breath hydrogen excretion over an 8-hour period 

after	 α-galactosidase	 versus	 placebo	 suggests	
α-galactosidase	 reduces	 flatus	 production	 [686].	
Although	Ganiats	et	al.,	1994	[685]	reported	a	sig-
nificant decrease in flatus using 240 galactosidic 
units	 (GalU),	 Di	 Stefano	 reported	 that	 effects	 of	
1200	GalU	but	not	300	GalU	were	significantly	dif-
ferent	 from	placebo.	One	GalU	 is	 the	amount	of	
galactosidase	 that	 releases	 1	 μmol	 of	 galactose	
from	its	substrate	in	one	minute	[686].	Differenc-
es	 in	 the	 test	 diet	 or	 lack	of	 adequate	 statistical	
power may explain these differences since nei-
ther	study	reported	a	power	analysis.	Although	a	
reduction in the amount of intestinal gas produced 
may decrease the volume of odour, it may not de-
crease	its	potency	or	perceived	odour.

A	few	products	are	available	that	aim	to	prevent,	
absorb, or control odour associated with involun-
tarily	leaked	stool	or	flatus	associated	with	faecal	
incontinence.	 These	 include	 cushions	 and	 pads	
that absorb odour as well as probiotics and en-
zymes, which aim to reduce production of mal-
odorous	gas.

3. RECOMMENDATIONS

	 •		Briefs	 made	 of	 activated	 charcoal	 fabric	 are	
recommended over pads or cushions contain-
ing activated charcoal for absorbing odoriferous 
rectal gas (Grade of Recommendation C ).	

	 •		Since	 some	pads	 absorb	 up	 to	 75%	of	 gas,	
there may be value in offering patients who 
have smaller amounts of gas the opportunity 
to	 compare	 pads	 and	 briefs	 for	 themselves.	
(Grade of Recommendation D ).	

	 •		For	 those	 persons	 experiencing	 stool	
leakage	 due	 to	 latus,	 over-the-counter	
α-galactosidase	 containing	 products,	 which	
reduce	 latus	 frequency,	 can	 be	 tried	 in	 an	
attempt	 to	 reduce	 FI	 frequency	 (Grade of 
Recommendation B ).	

	 •		Washing	 of	 outer	 as	 well	 as	 under	 clothing	
after	latus	 is	recommended	to	reduce	odour	
due to absorption of gas by clothing (Grade of 
recommendation of C ).

4. PRIORITIES FOR RESEARCH

	 •		Investigation	of	whether	probiotics	or	changes	
in	dietary	 intake	can	modulate	or	 reduce	the	
odour	of	latulence	or	leaked	faeces.

	 •		Development	 of	 an	 absorbent	 product	 that	
can	reduce	the	odour	of	 leaked	faeces	while	
protecting	the	skin.	

	 •		Investigation	 of	 the	 eficacy	 of	 anti-microbial	
agents in textile products (soft furnishings and 
bedding) for reducing odour associated with 
urinary	and	faecal	incontinence.



1770

REFERENCES

1.	 Fonda	 D,	 Abrams	 P.	 Cure	 sometimes,	 help	 always--a	
“continence	paradigm”	for	all	ages	and	conditions.	Neuro-
urol	Urodyn	2006;25(3):290-2.

2.	 Cottenden	A,	Bliss	D,	Fader	M,	Getliffe	K,	Paterson	J,	Her-
reras	H,	et	al.	Management	with	continence	products.	In:	
Abrams	P,	Cardozo	L,	Khoury	S,	Wein	A,	editors.	Incon-
tinence.	 3rd	 International	 Consultation	 on	 Incontinence.	
Health	Publications	Ltd;	2005.

3.		 Paterson	 J.	 Stigma	 associated	 with	 post-prostatectomy	
urinary	incontinence.	Journal	of	Wound,	Ostomy	and	Con-
tinence	Nursing	2000;27(3):168-73.

4.		 Mitteness	LS,	Barker	JC.	Stigmatizing	a	 “normal”	condi-
tion:	 urinary	 incontinence	 in	 late	 life.	 Med	 Anthropol	 Q	
1995	Jun;9(2):188-210.

5.	 Paterson	J,	Dunn	S,	Kowanko	I,	van	LA,	Stein	I,	Pretty	L.	
Selection	of	continence	products:	perspectives	of	people	
who	have	incontinence	and	their	carers.	Disability	&	Re-
habilitation	25(17):955-63,	2003	Sep	2.

6.		 Gibb	H,	Wong	G.	How	to	choose:	nurses’	judgements	of	
the	effectiveness	of	a	range	of	currently	marketed	conti-
nence	aids.	J	Clin	Nurs	1994	Mar;3(2):77-86.

7.		 Proudfoot	LM,	Farmer	ES,	McIntosh	JB.	Testing	 inconti-
nence	pads	using	single-case	research	designs.	Br	J	Nurs	
1994	Apr	14;3(7):316,	318-20,	322.

8.		 Shaw	C,	Tansey	R,	 Jackson	C,	Hyde	C,	Allan	R.	Barri-
ers	to	help	seeking	in	people	with	urinary	symptoms.	Fam	
Pract	2001	Feb;18(1):48-52.

9.		 Hocking	C.	Function	or	feelings:	factors	in	abandonment	of	
assistive	devices.	Technology	and	Disability	1999;(11):3-11.

10.		 Low	 J.	 Negotiating	 identities,	 negotiating	 environments:	
an interpretation of the experiences of students with 
disabilities.	 1996;11(2):235-248.	 Disability	 and	 society	
1996;11(2):235-48.

11.		 Phillips	 B,	 Zhao	 H.	 Predictors	 of	 assistive	 technology	
abandonment.	Assist	Technol	1993;5(1):36-45.

12.		 McMillen	 A-M,	 Soderberg	 S.	 Disabled	 persons’	 experi-
ence	of	dependence	on	assistive	devices.	Scandinavian	
Journal	of	Occupational	Therapy	2002;(9):176-83.

13.		 Koch	T,	Kralik	D,	Eastwood	S,	Schoield	A.	Breaking	the	
silence: women living with multiple sclerosis and urinary 
incontinence.	Int	J	Nurs	Pract	2001	Feb;7(1):16-23.

14.	 Fader	M,	Cottenden	A,	Brooks	R.	The	CPE	network:	creat-
ing	an	evidence	base	for	continence	product	selection.	J	
Wound	Ostomy	Continence	Nurs	2001	Mar;28(2):106-12.

15.		 Clancy	B,	Malone-Lee	J.	Reducing	the	 leakage	of	body-
worn	incontinence	pads.	J	Adv	Nurs	1991	Feb;16(2):187-
93.

16.		 Thornburn	P,	Fader	M,	Dean	G,	Brooks	R,	Cottenden	A.	
Improving	the	performance	of	small	incontinence	pads:	a	
study	of	“wet	comfort”.	J	Wound	Ostomy	Continence	Nurs	
1997	Jul;24(4):219-25.

17.		 Armitage	 P,	 Berry	 G.	 Statistical	 methods	 in	 medical	 re-
search.	3rd	ed.	Oxford;	1994.

18.		 Clarke-O’Neill	 S,	 Pettersson	 L,	 Fader	 M,	 Cottenden	 A,	
Brooks	R.	A	multicenter	comparative	evaluation:	dispos-
able	 pads	 for	women	with	 light	 incontinence.	 Journal	 of	
Wound,	Ostomy,	&	Continence	Nursing	31(1):32-42,	2004	
Jan;-Feb.

19.		 Getliffe	K,	Fader	M,	Cottenden	A,	Jamieson	K,	Green	N.	
Absorbent	 products	 for	 incontinence:	 ‘treatment	 effects’	
and	 impact	on	quality	of	 life.	 Journal	of	Clinical	Nursing	
16(10):1936-45,	2007	Oct.

20.		 Macaulay	M,	Clarke-ONeill	S,	Fader	M,	Pettersson	L,	Cot-
tenden	A.	Are	washable	absorbents	effective	at	containing	
urinary	incontinence?	Nursing	Times	100(12):58-62,	2004	
Mar	23;-29.

21.	 Fader	M,	Pettersson	L,	Dean	G,	Brooks	R,	Cottenden	AM,	

Malone-Lee	J.	Sheaths	 for	urinary	 incontinence:	a	 rand-
omized	crossover	trial.	BJU	Int	2001	Sep;88(4):367-72.

22.		 Brown	DS.	Diapers	and	underpads,	Part	1:	Skin	integrity	out-
comes.	Ostomy	Wound	Manage	1994	Nov;40(9):20-6,	28.

23.		 Fader	M,	Pettersson	L,	Dean	G,	Brooks	R,	Cottenden	A.	
The	 selection	 of	 female	 urinals:	 results	 of	 a	multicentre	
evaluation.	Br	J	Nurs	1999	Jul	22;8(14):918-5.

24.		 McIntosh	J.	A	guide	 to	 female	urinals.	Nurs	Times	2001	
Feb	8;97(6):VII-VIX.

25.		 Macaulay	M,	Clarke-O’Neill	S,	Cottenden	A,	Fader	M,	van	
den	HE,	Jowitt	F.	Female	urinals	for	women	with	impaired	
mobility.	 Nursing	 Times	 102(42):42-3,	 45,	 47,	 2006	 Oct	
17;-23.

26.		 Vickerman	J.	The	beneits	of	a	lending	library	for	female	
urinals.	Nursing	Times	99(44):56-7,	2003	Nov	4;-10.

27.		 Vickerman	J.	Selecting	urinals	for	male	patients.	Nursing	
Times	102(19):47-8,	2006	May	9;-15.

28.		 Macaulay	M,	van	den	HE,	Jowitt	F,	Clarke-O’Neill	S,	Kar-
das	P,	 Blijham	N,	 et	 al.	A	 noninvasive	 continence	man-
agement system: development and evaluation of a novel 
toileting	device	for	women.	Journal	of	Wound,	Ostomy,	&	
Continence	Nursing	34(6):641-8,	2007	Nov;-Dec.

29.		 Pomfret	 I,	 Vickerman	 J,	 Tonge	 P.	 Introducing	 a	 hand-
held	 urinal	 service	 in	 secondary	 care.	 Nursing	 Times	
101(18):68,	70-1,	2005	May	3;-9.

30.		 Matsumoto	M,	Inoue	K.	Predictors	of	institutionalization	in	
elderly people living at home: the impact of incontinence 
and	commode	use	in	rural	Japan.	J	Cross	Cult	Gerontol	
2007	Dec;22(4):421-32.

31.		 Fader	M.	Access	to	toilets	and	toileting.	In:	Potter	J,	Nor-
ton	C,	Cottenden	C,	editors.	Bowel	care	in	older	people:	
research	 and	 practice.London:	 Royal	 College	 of	 Physi-
cians;	2002.

32.		 Nazarko	L.	Commode	design	for	frail	and	disabled	people.	
Prof	Nurse	1995	Nov;11(2):95-7.

33.		 Medical	Devices	Agency.	Basic	commodes:	a	comparative	
evaluation.		1994.	

34.		 Fader	 MJ,	 Pettersson	 L,	 Clinton	 L,	 Dean	 G,	 Brooks	 R,	
Cottenden	A.	Basic	commodes:	a	comparative	evaluation.		
Medical	Devices	Agency;	2004.	Report	No.:	A5.

35.		 Ballinger	C,	Pain	H,	Pascoe	J,	Gore	S.	Choosing	a	com-
mode	 for	 the	 ward	 environment.	 Br	 J	 Nurs	 1996	 Apr	
25;5(8):485-500.

36.		 Gillan	J.	Seat	of	the	motions.	Nursing	Times	1999;95:26.

37.		 Bucior	H,	Cochrane	 J.	 Lifting	 the	 lid:	 a	 clinical	 audit	 on	
commode	cleaning.	Journal	of	Infection	Prevention	2010.

38.		 Naylor	JR,	Mulley	GP.	Commodes:	inconvenient	conveni-
ences.	BMJ	1993	Nov	13;307(6914):1258-60.

39.		 Nelson	A,	Malassigne	P,	Amerson	T,	Saltzstein	R,	Binard	
J.	 Descriptive	 study	 of	 bowel	 care	 practices	 and	 equip-
ment	in	spinal	cord	injury.	SCI	Nurs	1993	Jun;10(2):65-7.

40.		 Malassigne	P,	Nelson	A,	Amerson	T,	Salzstein	R,	Binard	J.	
Toward	the	design	of	a	new	bowel	care	chair	for	the	spinal	
cord	injured:	a	pilot	study.	SCI	Nurs	1993	Aug;10(3):84-90.

41.	 Nelson	AL,	Malassigne	P,	Murray	J.	Comparison	of	seat	
pressures on three bowel care/shower chairs in spinal 
cord	injury.	SCI	Nurs	1994	Dec;11(4):105-7.

42.		 Malassigne	P,	Nelson	AL,	Cors	MW,	Amerson	T.	Design	
of the advanced commode-shower chair for spinal cord 
injured	individuals.	Journal	of	rehabilitiation	research	and	
development	1995;37:373-82.

43.		 Wells	M.	Managing	urinary	incontinence	with	BioDerm	ex-
ternal	continence	device.	British	Journal	of	Nursing	2008.

44.		 MacIntosh	J.	Realising	the	potential	of	urinals	for	women.	
Journal	of	Community	Nursing	1998;12(8):14-8.

45.		 Fader	M,	Barnes	E,	Malone-Lee	 J,	Cottenden	A.	Conti-
nence.	Choosing	the	right	garment.	Nurs	Times	1987	Apr	
15;83(15):78-85.



1771

46.		 Teunissen	TAM,	Lagro-Janssen	ALM.	Sex	differences	 in	
the use of absorbent (incontinence) pads in independently 
living	elderly	people:	do	men	receive	less	care?	Int	J	Clin	
Pract	2009.

47.		 Chartier-Kastler	E,	Ballanger	P,	Petit	J,	Fourmarier	M,	Bart	
S,	Ragni-Ghazarossian	E,	et	al.	Randomized,	crossover	
study evaluating patient preference and the impact on 
quality of life or urisheaths versus absorbent products in 
incontinent	men.	BJU	International	2011.

48.	 Cottenden	AM,	Fader	MJ,	Pettersson	L,	Clinton	L,	Dean	
GE,	Malone-Lee	 J,	 et	 al.	Disposable,	 shaped	 bodyworn	
pads	 with	 pants	 for	 	 heavy	 incontinence.	 London,	 UK:	
Medical	Devices	Agency;	1998.	Report	No.:	IN1.

49.	 Clarke-O’Neill	S,	Fader	MJ,	Pettersson	L,	Clinton	L,	Dean	
G,	Malone-Lee	J,	et	al.	Disposable	pads	for	light	inconti-
nence.	London,	UK:	Medical	Devices	Agency;	2002.	Re-
port	No.:	IN9.

50.		 Omli	 R,	 Skotnes	 LH,	 Romild	 U,	 Bakke	 A,	 Mykletun	 A,	
Kuhry	 E.	 Pad	 per	 day	 usage,	 urinary	 incontinence	 and	
urinary	tract	 infections	 in	nursing	home	residents.	Age	&	
Ageing	2010.

51.	 Hellstrom	 L,	 Ekelund	 P,	 Larsson	 M,	 Milsom	 I.	Adapting	
incontinent	patients	incontinence	aids	to	their	leakage	vol-
umes.	Scand	J	Caring	Sci	1993;7(2):67-71.

52.	 Aumônier	S,	Collins	M.	Life	cycle	assessment	of	dispos-
able	 and	 reusable	 nappies	 in	 the	UK.	 London:	Environ-
mental	Agency;	2005.

53.		 International	 Standards	 Organization.	 ISO	 11948-1:	
Urine-absorbing	aids	Part	1:	Whole	product	 testing.	Ge-
neva:	International	Standards	Organization;	1996.		1996.	

54.	 Fader	M,	Cottenden	A,	Getliffe	K,	Gage	H,	Clarke-O’Neill	
S,	Jamieson	K,	et	al.	Absorbent	products	for	urinary/fae-
cal	incontinence:	a	comparative	evaluation	of	key	product	
designs.	Health	Technol	Assess	2008	Jul;12(29):iii-185.

55.		 Fader	M,	Cottenden	AM,	Getliffe	K.	Absorbent	 products	
for	 light	urinary	 incontinence	 in	women.	Cochrane	Data-
base	of	Systematic	Reviews	2007.

56.	 Clarke-O’Neill	S,	Pettersson	L,	Fader	M,	Dean	G,	Brooks	
R,	 Cottenden	 A.	 A	 multicentre	 comparative	 evaluation:	
washable	pants	with	an	integral	pad	for	light	incontinence.	
J	Clin	Nurs	2002	Jan;11(1):79-89.

57.	 Baker	 J,	Norton	P.	Evaluation	of	 absorbent	 products	 for	
women	with	mild	 to	moderate	urinary	 incontinence.	Appl	
Nurs	Res	1996	Feb;9(1):29-33.

58.	 Erekson	EA,	Meyer	SA,	Melick	C,	McLennan	MT.	Inconti-
nence pads: recommending the best product-based wet-
back	performance	and	price.	Int	Urogynecol	J	2008.

59.	 Macaulay	M,	Pettersson	L,	Fader	M,	Brooks	R,	Cottenden	
A.	Absorbent	products	for	men	with	light	incontinence:	an	
evaluation.	UK:	Medical	Devices	Agency;	2005.	

60.		 Brink	CA.	Absorbent	 pads,	 garments,	 and	management	
strategies.	J	Am	Geriatr	Soc	1990	Mar;38(3):368-73.

61.	 Beber	CR.	Freedom	for	the	incontinent.	Am	J	Nurs	1980	
Mar;80(3):482-4.

62.	 Grant	R.	Washable	pads	or	disposable	diapers?	Geriatr	
Nurs	1982	Jul;3(4):248-51.

63.	 Haeker	 S.	 What’s	 best--reusable	 or	 disposable	 inconti-
nence	products?	Text	Rent	1986	May;69(9):86-91.

64.	 Dolman	M.	 Continence.	 The	 cost	 of	 incontinence.	 Nurs	
Times	1988	Aug	3;84(31):67-9.

65.	 Prevalence	of	hospital-acquired	infections	in	Spain.	EPINE	
Working	Group.	J	Hosp	Infect	1992	Jan;20(1):1-13.

66.	 Hu	 TW,	 Kaltreider	 DL,	 Igou	 J.	 The	 cost-effectiveness	
of	 disposable	 versus	 reusable	 diapers.	 A	 controlled	
experiment	 in	 a	 nursing	 home.	 J	 Gerontol	 Nurs	 1990	
Feb;16(2):19-24.

67.		 Harper	DW,	O’Hara	PA,	Lareau	J,	Cass	J,	Black	EK,	Stew-
art	S,	et	al.	Reusable	versus	disposable	incontinent	briefs:	
a	multiperspective	crossover	clinical	 trial.	 Journal	of	Ap-
plied	Gerontology	1995;14(4):391-407.

68.	 Merrett	S,	Adams	L,	Jordan	J.	Incontinence	research	pro-
vides	some	answers.	Aust	Nurses	J	1988	Aug;18(2):17-8.

69.	 Brown	 DS.	 Diapers	 and	 underpads,	 Part	 2:	 Cost	 out-
comes.	Ostomy	Wound	Manage	1994	Nov;40(9):34-6,	38,	
40.

70.	 Hu	 TW,	 Kaltreider	 DL,	 Igou	 J.	 Incontinence	 products:	
which	is	best?	Geriatr	Nurs	1989	Jul;10(4):184-6.

71.	 Hu	TW,	Kaltreider	DL,	 Igou	JF.	Disposable	versus	 reusD-
able incontinent products: a controlled cost-effectiveness 
experiment.	Ostomy	Wound	Manage	1988;21:46-53.

72.	 Fader	MJ,	Pettersson	L,	Clinton	L,	Dean	GE,	Brooks	RD,	
Cottenden	AM.	Disability	Equipment	Assessment	Report,	
Disposable,	shaped	bodyworn	pads	with	pants	for	heavy	
incontinence:	 an	 evaluation.	 	 Medical	 Devices	 Agency	
(UK);	1998.	Report	No.:	IN.1.

73.	 Fader	MJ,	Pettersson	L,	Clinton	L,	Dean	GE,	Brooks	RD,	
Cottenden	AM.	Disability	Equipment	Assessment	Report,	
All-in-one	 disposable	 bodyworn	 pads	 for	 heavy	 inconti-
nence.		Medical	Devices	Agency	(UK);	1999.	Report	No.:	
IN.4.

74.	 Cottenden	AM,	Ledger	DJ.	Predicting	the	leakage	perfor-
mance of bodyworn disposable incontinence pads using 
laboratory	tests.	J	Biomed	Eng	1993	May;15(3):212-20.

75.	 Cottenden	AM,	Fader	MJ,	Pettersson	L,	Brooks	RJ.	How	
well	does	 ISO	11948-1	 (the	Rothwell	method)	 for	meas-
uring the absorption capacity of incontinence pads in the 
laboratory	correlate	with	clinical	pad	performance.	Medi-
cal	Engineering	&	Physics	25(7):603-13,	2003	Sep.

76.		 Cottenden	AM,	Rothwell	JG,	Leander	H,	Grau	C,	Brooks	
RJ.	An	investigation	of	the	repeatability	and	reproducibility	
of	ISO	11948-1	(the	Rothwell	method)	for	measuring	the	
absorption	capacity	of	incontinence	pads.	Med	Eng	Phys	
2002	Mar;24(2):159-63.

77.	 Henderson	DJ,	Rogers	WF.	Hospital	trials	of	incontinence	
underpads.	Nurs	Times	1971	Feb	4;67(5):141-3.

78.	 Thornburn	P,	Cottenden	A,	Ledger	D.	Continence.	Under-
cover	trials.	Nurs	Times	1992	Mar	25;88(13):72-8.

79.	 Bradbury	 SM.	 Incontinence	 pads	 and	 clostridium	 infec-
tion.	J	Hosp	Infect	1985	Mar;6(1):115.

80.	 Leigh	 DA,	 Petch	 VJ.	 Sterility	 of	 incontinence	 pads	 and	
sheets.	J	Hosp	Infect	1987	Jan;9(1):91-3.

81.		 Sprott	 MS,	 Kearns	 AM,	 Keenlyside	 D.	 A	 microbio-
logical	 study	 of	 absorbent	 pads.	 J	 Hosp	 Infect	 1988	
Aug;12(2):125-9.

82.	 Stansield	R,	Caudle	S.	Bacillus	cereus	and	orthopaedic	
surgical wound infection associated with incontinence 
pads	manufactured	from	virgin	wood	pulp.	J	Hosp	Infect	
1997	Dec;37(4):336-8.

83.	 Cottenden	AM.	Aids	and	appliances	for	incontinence.	The	
promotion	and	management	of	continence.	Prentice	Hall;	
1992.

84.	 Leiby	DM,	Shanahan	N.	Clinical	study:	assessing	the	per-
formance	and	skin	environments	of	 two	 reusable	under-
pads.	Ostomy	Wound	Manage	1994	Oct;40(8):30-7.

85.	 Cottenden	AM,	Moore	KN,	Fader	MJ,	Cremer	AW.	Is	there	
a	 risk	 of	 cross-infection	 from	 laundered	 reusable	 bed-
pads?	Br	J	Nurs	1999	Sep	23;8(17):1161-3.

86.	 Lukeman	 D.	 Mainly	 children:	 childhood	 enuresis	 and	
encopresis.	 In:	Getliffe	 K,	Dolman	M,	Tindall	 B,	 editors.	
Promoting	 continence:	A	 clinical	 and	 research	 resource.
London:	Bailliere	Tindall;	1997.	p.	138.

87.		 Macaulay	M,	Pettersson	L,	Fader	M,	Brooks	R,	Cottenden	
A.	A	multicenter	evaluation	of	absorbent	products	for	chil-
dren	with	incontinence	and	disabilities.	Journal	of	Wound,	
Ostomy,	&	Continence	Nursing	 31(4):235-44,	 2004	 Jul;-
Aug.

88.	 Bliss	DZ,	Savik	K.	Use	of	an	absorbent	dressing	specii-
cally	for	fecal	incontinence.	Journal	of	Wound,	Ostomy,	&	
Continence	Nursing	35(2):221-8,	2008	Mar;-Apr.

89.	 Potter	PJ.	Disordered	control	of	the	urinary	bladder	after	



1772

human	 spinal	 cord	 injury:	 what	 are	 the	 problems?	Prog	
Brain	Res	2006;152:51-7.

90.	 Pomfret	I.	Penile	sheaths:	a	guide	to	selection	and	itting.	
Journal	of	Community	Nursing	2006;20(11):14-8.

91.	 Bycroft	J,	Hamid	R,	Shah	PJ.	Penile	erosion	in	spinal	cord	
injury--an	 important	 lesson.	 Spinal	 Cord	 41(11):643-4,	
2003	Nov.

92.		 Fetsch	 JF,	 Davis	 CJ,	 Jr.,	 Hallman	 JR,	 Chung	 LS,	 Lup-
ton	 GP,	 Sesterhenn	 IA.	 Lymphedematous	 ibroepithelial	
polyps of the glans penis and prepuce: a clinicopatho-
logic study of 7 cases demonstrating a strong associa-
tion	with	chronic	condom	catheter	use.	Hum	Pathol	2004	
Feb;35(2):190-5.

93.	 Potter	 J.	 Male	 urinary	 incontinence-could	 penile	
sheaths	 be	 the	 answer?	 Journal	 of	 Community	 Nursing	
2007;21(5):4042.

94.	 Pemberton	P,	Brooks	A,	Eriksen	CM,	Frost	S,	Graham	S,	
Greenman	L,	et	al.	A	comparative	study	of	 two	 types	of	
urinary	 sheath.	 Nursing	 Times	 102(7):36-41,	 2006	 Feb	
14;-20.

95.	 Golji	H.	Complications	of	external	condom	drainage.	Para-
plegia	1981;19(3):189-97.

96.		 Jayachandran	 S,	 Mooppan	 UM,	 Kim	 H.	 Complications	
from	external	(condom)	urinary	drainage	devices.	Urology	
1985	Jan;25(1):31-4.

97.	 Hirsh	DD,	Fainstein	V,	Musher	DM.	Do	condom	catheter	
collecting	 systems	 cause	 urinary	 tract	 infection?	 JAMA	
1979	Jul	27;242(4):340-1.

98.	 Johnson	 JR,	 Roberts	 PL,	Olsen	RJ,	Moyer	 KA,	 Stamm	
WE.	 Prevention	 of	 catheter-associated	 urinary	 tract	
infection with a silver oxide-coated urinary catheter: 
clinical	 and	 microbiologic	 correlates.	 J	 Infect	 Dis	 1990	
Nov;162(5):1145-50.

99.		 Ouslander	 JG,	 Greengold	 B,	 Chen	 S.	 External	 cath-
eter use and urinary tract infections among incontinent 
male	 nursing	 home	 patients.	 J	 Am	 Geriatr	 Soc	 1987	
Dec;35(12):1063-70.

100.	 Al-Awadhi	NM,	Al-Brahim	N,	Ahmad	MS,	Yordanov	E.	Gi-
ant	ibroepithelial	polyp	of	the	penis	associated	with	long-
term	use	of	condom	catheter.	Case	 report	and	 literature	
review.	Canadian	Journal	of	Urology	14(4):3656-9,	2007	
Aug.

101.		Saint	S,	Kaufman	SR,	Rogers	MA,	Baker	PD,	Ossenkop	
K,	 Lipsky	 BA.	 Condom	 versus	 indwelling	 urinary	 cathe-
ters:	a	randomized	trial.	Journal	of	the	American	Geriatrics	
Society	54(7):1055-61,	2006	Jul.

102.	 Nichols	T,	Balis	N.	Male	External	Urinary	Catheter	Design	
Survey.	2000	Jun	4;	2000.

103.		Peifer	DJ,	Hanover	RY.	Clinical	evaluation	of	the	easy-low	
catheter.	J	Rehabil	Res	Dev	1997	Apr;34(2):215-9.

104.	 Thelwell	 S,	 Symon	 C,	 Gay	 S,	 Dean	 G,	 Cottenden	 A,	
Feneley	R.	Penile	sheaths:	a	comparative	evaluation.	UK:	
Medical	Devices	Agency;	1995	Nov.	Report	No.:	A15.

105.		Watson	R,	Kuhn	M.	The	inluence	of	component	parts	on	
the	 performance	of	 urinary	 sheath	 systems.	 J	Adv	Nurs	
1990	Apr;15(4):417-22.

106.		Goldyn	 V,	 Buck	 R,	 Chenelly	 S.	 Two	 incontinence	 man-
agement	devices:	 the	beneits	of	 the	 “incontinence	bag”	
and	the	freedom	catheter.	Ostomy	Wound	Manage	1992	
Mar;38(2):28-35.

107.	 Saint	S,	Lipsky	BA,	Baker	PD,	McDonald	LL,	Ossenkop	
K.	Urinary	catheters:	what	type	do	men	and	their	nurses	
prefer?	J	Am	Geriatr	Soc	1999	Dec;47(12):1453-7.

108.	 Pomfret	 I.	 Back	 to	 basics:	 urinary	 sheaths.	 Journal	 of	
Community	Nursing	2003;17(10).

109.		Pomfret	 IJ.	 Catheters:	 design,	 selection	 and	 manage-
ment.	Br	J	Nurs	1996	Feb	22;5(4):245-51.

110.	 Hooton	TM,	Bradley	SF,	Cardenas	DD,	Colgan	R,	Geer-
lings	SE,	Rice	JC.	Diagnosis,	prevention,	and	treatment	
of catheter-associated urinary tract infection in adults: 

2009 international clinical practice guidelines from the 
infectious	 diseases	 society	 of	America.	 	Clinical	 Infec-
tious	Diseases	2010.

111.	 Garcia	 MM,	 Gulati	 S,	 Liepmann	 D.	 Traditional	 Foley	
drainage	 systems-do	 they	 drain	 the	 bladder?	 J	 Urol	
2007;177(1):203-7.

112.		Pinar	K,	Moore	KN,	Smits	E,	Murphy	K,	Schoplocher	D.	
Leg	Bag	Comparison	Reported	Skin	Health,	Comfort,	and	
Satisfaction.	Journal	of	Wound,	Ostomy	and	Continence	
Nursing	2009.

113.	 Kennedy	AP,	 Brocklehurst	 JC,	 Lye	 MD.	 Factors	 related	
to	 the	problems	of	 long-term	catheterization.	J	Adv	Nurs	
1983	May;8(3):207-12.

114.		Wilson	M,	Coates	D.	Infection	control	and	urine	drainage	
bag	design.	Prof	Nurse	1996	Jan;11(4):245-9,	251.

115.		Fader	 M,	 Thelwell	 S,	 Symon	 C,	 Gay	 S,	 Cottenden	 A,	
Dean	G,	et	al.	Sterile	500ml	leg	bags	for	urine	drainage:	a	
multi-centre	comparative	evaluation.	UK:	Medical	Devices	
Agency;	1996	Feb.	Report	No.:	A20.

116.		Fader	M,	Pettersson	L,	Clinton	L,	Dean	G,	Brooks	R,	Cot-
tenden	A.	 Non-sterile	 500ml	 -	 700ml	 leg	 bags	 for	 urine	
drainage:	 an	 evaluation.	 UK:	 Medical	 Devices	 Agency;	
1999	Feb.	Report	No.:	IN2.

117.	 Thelwell	 S,	 Symon	C,	Gay	S,	 Cottenden	A,	 Feneley	R.	
Continence.	Systems	for	leg	bags.	Nurs	Times	1995	Apr	
19;91(16):62-4.

118.	 Munnings	LJ,	Cawood	CD.	Clinical	study	of	a	new	urine	
collection	bag.	Urologic	Nursing	23(4):287-91,	2003	Aug.

119.	 Garcia	MF,	 Knight	 SL,	Greenwell	 T,	Mundy	AR,	Craggs	
MD.	“Flowsecure”	artiicial	urinary	sphincter:	a	new	adjust-
able	artiicial	urinary	sphincter	concept	with	conditional	oc-
clusion	 for	stress	urinary	 incontinence].	 [Spanish].	Actas	
Urologicas	Espanolas	31(7):752-8,	2007	Jul;-Aug.

120.	Wong	 ES.	 Guideline	 for	 prevention	 of	 catheter-asso-
ciated	 urinary	 tract	 infections.	Am	 J	 Infect	Control	 1983	
Feb;11(1):28-36.

121.	 Lowthian	P.	The	dangers	of	long-term	catheter	drainage.	
Br	J	Nurs	1998	Apr	9;7(7):366-8,	370,	372.

122.	 Pratt	RJ,	Pellowe	CM,	Wilson	JA,	Loveday	HP,	Harper	PJ,	
Jones	 SR,	 et	 al.	 epic2:	 National	 evidence-based	 guide-
lines for preventing healthcare-associated infections in 
NHS	 hospitals	 in	 England.	 J	 Hosp	 Infect	 2007	 Feb;65	
Suppl	1:S1-64.

123.	 Roe	BH,	Reid	FJ,	Brocklehurst	JC.	Comparison	of	four	urine	
drainage	systems.	J	Adv	Nurs	1988	May;13(3):374-82.

124.		Platt	R,	Polk	BF,	Murdock	B,	Rosner	B.	Reduction	of	mor-
tality	 associated	 with	 nosocomial	 urinary	 tract	 infection.	
Lancet	1983	Apr	23;1(8330):893-7.

125.	 Rogers	J,	Norkett	D,	Bracegirdle	P,	Dowsett	AB,	Walker	
JT,	Brooks	T.	Examination	of	bioilm	formation	and	risk	of	
infection associated with the use of urinary catheters with 
leg	bags.	The	Journal	of	Hospital	Infection	1996.

126.		Wilde	MH,	Brasch	J,	Getliffe	K,	Brown	KA,	McMahon	JM,	
Smith	 JA,	 et	 al.	 Study	 on	 the	 use	 of	 long-term	 urinary	
catheters	 in	 community-dwelling	 individuals.	 Journal	 of	
Wound,	Ostomy	and	Continence	Nursing	2010.

127.		Keerasuntonpong	A,	 Thearawiboon	W,	 Panthawanan	A,	
Judaeng	T,	Kachintorn	K,	 Jintanotaitavorn	D,	 et	 al.	 Inci-
dence of urinary tract infections in patients with short-term 
indwelling urethral catheters: a comparison between a 
3-day urinary drainage bag change and no change regi-
mens.	Am	J	Infect	Control	2003	Feb;31(1):9-12.

128.		Hardyck	 C,	 Petrinovich	 L.	 Reducing	 urinary	 tract	 infec-
tions	 in	 catheterized	 patients.	 Ostomy	Wound	 Manage-
ment	1998.

129.		Thompson	 RL,	 Haley	 CE,	 Searcy	 MA,	 Guenthner	 SM,	
Kaiser	DL,	Groschel	DH,	et	al.	Catheter-associated	bac-
teriuria.	Failure	 to	 reduce	attack	 rates	using	periodic	 in-
stillations	of	a	disinfectant	into	urinary	drainage	systems.	
JAMA	1984	Feb	10;251(6):747-51.



1773

130.		Lo	E,	Nicolle	L,	Classen	D,	Arias	KM,	Podgorny	K,	Ander-
son	DJ,	 et	 al.	 Strategies	 to	 prevent	 catheter-associated	
urinary	 tract	 infections	 in	 acute	 care	 hospitals.	 Infection	
Control	&	Hospital	Epidemiology	2008.

131.		Smith	PW,	Bennett	G,	Bradley	S,	Drinka	P,	Lautenbach	E,	
Marx	J,	et	al.	SHEA/APIC	guideline:	 infection	prevention	
and	control	in	the	long-term	care	facility.		Infection	Control	
&	Hospital	Epidemiology	2008.

132.	 Ostaszkiewicz	 J,	 Paterson	 J.	 Nurses’	Advice	 Regarding	
Sterile	 or	 Clean	 Urinary	 Drainage	 Bags	 for	 Individuals	
With	a	Long-term	Indwelling	Urinary	Catheter.	Journal	of	
Wound,	Ostomy,	&	Continence	Nursing	2012.

133.	 Madigan	E,	Neff	DF.	Care	of	 patients	with	 long-term	 in-
dwelling	 urinary	 catheters.	 Online	 Journal	 of	 Issues	 in	
Nursing	8(3):7,	2003.

134.		Dille	CA,	Kirchhoff	KT,	Sullivan	JJ,	Larson	E.	 Increasing	
the wearing time of vinyl urinary drainage bags by de-
contamination	with	bleach.	Arch	Phys	Med	Rehabil	1993	
Apr;74(4):431-7.

135.	 Hashisaki	P,	Swenson	J,	Mooney	B,	Epstein	B,	Bowcutt	
C.	Decontamination	of	urinary	bags	for	rehabilitation	pa-
tients.	Arch	Phys	Med	Rehabil	2012.

136.	 Rooney	M.	Impacting	health	care:	study	of	a	reusable	uri-
nary	drainage	system.	SCI	Nurs	1994	Mar;11(1):16-8.

137.	 Glenister	H.	The	 journal	of	 infection	control	nursing.	The	
passage	of	infection.	Nurs	Times	1987	Jun	3;83(22):68-73.

138.		Wenzler-Rottele	S,	Dettenkofer	M,	Schmidt-Eisenlohr	E,	
Gregersen	A,	Schulte-Monting	J,	Tvede	M.	Comparison	in	
a laboratory model between the performance of a urinary 
closed system bag with double non-return valve and that 
of	a	single	valve	system.	Infection	34(4):214-8,	2006	Aug.

139.		Tsumura	 H,	 Satoh	 T,	 Kurosaka	 S,	 Fujita	 T,	 Matsumoto	
K,	Baba	S.	Clinical	characteristics	in	patients	with	purple	
urine	bag	syndrome.	 	Hinyokika	Kiyo	Acta	Urologica	Ja-
ponica	2008.

140.		Mantani	 N,	 Ochiai	 H,	 Imanishi	 N,	 Kogure	 T,	 Terasawa	
K,	 Tamura	 J.	 A	 case-control	 study	 of	 purple	 urine	 bag	
syndrome	 in	 geriatric	 wards.	 J	 Infect	 Chemother	 2003	
Mar;9(1):53-7.

141.		Jones	 S,	 Brooks	 A,	 Foxley	 S,	 Dunkin	 J.	 Care	 of	 uri-
nary	 catheters	 and	 drainage	 systems.	 Nursing	 Times	
103(42):48-50,	2007	Oct	16;-22.

142.	 Hudson	L,	McNicoll	D.	Simpla	Plus	leg	bag:	approval	by	
the	National	Customer	Group.	British	Journal	of	Nursing	
12(8):505-6,	508-10,	2003	Apr	24;-May.

143.	 Pieper	B,	Cleland	V,	Johnson	DE,	O’Reilly	JL.	 Inventing	
urine	incontinence	devices	for	women.	Image	J	Nurs	Sch	
1989;21(4):205-9.

144.	 Lipp	A	SCGK.	Mechanical	devices	for	urinary	incontinence	
in	 women.	 Cochrane	 Database	 of	 Systematic	 Reviews	
2011.

145.	 Eckford	SD,	Jackson	SR,	Lewis	PA,	Abrams	P.	The	conti-
nence control pad--a new external urethral occlusion de-
vice	in	the	management	of	stress	incontinence.	Br	J	Urol	
1996	Apr;77(4):538-40.

146.		Brubaker	L,	Harris	T,	Gleason	D,	Newman	D,	North	B.	The	
external urethral barrier for stress incontinence: a multi-
center	trial	of	safety	and	eficacy.	Miniguard	Investigators	
Group.	Obstet	Gynecol	1999	Jun;93(6):932-7.

147.		Versi	E,	Harvey	MA.	Eficacy	of	an	external	urethral	de-
vice	 in	women	with	genuine	stress	urinary	 incontinence.	
Int	Urogynecol	J	Pelvic	Floor	Dysfunct	1998;9(5):271-4.

148.		Moore	 KH,	 Simons	 A,	 Dowell	 C,	 Bryant	 C,	 Prashar	 S.	
Eficacy	 and	 user	 acceptability	 of	 the	 urethral	 occlusive	
device	 in	women	with	urinary	 incontinence.	 J	Urol	 1999	
Aug;162(2):464-8.

149.		Tincello	DG,	Bolderson	J,	Richmond	DH.	Preliminary	ex-
perience with a urinary control device in the management 
of	 women	 with	 genuine	 stress	 incontinence.	 Br	 J	 Urol	
1997	Nov;80(5):752-6.

150.	 Tincello	 DG,	Adams	 EJ,	 Bolderson	 J,	 Richmond	 DH.	A	

urinary control device for management of female stress 
incontinence.	Obstet	Gynecol	2000	Mar;95(3):417-20.

151.		Bellin	P,	Smith	J,	Poll	W,	Bogojavlensky	S,	Knoll	D,	Childs	
S,	et	al.	Results	of	a	multicenter	trial	of	the	CapSure	(Re/
Stor)	Continence	shield	on	women	with	stress	urinary	in-
continence.	Urology	1998	May;51(5):697-706.

152.		Shinopulos	NM,	Dann	JA,	Smith	JJ,	III.	Patient	selection	
and	 education	 for	 use	 of	 the	 CapSure	 (Re/Stor)	 conti-
nence	shield.	Urol	Nurs	1999	Jun;19(2):135-40.

153.		Dunn	M,	Brandt	D,	Nygaard	 I.	Treatment	of	exercise	 in-
continence	with	a	urethral	insert:	a	pilot	study.	The	Physi-
cian	and	Sports	Medicine	2002	Jan;30(1).

154.	 Balmforth	 J,	 Cardozo	 LD.	 Trends	 toward	 less	 invasive	
treatment	of	 female	stress	urinary	 incontinence.	Urology	
2003	Oct;62(4	Suppl	1):52-60.

155.		Nielsen	 KK,	Walter	 S,	Maegaard	 E,	 Kromann-Andersen	
B.	The	urethral	plug	II:	an	alternative	treatment	in	women	
with	genuine	urinary	stress	 incontinence.	Br	J	Urol	1993	
Oct;72(4):428-32.

156.		Nielsen	K,	Walter	S,	Maegaard	E,	Kromann-Andersen	B.		
The	urethral	plug	:	an	alternative	treatment	of	women	with	
urinary	stress	incontinence.	(Danish).	Ugeskrift	for	Laeger	
1995;157(22):3194-7.

157.	 Peschers	U,	Zen	RF,	Schaer	GN,	Schussler	B.	[The	VIVA	
urethral plug: a sensible expansion of the spectrum for 
conservative	therapy	of	urinary	stress	incontinence?].	Ge-
burtshilfe	Frauenheilkd	1996	Mar;56(3):118-23.

158.		Staskin	D,	Bavendam	T,	Miller	 J,	Davila	GW,	Diokno	A,	
Knapp	P,	et	al.	Effectiveness	of	a	urinary	control	insert	in	
the management of stress urinary incontinence: early re-
sults	of	a	multicenter	study.	Urology	1996	May;47(5):629-
36.

159.		Miller	 JL,	Bavendam	T.	Treatment	with	 the	Reliance	uri-
nary	control	insert:	one-year	experience.	J	Endourol	1996	
Jun;10(3):287-92.

160.		Sand	PK,	Staskin	D,	Miller	J,	Diokno	A,	Sant	GR,	Davila	
GW,	et	al.	Effect	of	a	urinary	control	 insert	on	quality	of	
life	 in	 incontinent	women.	 Int	Urogynecol	 J	 Pelvic	 Floor	
Dysfunct	1999;10(2):100-5.

161.		Robinson	J.	Purple	urinary	bag	syndrome:	a	harmless	but	
alarming	problem.	British	Journal	of	Community	Nursing	
8(6):263-6,	2003	Jun.

162.		Boos	K,	Anders	K,	Hextall	A,	Tooz-Hobson	P,	Cardozo	L.	
Randomised	trial	of	Reliance	versus	FemAssist	devices	in	
the	management	of	genuine	stress	 incontinence.	Neuro-
urology	&	Urodynamics	1998;17(4):455-6.

163.		Nygaard	 I.	Prevention	of	exercise	 incontinence	with	me-
chanical	devices.	J	Reprod	Med	1995	Feb;40(2):89-94.

164.		Realini	 JP,	Walters	MD.	 Vaginal	 diaphragm	 rings	 in	 the	
treatment	of	stress	urinary	incontinence.	J	Am	Board	Fam	
Pract	1990	Apr;3(2):99-103.

165.		Suarez	GM,	Baum	NH,	Jacobs	J.	Use	of	standard	contra-
ceptive diaphragm in management of stress urinary incon-
tinence.	Urology	1991	Feb;37(2):119-22.

166.		Bhatia	NN,	Bergman	A.	Pessary	 test	 in	women	with	uri-
nary	incontinence.	Obstet	Gynecol	1985	Feb;65(2):220-6.

167.		Richter	 HE,	 Burgio	 K,	 Brubaker	 L,	 Nygaard	 IE,	 Ye	 W,	
Weidner	A,	 et	 al.	A	 Trial	 of	 Continence	 Pessary	 versus	
Behavioral	Therapy	versus	Combined	Therapy	for	Stress	
Incontinence.	Obstet	Gynecol	2010.

168.		Cameron	A,	Wallner	L,	Tate	DG,	Sarma	S,	Rodriguez	G,	
Clemens	 JQ.	 Bladder	management	 after	 spinal	 cord	 in-
jury	in	the	United	States	1972	to	2005.	Journal	of	Urology	
2010.

169.		Gorti	M,	Hudelist	G,	Simons	A.	Evaluation	of	vaginal	pes-
sary	management:	a	UK-based	survey.	Journal	of	Obstet-
rics	and	Gynaecology	2009.

170.		Biswas	NC.	A	silastic	vaginal	device	for	 the	treatment	of	
genuine	stress	incontinence.	Neurourology	&	Urodynam-
ics	1988;(7):271-2.



1774

171.		Davila	GW,	Neal	D,	Horbach	N,	Peacher	J,	Doughtie	JD,	
Karram	M.	A	bladder-neck	support	prosthesis	for	women	
with	stress	and	mixed	incontinence.	Obstet	Gynecol	1999	
Jun;93(6):938-42.

172.		Kondo	 A,	 Yokoyama	 E,	 Koshiba	 K,	 Fukui	 J,	 Gotoh	 M,	
Yoshikawa	 Y,	 et	 al.	 Bladder	 neck	 support	 prosthesis:	 a	
nonoperative treatment for stress or mixed urinary inconti-
nence.	J	Urol	1997	Mar;157(3):824-7.

173.	 Morris	A,	Moore	KH.	The	Contiform	incontinence	device	-	
eficacy	and	patient	acceptability.	Int	Urogynecol	J	Pelvic	
Floor	Dysfunct	2003.

174.		Allen	WA,	Leek	H,	Izurieta	A,	Moore	KH.	Update:	the	‘Con-
tiform’ intravaginal device in four sizes for the treatment of 
stress	 incontinence.	 International	 Urogynaecology	 Jour-
nal	and	Pelvic	Floor	Dysfunction	2008.

175.	 Thyssen	H,	Lose	G.	New	disposable	vaginal	device	(con-
tinence guard) in the treatment of female stress inconti-
nence.	Design,	eficacy	and	short	term	safety.	Acta	Obstet	
Gynecol	Scand	1996	Feb;75(2):170-3.

176.		Thyssen	 H,	 Sander	 P,	 Lose	G.	A	 vaginal	 device	 (conti-
nence guard) in the management of urge incontinence 
in	 women.	 Int	 Urogynecol	 J	 Pelvic	 Floor	 Dysfunct	
1999;10(4):219-22.

177.		Sander	P,	Thyssen	H,	Lose	G,	Andersen	JT.	Effect	of	a	
vaginal device on quality of life with urinary stress inconti-
nence.	Obstet	Gynecol	1999	Mar;93(3):407-11.

178.		Hahn	 I,	Milsom	 I.	Treatment	of	 female	stress	urinary	 in-
continence with a new anatomically shaped vaginal 
device	 (Conveen	 Continence	 Guard).	 Br	 J	 Urol	 1996	
May;77(5):711-5.

179.		Thyssen	H,	Bidmead	J,	Lose	G,	Moller	BK,	Dwyer	P,	Car-
dozo	L.	A	new	intravaginal	device	for	stress	incontinence	
in	women.	BJU	Int	2001	Dec;88(9):889-92.

180.		Glavind	K.	Use	of	a	vaginal	sponge	during	aerobic	exer-
cises	in	patients	with	stress	urinary	incontinence.	Int	Uro-
gynecol	J	Pelvic	Floor	Dysfunct	1997;8(6):351-3.

181.		Ziv	E,	Stanton	SL,	Abarbanel	J.	Signiicant	 improvement	
in the quality of life in women treated with a novel dispos-
able	intravaginal	device	for	stress	urinary	incontinence.	Int	
Urogynecol	J	Pelvic	Floor	Dysfunct	2009.

182.	 Farage	M,	Aronstein	W,	 Miller	 KW,	 Karram	M,	 Katz	 M,	
Hertzman	 B.	 A	 Disposable	 Intravaginal	 Device	 for	 the	
Management	 of	 Stress	 Urinary	 Incontinence.	 The	 open	
women’s	health	journal	2011.

183.		Ziv	E,	Stanton	SL,	Abarbanel	J.	Eficacy	and	safety	of	a	
novel disposable intravaginal device for treating stress 
urinary	 incontinence.	 American	 Journal	 of	 Obstetrics	 &	
Gynecology	2008.

184.		Chye	PLH.	The	management	of	post	prostatecetomy	 in-
continence.		1990.	

185.		Fantl	 JA,	 Newman	 D,	 Colling	 J.	 Managing	 Acute	 and	
Chronic	Urinary	Incontinence.	Clinical	Prcatice	Guideline.		
1996.	Report	No.:	2.

186.		Moore	KN,	Schieman	S,	Ackerman	T,	Dzus	HY,	Metcalfe	
JB,	Voaklander	DC.	Assessing	comfort,	safety,	and	patient	
satisfaction with three commonly used penile compres-
sion	devices.	Urology	63(1):150-4,	2004	Jan.

187.		Maki	 DG,	 Tambyah	 PA.	 Engineering	 out	 the	 risk	 for	 in-
fection	 with	 urinary	 catheters.	 Emerg	 Infect	 Dis	 2001	
Mar;7(2):342-7.

188.		Lapides	J,	Diokno	AC,	Silber	SJ,	Lowe	BS.	Clean,	 inter-
mittent self-catheterization in the treatment of urinary tract 
disease.	Trans	Am	Assoc	Genitourin	Surg	1971;63:92-6.

189.		Eckstein	HB.	Intermittent	Catheterisation	of	the	bladder	in	
patients	with	neuropathic	incontinence	of	urine.	Z	Kinder-
chir	Grenzgeb	1979	Dec;28(4):408-12.

190.	 Bray	 L,	 Sanders	 C.	 Teaching	 children	 and	 young	 peo-
ple	 intermittent	 self-catheterization.	 Urol	 Nurs	 2007	
Jun;27(3):203-9,	242.

191.		Moore	KN,	Fader	M,	Getliffe	K.	Long-term	bladder	man-

agement by intermittent catheterisation in adults and chil-
dren.	Cochrane	Database	Syst	Rev	2007;(4):CD006008.

192.	Niel-Weise	BS,	van	den	Broek	PJ.	Urinary	catheter	poli-
cies	for	short-term	bladder	drainage	in	adults.	Cochrane	
Database	of	Systematic	Reviews	(3):CD004203,	2005.

193.		Niel-Weise	BS,	van	den	Broek	PJ.	Urinary	catheter	poli-
cies	for	short-term	bladder	drainage	in	adults.	Cochrane	
Database	of	Systematic	Reviews	(3):CD004203,	2005.

194.		Jamison	J,	Maguire	S,	McCann	J.	Catheter	policies	 for	
management of long term voiding problems in adults with 
neurogenic	 bladder	 disorders	 (Cochrane	 Review).	 The	
Cochrane	Library	2011;(4).

195.		Fowler	 C.	 Bladder	 Problems.	 Letchworth,	 UK:	 MS	 Re-
search	Trust;	1998.

196.		Burgdorfer	H,	Heidler	H,	Madersbacher	H.	Manual	neuro-
urology and spinal cord lesion: guidelines for urological 
care	 of	 spinal	 cord	 injury	 patient.	 Parco-Pharma	Gmbh	
1987.

197.	Orikasa	S,	Koyanagi	T,	Motomura	M,	Kudo	T,	Togashi	M.	
Experience	with	non-sterile	 intermittent	self-catheteriza-
tion.	J	Urol	1976	Feb;115(2):141-2.

198.	Carver	M.	Adaptive	Equipment	to	Assist	With	One-Hand-
ed	 Intermittent	 Self-Catheterization:	A	 Case	 Study	 of	 a	
Patient	With	Multiple	Brain	Injuries.	The	American	Jour-
nal	of	Occupational	Therapy	2012.

199.		Vahter	L,	Zopp	L,	Kreegipuu	M,	Kool	P,	Talvik	T,	Gross-
Paju	K.	Clean	intermittent	self-catheterization	in	persons	
with	multiple	sclerosis:	the	inluence	of	cognitive	dysfunc-
tion.	Multiple	Sclerosis	2008.

200.		Pohl	HG,	Bauer	SB,	Borer	JG,	Diamond	DA,	Kelly	MD,	
Grant	R,	et	al.	The	outcome	of	voiding	dysfunction	man-
aged with clean intermittent catheterization in neuro-
logically	and	anatomically	normal	children.	BJU	Int	2002	
Jun;89(9):923-7.

201.		Pilloni	S,	Krhut	J,	Mair	D,	Madersbacher	H,	Kessler	TM.	
Intermittent	 catheterisation	 in	 older	 people:	 a	 valuable	
alternative	 to	 an	 indwelling	 catheter?	Age	Ageing	 2005	
Jan;34(1):57-60.

202.		Cutright	J.	The	effect	of	the	bladder	scanner	policy	on	the	
number	of	urinary	catheters	inserted.	Journal	of	Wound,	
Ostomy	and	Continence	Nursing	2011.

203.		Witjes	JA,	Del	Popolo	G,	Marberger	M.,	Jonsson	O,	Kaps	
HP,	 Chapple	 CR.	 A	 Multicenter,	 Double-Blind,	 Rand-
omized,	Parallel	Group	Study	Comparing	Polyvinyl	Chlo-
ride	and	Polyvinyl	Chloride-Free	Catheter	Materials.	The	
Journal	of	Urology	2009.

204.		Gray	M.	Are	all	urethral	catheters	created	equal?	Journal	
of	Urology	2009.

205.		Howard	 M.	 U.S.	 Medicare	 policy	 change	 in	 catheter	
guidelines	 Improves	 patient	 care	 in	 home	 and	 hospice	
setting.	Caring	2009.

206.		Wilde	MH,	Brasch	J,	Yi	Zhang.	A	qualitative	descriptive	
study of self-management issues in people with long-
term	intermittent	urinary	catheters.	Journal	of	Advanced	
Nursing	2011.

207.		Biering-Sorensen	 F,	 HansenH,	 Nielsen	 PN,	 Looms	 D.	
Residual	 urine	 after	 intermittent	 catheterization	 in	 fe-
males	using	two	different	catheters.		Scandinavian	Jour-
nal	of	Urology	&	Nephrology	2007.

208.	De	Ridder	DJ,	Everaert	K,	Fernandez	LG,	Valero	JV,	Du-
ran	AB,	Abrisqueta	ML,	et	al.	Intermittent	catheterisation	
with	 hydrophilic-coated	 catheters	 (SpeediCath)	 reduces	
the	 risk	 of	 clinical	 urinary	 tract	 infection	 in	 spinal	 cord	
injured patients: a prospective randomised parallel com-
parative	trial.	Eur	Urol	2005	Dec;48(6):991-5.

209.	Wyndaele	 JJ.	 Intermittent	 catheterization:	 which	 is	 the	
optimal	technique?	Spinal	Cord	2002	Sep;40(9):432-7.

210.	 Lapides	 J,	 Diokno	AC,	 Lowe	 BS,	 Kalish	MD.	 Followup	
on	unsterile	intermittent	self-catheterization.	J	Urol	1974	
Feb;111(2):184-7.



1775

211.	 Dromerick	AW,	Edwards	DF.	Relation	of	postvoid	residual	
to	urinary	 tract	 infection	during	stroke	rehabilitation.	Arch	
Phys	Med	Rehabil	2003	Sep;84(9):1369-72.

212.		Campbell	JB,	Moore	KN,	Voaklander	DC,	Mix	LW.	Com-
plications associated with clean intermittent catheteriza-
tion	in	children	with	spina	biida.	J	Urol	2004	Jun;171(6	Pt	
1):2420-2.

213.		Ku	 JH,	 Jung	TY,	 Lee	 JK,	Park	WH,	Shim	HB.	 Inluence	
of bladder management on epididymo-orchitis in patients 
with spinal cord injury: clean intermittent catheterization 
is	 a	 risk	 factor	 for	 epididymo-orchitis.	 Spinal	 Cord	 2006	
Mar;44(3):165-9.

214.		Cameron	A,	Wallner	L,	Forcheimer	M,	Clemens	JQ,	Dunn	
RL,	Rodriguez	G,	et	al.	Medical	and	psychosocial	compli	-
cations associated with method of bladder management 
after	traumatic	spinal	cord	injury.	Arch	Phys	Med	Rehabil	
2011.

215.		Zegers	BSHJ,	Winkler-Seinstra	PLH,	Uiterwaal	CSPM,	de	
Jong	TVPM,	Kimpen	JLL,	de	Jong-de	Vos	van	Steenwijk	
CCE.	Urinary	tract	infections	in	children	with	spina	biida:	
an	inventory	of	41	European	centers.	Pediatric	Nephrology	
2008.

216.		Raz	R,	Schiller	D,	Nicolle	LE.	Chronic	indwelling	catheter	
replacement before antimicrobial therapy for symptomatic 
urinary	tract	infection.	J	Urol	2000	Oct;164(4):1254-8.

217.		Biering-Sorensen	 F,	 Nielans	 HM,	 Dorlinger	 T,	 Sorensen	
B.	Urological	 situation	 ive	 years	 after	 spinal	 cord	 injury.	
Scand	J	Urol	Nephrol	1999	Jun;33(3):157-61.

218.		Penders	 J,	 Huylenbroeck	AA,	 Everaert	 K,	 Van	 LM,	 Ver-
schraegen	 GL.	 Urinary	 infections	 in	 patients	 with	 spinal	
cord	injury.	Spinal	Cord	2003	Oct;41(10):549-52.

219.		Cardenas	DD,	Hoffman	JM.	Hydrophilic	catheters	versus	
noncoated catheters for reducing the incidence of urinary 
tract	 infections:	 a	 randomized	 controlled	 trial.	Arch	Phys	
Med	Rehabil	2012.

220.	 Cardenas	 DD,	 Moore	 KN,	 Dannels-McClure	 A,	 Scelza	
WM,	Graves	DE,	 Brooks	M,	 et	 al.	 Intermittent	 catheteriM-
zation with a hydrophilic-coated catheter delays urinary 
tract infections in acute spinal cord injury: a prospective, 
randomized,	multicenter	trial.	PM&R	The	journal	of	injury,	
function	and	rehabilitation	2011.

221	.	Niel-Weise	BS,	 van	 den	Broek	PJ.	Antibiotic	 policies	 for	
short-term	catheter	bladder	drainage	 in	adults.	Cochrane	
Database	Syst	Rev	2005;(3):CD005428.

222.		Woodbury	 MG,	 Hayes	 KC,	Askes	 HK.	 Intermittent	 cath-
eterization practices following spinal cord injury: a national 
survey.	Can	J	Urol	2008	Jun;15(3):4065-71.

223.		Schlager	TA,	Anderson	S,	Trudell	J,	Hendley	JO.	Effect	of	
cranberry juice on bacteriuria in children with neurogenic 
bladder	 receiving	 intermittent	 catheterization.	 J	 Pediatr	
1999	Dec;135(6):698-702.

224.		Waites	KB,	Canupp	KC,	Armstrong	S,	DeVivo	MJ.	Effect	
of cranberry extract on bacteriuria and pyuria in persons 
with	neurogenic	bladder	secondary	to	spinal	cord	injury.	J	
Spinal	Cord	Med	2004;27(1):35-40.

225.	 Wyndaele	JJ,	Maes	D.	Clean	intermittent	self-catheteriza-
tion:	a	12-year	followup.	J	Urol	1990	May;143(5):906-8.

226.		Perrouin-Verbe	B,	Labat	JJ,	Richard	 I,	Mauduyt	de	 lG,	 I,	
Buzelin	 JM,	Mathe	 JF.	 Clean	 intermittent	 catheterisation	
from	the	acute	period	 in	spinal	cord	 injury	patients.	Long	
term	evaluation	of	urethral	and	genital	tolerance.	Paraple-
gia	1995	Nov;33(11):619-24.

227.		Webb	RJ,	 Lawson	AL,	 Neal	 DE.	 Clean	 intermittent	 self-
catheterisation	in	172	adults.	Br	J	Urol	1990	Jan;65(1):20-
3.

228.		Stensballe	J,	Looms	D,	Nielsen	PN,	Tvede	M.	Hydrophilic-
coated catheters for intermittent catheterisation reduce 
urethral micro trauma: a prospective, randomised, partic-
ipant-blinded, crossover study of three different types of 
catheters.	Eur	Urol	2005	Dec;48(6):978-83.

229.		Vapnek	JM,	Maynard	FM,	Kim	J.	A	prospective	randomized	
trial	of	the	LoFric	hydrophilic	coated	catheter	versus	con-

ventional plastic catheter for clean intermittent catheteriza-
tion.	J	Urol	2003	Mar;169(3):994-8.

230.		Sutherland	 RS,	 Kogan	 BA,	 Baskin	 LS,	 Mevorach	 RA.	
Clean	intermittent	catheterization	in	boys	using	the	LoFric	
catheter.	J	Urol	1996	Dec;156(6):2041-3.

231.		Michielsen	DP,	Wyndaele	 JJ.	Management	 of	 false	 pas-
sages in patients practising clean intermittent self cath-
eterisation.	Spinal	Cord	1999	Mar;37(3):201-3.

232.		Vaidyanathan	S,	Soni	BM,	Dundas	S,	Krishnan	KR.	Ure-
thral cytology in spinal cord injury patients performing in-
termittent	catheterisation.	Paraplegia	1994	Jul;32(7):493-
500.

233.		Lindehall	 B,	 Abrahamsson	 K,	 Jodal	 U,	 Olsson	 I,	 Sillen	
U.	 Complications	 of	 clean	 intermittent	 catheterization	 in	
young females with myelomeningocele: 10 to 19 years of 
followup.	J	Urol	2007	Sep;178(3	Pt	1):1053-5.

234.		Hedlund	H,	Hjelmas	K,	 Jonsson	O,	Klarskov	P,	Talja	M.	
Hydrophilic	 versus	 non-coated	 catheters	 for	 intermittent	
catheterization.	Scand	J	Urol	Nephrol	2001	Feb;35(1):49-
53.

235.		Chen	Y,	DeVivo	MJ,	Lloyd	LK.	Bladder	stone	incidence	in	
persons with spinal cord injury: determinants and trends, 
1973-1996.	Urology	2001	Nov;58(5):665-70.

236.		Barroso	U,	Jednak	R,	Fleming	P,	Barthold	JS,	Gonzalez	R.	
Bladder calculi in children who perform clean intermittent 
catheterization.	BJU	Int	2000	May;85(7):879-84.

237.		Casey	R,	Cullen	 I,	Crotty	T,	Quinlan	D.	 Intermittent	 self-
catheterization	and	the	risk	of	squamous	cell	cancer	of	the	
bladder:	An	emerging	clinical	entity?		Canadian	Urological	
Association	Journal	2009.

238.		van	AT,	Holleman	G,	Cobussen-Boekhorst	H,	Arts	R,	Hee-
sakkers	J.	Adherence	to	clean	intermittent	self-catheteriza-
tion	procedures:	determinants	explored.	J	Clin	Nurs	2008	
Feb;17(3):394-402.

239.		Logan	K,	Shaw	C,	Webber	 I,	 Samuel	S,	Broome	L.	Pa-
tients’ experiences of learning clean intermittent self-
catheterization:	 a	 qualitative	 study.	 J	 Adv	 Nurs	 2008	
Apr;62(1):32-40.

240.	 Ramm	D,	Kane	R.	A	qualitative	study	exploring	the	emo-
tional responses of female patients learning to perform 
clean	 intermittent	 self-catheterisation.	 Journal	 of	 Clinical	
Nursing	2011.

241.		Shaw	C,	Logan	K,	Webber	I,	Broome	L,	Samuel	S.	Effect	
of clean intermittent self-catheterization on quality of life: a 
qualitative	study.	J	Adv	Nurs	2008	Mar;61(6):641-50.

242.	 Vaidyanathan	S,	Soni	BM,	Singh	G,	Oo	T,	Hughes	PL.	Bar-
riers to implementing intermittent catheterisation in spinal 
cord	 injury	patients	 in	Northwest	Regional	Spinal	 Injuries	
Centre,	Southport,	U.K.	ScientiicWorldJournal	2011.

243.		Pannek	 J,	 Kullik	 B.	 Does	 optimizing	 bladder	 manage-
ment	equal	optimizing	quality	of	life?	Correlation	between	
health-related quality of life and urodynamic parameters in 
patients	with	spinal	cord	lesions.	Urology	2009.

244.		Lindehall	B,	Moller	A,	Hjalmas	K,	Jodal	U,	Abrahamsson	K.	
Psychosocial	 factors	 in	 teenagers	and	young	adults	with	
myelomeningocele	and	clean	 intermittent	catheterization.		
Scand	J	Urol	Nephrol	2008.

245.		Brillhart	 B.	 Internet	 education	 for	 spinal	 cord	 injury	 pa-
tients:	Focus	on	urinary	management.	Rehabil	Nurs	2007.

246.		Kovindha	A,	Mai	WN,	Madersbacher	H.	Reused	 silicone	
catheter	 for	 clean	 intermittent	 catheterization	 (CIC):	 is	 it	
safe	for	spinal	cord-injured	(SCI)	men?	Spinal	Cord	2004	
Nov;42(11):638-42.

247.		Kurtz	 MJ,	 Van	 ZK,	 Burns	 JL.	 Comparison	 study	 of	
home	 catheter	 cleaning	 methods.	 Rehabil	 Nurs	 1995	
Jul;20(4):212-4,	217.

248.	 Lavallee	DJ,	Lapierre	NM,	Henwood	PK,	Pivik	JR,	Best	M,	
Springthorpe	versus,	et	al.	Catheter	cleaning	for	re-use	in	
intermittent	 catheterization:	new	 light	on	an	old	problem.	
SCI	Nurs	1995	Mar;12(1):10-2.



1776

249.		Sherbondy	 AL,	 Cooper	 CS,	 Kalinowski	 SE,	 Boyt	 MA,	
Hawtrey	 CE.	 Variability	 in	 catheter	 microwave	 steriliza-
tion	 techniques	 in	a	single	clinic	population.	J	Urol	2002	
Aug;168(2):562-4.

250.		Sekiguchi	Y,	Yao	Y,	Ohko	Y,	Tanaka	K,	Ishido	T,	Fujishima	
A,	 et	 al.	 Self-sterilizing	 catheters	 with	 titanium	 dioxide	
photocatalyst	 thin	 ilms	 for	 clean	 intermittent	 catheteri-
zation:	 basis	 and	 study	 of	 clinical	 use.	 Int	 J	 Urol	 2007	
May;14(5):426-30.

251.		Shekelle	 PG,	 Morton	 SC,	 Clark	 KA,	 Pathak	 M,	 Vickrey	
BG.	 Systematic	 review	 of	 risk	 factors	 for	 urinary	 tract	
infection	 in	 adults	with	 spinal	 cord	dysfunction.	 J	Spinal	
Cord	Med	1999;22(4):258-72.

252.		Johansson	I,	Athlin	E,	Frykholm	L,	Bolinder	H,	Larsson	G.	
Intermittent	versus	indwelling	catheters	for	older	patients	
with	hip	fractures.	J	Clin	Nurs	2002	Sep;11(5):651-6.

253.		Turi	 MH,	 Hanif	 S,	 Fasih	 Q,	 Shaikh	 MA.	 Proportion	 of	
complications in patients practicing clean intermittent self-
catheterization	 (CISC)	 versus	 indwelling	 catheter.	 J	Pak	
Med	Assoc	2006	Sep;56(9):401-4.

254.		Patel	MI,	Watts	W,	Grant	A.	The	optimal	 form	of	urinary	
drainage	 after	 acute	 retention	 of	 urine.	 BJU	 Int	 2001	
Jul;88(1):26-9.

255.		Tang	MW,	Kwok	TC,	Hui	E,	Woo	J.	Intermittent	versus	in-
dwelling	urinary	 catheterization	 in	 older	 female	patients.	
Maturitas	53(3):274-81,	2006	Feb	20.

256.	 Dixon	L,	Dolan	L,	Brown	K,	Hilton	P.	RCT	of	urethral	ve-
sus	suprapubic	catheterization.	British	Journal	of	Nursing	
2010.

257.		Naik	 R,	 Maughan	 K,	 Nordin	 A,	 Lopes	 A,	 Godfrey	 KA,	
Hatem	MH.	A	 prospective	 randomised	 controlled	 trial	 of	
intermittent self-catheterisation versus supra-pubic cathe-
terisation for post-operative bladder care following radical 
hysterectomy.	Gynecologic	Oncology	99(2):437-42,	2005	
Nov.

258.		Bothig	R,	Hirschfeld	S,	Thietje	R.	Quality	of	life	and	uro-
logical	 morbidity	 in	 tetraplegics	 with	 artiicial	 ventilation	
managed	with	suprapubic	or	 intermittent	catheterisation.	
Spinal	Cord	2012.

259.		Mody	L,	Maheshwari	S,	Galecki	A,	Kauffman	CA,	Bradley	
SF.	Indwelling	device	use	and	antibiotic	resistance	in	nurs-
ing	homes:	identifying	a	high-risk	group.	J	Am	Geriatr	Soc	
2007	Dec;55(12):1921-6.

260.		Schumm	 K,	 Lam	 TBL.	 Types	 of	 Urethral	 Catheters	 for	
Management	of	Short-Term	Voiding	Problems	in	Hospital-
ized	Adults:	A	Short	Version	Cochrane	Review.	Neurourol-
ogy	&	Urodynamics	2008.

261.		Zeif	H,	Subramonian	K.	Alpha	blockers	prior	 to	 removal	
of	 a	 catheter	 for	 acute	 urinary	 retention	 in	 adult	 men.	
Cochrane	Database	of	Systematic	Reviews	2009.

262.	 Grifiths	R,	Fernandez	R.	Policies	for	the	removal	of	short-
term	indwelling	urethral	catheters.	Cochrane	Database	of	
Systematic	Reviews	(2):CD004011,	2007.

263.		Jahn	P,	Preuss	M,	Kernig	A,	Seifert-Huhmer	A,	Langer	G.	
Types	of	 indwelling	urinary	catheters	 for	 long-term	blad-
der	drainage	in	adults.	Cochrane	Database	of	Systematic	
Reviews	(3):CD004997,	2007.

264.		Niel-Weise	BS,	van	den	Broek	PJ.	Urinary	catheter	poli-
cies	for	 long-term	bladder	drainage.	Cochrane	Database	
of	Systematic	Reviews	(1):CD004201,	2005.

265.		Hagen	S,	Sinclair	 L,	Cross	S.	Washout	policies	 in	 long-
term	indwelling	urinary	catheterisation	in	adults.		Cochrane	
Database	of	Systematic	Reviews	2010.

266.	 Fernandez	R,	Grifiths	R.	Clamping	short-term	indwelling	
catheters:	a	systematic	review	of	the	evidence.	Journal	of	
Wound,	Ostomy,	&	Continence	Nursing	2005.

267.		Nyman	MH,	 Johansson	 J,	Gustafsson	M.	A	 randomised	
controlled trial on the effect of clamping the indwelling uri-
nary	catheter	in	patients	with	hip	fracture.	Journal	of	Clini-
cal	Nursing	2010.

268.	relate	with	generic	health-related	quality	of	life	and	objec-

tive incontinence severity in women with stress urinary 
incontinence?	Neurourology	&	Urodynamics	25(4):324-9;	
discussion	330,	2006.

269.		Wilde	M,	Getliffe	K,	Brasch	J,	Mcmahon	J,	Anson	E,	Tu	X.	
A	new	urinary	catheter-related	quality	of	life	instrument	for	
adults.	Neurourology	&	Urodynamics	2010.

270.		Saint	S,	Chenoweth	CE.	Bioilms	and	catheter-associated	
urinary	 tract	 infections.	 Infect	 Dis	 Clin	 North	 Am	 2003	
Jun;17(2):411-32.

271.		Saint	S,	Meddings	JA,	Calfee	D,	Kowalski	CP,	Krein	SL.	
Catheter-associated	urinary	tract	 infection	and	the	Medi-
care	rule	changes.	Annals	of	Internal	Medicine	2009.

272.		Curran	E,	Murdoch	H.	Aiming	to	reduce	catheter	associat-
ed	urinary	tract	infections	(CAUTI)	by	adopting	a	checklist	
and	 bundle	 to	 achieve	 sustained	 system	 improvements.	
Journal	of	Infection	Prevention	2009.

273.		Reilly	 L,	 Sullivan	 P,	 Ninni	 S,	 Fochesto	 D,	 Williams	 K,	
Fetherman	B.	Reducing	foley	catheter	device	days	in	an	
intensive	care	unit:	using	the	evidence	to	change	practice.	
AACN	Advanced	Critical	Care	2006.

274.		Elpern	EH,	Killeen	K,	Ketchem	A,	Wiley	A,	Patel	G,	Lateef	
O.	Reducing	use	of	indwelling	urinary	catheters	and	asso-
ciated	urinary	tract	infections.	American	Journal	of	Critical	
Care	2009.

275.		Andreessen	L,	Wilde	MH,	Herendeen	P.	Preventing	cath-
eter-associated urinary tract infections in acute care: the 
bundle	approach.	journal	of	nursing	care	quality	2012.

276.		Silva	CV,	Gonçalves	P,	Toniolo	AR,	Guastelli	LR,	Ribeiro	
Macedo	 RC,	 Moura	 DF,	 et	 al.	 Successful	 Strategies	 to	
Prevent	 Catheter-Associated	 Urinary	 Tract	 Infections	 in	
Critically	Ill	Patients	using	a	Quality	Tool.		American	Jour-
nal	of	Infection	Control	2011.

277.		Salamon	L.	Catheter	associated	urinary	tract	infections:	A	
nurse-sensitive indicator in an inpatient rehabilitation pro-
gram.	Rehabil	Nurs	2009.

278.		Pischke	VL,	Salamon	L,	Reynolds	S.	Catheter-Associated	
Urinary	Tract	 Infection	 (CAUTI)	Surveillance	 in	 an	 Inpa-
tient	Rehabilitation	(Rehab)	Program:	Baseline	Data	and	
Post	Intervention	Success.	American	Journal	of	Infection	
Control	2008.

279.		Patrizzi	K,	Fasnacht	A,	Manno	M.	A	collaborative,	nurse-
driven initiative to reduce hospital-acquired urinary tract 
infections.	Journal	of	Emergency	Nursing	2009.

280.		Fakih	MG,	Pena	ME,	Shemes	S,	Rey	J,	Berriel-Cass	D,	
Szpunar	SM,	et	al.	Effect	of	establishing	guidelines	on	ap-
propriate	 urinary	 catheter	 placement.	Acad	 Emerg	 Med	
2010.

281.	 Raffaele	G,	Bianco	A,	Aiello	M,	Pavia	M.	Appropriateness	
of use of indwelling urinary tract catheters in hospitalized 
patients	in	Italy.		Infect	Control	Hosp	Epidemiol	2008.

282.	 Loeb	M,	Hunt	D,	O’Halloran	K,	Carusone	SC,	Dafoe	N,	
Walter	 SD.	 Stop	 orders	 to	 reduce	 inappropriate	 urinary	
catheterization in hospitalized patients: a randomized 
controlled	 trial.	 Journal	 of	 General	 Internal	 Medicine	
23(6):816-20,	2008	Jun.

283.	 Fuchs	 MA,	 Sexton	 DJ,	 Thornlow	 DK,	 Champagne	 MT.	
Evaluation	 of	 an	 evidence-based,	 nurse-driven	 checklist	
to prevent hospital-acquired catheter- associated urinary 
tract	 infections	 in	 intensive	care	units.	 journal	of	nursing	
care	quality	2011.

284.		Smith	SL.	Effect	of	an	educational	intervention	on	hospital	
acquired	urinary	tract	infection	rates.	2009.

285.		Bruminhent	J,	Keegan	M,	Lakhani	A,	Roberts	IM,	Passa-
lacqua	 J.	 Effectiveness	 of	 a	 simple	 intervention	 for	 pre-
vention of catheter-associated urinary tract infections in a 
community	 teaching	hospital.	American	Journal	of	 Infec-
tion	Control	2010.

286.		Gokula	RM,	Smith	MA,	Hickner	J.	Emergency	room	staff	
education and use of a urinary catheter indication sheet 
improves	 appropriate	 use	 of	 foley	 catheters.	 American	
Journal	of	Infection	Control	35(9):589-93,	2007	Nov.

287.		Saint	 S,	 Kaufman	 SR,	 Thompson	M,	 Rogers	MA,	 Che-



1777

noweth	CE.	A	reminder	reduces	urinary	catheterization	in	
hospitalized	patients.	Joint	Commission	Journal	on	Qual-
ity	&	Patient	Safety	31(8):455-62,	2005	Aug.

288.		Voss	 A.	 Incidence	 and	 duration	 of	 urinary	 catheters	 in	
hospitalized older adults: before and after implementing a 
geriatric	protocol.	Journal	of	Gerontological	Nursing	2012.

289.		Meddings	 J,	 Rogers	 MA,	 Macy	 M,	 Saint	 S.	 Systematic	
review and meta-analysis: reminder systems to reduce 
catheter-associated urinary tract infections and urinary 
catheter	 use	 in	 hospitalized	 patients.	 Clinical	 Infectious	
Diseases	2010.

290.		Gotelli	 JM,	Merryman	P,	Carr	C,	McElveen	L,	Epperson	
C,	Bynum	D.	A	quality	improvement	project	to	reduce	the	
complications associated with indwelling urinary cath-
eters.	Urologic	Nursing	2008.

291.		Arentzen	 J.	 Does	 a	 Nurse-Driven	 Protocol	 for	 Urinary	
Catheter	Removal	Empower	Nurses	 to	Remove	Urinary	
Catheters	Without	a	Physician	Order?	American	Journal	
of	Infection	Control	2011.

292.	 Saint	S,	Kowalski	CP,	Kaufman	SR,	Hofer	TP,	Kauffman	
CA,	Olmsted	RN,	et	al.	Preventing	hospital-acquired	uri-
nary	tract	infection	in	the	United	States:	a	national	study.	
Clinical	Infectious	Diseases	2008.

293.		Gardam	MA,	Amihod	B,	Orenstein	P,	Consolacion	N,	Mil-
ler	MA.	Overutilization	of	indwelling	urinary	catheters	and	
the	 development	 of	 nosocomial	 urinary	 tract	 infections.	
Clin	Perform	Qual	Health	Care	1998	Jul;6(3):99-102.

294.		Gokula	 RR,	 Hickner	 JA,	 Smith	 MA.	 Inappropriate	 use	
of urinary catheters in elderly patients at a midwestern 
community	 teaching	 hospital.	Am	 J	 Infect	 Control	 2004	
Jun;32(4):196-9.

295.		Holroyd-Leduc	JM,	Sen	S,	Bertenthal	D,	Sands	LP,	Palmer	
RM,	Kresevic	DM,	et	al.	The	relationship	of	 indwelling	uri-
nary catheters to death, length of hospital stay, functional 
decline, and nursing home admission in hospitalized older 
medical	patients.	J	Am	Geriatr	Soc	2007	Feb;55(2):227-33.

296.		Brennan	ML,	 Evans	A.	Why	 catheterize?:	 audit	 indings	
on	 the	 use	 of	 urinary	 catheters.	 Br	 J	 Nurs	 2001	 May	
10;10(9):580-90.

297.	Wald	H,	Epstein	A,	Kramer	A.	Extended	use	of	indwelling	
urinary	 catheters	 in	 postoperative	 hip	 fracture	 patients.	
Medical	Care	43(10):1009-17,	2005	Oct.

298.		McNulty	C,	Freeman	E,	Smith	G,	Gunn	K,	Foy	C,	Tomp-
kins	D,	et	al.	Prevalence	of	urinary	catheterization	in	UK	
nursing	homes.	Journal	of	Hospital	Infection	55(2):119-23,	
2003	Oct.

299.		Clarke-O’Neill	S,	Fader	MJ,	Pettersson	L,	Cottenden	AM.	
Disability	Equipment	Assessment	Report:	A	survey	of	con-
tinence	products	use	in	residential	settings.		Medical	De-
vices	Agency	(UK);	2003.	Report	No.:	IN.10.

300.		Kunin	CM,	Chin	QF,	Chambers	S.	Morbidity	and	mortal-
ity associated with indwelling urinary catheters in elderly 
patients in a nursing home--confounding due to the pres-
ence	 of	 associated	 diseases.	 J	 Am	 Geriatr	 Soc	 1987	
Nov;35(11):1001-6.

301.		Anger	 J,	Saigal	C,	Pace	 J,	Rodriguez	L,	 Litwin	M.	True	
prevalence of urinary incontinence among female nursing 
home	residents.	Urology	2006;67:281-7.

302.		Tsan	L,	Davis	C,	Langberg	R,	Hojlo	C,	Pierce	J,	Miller	M,	
et	 al.	 Prevalence	 of	 nursing	 home-associated	 infections	
in	the	Department	of	Veterans	Affairs	nursing	home	care	
units.	Am	J	Infect	Control	2008	Apr;36(3):173-9.

303.	 Rogers	MA,	Mody	L,	Kauffman	SR,	Fries	BE,	McMahon	
LF,	 Saint	 S.	 Use	 of	 urinary	 collection	 devices	 in	 skilled	
nursing	 facilities	 in	 ive	 states.	 Journal	 of	 the	American	
Geriatrics	Society	2008.

304.		McNulty	C,	Bowen	J,	Howell-Jones	R,	Walker	M,	Freeman	
E.	Exploring	 reasons	 for	variation	 in	urinary	catheterisa-
tion	prevalence	in	care	homes:	A	qualitative	study.		Age	&	
Ageing	2008.

305.		Wilde	 MH.	 Life	 with	 an	 indwelling	 urinary	 catheter:	 the	

dialectic	of	stigma	and	acceptance.	Qualitative	Health	Re-
search	13(9):1189-204,	2003	Nov.

306.		Wilde	MH,	Brasch	J.	A	pilot	study	of	self-monitoring	urine	
low	in	people	with	long-term	urinary	catheters.	Res	Nurs	
Health	2008	Oct;31(5):490-500.

307.		Wagg	A,	Peel	P,	Potter	J,	Lowe	D.	Report	of	the	National	
Audit	of	Continence	Care	for	Older	people	(65	years	and	
above)	 in	 England	Wales	 and	 Northern	 Ireland.	 	 Royal	
College	of	Physicians,	London;	2006.	

308.		Vaidyanathan	S,	Hughes	PL,	Soni	BM.	Unusual	 compli-
tion of suprapubic cystostomy in a male patient with tetra-
plegia:	 traction	on	Foley	catheter	 leading	 to	extrusion	of	
Foley	balloon	from	urinary	bladder	and	suprapubic	urinary	
istula--importance	of	securely	anchoring	suprapubic	cath-
eter	with	adhesive	tape	or	BioDerm	tube	holder.	Scienti-
icWorldJournal	2007;7:1575-8.

309.		Sheriff	MK,	Foley	S,	McFarlane	J,	Nauth-Misir	R,	Craggs	
M,	Shah	PJ.	Long-term	suprapubic	catheterisation:	clini-
cal	 outcome	 and	 satisfaction	 survey.	 Spinal	 Cord	 1998	
Mar;36(3):171-6.

310.		Mitsui	 T,	 Minami	 K,	 Furuno	 T,	 Morita	 H,	 Koyanagi	 T.	 Is	
suprapubic cystostomy an optimal urinary management 
in	 high	quadriplegics?.	A	 comparative	 study	of	 suprapu-
bic	cystostomy	and	clean	intermittent	catheterization.	Eur	
Urol	2000	Oct;38(4):434-8.

311.		Feifer	 A,	 Corcos	 J.	 Contemporary	 role	 of	 suprapubic	
cystostomy in treatment of neuropathic bladder dysfunc-
tion	 in	 spinal	 cord	 injured	 patients.	 Neurourol	 Urodyn	
2008;27(6):475-9.

312.		Pannek	J,	Gocking	K,	Bersch	U.	To	clamp	or	not	to	clamp?	
Bladder management by suprapubic catheterization in pa-
tients	with	neurogenic	bladder	dysfunction.	World	Journal	
of	Urology	2010.

313.		Katsumi	 HK,	 Kalisvaart	 JF,	 Ronningen	 LD,	 Hovey	 RM.	
Urethral	 versus	 suprapubic	 catheter:	 choosing	 the	 best	
bladder management for male spinal cord injury patients 
with	indwelling	catheters.	Spinal	Cord	2010.

314.		Heit	 M.	 Infectious	 peritonitis	 complicating	 suprapubic	
catheter	removal.	Int	Urogynecol	J	Pelvic	Floor	Dysfunct	
1997;8(1):47-9.

315.		Ahluwalia	RS,	Johal	N,	Kouriefs	C,	Kooiman	G,	Montgom-
ery	BS,	Plail	RO.	The	surgical	risk	of	suprapubic	catheter	
insertion	and	 long-term	sequelae.	Ann	R	Coll	Surg	Engl	
2006	Mar;88(2):210-3.

316.		Hamid	R,	Peters	J,	Shah	PJ.	Pitfall	in	insertion	of	suprapu-
bic	 catheter	 in	 patients	 with	 spinal	 cord	 injuries.	 Spinal	
Cord	2002	Oct;40(10):542-3.

317.	 Goldblum	 D,	 Brugger	 JJ.	 Bowel	 obstruction	 caused	 by	
dislocation	 of	 a	 suprapubic	 catheter.	Surg	Endosc	 1999	
Mar;13(3):283-4.

318.		Huang	 JG,	 Brough	 SJ,	 Jensen	 RS,	 Monsour	 MJ.	 Su-
prapubic	catheter	displacement:	a	forgotten	phenomenon.	
Emergency	Medicine	Australasia	2010.

319.		Mehta	 A,	 Makris	 A,	 Saad	 A,	 Callaghan	 PS.	 Incisional	
hernia	after	 suprapubic	 catheter	 insertion.	BJU	 Int	 1999	
Sep;84(4):526-7.

320.		Lobel	 RW,	 Sand	 PK.	 Incisional	 hernia	 after	 suprapu-
bic	 catheterization.	 Obstet	 Gynecol	 1997	 May;89(5	 Pt	
2):844-6.

321.		Shergill	IS,	Shaikh	T,	Arya	M,	Junaid	I.	A	training	model	for	
suprapubic	catheter	insertion:	the	UroEmerge	suprapubic	
catheter	model.	Urology	2008	Jul;72(1):196-7.

322.		Lawrentschuk	N,	Lee	D,	Marriott	P,	Russell	JM.	Suprapu-
bic	 stab	 cystostomy:	 a	 safer	 technique.	 Urology	 2003	
Nov;62(5):932-4.

323.		Aguilera	PA,	Choi	T,	Durham	BA.	Ultrasound-guided	suh-
prapubic cystostomy catheter placement in the emergen-
cy	department.	J	Emerg	Med	2004	Apr;26(3):319-21.

324.	 Gujral	S,	Kirkwood	L,	Hinchliffe	A.	Suprapubic	catheteriza-
tion: a suitable procedure for clinical nurse specialists in 
selected	patients.	BJU	Int	1999	Jun;83(9):954-6.



1778

325.		Anderson	PJ,	Walsh	JM,	Louey	MA,	Meade	C,	Fairbroth-
er	G.	 Comparing	 irst	 and	 subsequent	 suprapubic	 cath-
eter	 change:	 complications	 and	 costs.	 Urol	 Nurs	 2002	
Oct;22(5):324-30.

326.		Barford	JMT,	Coates	ARM.	The	pathogenesis	of	catheter-
associated	urinary	tract	infection.		Journal	of	Infection	Pre-
vention	2009.

327.		Silver	JR.	Case	report	by	RN	Mohapatra:	urine	leakage	in	
persons	with	spinal	cord	injury	and	using	long-term	Foley	
catheters:	a	simple	solution.	Spinal	Cord	2010.

328.		Cox	AJ,	Millington	RS,	Hukins	DW,	Sutton	TM.	Resistance	
of conformable indwelling urinary catheters to encrusta-
tion.	Biomater	Artif	Cells	Artif	Organs	1989;17(4):429-35.

329.		Ruutu	M,	Alfthan	O,	Heikkinen	L,	Jarvinen	A,	Lehtonen	T,	
Merikallio	E,	et	al.	«Epidemic»	of	acute	urethral	stricture	
after	open-heart	surgery.	Lancet	1982	Jan	23;1(8265):218.

330.		Ruutu	M,	Alfthan	O,	Talja	M,	Andersson	LC.	Cytotoxicity	of	
latex	urinary	catheters.	Br	J	Urol	1985	Feb;57(1):82-7.

331.		Nacey	 JN,	 Tulloch	 AG,	 Ferguson	 AF.	 Catheter-induced	
urethritis: a comparison between latex and silicone 
catheters	 in	 a	 prospective	 clinical	 trial.	 Br	 J	 Urol	 1985	
Jun;57(3):325-8.

332.		Pariente	 JL,	 Bordenave	 L,	 Jacob	 F,	 Bareille	 R,	 Baquey	
C,	Le	GM.	Cytotoxicity	assessment	of	latex	urinary	cathi-
eters	 on	 cultured	 human	 urothelial	 cells.	 Eur	 Urol	 2000	
Nov;38(5):640-3.

333.		Crippa	M,	Belleri	L,	Mistrello	G,	Tedoldi	C,	Alessio	L.	Pre-
vention	 of	 latex	 allergy	 among	 health	 care	workers	 and	
in the general population: latex protein content in devices 
commonly	used	in	hospitals	and	general	practice.	Int	Arch	
Occup	Environ	Health	2006	Aug;79(7):550-7.

334.	 Shenot	P,	Rivas	DA,	Kalman	DD,	Staas	WE,	Jr.,	Chancel-
lor	MB.	Latex	allergy	manifested	in	urological	surgery	and	
care	of	adult	spinal	cord	injured	patients.	Arch	Phys	Med	
Rehabil	1994	Nov;75(11):1263-5.

335.		Talja	M,	Korpela	A,	Jarvi	K.	Comparison	of	urethral	reac-
tion to full silicone, hydrogen-coated and siliconised latex 
catheters.	Br	J	Urol	1990	Dec;66(6):652-7.

336.		Anderson	R.	Pilot	study	to	assess	silicone	indwelling	uri-
nary	catheter	change	regimens.	Australian	and	New	Zea-
land	Continence	Journal	2010.

337.		Barnes	KE,	Malone-Lee	 J.	 Long-term	 catheter	manage-
ment: minimizing the problem of premature replacement 
due	 to	 balloon	 delation.	 Journal	 of	 Advanced	 Nursing	
1986;11(3):303-7.

338.		Jannings	 W,	 Kelly	 M.	 Dificulty	 in	 removing	 suprapubic	
urinary catheters in home based patients: a comparative 
descriptive	study.	Aust	J	Adv	Nurs	2001	Dec;19(2):20-5.

339.		Parkin	 J,	 Scanlan	 J,	 Woolley	 M,	 Grover	 D,	 Evans	 A,	
Feneley	 RC.	 Urinary	 catheter	 ‘delation	 cuff’	 formation:	
clinical	 audit	 and	 quantitative	 in	 vitro	 analysis.	 BJU	 Int	
2002	Nov;90(7):666-71.

340.		Gonzalgo	 ML,	Walsh	 PC.	 Balloon	 cufing	 and	 manage-
ment	 of	 the	 entrapped	 Foley	 catheter.	 Urology	 2003	
Apr;61(4):825-7.

341.		Ebner	A,	Madersbacher	H,	Schober	F,	Marbeger	H.	Hy-
drodynamic	properties	of	Foley	catheters	and	 its	clinical	
relevance.	1985	p.	217-8.

342.		Gould	CV,	Umscheid	CA,	Agarwal	RK,	Kuntz	G,	Pegues	
DA.	 Guideline	 for	 prevention	 of	 catheter-associated	 uri-
nary	 tract	 infections	 2009.	 Infection	 Control	 &	 Hospital	
Epidemiology	2010.

343.		Parker	D,	Callan	L,	Harwood	J,	Thompson	DL,	Wilde	M,	
Gray	M.	Nursing	interventions	to	reduce	the	risk	of	cathe-
ter-associated	urinary	tract	infection.	Part	1:	catheter	se-
lection.	Journal	of	Wound,	Ostomy	and	Continence	Nurs-
ing	2009.

344.		D’Cruz	R,	Soundappan	SS,	Cass	DT,	Smith	G.	Catheter	
balloon-related	 urethral	 trauma	 in	 children.	 Journal	 of	
Pediatrics	&	Child	Health	2009.

345.		Plowman	 R,	 Graves	 N,	 Grifin	 M,	 Swan	A,	 Cookson	 B,	
Taylor	L.	The	socio-economic	burden	of	hospital-acquired	
infection.	London:	Public	Health	Laboratory	Service;	1999.	

346.		Stamm	 WE.	 Urinary	 tract	 infections.	 Lippincott-Raven,	
Philadelphia.;	1998.	

347.		Sartor	C,	Sambuc	R,	Bimar	MC,	Gulian	C,	De	MP.	Preva-
lence surveys of nosocomial infections using a random 
sampling	 method	 in	 Marseille	 hospitals.	 J	 Hosp	 Infect	
1995	Mar;29(3):209-16.

348.		Evans	CT,	LaVela	SL,	Weaver	FM,	Priebe	M,	Sandford	P,	
Niemiec	P,	et	al.	Epidemiology	of	hospital-acquired	infec-
tions	in	veterans	with	spinal	cord	injury	and	disorder.	Infect	
Control	Hosp	Epidemiol	2008.

349.		Edwards	JR,	Peterson	KD,	Andrus	ML,	Tolson	JS,	Gould-
ing	JS,	Dudeck	MA,	et	al.	National	Healthcare	Safety	Net-
work	(NHSN)	Report,	data	summary	for	2006,	issued	June	
2007.	Am	J	Infect	Control	2007	Jun;35(5):290-301.

350.		Mulhall	AB,	 Chapman	RG,	 Crow	RA.	 Bacteriuria	 during	
indwelling	 urethral	 catheterization.	 J	 Hosp	 Infect	 1988	
Apr;11(3):253-62.

351.	 Stamm	WE.	Catheter-associated	urinary	 tract	 infections:	
epidemiology,	 pathogenesis,	 and	 prevention.	Am	 J	Med	
1991	Sep	16;91(3B):65S-71S.

352.		Nicolle	 LE.	 The	 chronic	 indwelling	 catheter	 and	 urinary	
infection	in	long-term-care	facility	residents.	Infect	Control	
Hosp	Epidemiol	2001	May;22(5):316-21.

353.		Nickel	 JC,	 Grant	 SK,	 Costerton	 JW.	 Catheter-associ-
ated	 bacteriuria.	 An	 experimental	 study.	 Urology	 1985	
Oct;26(4):369-75.

354.		Garibaldi	RA,	Burke	JP,	Dickman	ML,	Smith	CB.	Factors	
predisposing to bacteriuria during indwelling urethral cath-
eterization.	N	Engl	J	Med	1974	Aug	1;291(5):215-9.

355.		Watnick	P,	Kolter	R.	Bioilm,	city	of	microbes.	J	Bacteriol	
2000	May;182(10):2675-9.

356.		Donlan	 RM.	 Bioilm	 formation:	 a	 clinically	 relevant	
microbiological	 process.	 Clin	 Infect	 Dis	 2001	 Oct	
15;33(8):1387-92.

357.	 Trautner	BW,	Darouiche	RO.	Role	of	bioilm	 in	catheter-
associated	urinary	tract	infection.	Am	J	Infect	Control	2004	
May;32(3):177-83.

358.		Nickel	 JC,	 Costerton	 JW,	McLean	 RJ,	 Olson	M.	 Bacte-
rial	bioilms:	inluence	on	the	pathogenesis,	diagnosis	and	
treatment	of	urinary	 tract	 infections.	J	Antimicrob	Chem-
other	1994	May;33	Suppl	A:31-41.

359.		Stickler	D,	Dolman	 J,	Rolfe	S,	Chawla	 J.	Activity	 of	 an-
tiseptics	against	Escherichia	 coli	 growing	as	bioilms	on	
silicone	 surfaces.	 Eur	 J	 Clin	 Microbiol	 Infect	 Dis	 1989	
Nov;8(11):974-8.

360.		Utsumi	M,	Yamada	M,	 Nishi	 I,	 Nabetani	Y,	Asari	 S,	 To-
mono	K,	et	al.	Adjustment	for	antibiotic	exposure	level	in	
catheter-associated	 urinary	 tract	 infections.	 	 Journal	 of	
Hospital	Infection	2008.

361.		Amadeo	 B,	 Dumartin	 C,	 Venier	 AG,	 Fourrier-Réglat	 A,	
Coignard	 B,	 Rogues	 AM.	 Factors	 associated	 with	 the	
prevalence of antibiotic use for the treatment of hospital-
acquired	 infections	 at	 393	 French	 hospitals:	 a	 regional	
variation	analysis.	Infection	Control	&	Hospital	Epidemiol-
ogy	2011.

362.		Tambyah	PA,	Maki	DG.	Catheter-associated	urinary	tract	
infection is rarely symptomatic: a prospective study of 
1,497	 catheterized	 patients.	Arch	 Intern	 Med	 2000	 Mar	
13;160(5):678-82.

363.		Salomao	R,	Rosenthal	VD,	Grimberg	G,	Nouer	S,	Blecher	
S,	Buchner-Ferreira	S,	et	al.	Device-associated	 infection	
rates	in	intensive	care	units	of	Brazilian	hospitals:	indings	
of	the	International	Nosocomial	Infection	Control	Consor-
tium.	Revista	Panamericana	de	Salud	Publica	2008.

364.		Cuellar	LE,	Fernandez-Maldonado	E,	Rosenthal	VD,	Cas-
taneda-Sabogal	A,	Rosales	R,	Mayorga-Espichan	MJ,	et	
al.	Device-associated	 infection	 rates	 and	mortality	 in	 in-
tensive	 care	 units	 of	 Peruvian	 hospitals:	 indings	 of	 the	



1779

International	 Nosocomial	 Infection	 Control	 Consortium.	
Pan	Am	Journal	of	Public	Health	2008.

365.		Rosenthal	 VD.	 Device-associated	 nosocomial	 infections	
in	limited-resources	countries:	indings	of	the	International	
Nosocomial	Infection	Control	Consortium	(INICC).	Ameri-
can	Journal	of	Infection	Control	2008.

366.		Gikas	A,	Roumbelaki	M,	Bagatzouni-Pieridou	D,	Alexan-
drou	M,	 Zinieri	 V,	 Dimitriadis	 I,	 et	 al.	 Device-associated	
infections	in	the	intensive	care	units	of	Cyprus:	results	of	
the	irst	national	incidence	study.		Infection	2010.

367.		Edwards	JR,	Peterson	KD,	Andrus	ML,	Dudeck	MA,	Pol-
lock	 DA,	 Horan	 TC,	 et	 al.	 National	 Healthcare	 Safety	
Network	(NHSN)	Report,	data	summary	for	2006	through	
2007,	issued	November	2008.	Am	J	Infect	Control	2009.

368.		Mullings	 A,	 Murdoch	 F,	 Reilly	 J.	 Catheter	 associated	
urinary tract infection within care of the elderly facilities: 
results	from	a	Scottish	pilot	study.	Journal	of	Infection	Pre-
vention	2011.

369.		Weber	DJ,	Brown	V,	Huslage	K,	Sickbert-Bennett	E,	Ruta-
la	WA.	Device-related	infections	in	home	health	care	and	
hospice:	 infection	 rates,	1998-2008.	 Infect	Control	Hosp	
Epidemiol	2009.

370.		Goetz	 LL,	 Howard	 M,	 Cipher	 D,	 Revankar	 SG.	 Occur-
rence of candiduria in a population of chronically catheter-
ized	patients	with	spinal	cord	injury.	Spinal	Cord	2010.

371.		Sorbye	 LW,	 Finne-Soveri	 H,	 Ljunggren	G,	Topinkova	 E,	
Bernabei	R.	Indwelling	catheter	use	in	home	care:	elderly,	
aged	65+,	in	11	different	countries	in	Europe.	Age	Ageing	
2005	Jul;34(4):377-81.

372.		Landi	F,	Cesari	M,	Onder	G,	Zamboni	V,	Barillaro	C,	Lat-
tanzio	F,	et	al.	Indwelling	urethral	catheter	and	mortality	in	
frail	elderly	women	living	in	community.	Neurourol	Urodyn	
2004;23(7):697-701.

373.		Siroky	MB.	 Pathogenesis	 of	 bacteriuria	 and	 infection	 in	
the	spinal	cord	injured	patient.	Am	J	Med	2002	Jul	8;113	
Suppl	1A:67S-79S.

374.		Saint	S,	Lipsky	BA.	Preventing	catheter-related	bacteriu-
ria:	should	we?	Can	we?	How?	Arch	Intern	Med	1999	Apr	
26;159(8):800-8.

375.		Saint	S,	Veenstra	DL,	Lipsky	BA.	The	clinical	and	econom-
ic consequences of nosocomial central venous catheter-
related	infection:	are	antimicrobial	catheters	useful?	Infect	
Control	Hosp	Epidemiol	2000	Jun;21(6):375-80.

376.		Saint	S,	Veenstra	DL,	Sullivan	SD,	Chenoweth	C,	Fend-
rick	AM.	The	 potential	 clinical	 and	 economic	 beneits	 of	
silver alloy urinary catheters in preventing urinary tract 
infection.	Arch	Intern	Med	2000	Sep	25;160(17):2670-5.

377.		Tambyah	PA,	Maki	DG.	The	relationship	between	pyuria	
and infection in patients with indwelling urinary catheters: 
a	prospective	study	of	761	patients.	Arch	Intern	Med	2000	
Mar	13;160(5):673-7.

378.		Chant	C,	Smith	OM,	Marshall	JC,	Friedrich	JO.	Relation-
ship of catheter-associated urinary tract infection to mor-
tality	and	length	of	stay	in	critically	ill	patients:	A	system-
atic	 review	 and	 meta-analysis	 of	 observational	 studies.	
Critical	Care	Medicine	2011.

379.		Horan	 TC,	Andrus	 M,	 Dudeck	 MA.	 CDC/NHSN	 surveil-
lance	 deinition	 of	 health	 care-associated	 infection	 and	
criteria	 for	 speciic	 types	 of	 infections	 in	 the	 acute	 care	
setting.	Am	J	Infect	Control	2008	Jun;36(5):309-32.

380.		Darouiche	RO,	Goetz	L,	Kaldis	T,	Cerra-Stewart	C,	AlSha-
rif	A,	 Priebe	 M.	 Impact	 of	 StatLock	 securing	 device	 on	
symptomatic catheter-related urinary tract infection: a pro-
spective,	randomized,	multicenter	clinical	trial.	Am	J	Infect	
Control	2006	Nov;34(9):555-60.

381.	 Massa	LM,	Hoffman	JM,	Cardenas	DD.	Validity,	accuracy,	
and predictive value of urinary tract infection signs and 
symptoms in individuals with spinal cord injury on inter-
mittent	 catheterization.	 Journal	 of	 Spinal	 Cord	Medicine	
2009.

382.		Juthani-Mehta	M,	Tinetti	M,	Perrelli	E,	Towle	V,	Van	Ness	

PH,	Quagliarello	V.	Diagnostic	accuracy	of	criteria	for	uri-
nary	tract	infection	in	a	cohort	of	nursing	home	residents.	
J	Am	Geriatr	Soc	2007	Jul;55(7):1072-7.

383.		Cope	M,	Cevallos	ME,	Cadle	RM,	Darouiche	RO,	Musher	
DM,	Trautner	BW.	Inappropriate	treatment	of	catheter-as-
sociated asymptomatic bacteriuria in a tertiary care hospi-
tal.	Clinical	Infectious	Diseases	2009.

384.		Talaat	M,	Hafez	S,	Saied	T,	Elfeky	R,	El-Shoubary	W,	Pi-
mentel	G.	Surveillance	of	catheter-associated	urinary	tract	
infection	in	4	intensive	care	units	at	Alexandria	university	
hospitals	 in	Egypt.	American	Journal	of	 Infection	Control	
2010.

385.		Wald	HL,	Ma	A,	Bratzler	DW,	Kramer	AM.	Indwelling	uri-
nary catheter use in the postoperative period: analysis of 
the	national	surgical	infection	prevention	project	data.	Ar-
chives	of	Surgery	143(6):551-7,	2008	Jun.

385.		Madeo	M,	Barr	B,	Owen	E.	A	study	to	determine	whether	
the use of a preconnect urinary catheter system reduces 
the	incidence	of	nosocomial	urinary	tract	infections.	Jour-
nal	of	Infection	Prevention	2009.

387.		Tsuchida	T,	Makimoto	K,	Ohsako	S,	Fujino	M,	Kaneda	M,	
Miyazaki	T,	et	al.	Relationship	between	catheter	care	and	
catheter-associated urinary tract infection at Japanese 
general	 hospitals:	 a	 prospective	 observational	 study.	 In-
ternational	Journal	of	Nursing	Studies	2008.

388.		Branagan	GW,	Moran	BJ.	Published	evidence	favors	the	
use	of	 suprapubic	 catheters	 in	pelvic	 colorectal	 surgery.	
Dis	Colon	Rectum	2002	Aug;45(8):1104-8.

389.		Fox	 CL,	 Jr.,	 Modak	 SM.	 Mechanism	 of	 silver	 sulfadia-
zine	action	on	burn	wound	 infections.	Antimicrob	Agents	
Chemother	1974	Jun;5(6):582-8.

390.		Brosnahan	 J,	 Jull	 A,	 Tracy	 C.	 Types	 of	 urethral	 cath-
eters for management of short-term voiding problems 
in	 hospitalised	 adults.	 Cochrane	 Database	 Syst	 Rev	
2004;(1):CD004013.

391.		Maki	 DG,	 Knasinski	 V,	 Halvorson	 KT,	 Tambyah	 PA.	 A	
novel silver hydrogel-impregnated indwelling catheter 
reduces	 catheter-related	 urinary	 tract	 infections.	 A	 pro-
spective	double-blind	trial.	Infect	Control	Hosp	Epidemiol	
1998;19:682.

392.		Al-Habdan	I,	Sadat-Ali	M,	Corea	JR,	Al-Othman	A,	Kamal	
BA,	Shriyan	DS.	Assessment	of	nosocomial	urinary	tract	
infections in orthopaedic patients: a prospective and com-
parative	study	using	two	different	catheters.	Int	Surg	2003	
Jul;88(3):152-4.

393.	 Lee	 B,	 Bhuta	T,	 Craig	 J,	 Simpson	 J.	Methenamine	 hip-
purate	 for	 preventing	 urinary	 tract	 infections	 (Cochrane	
Review).	The	Cochrane	Library	2004;(4).

394.		Stensballe	 J,	 Tvede	 M,	 Looms	 D,	 Lippert	 FK,	 Dahl	 B,	
Tonnesen	E,	et	al.	Infection	risk	with	nitrofurazone-impregi-
nated urinary catheters in trauma patients: a randomized 
trial.	Ann	Intern	Med	2007	Sep	4;147(5):285-93.

395.		Darouiche	RO,	Smith	JA,	Jr.,	Hanna	H,	Dhabuwala	CB,	
Steiner	MS,	Babaian	RJ,	et	al.	Eficacy	of	antimicrobial-
impregnated bladder catheters in reducing catheter-asso-
ciated bacteriuria: a prospective, randomized, multicenter 
clinical	trial.	Urology	1999	Dec;54(6):976-81.

396.		Gaonkar	TA,	Sampath	LA,	Modak	SM.	Evaluation	of	 the	
antimicrobial	 eficacy	 of	 urinary	 catheters	 impregnated	
with	 antiseptics	 in	 an	 in	 vitro	 urinary	 tract	model.	 Infect	
Control	Hosp	Epidemiol	2003	Jul;24(7):506-13.

397.	 Karchmer	 TB,	 Giannetta	 ET,	 Muto	 CA,	 Strain	 BA,	 Farr	
BM.	A	randomized	crossover	study	of	silver-coated	urinary	
catheters	 in	hospitalized	patients.	Arch	 Intern	Med	2000	
Nov	27;160(21):3294-8.

398.		Rupp	ME,	Fitzgerald	T,	Marion	N,	Helget	V,	Puumala	S,	
Anderson	JR,	et	al.	Effect	of	silver-coated	urinary	cathe-
ters:	eficacy,	cost-effectiveness,	and	antimicrobial	resist-
ance.	American	Journal	of	Infection	Control	32(8):445-50,	
2004	Dec.

399.	 Lai	 KK,	 Fontecchio	 SA.	 Use	 of	 silver-hydrogel	 urinary	



1780

catheters on the incidence of catheter-associated urinary 
tract	infections	in	hospitalized	patients.	Am	J	Infect	Control	
2002	Jun;30(4):221-5.

400.		Bologna	RA,	Tu	LM,	Polansky	M,	Fraimow	HD,	Gordon	
DA,	 Whitmore	 KE.	 Hydrogel/silver	 ion-coated	 urinary	
catheter reduces nosocomial urinary tract infection rates 
in	intensive	care	unit	patients:	a	multicenter	study.	Urology	
1999	Dec;54(6):982-7.

401.		Johnson	JR,	Kuskowski	MA,	Wilt	TJ.	Systematic	review:	
antimicrobial urinary catheters to prevent catheter-associ-
ated	urinary	tract	infection	in	hospitalized	patients.	Annals	
of	Internal	Medicine	144(2):116-26,	2006	Jan	17.

402.		Drekonja	DM,	Kuskowski	MA,	Wilt	TJ,	 Johnson	 JR.	An-
timicrobial	urinary	catheters:	a	systematic	review.	Expert	
Rev	Med	Devices	2008	Jul;5(4):495-506.

403.		Srinivasan	A,	Karchmer	T,	Richards	A,	Song	X,	Perl	TM.	
A	prospective	trial	of	a	novel,	silicone-based,	silver-coated	
foley catheter for the prevention of nosocomial urinary 
tract	 infections.	 Infect	 Control	 Hosp	 Epidemiol	 2006	
Jan;27(1):38-43.

404.		Kunin	CM.	Nosocomial	urinary	tract	infections	and	the	in-
dwelling	 catheter:	 what	 is	 new	 and	what	 is	 true?	Chest	
2001	Jul;120(1):10-2.

405.		Li	X-Z,	Nikaido	H,	Williams	KE.	Silver-resistant	mutants	of	
Escherichia	coli	display	eflux	of	Ag	+	and	are	deicient	in	
porins.	J	Bacteriol	1997;179:6127-32.

406.		Stickler	 DJ.	 Susceptibility	 of	 antibiotic-resistant	 Gram-
negative bacteria to biocides: a perspective from the study 
of	catheter	bioilms.	J	Appl	Microbiol	2002;92	Suppl:163S-
70S.

407.		Shu-Hua	Y,	Yu-Sheng	J,	Feng-Huei	L.	Chitosan/poly(vinyl	
alcohol) blending hydrogel coating improves the surface 
characteristics of segmented polyurethane urethral cath-
eters.	J	Biomedical	Material	Research	Part	B:Applied	Bio-
materials	2007;83(2):304-13.

408.		Jones	GL,	Muller	CT,	O’Reilly	M,	Stickler	DJ.	Effect	of	tri-
closan	on	the	development	of	bacterial	bioilms	by	urinary	
tract	pathogens	on	urinary	catheters.	Journal	of	Antimicro-
bial	Chemotherapy	57(2):266-72,	2006	Feb.

409.		Stickler	 DJ,	 Morgan	 SD.	 Observations	 on	 the	 develop-
ment	of	the	crystalline	bacterial	bioilms	that	encrust	and	
block	Foley	catheters.	Journal	of	Hospital	Infection	2008.

410.	 Tenke	 P,	 Riedl	 CR,	 Jones	 GL,	Williams	 GJ,	 Stickler	 D,	
Nagy	 E.	 Bacterial	 bioilm	 formation	 on	 urologic	 devices	
and	heparin	coating	as	preventive	strategy.	 Int	J	Antimi-
crob	Agents	2004	Mar;23	Suppl	1:S67-S74.

411.		Prasad	A,	Cevallos	ME,	Riosa	S,	Darouiche	RO,	Trautner	
BW.	A	bacterial	interference	strategy	for	prevention	of	UTI	
in	 persons	 practicing	 intermittent	 catheterization.	 Spinal	
Cord	2009.

412.		Nicolle	LE.	Resistant	pathogens	in	urinary	tract	infections.	
J	Am	Geriatr	Soc	2002	Jul;50(7	Suppl):S230-S235.

413.		Rutschmann	OT,	Zwahlen	A.	Use	of	norloxacin	 for	pre-
vention of symptomatic urinary tract infection in chroni-
cally	catheterized	patients.	Eur	J	Clin	Microbiol	Infect	Dis	
1995	May;14(5):441-4.

414.		Firestein	 M,	 Mendelson	 G,	 Gronich	 D,	 Granot	 D,	 Ben-
Israel	 J,	Raz	R.	Can	Antibiotic	Use	During	Routine	Re-
placement	 of	 Long-Term	Urinary	 Catheter	 Prevent	 Bac-
teriuria?	 Infectious	 Diseases	 in	 Clinical	 Practice	 2001	
Mar;3(3):133-5.

415.	 Shah	PS,	Cannon	 JP,	Sullivan	CL,	Nemchausky	B,	Pa-
chucki	CT.	Controlling	 antimicrobial	 use	 and	 decreasing	
microbiological laboratory tests for urinary tract infections 
in spinal-cord-injury patients with chronic indwelling cath-
eters.	Am	J	Health	Syst	Pharm	2005	Jan	1;62(1):74-7.

416.		Sabbuba	 NA,	 Mahenthiralingam	 E,	 Stickler	 DJ.	 Mo-
lecular	 epidemiology	 of	 Proteus	 mirabilis	 infections	 of	
the	 catheterized	 urinary	 tract.	 J	 Clin	 Microbiol	 2003	
Nov;41(11):4961-5.

417.		Jepson	RG,	Mihaljevic	L,	Craig	J.	Cranberries	for	prevent-

ing	urinary	tract	infections.	Cochrane	Database	Syst	Rev	
2008;(1):CD001321.

418.		Kunin	CM,	Chin	QF,	Chambers	S.	Formation	of	encrusta-
tions on indwelling urinary catheters in the elderly: a com-
parison	of	different	 types	of	catheter	materials	 in	«block-
ers»	and	«nonblockers».	J	Urol	1987	Oct;138(4):899-902.

419.		Getliffe	KA.	The	use	of	bladder	wash-outs	 to	 reduce	uri-
nary	catheter	encrustation.	Br	J	Urol	1994	Jun;73(6):696-
700.

420.		Kohler-Ockmore	J,	Feneley	RC.	Long-term	catheterization	
of	 the	bladder:	prevalence	and	morbidity.	Br	J	Urol	1996	
Mar;77(3):347-51.

421.		Getliffe	K.	Managing	recurrent	urinary	catheter	blockage:	
problems,	promises,	and	practicalities.	Journal	of	Wound,	
Ostomy,	&	Continence	Nursing	30(3):146-51,	2003	May.

422.		Mathur	S,	Suller	MT,	Stickler	DJ,	Feneley	RC.	Factors	af-
fecting crystal precipitation from urine in individuals with 
long-term urinary catheters colonized with urease-positive 
bacterial	species.	Urological	Research	34(3):173-7,	2006	
Jun.

423.		Suller	MT,	Anthony	VJ,	Mathur	S,	Feneley	RC,	Greenman	
J,	Stickler	DJ.	Factors	modulating	the	pH	at	which	calcium	
and	magnesium	phosphates	precipitate	from	human	urine.	
Urol	Res	2005	Aug;33(4):254-60.

424.		Getliffe	 KA.	The	 characteristics	 and	management	 of	 pa-
tients	 with	 recurrent	 blockage	 of	 long-term	 urinary	 cath-
eters.	J	Adv	Nurs	1994	Jul;20(1):140-9.

425.		Choong	SK,	Hallson	P,	Whitield	HN,	Fry	CH.	The	phys-
icochemical	basis	of	urinary	catheter	encrustation.	BJU	Int	
1999	May;83(7):770-5.

426.		Cox	AJ,	Harries	JE,	Hukins	DW,	Kennedy	AP,	Sutton	TM.	
Calcium	 phosphate	 in	 catheter	 encrustation.	 Br	 J	 Urol	
1987	Feb;59(2):159-63.

427.	 Stickler	DJ,	Zimakoff	J.	Complications	of	urinary	tract	infec-
tions associated with devices used for long-term bladder 
management.	J	Hosp	Infect	1994	Nov;28(3):177-94.

428.		Choong	SK,	Whitield	HN.	Urinary	encrustation	of	alloplas-
tic	materials.	J	Endourol	2000	Feb;14(1):19-23.

429.		Morris	NS,	Stickler	DJ,	Winters	C.	Which	 indwelling	ure-
thral	catheters	resist	encrustation	by	Proteus	mirabilis	bio-
ilms?	Br	J	Urol	1997	Jul;80(1):58-63.

430.		Morris	NS,	Stickler	DJ.	Encrustation	of	indwelling	urethral	
catheters	by	Proteus	mirabilis	bioilms	growing	 in	human	
urine.	J	Hosp	Infect	1998	Jul;39(3):227-34.

431.		Stickler	DJ,	Feneley	RCL.	The	encrustation	and	blockage	
of long-term indwelling bladder catheters: a way forward in 
prevention	and	control.	Spinal	Cord	2010.

432.		Jacobsen	SM,	Stickler	DJ,	Mobley	HL,	Shirtliff	ME.	Com-
plicated catheter-associated urinary tract infections due to 
escherichia	coli	and	proteus	mirabilis.	 	Clinical	Microbiol-
ogy	Reviews	2008.

433.		Downer	A,	Morris	N,	Feast	WJ,	Stickler	D.	Polymer	surface	
properties	and	their	effect	on	the	adhesion	of	Proteus	mi-
rabilis.	Proc	Inst	Mech	Eng	[H	]	2003;217(4):279-89.

434.		Park	JH,	Cho	YW,	Kwon	IC,	Jeong	SY,	Bae	YH.	Assess-
ment	 of	 PEO/PTMO	 multiblock	 copolymer/segmented	
polyurethane blends as coating materials for urinary cath-
eters: in vitro bacterial adhesion and encrustation behav-
ior.	Biomaterials	2002	Oct;23(19):3991-4000.

435.		Chakravarti	 A,	 Gangodawila	 S,	 Long	 MJ,	 Morris	 NS,	
Blacklock	 AR,	 Stickler	 DJ.	 An	 electriied	 catheter	 to	 re-
sist	encrustation	by	Proteus	mirabilis	bioilm.	J	Urol	2005	
Sep;174(3):1129-32.

436.		Williams	GJ,	Stickler	DJ.	Some	observations	on	the	diffu-
sion of antimicrobial agents through the retention balloons 
of	foley	catheters.	J	Urol	2007	Aug;178(2):697-701.

437.		Stickler	DJ,	Jones	GL.	Reduced	Susceptibility	of	Proteus	
mirabilis	 to	 triclosan.	Antimicrob	Agents	Chemother	2008	
Mar;52(3):991-4.

438.		Stickler	DJ,	Morgan	SD.	Modulation	of	crystalline	Proteus	



1781

mirabilis	bioilm	development	on	urinary	catheters.	Journal	
of	Medical	Microbiology	55(Pt	5):489-94,	2006	May.

439.		Morris	NS,	Stickler	DJ.	Does	drinking	cranberry	juice	pro-
duce urine inhibitory to the development of crystalline, 
catheter-blocking	Proteus	mirabilis	bioilms?	BJU	Int	2001	
Aug;88(3):192-7.

440.		Kessler	 T,	 Jansen	 B,	 Hesse	 A.	 Effect	 of	 blackcurrant-,	
cranberry-	and	plum	juice	consumption	on	risk	factors	as-
sociated	with	kidney	stone	formation.	Eur	J	Clin	Nutr	2002	
Oct;56(10):1020-3.

441.		Bibby	 JM,	Cox	AJ,	Hukins	DW.	Feasibility	 of	 preventing	
encrustation	 of	 urinary	 catheters.	 Cells	 and	 Materials	
1995;2:183-95.

442.		Burns	 JR,	 Gauthier	 JF.	 Prevention	 of	 urinary	 cath-
eter	 incrustations	by	acetohydroxamic	acid.	 J	Urol	1984	
Sep;132(3):455-6.

443.		Gleeson	 MJ,	 Cunnane	 G,	 Grainger	 R.	 Spontaneous	
perforation	 of	 an	 augmented	 bladder.	 Br	 J	 Urol	 1991	
Dec;68(6):655.

444.		Khan	 A,	 Housami	 F,	 Melotti	 R,	 Timoney	 A,	 Stickler	 D.	
Strategy	 to	 Control	 Catheter	 Encrustation	With	 Citrated	
Drinks:	A	Randomized	Crossover	 Study.	 The	 Journal	 of	
Urology	2010.

445.		Getliffe	 K.	 Care	 of	 urinary	 catheters.	 Elder	 Care	 1996	
Apr;8(2):23-6.

446.		Getliffe	KA,	Hughes	SC,	Le	CM.	The	dissolution	of	urinary	
catheter	encrustation.	BJU	Int	2000	Jan;85(1):60-4.

447.		Hesse	A,	Nolde	A,	Klump	B,	Marklein	G,	Tuschewitzki	GJ.	
In	vitro	investigations	into	the	formation	and	dissolution	of	
infection-induced	 catheter	 encrustations.	Br	 J	Urol	 1992	
Oct;70(4):429-34.

448.		Jacobs	D,	Heimbach	D,	Hesse	A.	Chemolysis	of	struvite	
stones	by	acidiication	of	artiicial	urine--an	in	vitro	study.	
Scand	J	Urol	Nephrol	2001	Oct;35(5):345-9.

449.		Kennedy	 AP,	 Brocklehurst	 JC,	 Robinson	 JM,	 Faragher	
EB.	Assessment	of	 the	use	of	bladder	washouts/instilla-
tions	in	patients	with	long-term	indwelling	catheters.	Br	J	
Urol	1992	Dec;70(6):610-5.

450.		Elliot	 S,	 Striker	 LJ,	 Doi	 T,	 Linehan	 WM,	 Striker	 GE.	
Hepatoma	 G2	 conditioned	 medium	 facilitates	 early	 out-
growth	of	endothelial	cells	from	isolated	glomeruli.	Kidney	
Int	1989	May;35(5):1245-8.

451.		Moore	KN,	Hunter	 KF,	McGinnis	R,	 Bacsu	C,	 Fader	M,	
Gray	M,	et	al.	Do	catheter	washouts	extend	patency	time	
in	 long-term	indwelling	urethral	catheters?	A	randomized	
controlled trial of acidic washout solution, normal saline 
washout,	or	standard	care.	Journal	of	Wound,	Ostomy	and	
Continence	Nursing	2009.

452.		Holden	D,	Rao	PN.	Management	of	staghorn	stones	using	
a combination of lithotripsy, percutaneous nephrolithotomy 
and	Solution	R	irrigation.	Br	J	Urol	1991	Jan;67(1):13-7.

453.		Stickler	DJ,	Jones	SM,	Adusei	GO,	Waters	MG.	A	sensor	
to detect the early stages in the development of crystalline 
Proteus	mirabilis	bioilm	on	indwelling	bladder	catheters.	J	
Clin	Microbiol	2006	Apr;44(4):1540-2.

454.		Department	of	Health	(UK).	Guidelines	for	preventing	in-
fections associated with the insertion and maintenance 
of	short-term	indwelling	urehral	catheters	in	acute	care.	J	
Hosp	Infect	2001;47:39-46.

455.		Ogden	V.	Anaesthetic	gel	insertion	during	male	catheteri-
zation.	J	Community	Nursing	2003;17(1):4-8.

456.		Chung	C,	Chu	M,	Paoloni	R,	O’Brien	MJ,	Demel	T.	Com-
parison of lignocaine and water-based lubricating gels for 
female urethral catheterization: a randomized controlled 
trial.	Emerg	Med	Australas	2007	Aug;19(4):315-9.

457.		Cheung	K,	Leung	P,	Wong	Y,	To	O,	Yeung	Y,	Chan	M,	
et	al.	Water	versus	antiseptic	periurethral	cleansing	be-
fore catheterization among home care patients: a ran-
domized	 controlled	 trial.	American	 Journal	 of	 Infection	
Control	2008.

458.		Nasiriani	K,	Kalani	Z,	Farnia	F,	Motavasslian	M,	Nasiriani	
F,	Engberg	S.	Comparison	of	 the	Effect	of	Water	versus	
Povidone-Iodine	 Solution	 for	 Periurethral	 Cleaning	 in	
Women	Requiring	an	Indwelling	Catheter	Prior	to	Gyneco-
logic	Surgery.	Urol	Nurs	2009.

459.		Gormley	E.	Vaginal	lap	urethroplasty	for	female	urethral	
stricture	disease.	Neurourol	Urodyn	2010.

460.		Donnellan	 SM,	 Bolton	 DM.	 The	 impact	 of	 contempo-
rary bladder management techniques on struvite cal-
culi	 associated	 with	 spinal	 cord	 injury.	 BJU	 Int	 1999	
Aug;84(3):280-5.

461.		Ord	J,	Lunn	D,	Reynard	J.	Bladder	management	and	risk	
of	bladder	stone	formation	in	spinal	cord	injured	patients.	
J	Urol	2003	Nov;170(5):1734-7.

462.		Nomura	S,	Ishido	T,	Teranishi	J,	Makiyama	K.	Long-term	
analysis of suprapubic cystostomy drainage in patients 
with	neurogenic	bladder.	Urol	Int	2000;65(4):185-9.

463.		Khan	AA,	Mathur	S,	Feneley	R,	Timoney	AG.	Developing	
a strategy to reduce the high morbidity of patients with 
long-term	urinary	catheters:	the	BioMed	catheter	research	
clinic.	BJU	Int	2007	Dec;100(6):1298-301.

464.		Stonehill	WH,	 Dmochowski	 RR,	 Patterson	AL,	 Cox	 CE.	
Risk	 factors	 for	 bladder	 tumors	 in	 spinal	 cord	 injury	 pa-
tients.	J	Urol	1996	Apr;155(4):1248-50.

465.		West	DA,	Cummings	JM,	Longo	WE,	Virgo	KS,	Johnson	
FE,	Parra	RO.	Role	of	chronic	catheterization	 in	 the	de-
velopment of bladder cancer in patients with spinal cord 
injury.	Urology	1999	Feb;53(2):292-7.

466.	 Groah	SL,	Weitzenkamp	DA,	Lammertse	DP,	Whiteneck	
GG,	 Lezotte	 DC,	 Hamman	 RF.	 Excess	 risk	 of	 bladder	
cancer in spinal cord injury: evidence for an association 
between	indwelling	catheter	use	and	bladder	cancer.	Arch	
Phys	Med	Rehabil	2002	Mar;83(3):346-51.

467.		Schaafsma	RJ,	Delaere	KP,	Theunissen	PH.	Squamous	
cell carcinoma of suprapubic cystostomy tract without 
bladder	involvement.	Spinal	Cord	1999	May;37(5):373-4.

468.	 Berge	B,	Heicappell	R,	Steiner	U,	Miller	K.	Urothelial	car-
cinoma in a suprapubic cystostomy tract 27 years after 
tube	removal.	J	Urol	1999	Sep;162(3	Pt	1):797-8.

469.		Blake	 PA,	 Kim	 CO,	 Lopez	 AE,	 Krongrad	 A.	 Verrucous	
carcinoma	of	a	suprapubic	cystostomy	track.	J	Urol	1996	
Jul;156(1):174.

470.		Hamid	R,	Bycroft	J,	Arya	M,	Shah	PJ.	Screening	cystos-
copy and biopsy in patients with neuropathic bladder and 
chronic	suprapubic	indwelling	catheters:	is	it	valid?	J	Urol	
2003	Aug;170(2	Pt	1):425-7.

471.		Tenke	P,	Kovacs	B,	Bjerklund	Johansen	TE,	Matsumoto	
T,	Tambyah	PA,	Naber	 KG.	 European	 and	Asian	 guide-
lines on management and prevention of catheter-associ-
ated	urinary	tract	infections.	Int	J	Antimicrob	Agents	2008	
Feb;31	Suppl	1:S68-S78.

472.		NICE.	 Infection	Control:	prevention	of	heathcare	associ-
ated	 infection	 in	 primary	 and	 community	 care.	 National	
Institute	for	Clinical	Effectiveness	London	2003.

473.		Fung	C,	Spencer	B,	Eslami	M,	Crandall	C.	Quality	indi-
cators for the screening and care of urinary incontinence 
in	vulnerable	elders.	Journal	of	American	Geriatric	Soci-
ety	2007.

474.		Muctar	S.	The	 importance	of	a	 lubricant	 in	 transurethral	
interventions.	Urologie	(B)	1991;(31):153-5.

475.		Tanabe	 P,	 Steinmann	 R,	Anderson	 J,	 Johnson	 D,	 Met-
calf	S,	Ring-Hurn	E.	Factors	affecting	pain	scores	during	
female	 urethral	 catheterization.	 Acad	 Emerg	 Med	 2004	
Jun;11(6):699-702.

476.		British	National	Formulary.	London:	British	Medical	Asso-
ciation	and	Royal	Pharmaceutical	Society	of	great	Britain;	
2007.	Report	No.:	54.

477.		Ebo	DG,	Bridts	CH,	Stevens	WJ.	Anaphylaxis	to	an	ure-
thral	lubricant:	chlorhexidine	as	the	“hidden”	allergen.	Acta	
Clin	Belg	2004	Nov;59(6):358-60.



1782

478.		Mularoni	 PP,	 Cohen	 LL,	 DeGuzman	 M,	 Mennuti-Wash-
burn	 J,	Greenwald	M,	 Simon	HK.	A	 randomized	 clinical	
trial of lidocaine gel for reducing infant distress during ure-
thral	catheterization.	Pediatric	Emergency	Care	2009.

479.		Villanueva	C,	Hemstreet	GP.	Dificult	male	urethral	cath-
eterization:	 a	 review	 of	 different	 approaches.	 Journal	 of	
the	Brazilian	Society	of	Urology	2008.

480.		Agarwal	A,	 Dhiraaj	 S,	 Singhal	 V,	 Kapoor	 R,	 Tandon	M.	
Comparison	of	eficacy	of	oxybutynin	and	 tolterodine	 for	
prevention of catheter related bladder discomfort: a pro-
spective, randomized, placebo-controlled, double-blind 
study.	Br	J	Anaesth	2006	Mar;96(3):377-80.

481.		Mitchell	 N.	 Long	 term	 urinary	 catheter	 problems:	 a	 low	
chart	 to	 aid	management.	 British	 Journal	 of	Community	
Nursing	13(1):6,	8,	10-2,	2008	Jan.

482.		Tauzin-Fin	P,	Sesay	M,	Svartz	L,	Krol-Houdek	MC,	Mau-
rette	P.	Sublingual	oxybutynin	reduces	postoperative	pain	
related to indwelling bladder catheter after radical retropu-
bic	prostatectomy.	Br	J	Anaesth	2007	Oct;99(4):572-5.

483.		Fleming	AA,	Day	 J,	Glanield	 L.	Registered	 nurse	man-
agement of urinary catheters in a rehabilitation and long-
term	care	hospital.	International	Journal	of	Nursing	Prac-
tice	2000.

484.		Mody	L,	Saint	S,	Galecki	A,	Chen	S,	Krein	SL.	Knowledge	
of evidence-based urinary catheter care practice recom-
mendations	among	healthcare	workers	in	nursing	homes.	
Journal	of	the	American	Geriatrics	Society	2010.

485.		Drekonja	DM,	Kuskowski	MA,	Johnson	JR.	 Internet	surj-
vey	 of	 Foley	 catheter	 practices	 and	 knowledge	 among	
Minnesota	nurses.	American	Journal	of	 Infection	Control	
2010.

486.		Singson	K,	Murphy	S,	Merrill	KC.	Nurses’	Knowledge	and	
Compliance	to	Catheter	Associated	Urinary	Tract	Infection	
Prevention	Bundle:	A	Baseline	Survey.	American	Journal	
of	Infection	Control	2011.

487.		Theofanidis	 D,	 Fountouki	 A.	 Bladder	 catheterization	 in	
greek	 nursing	 education:	 an	 audit	 of	 the	 skills	 taught.	
Nurse	Education	Today	2011.

488.		Kneil	C,	Pellow	H,	Potter	 J.	 Long-term	urethral	 catheter	
audit	in	patients’	own	homes.	Journal	of	Infection	Preven-
tion	2009.

489.		Bhardwaj	R,	Pickard	R,	Rees	J.	Documented	adherence	
to	 standards	and	guidelines:	 an	audit.	British	 Journal	 of	
Nursing	2010.

490.		Willson	 M,	Wilde	 M,	Webb	 M,	 Thompson	 D,	 Parker	 D,	
Harwood	J,	et	al.	Nursing	interventions	to	reduce	the	risk	
of catheter-associated urinary tract infection: part 2: staff 
education,	 monitoring,	 and	 care	 techniques.	 Journal	 of	
Wound,	Ostomy	and	Continence	Nursing	2009.

491.		Iacovou	 JW.	 Supra-pubic	 catheterisation	 of	 the	 urinary	
bladder.	Hospital	Update	1994;March:159-62.

492.		Vaidyanathan	S,	Hughes	PL,	Oo	T,	Soni	BM.	Long	cath-
eter sign: a reliable bedside sign of incorrect positioning of 
foley	catheter	in	male	spinal	cord	injury	patients.	Cases	J	
2008;1(1):43.

493.		Heaney	F.	Nurse	decision	to	insert	a	urinary	catheter	in	a	
female	patient	in	orthopaedic	speciality:	The	development	
of	a	protocol	to	guide	care.	International	Journal	of	Ortho-
paedic	and	Trauma	Nursing	2011.

494.		Evans	D.	Faecal	incontinence	products	and	quality	of	life.	
Nursing	Times	102(2):44-5,	47,	2006	Jan	10;-16.

495.		Burke	JP,	Garibaldi	RA,	Britt	MR,	Jacobson	JA,	Conti	M,	
Alling	DW.	Prevention	of	catheter-associated	urinary	tract	
infections.	Eficacy	of	 daily	meatal	 care	 regimens.	Am	J	
Med	1981	Mar;70(3):655-8.

496.		Gray	 M.	 What	 nursing	 interventions	 reduce	 the	 risk	 of	
symptomatic urinary tract infection in the patient with an 
indwelling	 catheter?	 J	Wound	Ostomy	Continence	Nurs	
2004	Jan;31(1):3-13.

497.		Fisher	J.	The	importance	of	effective	catheter	securement.	
British	Journal	of	Nursing	2010.

498.		Gray	 ML.	 Securing	 the	 indwelling	 catheter.	 	 American	
Journal	of	Nursing	2008.

499.	 Gibney	 L.	Offering	 patients	 a	 choice	 of	 urinary	 catheter	
drainage	system.	British	Journal	of	Nursing	(BJN)	2010.

500.		Sabbuba	NA,	 Stickler	 DJ,	 Long	MJ,	 Dong	 Z,	 Short	 TD,	
Feneley	 RJ.	 Does	 the	 valve	 regulated	 release	 of	 urine	
from	the	bladder	decrease	encrustation	and	blockage	of	
indwelling catheters by crystalline proteus mirabilis bio-
ilms?	Journal	of	Urology	173(1):262-6,	2005	Jan.

501.		Woods	M,	McCreanor	J,	Aitchison	M.	An	assessment	of	
urethral	catheter	valves.	Prof	Nurse	1999	Apr;14(7):472-4.

502.		Rowley	P,	German	K,	Kumar	U,	Stone	D,	Stone	V,	Black-
ford	 HN.	A	 randomized	 cross-over	 study	 comparing	 the	
catheter valve with the leg bag in male patients with ure-
thral	catheters.	1995.

503.		German	K,	Rowley	P,	Stone	D,	Kumar	U,	Blackford	HN.	A	
randomized cross-over study comparing the use of a cath-
eter valve and a leg-bag in urethrally catheterized male 
patients.	Br	J	Urol	1997	Jan;79(1):96-8.

504.		Lewington	C,	Morgan	M,	Noone	P,	Kaisary	AV.	The	value	
of	catheter	valve	use	in	long-term	bladder	drainage.	1989.

505.		Wilson	 C,	 Sandhu	 SS,	 Kaisary	AV.	A	 prospective	 rand-
omized study comparing a catheter-valve with a standard 
drainage	system.	Br	J	Urol	1997	Dec;80(6):915-7.

506.	 Doherty	W.	The	Sims	Portex	Catheter	Valve:	an	alterna-
tive	to	the	leg	bag.	Br	J	Nurs	1999	Apr	8;8(7):459-62.

507.		Addison	R.	Catheter	valves:	a	special	focus	on	the	Bard	
Flip-Flo	catheter.	Br	J	Nurs	1999	May	13;8(9):576-80.

508.		Fader	M,	Pettersson	 L,	Brooks	R,	Dean	G,	Wells	M,	Cot-
tenden	A,	et	al.	A	multicentre	comparative	evaluation	of	cath-
eter	valves.	Br	J	Nurs	1997	Apr	10;6(7):359,	362-59,	367.

509.		Lee	SM,	Short	TD,	Unsworth	A.	Design	and	development	
of a novel, automatic valve system for long-term cathe-
terised	urinary	 incontinence	patients.	Proceedings	of	 the	
Institution	of	Mechanical	Engineers	Part	H	-	Journal	of	En-
gineering	in	Medicine	2007;221(6):665-7.

510.		Norberg	B,	Norberg	A,	Parkhede	U.	The	spontaneous	var-
iation of catheter life in long-stay geriatric inpatients with 
indwelling	catheters.	Gerontology	1983;29(5):332-5.

511.		Miles	 G,	 Schroeder	 J.	 An	 evidence-based	 approach	 to	
urinary	 catheter	 changes.	 British	 Journal	 of	 Community	
Nursing	2009.

512.		Johnson	 TM,	 Ouslander	 JG,	 Uman	 GC,	 Schnelle	 JF.	
Urinary	 incontinence	 treatment	 preferences	 in	 long-term	
care.	J	Am	Geriatr	Soc	2001	Jun;49(6):710-8.

513.		Pisterer	MH,	 Johnson	TM,	 Jenetzky	E,	Hauer	K,	Oster	
P.	Geriatric	patients’	preferences	for	 treatment	of	urinary	
incontinence: a study of hospitalized, cognitively com-
petent	adults	aged	80	and	older.	J	Am	Geriatr	Soc	2007	
Dec;55(12):2016-22.

514.		Khoubehi	B,	Watkin	NA,	Mee	AD,	Ogden	CW.	Morbidity	
and the impact on daily activities associated with cath-
eter	drainage	after	acute	urinary	retention.	BJU	Int	2000	
Jun;85(9):1033-6.

515.		Brillhart	B.	Studying	the	quality	of	life	and	life	satisfaction	
among persons with spinal cord injury undergoing urinary 
management.	Rehabil	Nurs	2004	Jul;29(4):122-6.

516.		Wilde	MH.	Understanding	urinary	catheter	problems	from	
the	 patient’s	 point	 of	 view.	 Home	 Healthc	 Nurse	 2002	
Jul;20(7):449-55.

517.		Yavuzer	G,	Gok	H,	Tuncer	S,	Soygur	T,	Arikan	N,	Arasil	
T.	 Compliance	 with	 bladder	management	 in	 spinal	 cord	
injury	patients.	Spinal	Cord	2000	Dec;38(12):762-5.

518.		Wilde	MH,	Dougherty	MC.	Awareness	of	urine	low	in	peo-
ple	 with	 long-term	 urinary	 catheters.	 Journal	 of	Wound,	
Ostomy,	&	Continence	Nursing	33(2):164-74;	discussion	
174-5,	2006	Mar;-Apr.

519.		Hansen	RB,	Biering-Sorensen	F,	Kristensen	JK.	Bladder	
emptying over a period of 10-45 years after a traumatic 
spinal	cord	injury.	Spinal	Cord	2004	Nov;42(11):631-7.



1783

520.		Pateman	B,	Johnson	M.	Men’s	lived	experiences	following	
transurethral prostatectomy for benign prostatic hypertro-
phy.	J	Adv	Nurs	2000	Jan;31(1):51-8.

521.		Seymour	 W.	 Coping	 with	 embarrassment:	 bodily	 conti-
nence.	 Remaking	 the	 body:	 Rehabilitation	 and	 change.
London:	Routledge;	1998.	p.	154-76.

522.		Baillie	 L.	 The	 impact	 of	 urological	 conditions	 on	 pa-
tient’s	dignity.	 International	Journal	of	Urological	Nursing	
2007;1(1):27-35.

523.		Sweeney	A,	 Harrington	A,	 Button	 D.	 Suprapubic	 cath-
eters--a shared understanding, from the other side 
looking	 in.	 J	 Wound	 Ostomy	 Continence	 Nurs	 2007	
Jul;34(4):418-24.

524.		Wilde	MH,	Cameron	BL.	Meanings	and	practical	 knowl-
edge	of	people	with	 long-term	urinary	catheters.	Journal	
of	 Wound,	 Ostomy,	 &	 Continence	 Nursing	 30(1):33-40;	
discussion	40-3,	2003	Jan.

525.		Fraczyk	L,	Godfrey	H,	Feneley	R.	A	pilot	study	of	users’	
experiences	of	urinary	catheter	drainage	bags.	Br	J	Com-
munity	Nurs	2003	Mar;8(3):104-11.

526.		Jakobsson	L,	Hallberg	IR,	Loven	L.	Experiences	of	mictu-
rition problems, indwelling catheter treatment and sexual 
life	consequences	in	men	with	prostate	cancer.	J	Adv	Nurs	
2000	Jan;31(1):59-67.

527.	 Hampton	 S.	Male	 genitourinary	 health.	A	 guide	 to	male	
catheterization	 and	 sexuality	 and	 quality	 of	 life.	 	 British	
Journal	of	Nursing	(BJN)	2005;14(7):376.

528.		Adejumo	 P.	Acute	 urinary	 retention	 and	 indwelling	 Ure-
thral	Catheters:	A	qualitative	study	of	men	with	obstructive	
prostate	 enlargement.	 West	 African	 Journal	 of	 Nursing	
2008.

529.		Anderson	KD,	Borisoff	JF,	Johnson	RD,	Stiens	SA,	Elliott	
SL.	Spinal	cord	 injury	 inluences	psychogenic	as	well	as	
physical	components	of	female	sexual	ability.	Spinal	Cord	
2007	May;45(5):349-59.

530.		Anderson	KD,	Borisoff	JF,	Johnson	RD,	Stiens	SA,	Elliott	
SL.	The	 impact	 of	 spinal	 cord	 injury	 on	 sexual	 function:	
concerns	 of	 the	 general	 population.	 Spinal	 Cord	 2007	
May;45(5):328-37.

531.		Bostock	N,	Kralik	D.	Sexual	health	and	living	with	a	urinary	
catheter.	Australian	and	New	Zealand	Continence	Journal	
2008.

532.		Wilson	M.	Causes	and	management	of	indwelling	urinary	
catheter-related	pain.	British	Journal	of	Nursing	17(4):232-
9,	2008	Feb	28;-Mar.

533.		Roe	B.	Long--term	catheter	care	in	the	community.	Nurs	
Times	1989	Sep	6;85(36):43-4.

534.		Roe	 BH.	 Study	 of	 the	 effects	 of	 education	 on	 patients’	
knowledge	 and	 acceptance	 of	 their	 indwelling	 urethral	
catheters.	J	Adv	Nurs	1990	Feb;15(2):223-31.

535.		Godfrey	H.	Living	with	a	long-term	urinary	catheter:	older	
people’s	experiences.	J	Adv	Nurs	2008	Apr;62(2):180-90.

536.		Kralik	D,	Seymour	L,	Eastwood	S,	Koch	T.	Managing	the	
self:	 living	with	an	 indwelling	urinary	catheter.	Journal	of	
Clinical	Nursing	16(7B):177-85,	2007	Jul.

537.		Wilde	 MH.	 Urine	 lowing:	 a	 phenomenological	 study	
of	 living	 with	 a	 urinary	 catheter.	 Res	 Nurs	 Health	 2002	
Feb;25(1):14-24.

538.		Paterson	BL.	The	shifting	perspectives	model	of	chronic	
illness.	J	Nurs	Scholarsh	2001;33(1):21-6.

539.		Wilde	MH,	Garvin	S.	A	concept	analysis	of	self-monitoring.	
J	Adv	Nurs	2007	Feb;57(3):339-50.

540.		Marx	 J,	Gama	 J.	Resolving	Conlicts	 Between	Adminis-
trative	 Data	 and	 CDC/NHSN	 Surveillance	 Deinitions	 of	
Catheter	 Associated	 Urinary	 Tract	 Infection	 (CA-UTI).	
American	Journal	of	Infection	Control	2011.

541.		Trautner	BW.	Management	of	catheter-associated	urinary	
tract	 infection.	 Current	 Opinion	 in	 Infectious	 Diseases	
2010.

542.		Altman	 DG,	 Schulz	 KF,	 Moher	 D,	 Egger	 M,	 Davidoff	 F,	
Elbourne	D,	et	al.	The	 revised	CONSORT	statement	 for	
reporting	randomized	trials:	explanation	and	elaboration.	
Ann	Intern	Med	2001	Apr	17;134(8):663-94.

543.		Peden-McAlpine	 C,	 Bliss	 D,	 Hill	 J.	 The	 experience	 of	
community-living	 women	 managing	 fecal	 incontinence.	
Western	Journal	of	Nursing	Research	2008.

544.		Bliss	D,	Lewis	J,	Hasselman	K,	Savik	K,	Lowry	A,	White-
bird	R.	Use	and	Evaluation	of	Disposable	Absorbent	Prod-
ucts	for	Managing	Fecal	Incontinence	by	Community-Liv-
ing	 People.	 Journal	 of	Wound,	Ostomy	 and	Continence	
Nursing	2011.

545.		Mortensen	N,	Humphreys	MS.	The	anal	continence	plug:	
a disposable device for patients with anorectal inconti-
nence.	Lancet	1991	Aug	3;338(8762):295-7.

546.		Norton	C,	Kamm	MA.	Anal	plug	 for	 faecal	 incontinence.	
Colorectal	Dis	2001	Sep;3(5):323-7.

547.		Giamundo	 P,	 Welber	 A,	 Weiss	 EG,	 Vernava	 AM,	 III,	
Nogueras	 JJ,	 Wexner	 SD.	 The	 procon	 incontinence	
device: a new nonsurgical approach to preventing epi-
sodes	 of	 fecal	 incontinence.	 Am	 J	 Gastroenterol	 2002	
Sep;97(9):2328-32.

548.		Padmanabhan	A,	Stern	M,	Wishin	J,	Mangino	M,	Richey	
K,	DeSane	M,	et	al.	Clinical	evaluation	of	a	lexible	fecal	
incontinence	management	 system.	American	 Journal	 of	
Critical	Care	16(4):384-93,	2007	Jul.

549.		Kim	 J,	Shim	MC,	Choi	BY,	Ahn	SH,	 Jang	SH,	Shin	HJ.	
Clinical	application	of	continent	anal	plug	in	bedridden	pa-
tients	with	 intractable	 diarrhea.	Dis	Colon	Rectum	 2001	
Aug;44(8):1162-7.

550.	 Duso	S.	Product	notebook:	a	new	fecal	containment	de-
vice.	A	 case	 study	describing	one	use	of	 the	Bard	FCD	
fecal	containment	device.	Ostomy	Wound	Manage	1992	
Jun;38(5):38-41.

551.		Hanlon	M,	 Cofone	 E.	 Patient	 with	 frequent	 liquid	 stools	
resulting	 in	a	chemical	dermatitis	and	a	perianal	ulcer.	J	
Wound	Ostomy	Continence	Nurs	1996	May;23(3):174-7.

552.		Ross	 V.	 The	 fecal	 containment	 device:	 one	 answer	 to	
a	 dreaded	 procedure.	 Ostomy	 Wound	 Manage	 1993	
Sep;39(7):42-4,	46.

553.		Freedman	P.	The	rectal	pouch:	a	safer	alternative	to	rectal	
tubes.	Am	J	Nurs	1991	May;91(5):105-6.

554.		Bosley	 C.	 Three	methods	 of	 stool	 management	 for	 pa-
tients	 with	 diarrhea.	 Ostomy	 Wound	 Manage	 1994	
Jan;40(1):52-7.

555.		Beitz	JM.	Fecal	incontinence	in	acutely	and	critically	ill	pa-
tients:	options	in	management.	Ostomy	Wound	Manage-
ment	52(12):56-8,	60,	62-6,	2006	Dec.

556.		Rainville	N.	Does	a	foley	belong	in	the	rectum?	Am	J	Nurs	
1987;87(2):175.

557.		Grogan	TA,	Kramer	DJ.	The	rectal	trumpet:	use	of	a	na-
sopharyngeal airway to contain fecal incontinence in criti-
cally	ill	patients.	J	Wound	Ostomy	Continence	Nurs	2002	
Jul;29(4):193-201.

558.		Fujii	M,	Sato	TN,	Ohrui	T,	Sato	T,	Sasaki	H.	Interanal	stool	
bag	for	the	bedridden	elderly	with	pressure	ulcer.	Geriat-
rics	&	Gerontology	International,	2004;4(2):120-2.

559.		Chew	MH,	Quah	HM,	Ooi	BS,	Lim	JF,	Ho	KS,	Tang	CL,	
et	al.	A	prospective	study	assessing	anal	plug	for	contain-
ment	 of	 faecal	 soilage	 and	 incontinence.	 Colorectal	 Dis	
2007.

560.		Shoshan	 L,	 Ben-Zvi	 D,	 Katz-Leurer	M.	 Use	 of	 the	Anal	
Plug	 in	 the	Treatment	 of	 Fecal	 Incontinence	 in	 Patients	
With	 Meningomyelocele.	 Journal	 of	 Pediatric	 Nursing	
2008.

561.		Pfrommer	W,	Holschneider	AM,	Lofler	N,	Schauff	B,	Ure	
BM.	A	new	polyurethane	anal	plug	in	the	treatment	of	in-
continence	 after	 anal	 atresia	 repair.	 Eur	 J	 Pediatr	 Surg	
2000	Jun;10(3):186-90.

562.		Van	WM,	Van	BS,	Van	LE,	Hoebeke	P.	Is	an	anal	plug	use-



1784

ful in the treatment of fecal incontinence in children with 
spina	biida	or	anal	atresia?	Journal	of	Urology	176(1):342-
4,	2006	Jul.

563.		Bond	C,	Youngson	G,	MacPherson	 I,	Garrett	A,	Bain	N,	
Donald	S,	et	al.	Anal	plugs	 for	 the	management	of	 fecal	
incontinence in children and adults: a randomized control 
trial.	 Journal	 of	 Clinical	 Gastroenterology	 41(1):45-53,	
2007	Jan.

564.		Christiansen	 J,	 Roed-Petersen	 K.	 Clinical	 assessment	
of	 the	 anal	 continence	 plug.	 Dis	 Colon	 Rectum	 1993	
Aug;36(8):740-2.

565.		Cazemier	M,	Felt-Bersma	RJ,	Mulder	CJ.	Anal	plugs	and	
retrograde colonic irrigation are helpful in fecal inconti-
nence	or	constipation.	World	Journal	of	Gastroenterology	
13(22):3101-5,	2007	Jun	14.

566.		Blair	GK,	Djonlic	K,	Fraser	GC,	Arnold	WD,	Murphy	JJ,	Ir-
win	B.	The	bowel	management	 tube:	an	effective	means	
for	 controlling	 fecal	 incontinence.	 J	 Pediatr	 Surg	 1992	
Oct;27(10):1269-72.

567.		Keshava	A,	Renwick	A,	Stewart	P,	Pilley	A.	A	nonsurgical	
means	 of	 fecal	 diversion:	 the	 Zassi	 Bowel	Management	
System.	Dis	Colon	Rectum	2007	Jul;50(7):1017-22.

568.		Benoit	RA,	Jr.,	Watts	C.	The	effect	of	a	pressure	ulcer	pre-
vention program and the bowel management system in re-
ducing	pressure	ulcer	prevalence	in	an	ICU	setting.	Jour-
nal	of	Wound,	Ostomy,	&	Continence	Nursing	34(2):163-
75;	quiz	176-7,	2007	Mar;-Apr.

569.		Echols	J,	Friedman	BC,	Mullins	RF,	Hassan	Z,	Shaver	JR,	
Brandigi	C,	et	al.	Clinical	utility	and	economic	impact	of	in-
troducing	a	bowel	management	system.	Journal	of	Wound,	
Ostomy,	&	Continence	Nursing	34(6):664-70,	2007	Nov;-
Dec.

570.	 Kowal-Vern	A,	Poulakidas	S,	Barnett	B,	Conway	D,	Culver	
D,	Ferrari	M,	 et	 al.	 Fecal	Containment	 in	Bedridden	Pa-
tients:	Economic	Impact	of	2	Commercial	Bowel	Catheter	
Systems.	American	Journal	of	Critical	Care	2009.

571.	 Page	BP,	Boyce	SA,	Deans	C,	Camilleri-Brennan	J.	Sig-
niicant	Rectal	Bleeding	as	a	Complication	of	a	Fecal	Col-
lecting	Device:	Report	of	a	Case.	Diseases	of	the	Colon	&	
Rectum	2008.

572.		Bright	E,	Fishwick	G,	Berry	D,	Thomas	M.	Indwelling	bowel	
management system as a cause of life-threatening rectal 
bleeding.	Case	reports	in	gastroenterology	2008.

573.	 Safaz	I,	Kesikburun	S,	Omac	OK,	Tugcu	I,	Alaca	R.	Auto-
nomic	Dysrelexia	as	a	Complication	of	a	Fecal	Manage-
ment	System	in	a	Man	With	Tetraplegia.	Journal	of	Spinal	
Cord	Medicine	2010.

574.		Palmieri	B,	Benuzzi	G,	Bellini	N.	The	anal	bag:	a	modern	
approach	 to	 fecal	 incontinence	 management.	 Ostomy	
Wound	Management	51(12):44-52,	2005	Dec.

575.	 Gray	M,	Beeckman	D,	Bliss	D,	Fader	M,	Logan	S,	Junkin	
J,	et	al.	Incontinence-associated	dermatitis:	a	comprehen-
sive	review	and	update.	Journal	of	Wound,	Ostomy,	&	Con-
tinence	Nursing	2012.

576.		Gray	M,	Bliss	DZ,	Doughty	DB,	Ermer-Seltun	J,	Kennedy-
Evans	KL,	Palmer	MH.	 Incontinence-associated	dermati-
tis:	a	consensus.	Journal	of	Wound,	Ostomy,	&	Continence	
Nursing	34(1):45-54;	quiz	55-6,	2007	Jan;-Feb.

577.		Gray	M,	Bliss	DZ,	Doughty	DB,	Ermer-Seltun	J,	Kennedy-
Evans	KL,	Palmer	MH.	 Incontinence-associated	dermati-
tis:	a	consensus.	Journal	of	Wound,	Ostomy,	&	Continence	
Nursing	34(1):45-54;	quiz	55-6,	2007	Jan;-Feb.

578.		Gray	M,	Black	JM,	Baharestani	MM,	Bliss	D,	Colwell	JC,	
Goldberg	M,	et	al.	Moisture-associated	skin	damage:	over-
view	and	pathophysiology.	Journal	of	Wound,	Ostomy	and	
Continence	Nursing	2011.

579.		Black	JM,	Gray	M,	Bliss	D,	Kennedy-Evans	KL,	Logan	S,	
Baharestani	MM,	et	al.	MASD	Part	2:	Incontinence-Associ-
ated	Dermatitis	and	Intertriginous	Dermatitis	A	Consensus.	
Journal	of	Wound,	Ostomy	and	Continence	Nursing	2011.

580.		Colwell	JC,	Ratliff	C,	Goldberg	M,	Baharestani	MM,	Bliss	
DZ,	Gray	M,	et	al.	MASD	part	3:	peristomal	moisture-	as-

sociated dermatitis and periwound moisture-associated 
dermatitis:	a	consensus.	 Journal	of	Wound,	Ostomy	and	
Continence	Nursing	2011.

581.		Beeckman	D,	Schoonhoven	L,	Verhaeghe	S,	Heyneman	
A,	Deloor	T.	Prevention	and	treatment	of	incontinence-as-
sociated	dermatitis:	literature	review.	Journal	of	Advanced	
Nursing	2009.

582.		Kligman	AM.	Hydration	injury	to	human	skin.	In:	Elsner	P,	
Berardesca	E,	Maibach	H,	editors.	Bioengineering	of	 the	
skin:	water	and	the	stratum	corneum.	CRC	Press;	1994.

583.		Tsai	TF,	Maibach	HI.	How	 irritant	 is	water?	An	overview.	
Contact	Dermatitis	1999	Dec;41(6):311-4.

584.		Fluhr	JW,	Gloor	M,	Lehmann	L,	Lazzerini	S,	Distante	F,	Be-
rardesca	E.	Glycerol	accelerates	recovery	of	barrier	func-
tion	in	vivo.	Acta	Derm	Venereol	1999	Nov;79(6):418-21.

585.		Faergemann	 J,	Aly	R,	Wilson	DR,	Maibach	HI.	Skin	 oc-
clusion:	effect	on	Pityrosporum	orbiculare,	skin	PCO2,	pH,	
transepidermal	water	loss,	and	water	content.	Arch	Derma-
tol	Res	1983;275(6):383-7.

586.		Aly	R,	Shirley	C,	Cunico	B,	Maibach	HI.	Effect	of	prolonged	
occlusion	 on	 the	microbial	 lora,	 pH,	 carbon	dioxide	 and	
transepidermal	water	loss	on	human	skin.	J	Invest	Derma-
tol	1978	Dec;71(6):378-81.

587.		Suskind	RR,	Ishihara	M.	The	effects	of	wetting	on	cutane-
ous	vulnerability.	Arch	Environ	Health	1965	Oct;11(4):529-
37.

588.		Berg	RW,	Buckingham	KW,	Stewart	RL.	Etiologic	factors	in	
diaper	dermatitis:	the	role	of	urine.	Pediatr	Dermatol	1986	
Feb;3(2):102-6.

589.	 Buckingham	KW,	Berg	RW.	Etiologic	factors	in	diaper	der-
matitis:	the	role	of	feces.	Pediatr	Dermatol	1986.

590.		Andersen	P,	Bucher	A,	Saeed	I,	Lee	P,	Davis	J,	Maibach	
HI.	Faecal	enzymes:	in	vivo	human	skin	irritation.	Contact	
Dermatitis	1994.

591.		Leyden	J.	Diaper	dermatitis.	Dermatologic	Clinics	1986.

592.		Zimmerer	R,	Lawson	K,	Calvert	C.	The	effects	of	wearing	
diapers	on	skin.	Pediatr	Dermatol	1986.

593.		Maibach	HI,	Kligman	AM.	The	biology	of	experimental	hu-
man	cutaneous	moniliasis	(Candida	albicans).	Archives	of	
Dermatology	1962.

594.		Faria	D,	Shwayder	T,	Krull	E.	Perineal	skin	injury:	extrinsic	
environmental	 risk	 factors.	Ostomy	Wound	Management	
1996.

595.		Schnetz	E,	Kuss	O,	Schmitt	 J,	Diepgen	T,	Kuhn	M,	Far-
tasch	M.	Intra-and	inter-individual	variations	in	transepider-
mal water loss on the face: facial locations for bioengineer-
ing	studies.	Contact	Dermatitis	1999.

596.		Caplan	R.	The	irritant	role	of	feces	in	the	genesis	of	peri-
anal	itch.	Gastroenterology	1966.

597.		Fader	M,	Clarke-O’Neill	S,	Wong	W,	Runeman	B,	Farbrot	
A,	Cottenden	A.	Review	of	methods	used	 for	quantifying	
excess	 water	 in	 over-hydrated	 skin	 using	 evaporimetry.	
Skin	Research	and	Technology	2010.

598.		Fader	M,	Clarke-O’Neill	S,	Wong	W,	Runeman	B,	Farbrot	
A,	Cottenden	A.	Development	and	preliminary	testing	of	a	
standardized method for quantifying excess water in over-
hydrated	skin	using	evaporimetry.	Physiological	Measure-
ment	2011.

599.		Brown	DS.	 Perineal	 dermatitis:	 can	we	measure	 it?	Os-
tomy	Wound	Management	1993;39(7):28-30-32.

600.		Gray	M,	Jones	DP.	The	effect	of	different	 formulations	of	
equivalent active ingredients on the performance of two 
topical	 wound	 treatment	 products.	 Ostomy	Wound	Man-
agement	50(3):34-8,	40,	42-4,	2004	Mar.

601.		Bliss	DZ,	Savik	K,	Harms	S,	Fan	Q,	Wyman	JF.	Prevalence	
and correlates of perineal dermatitis in nursing home resi-
dents.	Nursing	Research	55(4):243-51,	2006	Jul;-Aug.

602.		Lyder	C,	Clemes-Lowrance	C,	Davis	A,	Sullivan	L,	Zucker	
A.	Structured	skin	care	regimen	to	prevent	perineal	derma-
titis	in	the	elderly.	Journal	of	ET	Nursing	1992.



1785

603.		Keller	P,	Sinkovic	S,	Miles	S.	Skin	dryness:	a	major	factor	
in	reducing	incontinence	dermatitis.	Ostomy	Wound	Man-
agement	1990.

604.		Bale	 S,	Tebble	N,	 Jones	V,	 Price	 P.	The	 beneits	 of	 im-
plementing	a	new	skin	care	protocol	 in	nursing	homes.	J	
Tissue	Viability	2004	Apr;14(2):44-50.

605.		Zehrer	CL,	Newman	DK,	Grove	GL,	Lutz	JB.	Assessment	
of diaper-clogging potential of petrolatum moisture barri-
ers.	Ostomy	Wound	Management	51(12):54-8,	2005	Dec.

606.		Ehman	 S,	 Thorson	 M,	 Lebak	 K,	 Bliss	 D,	 Savik	 K,	 Beil-
man	G.	Development	of	Perineal	Dermatitis	in	Critically	Ill	
Adults	with	Fecal	Incontinence.	American	Journal	of	Criti-
cal	Care	2006;15(3):333.

607.	 Junkin	J,	Selekof	JL.	Prevalence	of	incontinence	and	as-
sociated	skin	injury	in	the	acute	care	inpatient.	Journal	of	
Wound,	Ostomy,	&	Continence	Nursing	34(3):260-9,	2007	
May;-Jun.

608.		Shigeta	Y,	Nakagami	G,	Sanada	H,	Oba	M,	Fujukawa	J,	
Konya	 C,	 et	 al.	 Exploring	 the	 relationship	 between	 skin	
property	and	absorbent	pad	environment.	Journal	of	Clini-
cal	Nursing	2008.

609.		Beeckman	 D,	 Verhaeghe	 S,	 Deloor	 T,	 Schoonhoven	 L,	
Vanderwee	K.	A	3-in-1	Perineal	Care	Washcloth	 Impreg-
nated	With	Dimethicone	3%	Versus	Water	and	pH	Neutral	
Soap	 to	Prevent	and	Treat	 Incontinence-Associated	Der-
matitis.	Journal	of	Wound,	Ostomy	and	Continence	Nurs-
ing	2011.

610.		Shigeta	Y,	Nakagami	G,	Sanada	H,	Konya	C,	Sugama	J.	
Factors	inluencing	intact	skin	in	women	with	incontinence	
using absorbent products: results of a cross-sectional, 
comparative	study.	Ostomy	Wound	Management	2010.

511.		Bliss	 DZ,	 Savik	 K,	 Fan	 Q,	 Harms	 S.	 Risks	 for	 perineal	
dermatitis	in	nursing	home	elders:	A	prospective	analysis.	
Gerontologist	2003.

612.		Nix	DH.	Validity	and	reliability	of	the	Perineal	Assessment	
Tool.	Ostomy	Wound	Manage	2002	Feb;48(2):43-9.

613.		Kennedy	KL,	Lutz	L.	Comparison	of	the	eficacy	and	cost-
effectivenes	of	three	skin	protectants	in	the	management	
of	incontinent	dermatitis.	1996.

614.		Warshaw	E,	Nix	D,	Kula	J,	Markon	CE.	Clinical	and	cost	
effectiveness of a cleanser protectant lotion for treatment 
of	perineal	skin	breakdown	in	low-risk	patients	with	inconti-
nence.	Ostomy	Wound	Manage	2002	Jun;48(6):44-51.

615.		Borchert	K,	Bliss	D,	Savik	K,	Radosevich	DM.	The	incon-
tinence-associated dermatitis and its severity instrument: 
development	and	validation.	Journal	of	Wound,	Ostomy,	&	
Continence	Nursing	2010.

616.		Bliss	D.,	Zehrer	C,	Savik	K,	Thayer	D,	Smith	G.	 Inconti-
nence-associated	skin	damage	in	nursing	home	residents:	
a	secondary	analysis	of	a	prospective,	multicenter	study.	
Ostomy	Wound	Management	52(12):46-55,	2006	Dec.

617.		Maklebust	J,	Magnan	M.	Risk	factors	associated	with	hav-
ing	a	pressure	ulcer:	a	secondary	data	analysis.	Advances	
in	Wound	Care	1994.

618.		Watret	 L.	 Using	 a	 case-mix-adjusted	 pressure	 sore	 inci-
dence study in a surgical directorate to improve patient 
outcomes	in	pressure	ulcer	prevention.	Journal	of	Tissue	
Viability	1999.

619.		Brandeis	G,	Ooi	W,	Hossain	M,	Morris	J,	Lipsitz	L.	A	longi-
tudinal	study	of	risk	factors	associated	with	the	formation	of	
pressure	ulcers	in	nursing	homes.	Journal	of	the	American	
Geriatrics	Society	1994.

620.		Bergquist	 S,	 Frantz	 R.	 Pressure	 ulcers	 in	 community-
based	 older	 adults	 receiving	 home	 health	 care.	 Preva-
lence,	incidence,	and	associated	risk	factors.	Advances	in	
Wound	Care	1999.

621.		Theaker	C,	Mannan	M,	 Ives	N,	 Soni	 N.	Risk	 factors	 for	
pressure	sores	in	the	critically	ill.	Anaesthesia	2000.

622.	 Spector	W,	Fortinsky	R.	Pressure	ulcer	prevalence	in	Ohio	
nursing	homes:	 clinical	 and	 facility	 correlates.	 Journal	 of	
aging	and	health	1998.

623.		Doughty	 D,	 Ramundo	 J,	 Bonham	 P,	 Beitz	 J,	 Erwin-Toth	
P,	Anderson	R,	et	al.	Issues	and	challenges	in	staging	of	
pressure	ulcers.	J	Wound	Ostomy	Continence	Nurs	2006	
Mar;33(2):125-30.

624.		Bethell	E.	Controversies	in	classifying	and	assessing	grade	
I	pressure	ulcers.	J	Wound	Care	2003	Jan;12(1):33-6.

625.		Deloor	 T,	 Schoonhoven	 L.	 Inter-rater	 reliability	 of	 the	
EPUAP	pressure	ulcer	classiication	system	using	photo-
graphs.	J	Clin	Nurs	2004	Nov;13(8):952-9.

626.		Deloor	T,	Schoonhoven	L,	Katrien	V,	Weststrate	J,	Myny	D.	
Reliability	of	the	European	Pressure	Ulcer	Advisory	Panel	
classiication	system.	J	Adv	Nurs	2006	Apr;54(2):189-98.

627.		Beeckman	 D,	 Deloor	 T,	 Verhaeghe	 S,	 Vanderwee	 K,	
Demarre	L,	Schoonhoven	L.	 	What	 is	 the	most	 effective	
method of preventing and treating incontinence associated 
dermatitis?		Nursing	Times	2010.

628.		Houwing	RH,	Arends	 JW,	Canninga-van	Dijk	MR,	Koop-
man	E,	Haalboom	JR.	Is	the	distinction	between	supericial	
pressure	ulcers	and	moisture	lesions	justiiable?	A	clinical-
pathologic	study.	Skinmed	2007	May;6(3):113-7.

629.		Fader	M,	Clarke-O’Neill	S,	Cook	D,	Dean	G,	Brooks	R,	Cot-
tenden	A,	et	al.	Management	of	night-time	urinary	inconti-
nence in residential settings for older people: an investiga-
tion into the effects of different pad changing regimes on 
skin	health.	Journal	of	Clinical	Nursing	12(3):374-86,	2003	
May.

630.		Campbell	R,	Seymour	J,	Stone	L,	Milligan	M.	Clinical	stud-
ies with disposable diapers containing absorbent gelling 
materials:	 evaluation	 of	 effects	 on	 infant	 skin	 condition.	
Journal	of	the	American	Academy	of	Dermatology	1987.

631.		Lane	A,	 Rehder	 P,	 Helm	 K.	 Evaluations	 of	 diapers	 con-
taining absorbent gelling material with conventional dis-
posable	diapers	 in	newborn	 infants.	American	Journal	of	
Diseases	in	Children	1990.

632.		Davis	J,	Leyden	J,	Grove	GL,	Raynor	W.	Comparison	of	
disposable	diapers	with	 luff	 absorbent	and	luff	 plus	ab-
sorbent	polymers:	effects	on	skin	hydration,	skin	pH,	and	
diaper	dermatitis.	Pediatr	Dermatol	1989.

633.		Wilson	P,	Dallas	M.	Diaper	performance:	maintenance	of	
healthy	skin.	Pediatr	Dermatol	1990.

634.		Dallas	M,	Wilson	 P.	Adult	 incontinence	 products:	 perfor-
mance	eveluation	on	healthy	skin.	 INDA	Journal	of	Non-
wovens	Research	1992.

635.		Grove	GL,	Lemmen	J,	Garafalo	M,	Akin	F.	Assessment	of	
skin	 hydration	 caused	 by	 diapers	 and	 incontinence	 arti-
cles.	Current	Problems	in	Dermatology	1998.

636.		Beguin	AM,	 Malaquin-Pavan	 E,	 Guihaire	 C,	 Hallet-Lezy	
AM,	Souchon	S,	Homann	V,	et	al.	Improving	diaper	design	
to	address	incontinence	associated	dermatitis.	BMC	Geri-
atrics	2010.

637.		Skewes	S.	Bathing:	it’s	a	tough	job!	Journal	of	Gerontologi-
cal	Nursing	1997.

638.		Van	der	Valk	P,	Maibach	HI.	A	functional	study	of	the	skin	
barrier to evaporative water loss by means of repeated 
cellophane-tape	 stripping.	Clinical	 and	 experimental	 der-
matology	1990.

639.		Klein	G,	Grubauer	G,	Fritsch	P.	The	inluence	of	daily	dish-
washing	with	 synthetic	 detergent	 on	 human	 skin.	 British	
Journal	of	Dermatology	1992.

640.		AHRQ.	Pressure	ulcers	 in	adults:	Prediction	and	preven-
tion	(AHCPR	publication	no.	92-0047).		1992.	

641.	 Gray	 M,	 Ratliff	 C,	 Donovan	 A.	 Perineal	 skin	 care	 for	
the	 incontinent	 patient.	 Adv	 Skin	 Wound	 Care	 2002	
Jul;15(4):170-5.

642.		Gray	 M.	 Incontinence-related	 skin	 damage:	 essential	
knowledge.	 Ostomy	 Wound	 Management	 53(12):28-32,	
2007	Dec.

643.		Lekan-Rutledge	 D,	 Doughty	 D,	 Moore	 KN,	 Wooldridge	
L.	Promoting	 social	 continence:	 products	 and	 devices	 in	
the	management	of	urinary	incontinence.	Urol	Nurs	2003	
Dec;23(6):416-28,	458.



1786

644.		Nix	D,	Ermer-Seltun	J.	A	review	of	perineal	skin	care	proto-
cols	and	skin	barrier	product	use.	Ostomy	Wound	Manage-
ment	50(12):59-67,	2004	Dec.

645.		Fiers	SA.	Breaking	the	cycle:	the	etiology	of	incontinence	
dermatitis	 and	 evaluating	 and	 using	 skin	 care	 products.	
Ostomy	Wound	Manage	1996	Apr;42(3):32-40,	passim.

646.		Hess	CT.	Fundamental	 strategies	 for	 skin	 care.	Ostomy/
Wound	Management,	1997;43(8):32-41.

647.		Brown	 DS,	 Small	 S,	 Jones	 D.	 Standardizing	 skin	
care	 across	 settings.	 Ostomy	 Wound	 Manage	 1995	
Nov;41(10):40-3.

648.	 Gray	 M.	 Incontinence-related	 skin	 damage:	 essential	
knowledge.	 Ostomy	 Wound	 Management	 53(12):28-32,	
2007	Dec.

649.		Jackson	MA.	Evidence-based	practice	for	evaluation	and	
management	 of	 female	 urinary	 tract	 infection.	 Urologic	
Nursing	2007;27(2):133-6.

650.		Hurlow	JSDA.	An	opportunity	for	WOC	nurses.	Journal	of	
Wound,	 Ostomy,	 and	 Continence	 Nursing	 2006;33:296-
304.

651.		Leiner	 S.	 Recurrent	 urinary	 tract	 infections	 in	 otherwise	
healthy	adult	women.	Nurse	Practitioner	1995;20(2):48-56.

652.		Naish	 W,	 Hallam	 M.	 Urinary	 tract	 infection:	 diagno-
sis	 and	 management	 for	 nurses.	 Nurs	 Stand	 2007	 Feb	
14;21(23):50-7.

653.		Stapleton	A,	Stamm	WE.	Prevention	of	urinary	tract	infec-
tion.	Infect	Dis	Clin	North	Am	1997	Sep;11(3):719-33.

654.		Persad	 S,	Watermeyer	 S,	 Grifiths	A,	 Cherian	 B,	 Evans	
J.	 Association	 between	 urinary	 tract	 infection	 and	 post-
micturition	 wiping	 habit.	 Acta	 Obstet	 Gynecol	 Scand	
2006;85(11):1395-6.

655.		Le	Lievre	S.	Skin	care	for	older	people	with	incontinence.	
Elderly	Care	2000;11(10):36-8.

656.		Pasceri	P.	Utilizing	a	prevention	and	treatment	protocol	for	
skin	 breakdown	 secondary	 to	 urinary	 incontinence.	 Os-
tomy	Wound	Manage	1991	Sep;36:66-9.

657.		Cooper	P,	Gray	D.	Comparison	of	 two	skin	care	regimes	
for	incontinence.	Br	J	Nurs	2001	Mar;10(6	Suppl):S6,	S8,	
S10.

658.		Lewis-Byers	 K,	 Thayer	 D.	 An	 evaluation	 of	 two	 inconti-
nence	skin	care	protocols	in	a	long-term	care	setting.	Os-
tomy	Wound	Manage	2002	Dec;48(12):44-51.

659.		Nix	D,	Ermer-Seltun	J.	A	review	of	perineal	skin	care	proto-
cols	and	skin	barrier	product	use.	Ostomy	Wound	Manage-
ment	50(12):59-67,	2004	Dec.

660.		Voegeli	D.	The	effect	of	washing	and	drying	practices	on	
skin	 barrier	 function.	 J	Wound	Ostomy	Continence	Nurs	
2008	Jan;35(1):84-90.

661.		Abbas	 S,	 Goldberg	 JW,	 Massaro	 M.	 Personal	 cleanser	
technology	and	clinical	 performance.	Dermatologic	Ther-
apy	2004.

662.		Ronner	AC,	Berland	CR,	Runeman	B,	Kaijser	B.	The	Hy-
gienic	Effectiveness	of	2	Different	Skin	Cleansing	Proce-
dures.	Journal	of	Wound,	Ostomy	and	Continence	Nursing	
2010.

663.		Ghadially	R,	Halkier-Sorensen	L,	Elias	P.	Effects	of	petro-
latum	on	stratum	corneum	structure	and	function.	Journal	
of	the	American	Academy	of	Dermatology	1992.

664.		De	Paepe	K,	Hachem	J,	Vanpee	E,	Goossens	A,	Germaux	
M,	 Lachapelle	 J,	 et	 al.	 Beneicial	 effects	 of	 a	 skin	 toler	-
ance-tested moisturizing cream on the barrier function in 
experimentally-elicited irritant and allergic contact dermati-
tis.	Contact	Dermatitis	2001.

665.		Hannuksela	 A,	 Kinnunen	 T.	 Moisturizers	 prevent	 irritant	
dermatitis.	Acta	Derm	Venereol	1992.

666.		Gabard	B.	Testing	the	eficacy	of	moisturisers.	In:	Elsner	P,	
Berardesca	E,	Maibach	H,	editors.	Bioengineering	of	 the	
skin:water	and	the	stratum	corneum.	1994.

667.		Vinson	J,	Proch	J.	Inhibition	of	moisture	penetration	to	the	

skin	 by	 a	 novel	 incontinence	 barrier	 product.	 Journal	 of	
Wound,	Ostomy	and	Continence	Nursing	1998.

668.		Waring	M,	Hoggarth	A.	The	measurement	of	skin	barrier	
product	 eficacy.	 Journal	 of	 Wound,	 Ostomy	 and	 Conti-
nence	Nursing	2004.

669.		Hoggarth	 A,	 Waring	 M,	 Alexander	 J,	 Greenwood	 A,	
Callaghan	 T.	 A	 controlled,	 three-part	 trial	 to	 investi-
gate	 the	 barrier	 function	 and	 skin	 hydration	 properties	
of	 six	 skin	 protectants.	 Ostomy	 Wound	 Manage	 2005	
Dec;51(12):30-42.

670.		Berg	RW.	Etiologic	factors	in	diaper	dermatitis:	a	model	for	
development	of	improved	diapers.	Pediatrician	1987.

671.		Dealey	C.	Pressure	sores	and	incontinence:	a	study	eval-
uating	 the	 use	 of	 topical	 agents	 in	 skin	 care.	 Journal	 of	
Wound	Care	1995.

672.		Hunter	S,	Anderson	J,	Hanson	D,	Thompson	P,	Langemo	
D,	 Klug	MG.	 Clinical	 trial	 of	 a	 prevention	 and	 treatment	
protocol	 for	 skin	 breakdown	 in	 two	 nursing	 homes.[erra-
tum	appears	in	J	Wound	Ostomy	Continence	Nurs.	2003	
Nov;30(6):350].	Journal	of	Wound,	Ostomy,	&	Continence	
Nursing	30(5):250-8,	2003	Sep.

673.		Byers	 PH,	 Ryan	 PA,	 Regan	 MB,	 Shields	 A,	 Carta	 SG.	
Effects	 of	 incontinence	 care	 cleansing	 regimens	 on	
skin	 integrity.	 J	 Wound	 Ostomy	 Continence	 Nurs	 1995	
Jul;22(4):187-92.

674.		Whittingham	K,	May	S.	Cleansing	regimens	for	continence	
care.	Prof	Nurse	1998	Dec;14(3):167-72.

675.		Anthony	D,	Barnes	E,	Malone-Lee	 J,	 Pluck	R.	A	 clinical	
study	of	Sudocrem	in	the	management	of	dermatitis	due	to	
the	physical	stress	of	incontinence	in	a	geriatric	population.	
Journal	of	Advanced	Nursing	1987.

676.		Baatenburg	de	JH,	Admiraal	H.	Comparing	cost	per	use	of	
3M	Cavilon	No	Sting	Barrier	Film	with	zinc	oxide	oil	in	in-
continent	patients.	J	Wound	Care	2004	Oct;13(9):398-400.

677.		Ashworth	PD,	Hagan	MT.	The	meaning	of	incontinence:	a	
qualitative study of non-geriatric urinary incontinence suf-
ferers.	J	Adv	Nurs	1993	Sep;18(9):1415-23.

678.		Roe	B,	May	C.	Incontinence	and	sexuality:	indings	from	a	
qualitative	perspective.	Journal	of	Advanced	Nursing	1999.

679.		Moore	J,	Jessop	L,	Osborne	D.	Gas-chromatographic	and	
mass-spectrometric	analysis	of	 the	odor	of	human	feces.	
Gastroenterology	1987.

680.		Suarez	F,	Springield	J,	Levitt	MD.	Identiication	of	gases	
responsible	for	the	odour	of	human	latus	and	evaluation	of	
a	device	purported	to	reduce	this	odour.	Gut	1998.

681.		Ohge	H,	Furne	JK,	Springield	J,	Ringwala	S,	Levitt	MD.	
Effectiveness	of	devices	purported	 to	 reduce	latus	odor.	
Am	J	Gastroenterol	2005	Feb;100(2):397-400.

682.		Nobaek	S,	Johansson	M,	Molin	G,	Ahrne	S,	Jeppsson	B.	
Alteration	of	intestinal	microlora	is	associated	with	reduc-
tion in abdominal bloating and pain in patients with irritable 
bowel	 syndrome.	 American	 Journal	 of	 Gastroenterology	
2000.

683.		Giffard	CJ,	Collins	SB,	Stoodley	NC,	Butterwick	RF,	Batt	
RM.	Administration	of	charcoal,	Yucca	schidigera,	and	zinc	
acetate	to	reduce	malodorous	latulence	in	dogs.	J	Am	Vet	
Med	Assoc	2001	Mar	15;218(6):892-6.

684.	 Hall	RJ,	Thompson	H,	Strother	A.	Effects	of	orally	adminis-
tered	activated	charcoal	on	intestinal	gas.	American	Jour-
nal	of	Gastroenterology	1981.

685.	Ganiats	TG,	Norcross	WA,	Halverson	AL,	Burford	PA,	
Palinkas	LA.	Does	Beano	prevent	gas?	A	double-blind	
crossover study of oral alpha-galactosidase to treat 
dietary	oligosaccharide	 intolerance.	J	Fam	Pract	1994	
Nov;39(5):441-5.

686.	Di	 SM,	 Miceli	 E,	 Gotti	 S,	 Missanelli	 A,	 Mazzocchi	 S,	
Corazza	GR.	The	effect	of	oral	alpha-galactosidase	on	
intestinal	 gas	 production	 and	 gas-related	 symptoms.	
Dig	Dis	Sci	2007	Jan;52(1):78-83.



1787

Committee 21

Continence Promotion, Education 
& Primary Prevention

Chair

DIANE K. NEWMAN, (USA)

Members

 BRIAN BUCKLEY, (UK/IRELAND)

DEBORAH GORDON, (AUSTRALIA)

TOMAS L. GRIEBLING, (USA)

LEIGH E. PETTY, (AUSTRALIA)

KEFANG WANG, (CHINA)

Consultant

CHERYLE GARTLEY (USA)

NANCY NORTON (USA)



1788

CONTENTS

1. BACKGROUND
2. RAISING AWARENESS AND 

UNDERSTANDING 
3. HELP-SEEKING (CARE-SEEKING) 

BEHAVIOR
4. CONTINENCE PROMOTION PROGRAM
5. RECOMMENDATIONS

1. BACKGROUND
2. CONTINENCE ADVOCACY WORLDWIDE
3. RECOMMENDATIONS

1.  BACKGROUND
2.  NEED FOR SERVICES
3.  MODELS OF CARE
4.  RECOMMENDATIONS

1. BACKGROUND
2. MEDICAL EDUCATION
3. NURSING PROFESSIONALS
4. PHYSIOTHERAPY AND OTHER ALLIED 

HEALTH PROFESSIONALS
5. IMPACT OF CLINICAL GUIDELINES 
6. RECOMMENDATIONS 

1. BACKGROUND 
2. POPULATION BASED PREVENTION
3. PREVENTION OF UI IN OLDER ADULTS
4. PREVENTION OF FAECAL INCONTINENCE
5. RECOMMENDATIONS

I. LITERATURE SEARCH

II. INTRODUCTION

III. CONTINENCE PROMOTION AND 
AWARENESS

V. SERVICE DELIVERY, MODELS 
AND ACCESSING CARE 

VI. PROFESSIONAL EDUCATION

VII. PRIMARY PREVENTION

REFERENCES

APPENDIX1- Directory of Continence 
Organisations

IV. CONTINENCE ADVOCACY

LIST OF ABBREVIATIONS

APRN Advanced practice registered nurse
BBF Bladder and Bowel Foundation
BPS Bladder pain syndrome 
CFA Continence Foundation of Australia
CNA Continence nurse advisor
CNP Continence nurse practitioner
CPC Continence Promotion Committee
FI Faecal incontinence
GP General practitioner 
HSB Help-seeking behaviour
IC Interstitial cystitis 
ICI International Consultation on Incontinence
ICS International Continence Society 
IFFGD International Foundation for Functional 

Gastrointestinal Disorders 

LUTS  Lower urinary tract symptoms
NA Nursing assistant
NAFC National Association For Continence 
NCA Nurse continence advisor
NIH National Institute of Health
NH Nursing home
OAB Overactive bladder
POP Pelvic organ prolapse 
RCT randomized, controlled study 
QoL Quality of life 
PFMT	 Pelvic	loor	muscle	training
PT Physical therapist or physiotherapist
UI Urinary incontinence



1789

tinence [1]. It was acknowledged that this would re-
quire raising the level of community awareness, pro-
viding public education as well as addressing health 
care professionals’ education. While some advances 
have been made, these strategies remain a priority. 

Taboos surrounding disorders of the bladder and 
bowel are gradually lifting in most cultures [2]. Two 
decades ago it was almost impossible to discuss 
urinary incontinence in the media. Today, in many 
countries, government funded initiatives and prac-
tice guidelines have been developed in the area of 
urinary and faecal incontinence [1,3,4]. Around the 
world, expert panels have suggested that urinary and 
fecal incontinence be combined through a multidisci-
plinary approach to further research priorities. Thus, 
there have been advances in promoting awareness 
of both of these conditions. Popular magazines, local 
and national papers, radio, and television, regularly 
cover topics of men and women relating to urinary 
incontinence in most developed countries. Many 
countries have run national or local public awareness 
campaigns, often spearheaded by a national conti-
nence	 organization.	 Many	 also	 have	 conidential	
“help lines,” which can be accessed anonymously. 
The internet provides a convenient source of health 
information for a growing number of consumers. 
Some experts believe that persons with incontinence 
might get valuable advice and comfort by using inter-
active services such as internet “chat rooms.” How-
ever, in many developing countries, accessible pub-
lic information and campaigns relating to continence 
are limited or non-existent. Though information may 
be available in principle on the internet, access to the 
internet may itself be limited. 

This chapter updates previous ICI chapters on four 
areas: continence awareness and promotion, service 
delivery, professional education, and primary preven-
tion along with the recommendations in each area. 
The majority of information available relates primarily 
to urinary incontinence (UI) and faecal incontinence 
(FI) and less to bladder pain syndrome/interstitial 
cystitis (BPS/IC) and pelvic organ prolapse (POP). 
The	 irst	 section	 reviews	 continence	 awareness	 by	
discussing health promotion and help-seeking (care-

I. LITERATURE SEARCH

Continence Promotion, Education & 
Primary Prevention

A systematic review of the literature using online 
databases Scopus, Medline/Pubmed, Embase, 
Biosis, Cinahl, Pychinfo, Psychlit, ERIC, Cochrane 
Library, Web of Knowledge, and CNKI (China Na-
tional Knowledge Infrastructure) was conducted. The 
focuses of the searches were from 2008 to March 
1, 2012, although literature from the preceding 15 
years was also searched to ensure thorough cover-
age. The following search terms were used in vari-
ous combination: awareness, consumer, education, 
urinary incontinence, faecal incontinence, inconti-
nence, continence, continence awareness, conti-
nence promotion, health education, public education, 
population-based prevention, health promotion, help-
seeking, care seeking, continence nurse, continence 
advisor, public awareness, prevention, primary pre-
vention, pelvic organ prolapse, interstitial cystitis, 
bladder pain syndrome, painful bladder syndrome, 
allied health care professionals, self-care practices, 
outcome	 measures.	 There	 was	 signiicant	 overlap	
between the searches made on different databases, 
as would be expected. Non-English language guide-
line references were noted, but excluded from the 
review unless they contained an English-language 
abstract	providing	suficient	information.

Continence promotion, education and primary pre-
vention involves informing and educating the public 
and health care professionals that urinary and fecal 
incontinence can often be prevented, can be treated 
successfully in most cases, and can always be man-
aged. Other bladder disorders, with links to incon-
tinence, such as bladder pain syndrome/interstitial 
cystitis and pelvic organ prolapse, can also be treat-
ed and managed successfully and are often included 
in continence awareness programs. The Fourth In-
ternational Consultation on Incontinence (ICI) Con-
tinence Promotion, Education & Primary Prevention 
Committee stressed the importance of all health care 
professionals promoting primary prevention of incon-

DIANE K. NEWMAN,
BRIAN BUCKLEY, DEBORAH GORDON, TOMAS L. GRIEBLING, 

LEIGH E. PETTY, KEFANG WANG

CONSULTANT

CHERYLE GARTLEY, NANCY NORTON

II. INTRODUCTION
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promoting help-seeking, and reducing suffering 
[7,8,9]. While in some countries there is strong gov-
ernmental support, much of the health promotion ef-
fort related to continence issues is undertaken by the 
many professional bodies, non-governmental conti-
nence organizations, and advocacy groups listed in 
Appendix I. Health education activities can involve 
educational, health-care, and community service 
providers, and may include a range of components 
including materials that are accessible, comprehen-
sible, trustworthy, and culturally sensitive, formal and 
informal health advice systems such as including a 
hotline, online support and health care professional 
learning systems [10]. 

Consumer education is a critical component of effec-
tive continence promotion. This includes both gen-
eral information about UI[11] and methods to identify 
potentially	modiiable	risk	factors	for	UI	[12].	Patients	
with UI have a wide variety of ideas and attitudes 
about why they leak urine [13]. Knowledge about 
speciic	aspects	of	UI	 is	often	 limited,	 indicating	an	
area for improved consumer education. 

Consumer knowledge about FI is also generally limit-
ed. A recent study found that many patients had a sig-
niicant	emotional	component	to	their	experience	of	FI	
and that knowledge about the terms used to describe 
the condition was often limited [14]. A United States 
(USA) Public Broadcast (PBS) Second Opinion medi-
cal television program was develop to educate con-
sumers about FI and attempts to dispel the stigma of 
this condition (www.iptv.org/video/detail.cfm/12719/
sopt_20101018_fecal_incontinence_apt). 

The Internet is frequently searched for health infor-
mation, and coverage of relevant health topics is 
growing. This method of acquiring health informa-
tion is widely accessible, anonymous and informal, 
with estimates indicating that around 20% of USA 
adults use the internet for this purpose [15]. Since 
one-quarter of adults do not go online, the percent-
age of health information seekers is 59% among the 
total U.S. adult population (http://pewinternet.org/
Reports/2011/HealthTopics/Summary-of-Findings/
Looking-for-health-information.aspx). Thus, access-
ing information about incontinence has become 
much easier in the age of digital technology, espe-
cially for internet users with a higher literacy level 
[10]. A 2011 Google search for “urinary incontinence” 
and “faecal incontinence” yielded about 4.8 million 
and 311,000 websites respectively; “interstitial cys-
titis” - 2.2 million sites, “bladder pain syndrome” – 
105,000 sites and “pelvic organ prolapse” – 382,000 
sites.	These	igures	are	all	two	to	three	times	greater	
than a similar search in 2008. Many of the sites were 
related to non-government organizations such as the 
International Continence Society (ICS), the Nation-
al Association For Continence (NAFC), the Simon 
Foundation, the Interstitial Cystitis Association (ICA), 
and the International Foundation for Functional Gas-
trointestinal Disorders (IFFGD). 

seeking) behaviors (HSB) for these conditions. It is 
evident that progress has been made in the promo-
tion of continence on a worldwide basis, but not much 
has changed in HSB for these disorders. There is a 
lack of evidence on translating awareness into be-
havioral change and on what triggers HSB. Informa-
tion is provided on continence promotion programs 
and advocacy through worldwide organizations. 
Although there is a great deal of published informa-
tion on building public and health care professional 
awareness of incontinence, there is minimal informa-
tion on the effectiveness of changing public and pro-
fessional attitudes and knowledge about it. The sec-
ond section discusses service delivery and models of 
continence care. The third topic reviewed is the edu-
cation of professionals in these areas (UI, FI, BPS/
IC and POP) including the development and use of 
medical guidelines and care pathways. Finally, since 
these conditions are prevalent but often ignored by 
sufferers	and	professionals,	the	fourth	and	inal	topic	
addressed is population-based primary prevention 
research. There is a need for further research to sub-
stantiate	the	beneits	of	primary	preventative	strate-
gies, including long term follow-up. The committee 
found more information about initiatives in all of 
these areas but very little evidence-based research 
to support the effectiveness of the initiatives or care.

1. BACKGROUND 

Health	promotion	was	deined	by	the	Ottawa	Char-
ter for Health Promotion in 1986 as “the process 
of enabling people to increase control over and to 
improve their health.”[5] Hence, health promotion 
is an important factor in primary, secondary and 
tertiary prevention efforts directed at individuals, 
communities and populations with, or at risk of de-
veloping, incontinence.  

Efforts to promote continence awareness may be 
enhanced by adopting evidence based theories and 
methods	 from	 the	 ield	 of	 health	 promotion.	Health	
promotion frameworks can be used to plan and eval-
uate the effectiveness of strategies and programs 
used to promote continence. When planning health 
promotion interventions, consideration needs to be 
given to the demographic features of target groups 
including age, gender, culture, language and socio-
economic background [6].

2.  RAISING AWARENESS AND UNDER -
STANDING 

The main reason to educate consumers – individuals 
with, or at risk of, incontinence and their family mem-
bers or informal caregivers – is to increase aware-
ness	of	 incontinence	and	the	beneits	of	prevention	
and management, with goals of eliminating stigma, 

III. CONTINENCE PROMOTION AND 
AWARENESS
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In light of the reluctance of those affected by stig-
matized illnesses such as incontinence to seek treat-
ment or to ask health care professionals for infor-
mation, the Internet may prove to be a useful tool 
for consumer education and public health outreach 
[16,17]. In a national survey of internet users in the 
USA, Berger et al[18] found a trend among people 
with a stigmatized illness such as UI to be more likely 
to report that internet use increased their communi-
cation with a health care provider and utilization of 
health care. The quality of these materials can vary 
widely and providers should help interested patients 
to navigate resources that provide accurate infor-
mation. A recent study showed that most websites 
that	provide	UI	 information	are	not	 certiied	by	any	
accrediting body [19]. There were also differences 
observed between sites run by professional organi-
zations, educational and government agencies, and 
companies	either	for	proit	or	non-proit.	

Among those who do not use the Internet, 60% are 
aware of publicly available Internet access points 
within their community [20]. However, people with 
low levels of education and low socioeconomic sta-
tus are less likely to use the Internet [21]. Research 
has questioned the quality of continence information 
on the internet and suggested that validation is need-
ed [22]. Healthcare professionals can assist patients 
in	 inding	 reliable	 information	 sources	 by	 providing	
details of reputable web sites [23].

The Internet has changed the way many people ac-
cess health information, and has much to offer as a 
means of health education and raising awareness. 
But Internet access is far from universal, especially 
in developing nations and among older and poorer 
sections of society in developed nations. Thus, it is 
important that more traditional awareness-raising and 
education methods are still used, such as informa-
tion	posters,	lealets	and	booklets	distributed	through	
health outlets such as clinics and pharmacies, and 
articles in the popular media. In both developing na-
tions and in countries with limited health systems and 
dispersed populations, more innovative techniques 
have been successfully used for health education, 
such as dissemination of information through com-
munity nursing infrastructures and lay health workers.

Social network sites may be the future source of in-
formation for consumers. Sajadi and Goldman[24] 
used the word “incontinence” to search for informa-
tion on Facebook, Twitter, and YouTube, to evaluate 
its usefulness. Their conclusion was that social net-
works	have	insuficient	useful	 incontinence	content,	
especially from healthcare professionals and incon-
tinence organisations. However, they recommended 
that medical professionals and societies target these 
avenues to reach and educate consumers.

3. HELP-SEEKING (CARE-SEEKING) BEHAVIOR

Estimating the prevalence of continence problems 
is	dificult	due	to	different	deinitions	of	incontinence,	
different populations and different data collection 

strategies,[25] and this lack of clarity regarding base-
line prevalence of incontinence undermines efforts to 
determine the proportion of those affected that seek 
help. Despite the considerable impact of both UI and 
FI on quality of life (QoL), it is clear that many people 
never seek help for their incontinence, although the 
precise	 level	 of	 under-reporting	 is	 dificult	 to	 deter-
mine [26,27]. Perhaps of more concern is a recent 
comparison of HSBs in two surveys conducted six-
teen years apart (1991 and 2007) which revealed 
that there had been virtually no increase in the pro-
portion of women seeking help for lower urinary tract 
symptoms (LUTS) [28]. 

Qualitative research has described a process that 
takes	 place	 and	 inluences	 the	 decision	 to	 seek	
treatment (or not), whereby consumers affected by 
incontinence, or other chronic, non-life-threatening 
conditions,	weigh	the	perceived	costs	and	beneits	of	
treatment (in terms of discomfort and inconvenience 
as	well	as	inancially)	against	the	effect	of	the	condi-
tion on QoL [29].

Instead of seeking care, individuals with UI and FI 
alter their lifestyle and develop elaborate “self-care” 
practices (e.g., stopping exercising, use of protective 
products,	dietary	and	luid	changes)	to	conceal	and/
or mange symptoms and improve QoL [30,31,32,33]. 
Data from focus groups of women showed self-re-
liance and the development of personalized strate-
gies to alleviate symptoms [34]. Some patients have 
been known to make major changes in their lives 
(e.g., quitting their jobs). Surveys have also revealed 
extensive use of coping mechanisms for overactive 
bladder (OAB) symptoms of urgency and frequency 
(e.g., toilet mapping) [35].  

Several studies have estimated levels of help-seek-
ing	 for	speciic	consumer	groups.	An	 integrative	 lit-
erature review of HSB for UI symptoms among non-
institutionalized women of all ages indicated that less 
than 38% of women sought help for their UI symp-
toms [36]. Age, type, and severity of UI, and embar-
rassment	have	been	found	to	be	signiicantly	related	
to seeking care [37,38,39]. 

Kinchen and colleagues [26] noted that women with 
UI waited more than a year before seeking help from 
a health care provider or professional [26]. This de-
lay is in line with a European survey that reported 
that consumers wait from 2 to 11 or more years 
before seeking treatment [40]. Huang et al[41] re-
ported that fewer than 50% of women in the USA 
with	 clinically	 signiicant	 UI	 reported	 seeking	 treat-
ment. This was despite the fact that all women in this 
study had health insurance to cover such services 
and had continuous access to a primary care pro-
vider. Only 12% of women with UI attending obstetric 
and gynaecology clinics in Turkey had sought help 
for their incontinence [42]. Shaw and colleagues[43] 
surveyed adult women attending primary care prac-
tices in United Kingdom (UK) and of those who noted 
UI symptoms (n=3273), only 15.8% of women with 
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stress UI, 32.3% of those with urge UI, and 33.7% 
with mixed UI had sought help for urinary symptoms 
during the preceding 12 months. Rizk[44] found that 
of women affected by UI in the United Arab Emirates 
(UAE), only 30.9% had sought medical advice. 

Surveys of individuals with FI also indicate a lack of 
HSB. In 2010, the IFFGD conducted an online survey 
to help explain what it is like to live with and manage 
FI from the point of view of those who experience 
the condition (http://www.aboutincontinence.org/
pdfs/319-IFFGD%20Incontinence%20Survey%20
(9-11).pdf). A total of 142 individuals completed the 
survey, responders were recruited primarily from the 
IFFGD websites. Ninety-seven (68%) of the survey 
responders indicated they had never been diag-
nosed by a physician, giving reasons such as “too 
embarrassed to bring it up” and “feel I can manage 
the condition on my own.” Of the 32% who had men-
tioned their FI problems to a physician, the physician 
implied there is not much to be done about it or it is a 
normal part of aging.

a) Barriers to seeking care

Understanding the barriers and reasons why people 
do or do not seek treatment for incontinence is ham-
pered by the ethnic homogeneity of the existing data, 
which has been derived mostly from white popula-
tions, and there is a lack of comparisons with ethnic 
and minority populations. The strategies for promot-
ing HSB need to be culturally appropriate to the pop-
ulations of interest [45,46,47]. Rates of HSB for UI 
amongst minority groups may relate to a number of 
factors such as access to care, socioeconomic fac-
tors and access to or comprehension of health edu-
cation campaigns or materials [48,49,50]. 

Help-seeking behaviour is dependent upon aware-
ness and understanding [51] and lack of knowl-
edge	has	been	a	signiicant	barrier	to	people	seek-
ing help for continence issues. Furthermore, HSB 
for UI, FI, BPS and POP may be different depend-
ing on the person’s culture, ethnicity, gender and 
socioeconomic groups. 

Questionnaires have been developed and validated 
which can be used to assess consumer knowledge 
about UI and POP [52]. In 2008, a study (n = 126) 
found that white women had greater knowledge of 
UI than non-white women while both groups of wom-
en had higher levels of knowledge of UI compared 
to POP [53]. Using this instrument, research has 
shown that there appear to be important differences 
in health literacy about these conditions in different 
racial and ethnic groups. 

Another study found that Korean American women 
living in America tend to rely on information and so-
cial support from family and friends rather than seek-
ing professional advice for UI [54]. The women in this 
study sought help less frequently, had less knowl-
edge and more negative attitudes towards UI than 
other community members. It was suggested that 

these	 factors	 inluenced	 help-seeking	 in	 this	 group	
of women [55].

In certain parts of the world, cultural factors can af-
fect the experience of incontinence and HSB and the 
gender of the health care provider may be a barrier. 
Knowledge of continence issues in UAE women was 
researched by Rizk and Hassan [56]. It was found 
that UAE women perceive continence problems to be 
neurological or “senile” disorders rather than related 
to childbirth or menopause. Quantitative data was 
derived from a community-based descriptive cross-
sectional study conducted in Sri Lanka from 2006 
to 2007 with 1,718 married women, aged 15-49, of 
whom 9.8% reported problems of stress UI [57]. 
Although incontinence affected outdoor activities, 
sexual life, and sense of wellbeing, women did not 
consider it a health problem, rarely discussed it with 
others, and rarely sought treatment.  Barriers to help-
seeking included fear of vaginal examination, shame 
and embarrassment, and belief that stress UI was a 
natural consequence of aging and childbirth. Within 
all cultures, embarrassment or shyness may prevent 
some women from seeking care for UI [58,59,60,61].  
These have been shown to impact help-seeking in 
Middle Eastern women, where both UI and FI are 
underreported. In the UAE, cultural attitudes and 
inadequate public knowledge, and male health care 
providers	have	been	identiied	as	barriers	to	seeking	
health care for women, despite the effect on QoL. 
Rizk[44] found that women affected by UI in the UAE, 
were troubled by their inability to pray (90%) and to 
have sexual intercourse (33.3%). Saleh[62] found 
similar results when surveying women in Qatar who 
reported that UI interfered with their ability to pray 
(64%) because of lack of cleanliness and need to 
void, and 47% reported that UI interfered with marital 
relationships. El-Azab and colleagues[63] found that 
encouragement from husbands, severe UI and the 
desire to be able to pray were associated with an 
increased likelihood of HSB [63].  

Rizk and colleagues (2001) investigated the prev-
alence and HSB of UAE women with FI (n = 400, 
mean age 37.9) and also found that many did not 
seek medical advice because they were too embar-
rassed to consult their physician and preferred to 
discuss	the	dificulty	with	friends	(64.7	%),	assumed	
that FI would resolve spontaneously (47.1 %), felt it 
was normal (31.3 %), or they chose self-treatment 
as a result of low expectations of medical care (23.5 
%). As with UI, women with FI were bothered by the 
inability to pray (92.2 %) and to have sexual inter-
course (43.1 %). 

These studies reinforce the need for different strate-
gies to be targeted to cultural and minority groups 
with low levels of HSB for UI and FI. In addition, 
public education efforts related to UI should not just 
focus on older adults [64]. An earlier study of high-
school and college age athletes in the USA found 
that more than 25% of the young women surveyed 
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experienced UI during strenuous physical activity, 
but 90% had never reported their symptoms to any-
one [65]. A recent study of nulliparous female ath-
letes also found that young women have low levels 
of HSB for UI [66]. This study found that UI issues 
occurred particularly during training and to a less-
er extent, during competition in women of varying 
competitive levels ranging from high school to elite 
level athletes. The prevalence rates of UI in nullipa-
rous women in recent studies have varied from 28% 
to	52%	and	are	inluenced	by	the	type	of	athletic	ac-
tivity.  A 2011 study found a lower prevalence rate of 
UI in women playing volleyball compared to higher 
rates	occurring	in	women	performing	track	and	ield,	
soccer and gymnastics [66]. 

Barriers to seeking help for continence issues that 
have	been	 frequently	 identiied	 in	 the	 literature	 in-
clude embarrassment, social stigma and the mistak-
en belief that incontinence is inevitable, untreatable, 
and/or a normal part of aging [67]. The authors of a 
Swedish study suspected that lack of knowledge, 
worries about different procedures and negative ex-
pectations may be important factors in reducing the 
desire to seek treatment among even those most 
severely affected [68]. Embarrassment and fear of 
humiliation	have	been	identiied	as	the	major	factor	
inluencing	reluctance	to	seek	help	among	women	
with long-term UI [69]. Among women affected by UI 
in the UAE, reasons for not seeking help included 
embarrassment (38.2%), choice of self-treatment 
because of low expectations from medical care 
(38.2%) and assuming that UI is normal (23.3%) 
[44]. Among women with gynaecological cancers 
who experience concomitant LUTS, the failure to 
seek help for the latter symptoms has been attrib-
uted to a perception that the LUTS were not serious 
enough symptoms to warrant attention and lack of 
awareness of treatment options [70]. 

Advice given by physicians can affect a patient’s abil-
ity to change health behaviours [71]. Opportunities to 
promote continence can present themselves during 
other health screening activities (e.g., yearly physical 
examination) [72]. While health care professionals 
may enable people to seek help, those who have a 
lack of interest in incontinence can negatively affect 
HSB in consumers [73,74]. 

Other initiatives to promote HSB can include pro-
viding written information [75]. Continence health 
promotion information provided in a brochure [76] 
and in a computer based program,[77] have been 
found to improve HSB. However, language, level 
of education and cultural factors may also be bar-
riers to seeking help [78]. Consideration should 
be given to health literacy in target populations 
and this will affect the ability to read and under-
stand health information in written formats. Poor 
health literacy results in lower rates of health 
seeking behavior [79].  

The Boston Area Community Health (BACH)[80] 

population-based random epidemiological survey of 
urologic symptoms (n=5503) indicated that the stig-
ma of UI also includes other LUTS. They reported 
that OAB symptoms of urgency and frequency were 
linked to social interruption, loss of socially-expected 
control of the body, not understanding the nature of 
the bladder problem, and the need to mix private be-
havior and public space. The stigma of OAB and UI 
was correlated to whether the problem was percepti-
ble (i.e., odor, or observation of trips to the bathroom 
or soiled clothes) or concealed. Men reported feeling 
stigmatized for being seen making frequent trips to 
the bathroom and feared being viewed as impotent. 
Women feared being stigmatized based on having 
an unclean body and a compromised social identity. 
Like others, Hispanic individuals wanted to keep uri-
nary symptoms a secret from others. 

Surprisingly, the perception that incontinence is not 
important or serious enough to warrant treatment 
has even been found to affect HSBs in women with 
recurrent UI following surgery for UI and POP [81]. 
Women with POP have also reported that fear and 
embarrassment are barriers to seeking help. Symp-
toms such as nocturia have been linked with serious 
consequences such as falls and associated morbid-
ity in older adults.  Bladder and bowel incontinence is 
a deviation from social norms, which in most cultures 
there	 are	 deined	 complex	 and	 sensitive	 rules	 and	
behaviours for bladder and bowel emptying [82,83]. 
If incontinence occurs in adulthood, it can cause a 
decrease in self-esteem and feelings of not being 
“normal.”[84] These perceptions, which can affect 
help-seeking, are shared by the public as well as by 
many health care providers [85].

b) Gender-speciic disparity 

The impact of UI may also differ depending on gen-
der but little is known about gender differences in 
HSB. Teunissen and colleagues [86] interviewed in-
dependently living patients (56 men, 314 women) 60 
years and older with uncomplicated UI.  Men reported 
higher impact scores than women, despite the fact 
that incontinence was less severe in men. The most 
important effect of incontinence reported in men was 
‘‘being out of control,” while most women considered 
‘‘feeling compelled to take several precautions’’ to be 
the most important consequence of UI. Researchers 
in Egypt interviewed 353 patients attending clinics at 
hospitals in Alexandria, Egypt [87]. They found differ-
ences in men and women as women suffered from at 
least one negative impact on their social lives com-
pared to men. The impact of symptoms on QoL ap-
peared to be the main trigger for seeking help for UI 
in both men and women. Women had fewer hospital 
admissions and hospital days and less use of diag-
nostic procedures and surgery. 

There is very limited data on ways to improve men’s 
awareness of bladder and bowel health [88]. Gen-
der	speciic	health	disparity	may	exist	as	men	tend	
to be less proactive in HSB for UI. There is a need 
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for	 gender	 speciic	 strategies	 to	 address	 this	 [89].	
Men with LUTS have been found to seek help less 
frequently than women [90]. Consumer surveys con-
ducted over a 5-year period by the USA continence 
advocacy group, the NAFC, indicated that only 26% 
of respondents (18% of men and 33% of women) 
reporting bladder control symptoms had discussed 
them with a doctor [91]. However, a study into the 
prevalence of UI in men in the USA found that while a 
low proportion of men with continence issues sought 
help, those who did, consulted their doctor within 12 
months of the onset of symptoms, a shorter period 
than the length of time taken by women to seek help 
[92]. Men are more likely to seek help for LUTS if 
they have had advice from others or received infor-
mation in the media, rather than seeking help as a 
result of their symptoms [93]. 

In certain parts of the world, the gender of the health 
care provider may be a barrier. Doshani et al[94] ex-
plored views and experiences of South Asian Indian 
women with UI and found that feelings of embar-
rassment were present, especially with male health 
care providers.

c) Symptom impact and bother 

The level of perceived bother (physical, emotional 
and/or economic) associated with incontinence also 
affects HSBs. A number of studies have found that 
those affected by incontinence are not necessarily so 
bothered by it as to want to seek professional help. In 
Japan, it has been found that 55% of elderly inconti-
nent people do not consider incontinence a bother [95].
Of women with UI attending obstetric and gynaecol-
ogy clinics in Turkey, 53% were found not to be both-
ered by their incontinence [42]. In a population-based 
study in Sweden (a supplement to a comprehensive 
survey of public health and general living conditions), 
a postal questionnaire comprised of 12 questions on 
UI received a response rate of 64.5% from 15,360 
randomly selected residents (aged 18–79 years) [68]. 
The	prevalence	of	UI	was	19%	(when	deined	as	“any	
leakage”) and most considered their problems to be 
minor. Only 18% of those with UI desired treatment. 
Of the 17% who had reported severe problems that 
interfered with daily life, 42% did not want treatment. 
A recent study by Visser and colleagues[39] showed 
that older adult women, who did not consult a gen-
eral practitioner (GP) about incontinence symptoms, 
were more often younger and had lower levels of dis-
tress due to their urogynaecological symptoms, but 
the main reason for not seeking help was they did not 
consider their symptoms to be severe enough [39]. An 
internet survey in the USA, the UK and Sweden, noted 
that in men and women who reported LUTS less than 
a third of respondents reported seeking treatment [96]. 
Rates of bother were greatest for those who reported 
multiple storage, voiding and post-micturition LUTS 
(men 83%, women 89%) and correlates of treatment 
seeking across genders included bother due to weak 
stream, incomplete emptying, perceived daytime fre-
quency, nocturia and urgency. 

With chronic problems like UI, FI, POP and BPS/
IC, it is important to understand what triggers the 
consumer to consult a health care provider [83]. 
Yet factors that lead those affected to seek help 
for continence issues remain less well researched 
than those that prevent help seeking. Women with 
stress UI are more likely to seek help when there 
is	 severe	 leakage	 that	 is	 having	 a	 signiicant	 im-
pact on their QoL [97]. The importance of the effect 
of UI on QoL is supported by Brazilian research 
[98]. An American study suggests that worsening 
severity of UI, along with increasing age and not 
being obese, were associated with an increased 
likelihood of help seeking [99]. Older people may 
be keen to seek help if they are concerned that 
a health issue, such as incontinence, impacts on 
their ability to remain independent and living in the 
community [100].

In conclusion, the most commonly reported rea-
sons for not seeking help for incontinence are lack 
of knowledge and awareness, embarrassment, a 
perception	 that	 incontinence	 is	 not	 suficiently	 im-
portant to warrant treatment or is “normal” either at 
certain stages of life or in association with childbirth 
or certain illnesses, and low expectations of the ef-
fectiveness of treatments offered. The more serious 
the impact of incontinence is on QoL, the greater the 
likelihood of seeking help, but this will be balanced 
against the perceived disadvantages of treatment in 
terms of cost, discomfort or inconvenience.

4. CONTINENCE PROMOTION PROGRAMS

Continence promotion programs vary across coun-
tries and cultures, but share the same aim of increas-
ing awareness and understanding of incontinence. 
Efforts to raise awareness of continence issues need 
to consider the following: 

Target population - Continence promotion programs 
need to consider age, gender and culture of target 
populations. It is necessary to consult with target 
groups when planning programs in order to meet the 
needs of these groups and to enhance HSB [101].

Target issues - A continence promotion program 
needs to address risk factors and management op-
tions in different target groups. Community-based 
interactive continence promotion workshops con-
ducted in a recent cohort study in Canada were 
shown to be well-received by participants and the in-
terventions changed knowledge, attitudes, skills, and 
appeared to increase rates of HSBs [102]. A similar 
study showed that improved understanding about UI 
and POP was associated with improved QoL scores 
among women who attended a nurse-led education-
al workshop [103].

Promotional material – Newman [104] reported on a 
mail survey of 1,500 women, noting that most of the 
422 respondents wanted more information regard-
ing UI, and while they may not be equipped to fully 
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understand the problem, they expect doctors, nurs-
es, medical professionals, retail outlets, medical 
supply companies, and mail order houses to pro-
vide the information, including information through 
consumer advertising. 

Communication and expectations – Health care 
professionals may launch campaigns or seminars 
to increase practice revenues. Commercial compa-
nies often fund public campaigns in order to sell their 
products, whereas continence organizations may be 
driven by missionary zeal or organizational growth. 
Regardless of motivation, care should be taken to 
avoid raising public expectations beyond what the 
services or products can deliver [105].

a) Creating public awareness

In the area of UI, building awareness among the gen-
eral public has usually been attempted via the media. 
The USA National Institutes of Health, in partnership 
with the American Urogynecological Society, Ameri-
can Urological Association, American Foundation for 
Urologic Disease, NAFC, Society of Urologic Nurses 
and Associates and the Simon Foundation for Con-
tinence, launched a national awareness campaign 
in 1997. The Let’s Talk About Bladder Control for 
Women awareness campaign (http://kidney.niddk.
nih.gov/kudiseases/pubs/bcw_ez/index.htm) offered 
easy-to-read booklets explaining the symptoms, 
types and causes of poor bladder control, as well as 
treatment options. The materials were designed to 
encourage and enhance communication between 
and among women and their health care providers. 
Free consumer and health care provider kits were 
available through a toll-free phone number. In 2007, 
the USA National Institute of Diabetes and Digestive 
and Kidney Diseases (NIDDK), National Institutes of 
Health (NIH) State of the Science Conference State-
ment on Prevention and Fecal and Urinary Inconti-
nence in Adults paved the way for the 2011 national 
campaign, Let’s Talk about Bowel Control (www.bow-
elcontrol.nih.gov). In 2001, the NAFC in the USA pro-
duced and disseminated continence awareness pub-
lic service announcements (PSAs) to 380 television 
media markets, including Hispanic outlets. In the UK, 
the Bladder and Bowel Foundation (BBF), supported 
by the pharmaceutical industry, has conducted a 
lengthy campaign to raise awareness of OAB and to 
encourage HSBs (www.bladderandbowelfoundation.
org/?p=1550). The campaign has featured advertise-
ment of a toll-free information line on television, in 
the print media and on public transport. The BBF also 
provides	 informational	 lealets	on	a	variety	of	conti-
nence-related topics and a website containing a great 
deal of information as well as a directory through 
which visitors can locate their nearest continence 
professionals and clinics. Another UK organization, 
Education and Resources for Improving Childhood 
Continence (ERIC), offers courses for school nurses 
on how to deal with school children with UI, as well as 
children with medical issues (http://www.telegraph.
co.uk/education/primaryeducation/5956231/Pupils-

start-school-still-in-nappies.html). In Australia, the 
government has provided a high level of support to 
continence promotion activities via the National Con-
tinence Program [106,107,108]. These are just a few 
examples of campaigns conducted by organizations 
to bring awareness to lower urinary tract conditions.

Media campaigns should use multiple channels to 
ensure the broadest coverage [109]. Channels can 
include print media, television and radio, while the 
Internet, phones, and other mobile devices are also 
effective outreach channels [110]. Specialised age 
and health publications offer potentially valuable 
channels for dissemination of continence advice.  At 
a more local level, a useful channel for dissemina-
tion can be the use of posters and brochures placed 
in	medical	ofices,	hospitals,	seniors’	centres,	phar-
macies and churches and direct presentations to the 
public, such as at senior citizen’s centres [111] or 
retirement communities [112]. In many cultures, an 
effective strategy for reaching the public is through 
an informed journalist. Journalists often use a “media 
hook,” an interesting story that will take priority over 
other news on the television, radio or newspaper. In 
addition, having a spokesperson affected by inconti-
nence	or	inding	a	celebrity	who	is	willing	to	speak	for	
the cause can help [82]. These individuals can act as 
“inluence	leaders.”

The Japan Continence Action Society held a “Toll 
Free Telephone Clinic” and callers were asked how 
they heard about the line. The responses in 2006 
were: 30% from television, 16% from the web, 11% 
from a newspaper, 9% from a book, 6% from a friend, 
5% from a brochure, 3% from a magazine and 20% 
other and/or unknown. A UK campaign [113] found 
that newspapers were by far the most common 
source of information, followed by radio. However, 
with the growth of the Internet and social media, print 
campaigns may no longer be the most effective av-
enue for awareness.

Roe [114] suggested that local initiatives on the avail-
ability of services and how to access them, as well as 
health education information on UI, may be particu-
larly effective in raising public awareness and should 
supplement national campaigns. Awareness raising 
materials include pamphlets, self-care instructions, 
visual aids, pictographs, posters, banners, decals 
and advertisements in newspapers, magazines, 
newsletters,	 CD	 and	 ilms.	 Muller	 [115]	 believed	
that the change related to increased public aware-
ness and HSB for continence care is likely to fuel the 
demand for innovation in technology and products. 
The Simon Foundation for Continence developed an 
innovative community education initiative, The Blad-
der Health Mobile. The goal of this initiative was to 
provide education, increase public awareness, and 
promote early diagnosis and proper treatment of UI 
and other bladder control problems [116]. However, it 
was never launched due to a lack of funding.

Health literacy related to UI is an important issue, 



1796

and is a potential target for additional consumer 
education. Raising awareness of health problems 
and providing information on terms used to describe 
symptoms assists in promoting HSB [117]. The words 
“continence” or “incontinence,” “interstitial cystitis,” 
or “painful bladder syndrome,” or bladder pain syn-
drome and “pelvic organ prolapse” are poorly under-
stood [118] and simpler terms may achieve greater 
public recognition in many languages and cultures. 
The use of “overactive bladder” in advertising has 
increased reporting of the condition to primary care 
professionals in the USA. Palmer and Newman [74] 
reported on a USA health promotion project conduct-
ed in 2000 to determine the needs of senior citizens 
concerning bladder control issues.  Focus groups 
of older adults attending health seminars in urban, 
community and church settings were conducted. The 
primary objective of the project was to determine the 
understanding of older adults in the areas of general 
health and their beliefs surrounding the problem of 
UI. The 82 participants were predominantly African-
American women representing all socio-economic 
levels. Seniors expressed confusion when asked if 
“overactive bladder, bladder control issues and UI” 
were the same condition. An evaluation of Australia’s 
National Continence Management Strategy in 2006 
noted that recognition of the barriers to help-seeking 
and	 identiication	 of	 the	most	 appropriate	 terminol-
ogy and key messages would strengthen awareness 
raising strategies [106,119].

In the UK, campaigns and consumer literature often 
avoid clinical terms in favor of lay terms that focus on 
the need to go to the toilet often, worrying that one 
may not make it to the toilet on time or have “leak-
ing” of urine or feces. In the area of bowel disorders 
such	as	FI,	it	is	felt	that	people	ind	it	dificult	to	ind	
the right words to discuss their symptoms [85]. The 
IFFGD in the USA has found that people will often 
report having diarrhea to their physician. If the physi-
cian or nurse does not question the patient any fur-
ther regarding the ability to control gas, liquid or solid 
stool, the incontinence may not be discovered. 

Lack of understanding about terminology and 
physiology	 may	 lead	 to	 dificulties	 with	 communi-
cation between patients and providers. A survey of 
138 women attending continence clinics in the UK, 
Australia, and Italy found that over 20% of women 
were unsure of the meaning of basic continence ter-
minology commonly used by health care providers 
[120]. Terms tested in this study included “daytime 
frequency, nocturia, urgency, urge UI, stress UI, and 
hesitancy.” Two recent studies highlight the confu-
sion and lack of knowledge about LUTS. Smith and 
colleagues [121] study of focus groups with women 
who experienced OAB, showed that there were high 
levels of misunderstanding about symptoms and 
physiology, and miscommunication between patients 
and	 providers.	 The	 inding	 was	 more	 pronounced	
among the older women in this study. Senejian and 
colleagues[118]	corroborated	this	inding	and	recom-

mended that public health campaigns about UI and 
other	pelvic	loor	disorders	need	to	use	terminology	
targeted to the basic understanding of consumers. 

Some researchers have targeted health literacy of 
patients undergoing urodynamic testing [122]. Theo-
retically, this may help to improve understanding of 
the procedure and reduce patient anxiety. This par-
ticular	study	did	not	reveal	signiicant	differences	in	
overall satisfaction between the group that received 
this additional information and those who did not. A 
similar study revealed that after reading this type of 
material, most women (78.1%) felt they understood 
the indications for urodynamic testing [123]. How-
ever, fewer felt they understood what the procedures 
would involve (68.2%) or that they had enough in-
formation about the tests (64.9%). Many patients 
still expressed anxiety or embarrassment about the 
procedure. Additional research will be needed to de-
termine how best to deliver this type of information to 
improve patient experiences.

b) Program evaluation 

Evaluating the effectiveness of health promotion 
programs	is	notoriously	dificult.	Evaluation	methods	
should be established prior to developing the conti-
nence promotion program. Evaluation should include 
quantitative measurements and qualitative mea-
sures. Open-ended questions may be more sensitive 
than “direct satisfaction” questions [124].  Health pro-
motion evaluation methods include process evalua-
tion, impact evaluation and outcome evaluation. 

Research-based evidence for the effectiveness 
of programs aimed at raising awareness of conti-
nence issues or at improving help-seeking behav-
iors is rare [125]. A number of studies have con-
sidered	the	effectiveness	of	lealets	or	brochures	in	
raising awareness of UI and of treatment options 
and while generally supportive of such informa-
tion, the evidence is contradictory in some areas 
and far from conclusive. In a good quality study of 
1,175 participants, Wagg et al [126] reported that 
a	 self-help	 standard	 treatment	 lealet	 is	 as	 effec-
tive as structured help from a continence nurse in 
reducing bothersome urinary symptoms in women. 
A small Australian study considered an information 
lealet	 to	have	 inluenced	the	HSBs	of	people	with	
UI who had received it, but these were people who 
were	identiied	in	a	primary	care	setting	and	had	al-
ready reported a UI problem [127]. A similar study 
found that individuals given a continence education 
package, which included a Continence Educational 
Brochure, helped to improve the health-seeking be-
haviours of participants who were bothered by UI 
symptoms [128]. Within 3 months following the edu-
cation, of the 111 participants who were bothered by 
UI symptoms, 49 participants (44.1%) indicated that 
they had discussed the issue of bladder or bowel 
problems with a health care professional, but this 
could have been either directly because of the in-
formation contained in the brochure or because of 
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information	contained	in	the	lealet.	But	there	is	re-
search that indicates that education alone may not 
improve a person’s understanding or experience 
with	speciic	medical	care.		A	study	that	investigated	
the effectiveness of detailed educational materials, 
about the urodynamic tests given to women under-
going	these	investigations,	did	not	signiicantly	 im-
prove their experience [129]. A Swedish population-
based study found that the distribution of a brochure 
on UI to the general public was well received and 
can	 be	 an	 eficient	 method	 to	 spread	 knowledge	
and encourage self-management [130]. 

In France, the effect of direct health education was 
evaluated in a randomized study in sheltered accom-
modation for the elderly [131]. Twenty centers were 
randomized to either a single one-hour health infor-
mation meeting or control group. During a 30-minute 
talk, a nurse encouraged people to visit a physician 
if they had urinary problems. A questionnaire three 
months later found that the experimental group was 
much more likely to have had treatment if they were 
incontinent (41% vs. 13% controls). Similarly, knowl-
edge	and	symptoms	were	found	to	have	signiicantly	
improved three months after a 2.5 hour nurse-led 
workshop for women with UI and POP [132].

A health promotion project called ‘Dry Expectations’ 
was developed and implemented in six ethnically di-
verse, predominantly minority, and inner city senior 
centres in the USA in 1996 [111]. The program was 
designed to address an older population. The project 
consisted of three phases: orientation and training 
of key staff members/peer educators at the centres 
(train-the-trainer model); educating seniors through 
four one-hour weekly sessions involving visual aids 
and completion of bladder records and quizzes; 
and follow up sessions with senior staff/peer educa-
tors to reinforce the previous training. The program 
was very well received by the participants and ap-
proximately 80% felt they had more control over their 
bladder by the end of the last session.

The interventions that are most effective in reach-
ing the public and triggering the desired behav-
iour seem to vary between countries and cultures. 
Television and newspapers work best in Singa-
pore, with a “cured” patient bearing testimony 
to former suffering and its alleviation having the 
most impact. In the USA, television advertising 
targeting OAB, funded primarily by pharmaceu-
tical companies, has yielded a significant re-
sponse. Nationwide television reaches more peo-
ple than the circulation of any single newspaper 
or the distribution of a booklet through physician 
offices. In March 2008, Japanese National Televi-
sion broadcast a program about UI during “golden 
time” (2000 to 2045 hours). The audience rating 
was 15.6%, the highest in a year (usual rating 
12%), and more than 500 calls were received in 
one night, requesting repeat broadcast and more 
details about treatment. However, the Internet is 
rapidly becoming the most effective and quickest 

way to reach the largest number of people. But 
there are cultural differences in the how online 
health information is used, as well as the types of 
sites users prefer to surf [110].

5.  RECOMMENDATIONS FOR CONTINENCE 
PROMOTION AND AWARENESS (GRADE D)

Based on the literature reviewed in this section, the 
following recommendations can be made:

•		Continence	 awareness	 should	 be	 part	 of	 main-
stream and on-going health education and advoca-
cy programs with emphasis on eliminating stigma, 
raising awareness of effective treatments, promot-
ing HSB and improving QoL.  

•		Continence	 awareness	 programs	 should	 include	
education, health-care, and community service pro-
viders. 

•		Research	is	needed	to	provide	higher	levels	of	evi-
dence on the effectiveness of continence promotion 
programs to include:

o		Identiication	 and	 understanding	 of	 barriers	 to	
HSBs

o  Translation of promotion research into improved 
clinical	practice	and	identiication	of	methods	by	
which this occurs.

o  Effectiveness and impact of consumer education 
initiatives. 

1. BACKGROUND

Advocacy	is	deined	as	the	act	or	process	of	defend-
ing or maintaining a cause or proposal. Advocacy, 
as it pertains to incontinence, involves assisting in-
dividuals	in	inding	necessary	health	care	and	treat-
ment. Organisations consisting of professional and 
public members promote continence advocacy as a 
core mission. 

There is little doubt that incontinence is a common 
problem that often goes unreported, with those af-
fected anxious to conceal the problem and reluctant 
to discuss it. Misconceptions fuel this reluctance, 
such as the widespread belief that incontinence is 
normal in some circumstances, especially in women 
following childbirth or in both sexes after a certain 
age. Incontinence is associated with a very strong 
stigma that sets it apart from most other health prob-
lems	and	will	inevitably	inluence	behaviours.	Where-
as many formerly stigmatized health issues such as 
cancer and women’s health are more openly dis-
cussed today than previously, incontinence remains 
for the most part shrouded in silence [133,134]. Yet 
the effect of incontinence on self-image, emotional 
well-being and QoL cannot be underestimated. Low-
ered self-esteem, shame, embarrassment, despair 
and depression are often reported; incontinence can 

IV. CONTINENCE ADVOCACY 
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affect the ability to form or maintain personal relation-
ships, leading to isolation [135,136,137,138].

In such circumstances, there is a need among the 
general public for better awareness and understand-
ing of bladder and bowel problems, and of the ser-
vices and treatments that are available. There is also 
a need for both practical and emotional support to 
those affected and for advocacy on their behalf in 
pursuit of development in treatments and services. In 
response to these needs, continence advocacy orga-
nizations have emerged in many countries. 

2. CONTINENCE ADVOCACY WORLDWIDE

A central goal of most continence advocacy organi-
zations is the raising of public awareness and under-
standing of the types of incontinence, the risk fac-
tors for incontinence and treatments, services and 
management products available. These organiza-
tions provide a valuable voice for an often unheard 
consumer population in political and health-care 
governance, development and planning processes. 
In recent years, consumers and clinicians have been 
involved in identifying and prioritizing important ar-
eas of research relating to incontinence in order to 
inform research development and funding decisions 
[139,140]. In addition, through advocacy organisa-
tions, the consumers of health care have become 
more	closely	involved	and	inluential	in	the	activities	
of clinical professional organisations.

Another major role that has been adopted by many 
continence organizations is the direct provision of in-
formation support to those affected by incontinence 
and to caregivers. The types of information provided 
include background information about symptoms, 
risk factors and conditions, treatments and manage-
ment strategies, and availability of, and access to, 
health and social services. Such information is pro-
vided through a variety of sources, including regu-
larly produced magazines, internet-based informa-
tion resources, telephone support lines (often staffed 
by	qualiied	nursing	or	counseling	staff),	and	printed	
media	such	as	lealets	and	booklets	on	a	wide	variety	
of topics. Other innovative strategies have included 
outreach work through travelling information road-
shows and events [116]. Organisations also provide 
emotional supports to people with incontinence by 
putting them in touch with others similarly affected 
either through direct contact at meetings or through 
internet discussion forums.

For the Fifth International Consultation on Incon-
tinence, forty-seven continence organisations in 
twenty-eight	 countries	 were	 identiied,	 with	 an	 ad-
ditional two international consumer-based organisa-
tions (Appendix 1). Continence organisations vary in 
scale and in nature, from small consumer or clinician 
groups	 that	 focus	 on	 quite	 speciic	 bladder	 symp-
toms or conditions, to large and well-funded national 
organisations that address bladder problems gener-
ally. Often the founding and development of such 
organisations has resulted from the dedication of 

a small group of sufferers consumers, clinicians or 
both, who have worked tirelessly to promote aware-
ness and understanding of incontinence among the 
public or colleagues and to provide better services 
and supports to those affected.  They represent a 
wide diversity of models, including consumer-led, 
company-sponsored, consumer-only, professionals-
only, and organisations which have deliberately set 
about trying to bring together all relevant stakehold-
ers in a relatively democratic model. In every part of 
the world, these organisations play a dynamic role in 
building both public and professional awareness of 
this underserved and underreported condition.

a) Funding 

The degree of funding available inevitably affects 
the level of work that organizations can undertake. 
Whereas in some countries, such as Australia, rela-
tively strong governmental support has been provid-
ed for the work of continence support organisations, 
in	other	countries	such	as	the	USA	and	UK,	inancial	
support has come for the most part through chari-
table donations from individuals and foundations, or 
through the support of the pharmaceutical industry 
and continence products manufacturers. Most conti-
nence organisations are poorly capitalized, being ei-
ther under- or unfunded (i.e., run by volunteers) and 
are held together initially by either a dedicated con-
sumer advocate or an energized healthcare profes-
sional. In most cases, this professional is an urologist 
or nurse whose patient population includes persons 
with UI. In developing countries, where the need for 
improved awareness, support and services is often 
greatest, the availability of funding for continence ad-
vocacy work is particularly challenging.

Lack of funding limits the work of continence organ-
isations, and searching for funding can present a 
considerable burden in terms of time and skills for 
an organisation’s paid or voluntary staff. The very 
source of funding can present additional challenges: 
in most parts of the world, organisations are at least 
partially, if not totally, dependent upon funding from 
pharmaceutical and product manufacturers. In order 
to	 avoid	 a	 perceived	or	 real	 conlict	 of	 interest,	 or-
ganisations are well advised to have clear and robust 
policies dictating the nature of their relationships with 
commercial entities, to declare their arrangements 
fully and, if possible, to ensure that they are not de-
pendent for funding upon only one company.

b) Collaboration 

Within countries, some previously separate con-
sumer-led organisations have merged with clini-
cian-led organisations in order to make best use 
of funding available and to prevent duplication of 
efforts [133]. In other countries there may be good 
reasons why this is not possible, while in some cir-
cumstances there is merit in the independence of 
groups	 focusing	on	speciic	areas	within	 the	con-
tinence	 ield.	 However,	 both	within	 countries	 and	
internationally, there is much to be gained from the 
networking and cooperation of organisations. 
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Duplication of effort in the production of materials 
and other activities can often be avoided, and al-
though it may not be practical to develop global and 
uniform strategies for continence promotion and 
public awareness, much can be learned from the 
positive and negative experiences of other organ-
isations in other countries. For instance, in 1998, 
the	Asia	Paciic	Continence	Advisory	Board	mem-
ber countries including Thailand, Korea, China, 
Hong Kong, Taiwan, Malaysia, Indonesia, India, 
Philippines, Singapore and Pakistan joined to de-
velop continence promotion programmes that col-
laborated with health care professionals and the 
general public. Their mission was to develop strate-
gies to increase awareness and reduce the social 
burden	of	UI	in	the	Asia	Paciic	Rim.	

In addition, the cooperation and coordination of con-
tinence organisations on an international level can 
result	in	more	effective	engagement	with	inluential	
international clinical and research organisations. 
Professionals (e.g., urologists, urogynaecologists, 
gynaecologists, geriatricians, primary care practi-
tioners, physiotherapists, nurses) and professional 
organisations have been instrumental in promoting 
awareness of continence in all care settings. The 
International Continence Society (ICS) established 
the Continence Promotion Committee (CPC) to 
promote education, services and public awareness 
about incontinence throughout the world, and to 
facilitate communication, exchange of information 
and partnerships between continence organisa-
tions, health care professionals, governments, and 
industry. The CPC’s multinational and multidisci-
plinary representation, which includes representa-
tives of continence organisations from around the 
world, aims to identify broad issues through an 
international forum that can facilitate translation at 
the local and national level. Each year at the ICS’s 
annual meeting, the CPC holds workshops around 
various themes that have a broad national focus, 
such as prevention, GP education and promotional 
strategies. Its relevance, as is the case with each 
of the national organisations, is to recognize the 
interface between continence management and 
continence awareness and promotion. The CPC is 
also promoting continence awareness through the 
hosting of public forums in conjunction with the ICS 
annual meeting and sponsorship of the yearly World 
Continence Week. 

The level of evidence on the impact of national organ-
isations increasing continence awareness is Level 3.

3.  RECOMMENDATION FOR CONTINENCE 
ADVOCACY (LEVEL OF EVIDENCE-3, 
GRADE D)

Based on the literature reviewed in this section, the 
following recommendations can be made: 

•		Research	 is	 needed	on	 the	 activities	 or	 effective-
ness of organisations that target consumers or the 
general public. 

1. BACKGROUND 

There has never been a comprehensive examination 
of an optimal service or model for delivery of conti-
nence care. It is not known whether academic, spe-
cialist-led centres will achieve better and more cost-
effective results than primary care clinics, domiciliary 
services or any other model. However, most experts 
believe that female UI is initially most effectively diag-
nosed and managed by primary care providers com-
pared to specialist services. A large cross-sectional 
community mail survey of women with UI in France, 
Germany, Spain, and the UK found that many wom-
en actually prefer to be treated for UI by primary care 
providers, despite easy access to specialized ser-
vices [141]. Appropriately trained continence nurses 
and physical therapists can provide high quality UI 
care	for	women;	women	are	satisied	with	care	pro-
vided by continence nurses [142,143,144]. In 2000, 
the UK Department of Health issued guidance on 
continence services that outlined a good practice 
model to achieve more responsive, equitable, effec-
tive continence services [145]. 

In the USA, the primary sources of care for the ma-
jority of Medicare patients (primarily an elderly popu-
lation) are family physicians and primary care physi-
cians [146]. Less than 1 person in 1000 is admitted to 
an academic, medical centre hospital [147]. Thus, in 
the USA, elderly persons with UI and FI will probably 
be seen by primary care physicians for initial assess-
ment. This is unlikely to address the needs of develop-
ing	countries	(such	as	the	Asia	Paciic	area	or	in	Africa)	
where dissemination of expertise to rural communities 
and isolated community health care workers is more 
logical. Continence services are being implemented in 
several countries using shared teaching and educa-
tional resources through co-operative arrangements 
of the respective Continence Foundations. Thus, the 
general practitioner (GP) or family physician plays an 
important	role	in	the	irst	line	treatment	of	UI	that	may	
be treated successfully with conservative treatments 
in the majority of patients [148,149].

In fact, UI is often a complex and multi-faceted prob-
lem, particularly in frail or dependent individuals, and 
it may require input from a wide variety of disciplines 
to tackle it effectively. Drennan and colleagues[150] 
interviewed thirty-two caregivers about their strate-
gies for managing a person with UI and dementia. 
They recommended that professionals, especially 
those in primary care, could be more proactive in 
questioning patients about incontinence and toilet-
ing habits to identify counter-productive and harm-
ful strategies. Symptoms typically associated with 
incontinence may also be indicative of other condi-
tions, as evidenced by the urgency and frequency 
symptoms of BPS [151,152]. The ICI Committee 19 
addresses Bladder Pain Syndrome. While it may not 
be practical for all specialties to work in close prox-

V. SERVICE DELIVERY, MODELS AND 
ACCESSING CARE 
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imity, there is a need to consider carefully specialist 
roles, responsibility, and which protocols will guide 
appropriate referrals and ensure good collaboration. 
It is important that there are neither gaps nor over-
laps in the service. 

Although some might see multidisciplinary relation-
ships as the ideal, the reality is not always smooth. 
In some situations, rivalries and competition between 
disciplines and medical specialties is evident. This 
may be because of competition for patients and reve-
nue, or because of disputes over the demarcation of 
the scope of different disciplines (such as the bound-
ary between urology and gynaecology, or between 
nursing and physiotherapy).

Implementation of integrated service mandates can 
be challenging due to infrastructure limitations and 
other barriers. For example, despite national rec-
ommendations for multidisciplinary integrated con-
tinence services in the UK, audits indicate that this 
requirement is not yet being met [153,154,155].

2. NEED FOR SERVICES 

There are no studies directly comparing the effec-
tiveness	of	speciic	delivery	systems	for	continence	
care. In certain cases, enthusiasts have conducted 
research, and results may not generalize to the wider 
setting. Others have combined the expertise of multi-
disciplinary teams to maximize service delivery. The 
level of evidence on service delivery models is 4. 

A Japanese survey of over 1,000 caregivers of el-
derly incontinent people in the community found that 
more than 80% of caregivers are female and over 
half were more than 60 years old [95]. The caregiv-
ers felt that incontinence caused problems with the 
home getting dirty (10%), extra laundry (9%), need to 
wake at night (7%), and not being able to leave their 
homes because of incontinence (9%). When asked 
what kind of government service they wanted, care-
givers replied “health training” (10%), “knowledge 
about incontinence” (10%), and “supply of a portable 
toilet” (3%). Only 6% wanted the government to send 
them professional caregivers and only 4% desired 
referral to a specialist physician. 

Knowledge and attitudes about UI and care certainly 
may	inluence	consumer	choices.	Some	studies	sug-
gest that as QoL worsens, care-seeking increases 
[156].  In some cultures, particularly those where liv-
ing with extended family is more common, UI may 
be viewed as a family issue rather than a disorder 
affecting just one family member [157]. Family sup-
port is often seen as an important component when 
dealing with UI [158].

Buckley and Lapitan[159] conducted an online sur-
vey of 1,040 community-dwelling adults in the UK to 
examine attitudes and behaviours related to care-
seeking for UI, FI, and nocturnal enuresis [159]. 
Overall, 75% said they would turn to their GP for 
help. However, a surprising 23% said they did not 
know	where	to	turn	for	help.	This	conirms	that	there	

are still major needs for continence promotion and 
consumer education at the community level.

This can create a dilemma and raises many ques-
tions. Should health care professionals attempt to 
persuade or educate people who do not see UI as a 
problem that it is an abnormal condition?  Should a 
patient who is “not bothered” by symptoms be treated 
because the partner or caregiver requests the physi-
cian’s assistance? This is concerning as Rodriquez, 
et al.[160] found that physicians underestimated 
the degree to which patients were bothered by their 
symptoms 25% to 37% of the time. Is lack of bother 
genuine or simply a defense against having to tack-
le an unpleasant problem? Does early intervention 
prevent later deterioration in symptoms? Does delay 
in treatment mean that success rates are lowered? 
There is scant evidence on any of these issues or on 
the most acceptable way of providing help.

Using narrative analysis of structured patient inter-
views, Bradway and Strumpf[161] found that women 
with UI who sought professional care were more 
likely to “tell a story,” describe UI as having a nega-
tive impact on their sense of self, were older, Cauca-
sian, were in ‘good or excellent’ self-reported health, 
and had suffered from UI longer compared to those 
who	 did	 not	 seek	 care	 [161].	 They	 also	 conirmed	
that many women found that UI impairs their sexual 
health and intimacy. 

In contrast, some studies have shown that compared 
to general health care, many women prefer to take a 
more active role in their care for UI. In a survey of 265 
Norwegian women with UI, O’Donnell and Hunskaar 
found that 60% of women wanted to be actively in-
volved in their UI care decisions compared to only 
38% for their general health care needs [162]. How-
ever,	 this	may	also	be	 inluenced	by	 the	context	of	
care and the education level of the patient [163] .The 
indings	are	not	universal,	and	may	be	more	associ-
ated with a desire for adequate clinical information 
rather than a desire to make active treatment deci-
sions [164].

It is the impression of all members of this committee 
that due to the high percentage of people not seek-
ing help for UI (for all the above mentioned reasons), 
health care professionals must develop the concept 
of a “reaching-out” service and to actively provide 
service for incontinence care. This means promoting 
awareness, openly discussing and actively detect-
ing	UI,	while	providing	simple	and	eficient	 therapy.	
While not all patients with voiding disorders (e.g., 
bothersome lower urinary tract symptoms including 
urgency, frequency, nocturia, poor stream and hesi-
tancy) have incontinence, many of these patients will 
also	beneit	from	a	service	that	will	provide	assess-
ment, education and relevant treatment prior to the 
potential onset of incontinence.

3. MODELS OF CARE

Continence	 care	 was	 deined	 by	 the	 Canadian	
Continence Foundation as “all measures directed 
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toward the prevention, improvement and or man-
agement of UI” (http://www.canadiancontinence.
ca/pdf/en_dec2000vol_1.pdf). Models of care for 
the frail elderly with UI are covered by Commit-
tee 11: Incontinence in the Frail Elderly. A report 
on continence care services worldwide noted that 
services were scattered, inconsistent and consid-
erable discrepancies exist in their funding. It was 
concluded that there is a need for accessible (and 
affordable) continence care and multidisciplinary 
teamwork [165]. Models of service delivery for FI, 
BPS/IC	and	POP	have	not	been	deined.

The provision of continence care and services in 
each country will depend on the organisation and 
infrastructure	 of	 its	 health	 services.	 It	 is	 dificult	 to	
make	 speciic	 recommendations	 that	 will	 apply	 in	
such a variety of contexts. In addition, UI is so wide-
spread and affects men and women of all ages who 
receive medical care from a variety of health care 
providers (e.g., PCP, family physician, geriatrician, 
gynaecologist, nurse practitioners). This means that 
there will seldom be one point of entry to continence 
care. There has been little systematic assessment of 
continence services aimed at identifying an optimal 
service. It is not known whether academic, special-
ist-led centres will achieve better and more cost-ef-
fective results than primary care clinics, domiciliary 
services or any other model. There are no studies 
directly	comparing	the	effectiveness	of	speciic	deliv-
ery systems for continence care. A range of service 
delivery models is described below. The level of evi-
dence on service delivery models is Level 4.

a) Single specialist

This is a service led by a consultant or specialist phy-
sician (urologist, gynaecologist or urogyaecologist), 
often focused around the “urodynamic unit” providing 
medical or surgical treatment. This is the most com-
mon model in developed countries; the best of them 
have a nurse continence advisor or continence nurse 
specialist as an integrated part of the service.

b) Nurse specialist or advisor 

In some health systems, both UI and FI have tradi-
tionally been seen solely as a nursing problem, with 
little interest or input from other members of a multi-
disciplinary medical team. Except for a few isolated 
areas, the main intervention has been trying to help 
individuals and caregivers cope with symptoms, 
rather than attempting to treat the underlying cause 
of the UI. For example, in the UK, it is common for 
an elderly person presenting with UI to be referred 
directly to the district nurse “for assessment for pads 
and pants,” with no physical examination or further 
investigation considered. 

There are many examples of nurse-directed models 
of incontinence care described in the literature. Far-
rell	and	colleagues	[166]	studied	a	modiication	of	UI	
care that involved step-wise care delivery, including 
a continence advisor and nurses, which were found 

to be as effective as the traditional medical model. 
In countries such as Australia, New Zealand and the 
UK, a national network of Continence Nurse Advi-
sors (CNAs) or Continence Nurses liaise, integrate 
services, and guide individuals through the referral 
route	most	appropriate	to	meet	their	needs.	The	efi-
cacy of Continence Nurse Practitioners (CNPs) in the 
UK was reported by Matharu and associates [167] 
who	studied	four	hundred	and	ifty	(450)	women	over	
40 years of age who underwent urodynamic studies 
in the UK after seeing a trained CNP. In patients di-
agnosed with bladder overactivity, the CNP had pre-
scribed drug therapy to 79% of patients and pelvic 
loor	muscle	training	(PFMT)	to	64.8%.	In	those	with	
urodynamic stress UI, 88% had appropriately been 
prescribed PFMT. Nursing assessment has the po-
tential to assign patients the correct conservative 
treatment thereby shortening waiting times for urody-
namics and specialist assessment.

There is more evidence that treatment of inconti-
nent community-dwelling individuals by a “conti-
nence	 nurse”	 is	 beneicial	 in	 terms	 of	 clinical	 out-
comes [168]. Jeffrey and colleagues[144] assessed 
the clinical effectiveness and patient satisfaction 
with nurse-led, telephone follow-up of women with 
lower urinary tract symptoms. Participants were of-
fered telephone follow-up with a nurse instead of a 
conventional outpatient appointment. Suitability for 
this option was decided by the doctor who saw the 
woman at her last visit. In total, 116 women received 
“telephone consultations” and the mean overall sat-
isfaction score was 77 (maximum score was 100). 
Only 16 patients (17%) did not prefer telephone fol-
low-up to a clinic visit. The authors concluded that 
nurse-led telephone follow-up is associated with 
high satisfaction and has the advantages of consis-
tent follow-up by the same clinician, convenience to 
the patient and cost-savings [144]. Shaw, Williams, 
and Assassa[169] conducted a postal survey of 
people in the UK receiving services for UI by CNPs. 
Participants expressed satisfaction with nurse-led 
services because of the interpersonal, technical, 
communication and information-giving skills of the 
nurses. 

The nurse continence advisor (NCA) may be inde-
pendent, but is usually associated with community/
area health centres, where they may have variable 
professional support from GPs and family physi-
cians. Continence nurses often work in both hospital 
and community settings, and the service is focused 
on primary care. This is particularly true for district 
nurses. Key roles include patient assessment and 
implementation of conservative management strate-
gies where appropriate and facilitation of patient ac-
cess to incontinence product subsidies or schemes. 

The Department of Health in the UK has commis-
sioned an evaluation of different models of nurs-
ing services, with and without specialist NCAs. It 
was found that where there is a continence nurse 
incontinent people are more likely to receive a tar-
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geted referral to specialists such as an urologist, 
are more likely to have had investigations such as 
urodynamic testing and are more likely to receive 
appropriate treatment and care for their UI. These 
patients were also more likely to report satisfac-
tion with the service. In contrast, there are still con-
cerns that general nurses continue to “contain the 
problem” instead of promoting continence, despite 
acknowledging its importance [170].

Unfortunately, there is often still an emphasis on 
containment and simple management of UI rather 
than on active therapy. Part of this may be due to 
cost, which has been shown to be lower for con-
tainment compared to active continence evalua-
tion, promotion, and treatment [171]. Even in this 
case, provision of care may be substandard. An 
audit of the continence services in the UK revealed 
that rationing of pads and absorbent products was 
widespread, with most patients limited to four pads 
per day [172]. In addition, 59% of the continence 
services surveyed provided pads for children under 
the age of four, which is outside of the published na-
tional guidelines. This indicates a need for improved 
implementation of continence services with regard 
to use of pads and products.

In a series of studies performed in Leicestershire 
UK, the short and long-term outcomes of a new 
CNP-led service for urinary symptoms (three and 
six months after implementing the program) were 
examined and evaluated [173,174,175]. Williams, 
et al.[175] reported on a randomized, controlled 
study (RCT) of 3,746 community-dwelling individu-
als greater than 40 years of age (61% women) who 
had incontinence, frequency, urgency, and noctu-
ria all impacting QoL. The experimental group was 
comprised of 2,958 patients. The standard care 
was the control group (n=788) who accessed GP 
services and existing continence services in the 
area. The experimental group received an 8-week 
primary intervention package by the CNP (21 gen-
eralist nurses who trained as CNPs). The CNPs 
delivered evidence-based behavioral interventions 
using predetermined care pathways in four visits 
over an 8-week period. Interventions included ad-
vice	 on	 diet,	 luids,	 bladder	 training,	 pelvic	 loor	
muscle awareness and healthy eating. Individuals 
whose symptoms persisted after primary interven-
tion were offered urodynamic testing. The CNP led 
service had a 10% higher cure rate than standard 
care	with	 statistically	 and	 clinically	 signiicant	 re-
ductions in urgency, frequency, nocturia and UI. In 
addition, QoL improvements were greater in users 
of the CNP-led service and higher levels of patient 
satisfaction	were	achieved.	This	is	the	irst	study	to	
show the effectiveness of nursing services on uri-
nary storage symptoms (rather than simply incon-
tinence) and associated QoL. The authors noted 
that the public health value of a 10% reduction in 
symptoms is substantial when applied to such a 
common problem.

An	 additional	 number	 of	 studies	 support	 the	 efi-
cacy of specialist NCA in the delivery of community 
continence care [148,176,177,178]. In the USA, 
urology nurses have been trained as “teachers” 
to	 successfully	 implement	 behaviour	modiication	
programs to groups [179]. Nurses may also play an 
important role in the evaluation and management 
of POP, a condition which is often associated with 
concomitant UI [180].

Regional continence nurses have also been suc-
cessfully incorporated into primary care practices, 
however they need to be given both the authority 
and opportunity for interactions. A survey of 22 dis-
trict continence nurses found that having regularly 
scheduled appointments with patients who were ac-
tively involved in their assessment and management 
led to the best nurse provider satisfaction and sense 
of professionalism [181].

In the USA, there has also been an increase in nurs-
es who specialize in dealing with patients with pel-
vic	 loor	 disorders	 including	UI,	 FI,	 POP	 and	BPS/
IC/PBS, although there are no academic or clinical 
proiciency	requirements	in	order	to	be	considered	a	
CNP or “continence nurse specialist.” Those nurses 
who do specialize in continence care have obtained 
their knowledge and skills through self-motivated 
activities [182]. Masters prepared or educated “ad-
vanced practice registered nurses” (APRNs) have 
become increasingly interested in, and knowledge-
able about, the assessment, diagnosis, and treat-
ment of people suffering with UI. These nurses are 
developing a nursing subspecialty in the care of in-
dividuals	with	UI	and	related	pelvic	loor	dysfunction,	
providing comprehensive assessment and treatment 
(drug and conservative therapy), and acting as edu-
cators and researchers [183].

A	2000	study	in	the	USA	demonstrated	signiicantly	
improved outcomes for three clinical problems, UI, 
depression, and pressure ulcers, when advanced 
practice gerontological nurses worked with nursing 
home	 (NH)	 staff	 to	 implement	 scientiically-based	
protocols [184]. In addition to working with NHs to 
provide resident evaluation as physician extenders, 
this research indicates that this service model using 
an APRN can be an effective link between current 
research-based knowledge about clinical problems 
and NH staff. This study also showed that consistent 
educational efforts with staff and NH residents dem-
onstrated that interventions could improve or stabi-
lize the level of UI in this population.

c) Multidisciplinary resource and referral centre 

Multidisciplinary clinics, as service models, have 
been shown to provide comprehensive conti-
nence care. In multidisciplinary clinics, such as a 
“Pelvic Floor Clinic,” the gynaecologist, urologist, 
colorectal surgeon, and continence nurse work 
together [185]. Some pelvic floor clinic staffing 
models also include physical therapists (PTs) and 
registered dieticians.
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An Australian study took all community referrals 
of those who had been incontinent for at least two 
months and had at least one episode in the preced-
ing two weeks to a continence clinic [186]. Patients 
were randomized to conservative treatment or con-
trol, with a crossover design. Patients were asked 
subjective questions about embarrassment, odor, 
depression, family relationships, isolation, and laun-
dry, on a 4-point scale ranging from no effect to major 
effect upon life. The questionnaire was completed at 
the start, and at 2, 4, 8, and 12 months. Seventy-
eight patients entered the study and 87% improved 
with treatment (versus 41% controls). Fifty-two per-
cent were moderately or severely embarrassed at 
the start of the study period, but at 4 months, only 
17% were. Depression decreased from 49% to 22% 
and isolation from 28% to 12%. Odor and the use 
of	 extra	 laundry	 also	 decreased.	All	 beneits	 were	
maintained at 12 months. Controls did not improve 
on these items until crossed over to active treatment, 
despite feeling better. The authors conclude that con-
servative treatment in a multidisciplinary community 
clinic improves continence and well-being. 

The Continence Foundation of Australia (CFA), fund-
ed by the Australian Government, employs CNAs to 
answer the National Continence Helpline and to pro-
vide advice to consumers and health professionals, 
including referral advice [187]. Evaluation of this ser-
vice indicated availability and uptake of information, 
as	well	as	increased	trafic	to	the	Bladder	and	Bowel	
website and the National Public Toilet Map. There 
had also been a general increase in the number of 
consumers seeking help for their incontinence. 

An expansion of this service provision is exempli-
ied	by	the	National	Centre	for	Continence	in	Israel,	
which aims to provide an integrated service [188]. 
The Center’s professional team not only treats incon-
tinent patients, but also educates GPs and nurses 
who come from pre-selected peripheral/outlying clin-
ics. They also provide ongoing support and advice 
as well as a pathway for tertiary referral. A local team 
(GP and nurse) is also selected to be in charge of 
promotion, detection and treatment of incontinence 
at the clinic. They later become “in charge” of incon-
tinence in their region. This model allows national 
distribution of continence services with support from 
the resource centre and provides interdisciplinary ex-
change, as well as maximum co-operation between 
Medical Centres and community health services. The 
national centre is funded by government and industry 
to provide a “Hotline” for the public, to promote edu-
cation programmes in nursing and medical schools, 
hospitals and NHs, and to develop guidelines for di-
agnosis and management of incontinence by primary 
healthcare staff. 

Multidisciplinary services should initially focus on a 
step-wise approach to evaluation and management. 
This need not be limited to tertiary level centers, but 
can be incorporated into care in local communities 
when providers with expertise are available [189].

The multidisciplinary model has also been used for 
delivery of community-based services. One model 
used a combination of clinic and home visits, mul-
tidisciplinary care delivery to targeted client groups, 
and use of multidisciplinary tools and provider educa-
tion [190]. Overall, a generalist approach was found 
to be most effective in this study, although this may 
depend on the community context and other factors. 
The model shown in Figure 1  combines an academ-
ic center and community services. Although it was 
proven	 feasible,	 there	 were	 signiicant	 challenges	
due to funding and infrastructure [191]. This program 
in Canada is ongoing, and additional research will be 
needed to assess overall outcomes.

d) Primary care 

Although primary care practitioners can certainly do 
a large portion of general continence care, the litera-
ture notes barriers to care provision and poor adher-
ence to evidence-based recommendations [192,155]. 
This	precludes	eficient	delivery	of	 continence	care	
and	prevents	appropriate	irst-line	treatment.	Cohen	
and colleagues [193] found that, among primary care 
providers, only 25% initiated a discussion of incon-
tinence with their patients. In their cohort, older pa-
tients were less likely to be asked about incontinence 
compared with younger patients. Findings from a 
USA survey indicate that the majority of primary care 
practitioners were unlikely to ask about UI [194]. For-
ty percent recommended pad use for treatment, and 
only 17% were aware of clinical practice guidelines. 
The identical situation exists in other countries such 
as in Europe and Canada [195,196]. Although most 
primary care practitioners recognize that UI is com-
mon, only a minority have an organized plan for its 
evaluation and management, and report feeling very 
comfortable dealing with UI. Ten years ago, attempts 
by the U.S. Agency for Health Care Policy and Re-
search, now known as the Agency for Healthcare Re-
search and Quality (AHRQ), to use physician group 
interventions to raise awareness through UI guide-
lines failed to improve screening and management 
rates in the primary care setting [197]. There have 
been other innovative methods used to increase UI 
screening. Yazdany[198] prospectively randomized 
patient charts (n=88) to receive a chart-alert sticker 
(“Do you leak urine?”) that reminded resident physi-
cians to ask about UI in their general gynaecology 
clinics. Overall, the rate that resident physicians in-
quired about incontinence increased with the alert-
sticker from 4% to 34%. This method may be more 
easily implemented in electronic health records. 

Many countries have sought to shift the provision 
of primary care from doctors to nurses in order to 
reduce the demand for doctors and improve health-
care	eficiency.	A	Cochrane	review	found	that	quality	
of care is similar for nurses and doctors, since nurs-
es tend to provide more health advice and achieve 
higher levels of patient satisfaction compared to 
doctors [142]. A RCT in the Netherlands compared 
usual care for UI in GP clinics to those that included 
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a nurse specialist [199,200]. Short-term outcomes 
revealed better continence rates in those patients 
seen in clinics that involved care by the nurse prac-
titioners. However, the results were not sustained at 
the one-year follow-up, and both groups had equiv-
alent continence outcomes. A focus group analysis 
with the nurse practitioners revealed that they felt 
competent to provide the needed services and ap-
preciated by the patients [201]. In addition, they felt 
they added value to the practice, particularly since 
many of the GPs were seen as lacking interest in 
UI.	Overall,	 the	 results	 do	 suggest	 a	 beneit	 from	
this type of multidisciplinary care delivery. Future 
research will be needed to determine if long-term 
outcomes can be maintained and if the model may 
have	 other	 unmeasured	 beneits,	 such	 as	 better	
cost-effectiveness.

Therefore, primary care practitioners may not be 
the most appropriate professional to mange UI, 
and this committee’s recommendations include 
a care delivery model (see Figure 2 ) based on a 
chronic care approach that has been used suc-
cessfully in other chronic conditions (e.g., diabe-
tes, CHF, asthma) [202].

There are many factors that can persuade health 
care planners about the importance of adequate 
investment in community continence services. The 
prevalence and the number of incontinent people 

is likely to increase with an aging and increasingly 
dependent population and many frail, disabled or 
elderly people are incontinent for reasons extrane-
ous to the urinary system (such as poor mobility, an 
inappropriate physical environment or lack of an in-
dividualised care regime). It is often best to provide 
an initial assessment for such individuals in their 
usual surroundings and to reserve hospital or clinic 
(specialist or academic) referral for those who do 
not respond to simple measures such as treatment 
of constipation, modifying a diuretic medication, or 
provision of accessible toilet facilities.  A number 
of guidelines have suggested an algorithmic, step-
wise approach to UI assessment and treatment, and 
many conservative treatments have a good success 
rate in primary care [203,204,205,206].

e) Other service models 

In a structured literature review, Chin and colleagues 
found that primary care clinics for continence led by 
nurses and allied health professionals were common 
across the world [207]. Although there were a num-
ber	 of	 differences	 that	 were	 culture	 speciic,	 there	
were also a number of key factors that predicted high 
quality care across all cultures. These included iden-
tiication	and	recruitment	of	appropriate	patients,	im-
proving access to care, enhancing engagement with 
primary care providers, using small teams with ad-
equate training, developing structured referral lines, 

Figure 1. Urban/ Academic Model of Continence Care
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and working to employ evidence-based practices in-
cluding guidelines and treatment protocols.

Group	 intervention	 models	 for	 delivering	 irst-line	
treatment for UI is feasible [208,112,209] and may 
be an equally effective and potentially cost-saving 
approach to this form of therapy [210]. Even simple 
group education about UI in general, may improve 
self-care among postmenopausal women with the 
condition [11]. Another study has shown that non-
medical lay instructors can be taught how to instruct 
patients	in	proper	pelvic	loor	muscle	exercises [211]. 
This train-the-trainer model may be useful to help 
disseminate behavioural therapy on a more wide-
spread basis.

Education of other professionals who interact with 
UI patients, but do not themselves provide direct 
health care, may also be quite useful. For example, 
improved education about UI and other lower urinary 
tract disorders among teachers may help improve 
not only their own continence health, but that of their 
students as well [212]. 

Many consumers seek information from the Internet, 
although the quality of materials can be highly vari-
able. Some websites include an interactive compo-
nent, including e-mail of other communication meth-
ods that allow users to interact with a health educator 
or other professional [213]. Computerized education 
methods have been developed to disseminate con-

sumer education materials about UI [214]. Usability 
was considered good and these methods may help 
disseminate continence promotion materials.

1.  ACUTE OR SUB ACUTE CARE TO COMMUNITY  

Patients with UI who receive care in acute care hos-
pitals have been shown to lack appropriate care 
because of the lack of knowledge amongst acute 
care nurses about assessment or management of 
UI [215]. Nursing education must change to improve 
this situation. The value of tackling this is shown in 
a retrospective review of 6,773 episodes of care in 
54 medical facilities [216]. The discharge destination 
was altered by the presence or absence of UI – 57% 
versus 82% respectively being discharged home, 
and 29% versus 12% being discharged to a NH or 
other health care venue. In addition, the time in re-
habilitation was 185.6 days for those with UI com-
pared with 156.8 days without UI, and geriatric costs 
in evaluation and management were higher in the UI 
group. The level of functional independence and mo-
tor function also impacted outcome. 

Continence promotion, education and treatment may 
occur in a variety of clinical settings, particularly in 
relation to other associated clinical conditions. For 
example, UI occurs commonly after acute stroke. 
Rehabilitation nurses who work with post-stroke 
patients could play an important role in continence 
care, however research shows this may not happen 

Figure 2. Proposed Continence Care Delivery Model
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regularly. A recent multinational qualitative study ex-
amined a focus group of rehabilitation nurses in the 
UK, Sweden and China [217]. They found that only 
a	supericial	assessment	of	continence	was	routinely 
performed by most nurses in this setting. The authors 
noted a focus on containment and social continence 
although process models of practice were seen in 
all countries. Other studies have corroborated these 
indings	and	reveal	the	emphasis	in	the	rehabilitation	
setting is containment rather than continence promo-
tion or active therapy [218]. The results highlight a 
need for systematic assessment and development of 
patient-centered care plans.

Heart failure is another common clinical condition, 
particularly among older adults, that is frequently 
associated with UI. A recent study of 182 heart fail-
ure patients with at least monthly UI revealed that 
83% had not asked for help with their incontinence 
symptoms and 64% were interested in learning more 
[219].  Many patients, particularly those with concom-
itant diabetes, were contemplating changing their be-
haviours and seeking care. 

Clinical care around the time of pregnancy and de-
livery is another potential time for patient education 
and interventions aimed at preventing or treating UI 
[220]. Studies have shown that women are generally 
very receptive to this type of clinical education in the 
post-partum interval [221]. Additionally, women who 
were	instructed	in	pelvic	loor	muscle	exercise	by	a	
PT during the immediate post-partum period were 
more likely to continue the exercises at one year af-
ter delivery compared to controls [222]. However, in 
many cases, this opportunity is missed due to lack 
of training on the part of care providers. A study of 
nurse midwives in Australia found that the majority 
do not assess for UI in the peripartum period [223]. 
In addition, the survey respondents indicated a lack 
of guidelines for nurse midwives.

2.  ELDER SERVICES (LONG TERM CARE OR NURSING HOMES) 

There is growth worldwide in the use of APRN “con-
tinence” specialists practicing in home care and LTC 
settings, providing expert consultation in UI and re-
lated disorders [183,182]. Many have developed in-
novative approaches to management of UI in NHs. 
Bucci [224] developed the CHAMMP (Continence, 
History, Assessment, Medications, Mobility, Plan) tool 
to educate NH staff in the USA on a comprehensive 
continence assessment and to assist in implemen-
tation of individualized plans of care. The CHAMMP 
program improved one facility’s Quality Measure In-
dicator Report. ICI Committee 11 discusses services 
for frail elders. 

Many older adults rely on home care services for a 
variety of health care needs, including UI. The meth-
ods used to implement and deliver services can dif-
fer a great deal depending on the care model used 
in a particular region. Implementation of guidelines 
is felt to be an important part of this process [225]. 
This allows care providers to try to put evidence into 

direct practice. A recent study examined 19 home 
care agencies in the Netherlands to determine if the 
quality	of	 care	systems	 inluenced	outcomes	 [168].		
Most models included designation of the continence 
nurse and documenting UI-related actions on the pa-
tient care record. However, no differences in clinical 
outcomes were observed in this study of 155 home 
care teams. The authors concluded that additional 
research	examining	 speciic	 implemented	practices	
would be required in the future.

Even within the long-term care setting, the focus is 
too often on containment and use of pads or ab-
sorbent products compared to active continence 
promotion or treatment. A recent Cochrane review 
supported	 this	 inding,	 and	 noted	 that	 none	 of	 the	
studies reviewed focused on attempts to maintain 
continence in facility residents [226].

One new innovative model has described the de-
velopment	of	 individualized	 continence	proiles	 for	
use with NH residents [227]. This may help NH 
staff	 identify	 residents	who	may	 beneit	 from	 vari-
ous forms of assessment and interventions. Another 
model has worked to involve NH residents more ac-
tively	 in	 their	 luid	 intake	and	continence	care.	Af-
ter a 12-week intervention, overall hydration status 
improved and time spent in wet diapers decreased 
signiicantly	 in	 a	 cohort	 of	 153	 NH	 residents	 who	
participated in the intervention [228]. Education of 
staff was felt to be important to the observed suc-
cess in this study. Within the context of ‘person-cen-
tered care,’ there is a growing need to develop and 
encourage bladder rehabilitation and prevention 
with a proactive focus, particularly for older adults 
[229]. This may help to expand the focus beyond 
containment only in this population.

Another study found that the best performing long-
term care facilities in terms of UI care generally uti-
lized a multidisciplinary process improvement team 
[230]. In addition, more were likely to use a clinical 
practice guideline in evaluation and management 
compared to the poorer performing facilities.

Data have shown that a nurse’s level of knowledge 
and	attitudes	about	UI	may	inluence	care	within	the	
NH environment [231]. Overall perceptions about 
physical functioning in older adults may also impact 
this issue in hospitalized patients [232]. Physical 
functioning is a complex entity and nurses in this fo-
cus	group	study	 identiied	system-level	approaches	
that could be used to prevent additional functional 
decline in their patients.

Education	 speciically	 targeted	 at	 family	 caregivers	
may also be important in the promotion of continence 
for community dwelling older adults. A recent report 
by Jackson and colleagues [233] used focus groups 
of family caregivers and health care professionals to 
identify the types of materials and methods of de-
livery preferred by participants [233]. Most wanted 
printed materials such as summary brochures or fact 
sheets with answers to frequently asked questions. 
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Electronic materials were not as readily desired in 
this study.

Distance learning techniques have been success-
fully used to teach and implement programs and 
strategies for management of UI in NH [234]. This 
training method might help to improve dissemination 
of information, particularly in rural and otherwise un-
derserved communities in more remote locations.

3. MODELS IN DEVELOPING NATIONS

Continence services are a relative luxury, to which 
countries with a low per capita income are unlikely 
to devote scarce resources, especially while other 
population health issues have precedence.

The potential demand for UI services in developing 
nations far outstrips the resources that are available. 
The provision of services will depend on dedicated 
healthcare professionals with support by government 
or industry, and by a local continence organisation 
to educate a new generation of service providers 
who will carry the services to remote communities. 
Increased use of advanced communication technolo-
gies can help to disseminate continence promotion 
materials among nurses and other health profession-
als worldwide [235].

In some instances, consideration will have to be 
given to cultural and social mores and taboos. For 
example, Ethiopia’s Health Minister has stressed 
the need to develop rural health services to reduce 
the	 incidence	of	istula	and	to	have	irst	 time	moth-
ers examined by Traditional Birth Attendants (TBAs). 
The	ICI	Committee	18,	Vesico	vaginal	istula	 in	 the	
developing	world,	addresses	service	for	this	speciic	
condition. It is planned that TBAs will be trained to 
identify high-risk women and thereby divert expen-
diture from high cost physicians and urban health 
services to training community health workers and 
to health education. Attitudes on female circumci-
sion, contraception and women’s health, matters that 
are often decided by their husbands, obviously have 
much wider implications than just continence care.

4.  RECOMMENDATIONS FOR SERVICE DE-
LIVERY, MODELS AND ACCESSING CARE

Making recommendations for interdisciplinary and 
multidisciplinary models for continence advocacy 
and service delivery remains a rather elusive goal. 
Although there have been more publications since 
the last ICI, there has been little evidence of sub-
stance	generated.	Implementation	is	quite	dificult,	
funding is often limited, and there are few studies 
on outcomes. Based on the literature reviewed in 
this section, the following recommendations can 
be made:

•		There	 is	 a	 need	 to	move	 beyond	 the	 theory	 and	
work on research about the practice of continence 
care delivery and education. We recommend a 
care delivery model based on a chronic disease ap-
proach. (Grade D)

•		There	needs	to	be	an	increased	emphasis	on	non-
physician models of care (nursing, nurse practitio-
ner, continence advisor, physiotherapy, physician 
assistants, etc.). (Grade C)

•		Despite	 the	proliferation	of	guidelines,	 there	 is	 in-
creasing evidence that practicing clinicians are not 
following them. Implementation models should be 
developed on how to translate guidelines into prac-
tice. (Grade C)

•		There	 still	 appears	 to	 be	 a	 shortage	 of	 physician	
specialists in continence care (urology, gynaecol-
ogy, etc.) which needs addressed. (Grade D)

1. BACKGROUND

With the continued advances in health care, increas-
ing public pressure to provide high quality evidence-
based care, limited time for health professionals to 
update their knowledge and the recognised ineffec-
tiveness of passive ‘lecture style’ education provi-
sion, the need for new models to change health care 
providers behaviour is essential. Nowhere is this 
more relevant than in the provision of care for those 
with UI and FI, where educational provision has been 
inconsistent at best.

Professional education is a key component in the 
provision and care of individuals with UI and FI. In 
their state-of-the-science statement on the preven-
tion	of	faecal	and	UI,	Landefeld	et	al[8]	identiied	that	
education	 of	 health	 care	 providers	 alone	 is	 insufi-
cient to improve detection and treatment of UI and FI. 
However, they recognise that in order to appropriate-
ly detect and evaluate incontinence professional ed-
ucation is required along with outreach and practice-
based resources. To date, the education and training 
of those involved in the provision of continence care 
has been poor.

There is limited literature on the educational prepara-
tion and ongoing training of those health care profes-
sionals engaged in continence promotion, care, and 
referral and even less on the evaluation of education 
programmes in terms of educational or practice out-
comes. It has long been recognised that professional 
education with reference to UI and FI remains only a 
small part of the basic training of physicians, nurses, 
or allied health professionals and on-going training 
is largely ‘ad-hoc’ with huge variation in the types, 
content and quality of such training. An early survey 
in the UK found minimal attention given to inconti-
nence in both medical and nurse training, and a key 
recommendation for improving continence care was 
an increase in the quality and quantity of professional 
education [236]. This has clearly not occurred. While 
educational initiatives have been undertaken, they 
remain fragmented and inconsistent internationally. 
Most notable is the absence of evidence demonstrat-
ing an impact of professional or public education on 
the burden of suffering posed by OAB and UI. The 

VI. PROFESSIONAL EDUCATION
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sultation for many conditions. A similar study found 
that	exposure	to	issues	of	pelvic	loor	dysfunction	in	
women was extremely limited in medical education, 
with more than 80% of medical students receiving no 
formal	training	in	this	area	during	the	irst	two	years	
of training [239]. This represents a critical shortfall in 
training, particularly since many patients with geni-
tourinary problems will initially present to a primary 
care provider for evaluation and management.

A survey of program directors for internal medicine 
residency training programs in the USA was con-
ducted to determine whether they felt their residents 
should	master	thirteen	core	competencies	identiied	
to be central to the health care of women (including 
UI) [240]. Although almost all felt this was an impor-
tant goal, there was a large discrepancy in whether 
they actually achieved this level of learning. This in-
dicates there is still a wide educational gap among 
primary	care	physicians	who	are	often	the	irst	portal	
into the organized health care community for patients 
with UI.

There is very little available literature on knowledge 
among family doctors on FI. A study has recently 
been undertaken to explore GP awareness of sur-
gical treatment options for FI [241]. A postal ques-
tionnaire was mailed to 1,100 GPs in the Yorkshire 
region in the UK, and a response rate of 48.5% was 
achieved. The questionnaire assessed basic knowl-
edge of FI and treatment options. Overall knowledge 
was poor, with the majority unaware of available in-
vestigations, treatments and specialist centres. The 
authors recommend better communication between 
specialist centres and GPs, as well as CME pro-
gramme implementation.

There is growing evidence to suggest that tradi-
tional ‘lecture style’ medical education is ineffec-
tive in changing physician behaviour and, ulti-
mately, patient outcomes [242]. More innovative 
teaching methods are clearly required. Levine and 
colleagues [243] used a train-the-trainer model to 
evaluate the management of a number of common 
geriatric conditions including incontinence. This 
model involved training, by an expert faculty, a team 
of non-expert peer educators. These peer educa-
tors used a toolkit to conduct small group learning 
sessions, which were evaluated immediately after 
and 6 months after the education sessions. The 
model used principles of knowledge translation and 
active teaching using tool kits based on guidelines 
to train geriatricians. Results showed statistically 
signiicant	 improvements	 in	 self-reported	 knowl-
edge,	 attitudes	 and	 ofice-based	 practices.	 The	
study concluded that modest changes in practice in 
relation to geriatric conditions were achieved using 
this peer-led approach. While such evaluations are 
promising,	these	models	are	dificult	to	sustain	and	
costly. Perhaps most importantly they point to the 
need to use innovative teaching methods to ensure 
that educational efforts actually make a difference.

ICS has established an Education Committee to pro-
mote, organise and co-ordinate all educational ad-
vances undertaken under the auspices of the ICS. 
Details are available on the ICS website (www.icsof-
ice.org).

There is a paucity of published work on professional 
education on UI or FI. Similarly there are few studies 
addressing the effectiveness of education in improv-
ing the knowledge of learners, or on whether im-
proved knowledge impacts patient outcomes. Infor-
mation has been building since the publication of the 
ICI chapter in 2009,[1] but the level of evidence on 
the effectiveness of professional education remains 
at Level 4. This section will examine the available 
evidence on the effectiveness of professional edu-
cation on incontinence for different groups of health 
care professionals.

2. MEDICAL EDUCATION

a) Generalists (family physicians/general practi-
tioners/primary care physicians) 

Physicians (general, primary care, and family physi-
cians) have been viewed as having a gate-keeping 
role in continence provision since they are often the 
most	 likely	 irst	 point	 of	 contact	 when	 consumers	
seek formal help for their incontinence. Most physi-
cians have received little education or formal training 
about incontinence, fail to screen for it, and view the 
likelihood of successful treatment as low, so most 
avoid the topic with patients. At the same time, there 
are	no	data	conirming	the	beneits	of	screening	as	
a method to reduce the burden of suffering from UI. 
A postal survey noted that only 18% of respondents 
said providers asked them to complete a question-
naire	about	bladder	control	during	routine	ofice	vis-
its, and a majority (69%) felt it would be very helpful 
in prompting discussion if their physician or health 
care professional provided a form for them to check 
off symptoms of incontinence [104].

Traditionally, UI and FI have formed only a very small 
part of the undergraduate medical curriculum. Edu-
cation on UI has usually been fragmented across 
different organ systems, with training scattered be-
tween gynaecology, urology, and geriatric medicine. 
Bladder	and	pelvic	loor	anatomy	is	poorly	covered	in	
preclinical training and relevant physiology is rarely 
mentioned. A survey of urology residency directors, 
medical student educators in urology, and urology 
applicants	identiied	UI	as	one	of	the	eight	most	com-
monly cited topics to be included in a core urology 
curriculum [237]. Minimal training is provided on pae-
diatric continence issues.

Recent studies have shown that there has been 
an overall decline in the amount of time devoted to 
urologic education in most medical school curricula 
[238]. Surveys have shown that general levels of 
knowledge about common conditions such as he-
maeturia and OAB are low. In addition, respondents 
indicated a low likelihood of seeking urologic con-
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Web-based training and the use of standardized 
patient case studies has become very popular in 
medical education and has been successfully in-
corporated into residency training programs. In one 
recent project, training about UI was included with 
a number of other geriatric syndromes [244]. In 
fact, those internal medical residents who received 
the information via web-based methods had better 
overall test results than those who completed pa-
per-based training.

Some models of physician education have incorpo-
rated training on UI into modules on quality care. For 
example, the Assessing Care of Vulnerable Elders 
(ACOVE) project in the USA includes UI as one of 
the target conditions. A recent study looked at imple-
mentation of this information into community-based 
physician education within practice groups [245]. 
These authors found that dissemination of this infor-
mation was well received by primary care physicians, 
and some intended to make changes in their practice 
related to this new knowledge. Similar studies have 
also	 found	 that	primary	care	physicians	speciically	
educated about UI assessment and interventions 
were more likely to recommend care for UI to their 
patients [246,247]. Large-scale dissemination of in-
formation using these types of training models might 
ultimately help improve access to care.

b) Specialist physicians

There is little new published evidence on medical 
specialist training in the form of effective training in-
terventions. Specialist training in incontinence is not 
always adequate. Both UI and FI still may be per-
ceived as exclusive to “super-specialists,” potentially 
alienating colleagues.

Even among subspecialists, training may not be ide-
al. A survey of 163 urodynamic services in the UK 
found that half the respondents felt their training in 
urodynamics was inadequate [248]. Marsh and col-
leagues[249] surveyed 100 gynaecologists and urol-
ogists in the UK and found widespread inconsistent 
and inappropriate diagnosis of PBS/IC [249].

Increased use of advanced surgical technology has 
led	 to	 greater	 need	 for	 procedure	 speciic	 training.	
Examples include use of laparoscopic and robotic 
techniques for treatment of POP. Some of these 
procedures have a steep learning curve and require 
additional training for surgeons [250]. Structured 
training and curricula have been developed for a 
variety of surgical procedures used to treat UI and 
POP [251]. Inclusion of this training in residency will 
lead to increased numbers of physicians who are 
qualiied	to	offer	this	type	of	care	to	patients	suffering	
from UI. A variety of models have been developed 
to help teach some basic skills such as cystoscopy 
or methods for grading the degree of POP. One op-
tion includes the use of cadaver labs [252]. Others 
have used inanimate objects to replicate the female 
pelvis and teach basic anatomic concepts [253,254]. 
Script concordance models have been developed to 

assess clinical reasoning skills related to care for UI 
in older adults [255]. This may allow better measure-
ment of clinical practice behaviours for this condition.

Ongoing education and utilisation of evidence-
based training with incorporation of guidelines has 
been suggested as a way to maintain high quality 
standards of treatment, particularly for surgical care 
of UI [256].

In the USA, there has recently been a push to de-
velop	 sub-certiication	 for	 specialists	who	 care	 for	
women	with	UI	and	associated	pelvic	loor	disorders	
[257]. This has involved cooperation between the 
certifying boards in both urology and obstetrics and 
gynaecology.	 The	 ield	 of	 ‘female	 pelvic	 medicine	
and reconstructive surgery’ has recently been ap-
proved by the relevant certifying boards. This means 
there will soon be a separate board examination in 
this	ield.	Continued	emphasis	on	quality	education	
for specialist physicians is needed worldwide [258]. 
A study of gynaecologists in Germany found that 
most	considered	 their	speciic	post-graduate	 train-
ing in urologic issues and urogynaecology to have 
been inadequate. The vast majority of general gyn-
aecologists in this study referred their patients with 
voiding or incontinence issues to subspecialists in 
urology or urogynaecology.

3. NURSING PROFESSIONALS 

Nurses	have	a	signiicant	role	to	play	in	the	area	of	
incontinence since they are the largest single group 
of health care professionals around the world and 
are	often	the	irst	to	become	aware	that	the	patient	
is experiencing incontinence. Cheater and col-
leagues[25] found that in the UK, an average com-
munity nurse case load will comprise approximately 
one-third of patients with UI. There have been a 
number of recent studies that explore the use of 
new innovative methods of education provision for 
nurses. Rogalski[259] reports a persisting lack of 
educational emphasis on common symptoms like UI 
and recommends a curriculum model based on ex-
isting guidelines and best available evidence, which 
could address this shortfall and would increase the 
quality of continence service provision. 

a) Generalist nurses

There	are	signiicant	gaps	in	knowledge	and	clinical	
practice adoption related to both UI and FI, although 
nurses worldwide have played a major role in de-
veloping new information and testing interventions 
[260]. Although nurses can provide effective inter-
ventions in the area of UI, there is limited research 
on effective interventions for FI.

Innovative methods of improving knowledge among 
nurses have undergone recent evaluation. An impor-
tant study undertaken by Cheater and colleagues 
[261] adds to the debate by examining the value of 
audit and feedback, and educational outreach, which 
in the past has often focused on doctors’ behaviours 
rather than nurses’. In this study, the researchers 
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In the UK, education programs are documented 
at the Association for Continence advice website 
(http://www.aca.uk.com/education_modules.php) 
and comprise information on 1 day courses, as 
well as diploma courses, degree modules and 
masters level study. Such databases of courses 
offer an excellent overview for students and pro-
viders. Likewise, the CFA (http://www.continence.
org.au/pages/continence-courses.html) is an ex-
cellent resource for nurses to access information 
and be linked to educational organisations that 
provide a variety of programs which focus on 
or incorporate both UI and FI in the curriculum. 
Many can be continued through to post-graduate 
tertiary education. A number of these programs 
can be undertaken externally and therefore are 
popular with nurses in rural and remote areas, as 
well as students of nursing who practice in other 
countries. Clinical support is arranged to comple-
ment the theoretical components.

Williams, Assassa, Smith, Shaw[271] conducted a 
small study in the UK that showed improvements in 
both knowledge and attitudes of nurses who under-
took a specially designed, full-time, 3 month program 
that included a continence module.

Internationally, there is inconsistency in the provision 
of specialist education to prepare nurses to practice 
as	 experts	 in	 the	 ield	 of	 incontinence.	 Innovative	
web-based learning programs incorporating modern 
information and communication technology (e-learn-
ing) may offer one way of providing standardized pro-
grams of study to practitioners.

Beitz and Snarponis[272] describe their innovative 
on-line learning program which includes continence 
nursing. They feel that such teaching strategies are 
acceptable to nurses. As with physicians, it is unlikely 
that improving nursing knowledge alone will translate 
into improved clinical practice or into the ultimate 
goal of improved patient outcomes. 

Jha, Moran, Blackwell, and Greenham[273] conduct-
ed a small study of women attending gynaecology 
outpatient departments with incontinence problems. 
Thirty-ive	percent	(7/20)	patients	did	not	need	to	see	
a doctor, as they were symptom free following treat-
ment recommendations by continence nurses using 
an integrated care pathway. The authors felt this 
process facilitated earlier diagnosis and improved 
access to specialist services and discharge from 
secondary care. 

The level of knowledge about UI within the general 
nursing community appears to be less than ideal 
in both the USA[274,275,276] and Sweden [277]. 
Many non-specialist nurses (referred to as general 
nurses) desire, and have a need for, more education 
about what they can do to better manage incontinent 
patients. Moreover, the QoL of the incontinent NH 
resident is often more dependent upon the skill, edu-
cation, and attitudes of the nursing aide than of the 
qualiied	nursing	staff.

undertook a cluster-randomized trial to evaluate 194 
nurses in 157 family practices with 1,078 patients 
with a diagnosis of UI. They found that when com-
pared to educational materials alone, there were no 
improvements in care for either educational outreach 
or audit and feedback (all groups did improve, but 
differences	 between	 groups	 were	 not	 signiicant).	
McConnell et al[73] described how advanced prac-
tice nurses learned evidence-based approaches to 
managing complex cases, including incontinence, 
in NH residents. Advanced practice nursing skills 
include evidence-based assessment and diagnosis 
for implementing management. The authors suggest 
that such practices can enhance both student and 
facility outcomes, although no systematic evaluation 
was undertaken.

Ostaszkiewski[262] describes a nursing leadership 
model to enhance continence care in older adults. 
Evaluation of the program suggests improved man-
agement and assessment of incontinence for indi-
viduals sustained after a two-year period. Leader-
ship programs have proved effective in a number of 
areas in nursing provision. Within these more recent 
studies, the use of innovative methods of knowledge 
transfer and education are beginning to be adopted, 
and such methods used in other areas of profession-
al education may be well suited to UI and FI.

Education related to UI may often be linked to train-
ing about other concomitant disorders or conditions. 
For example, training on prevention and treatment of 
pressure	ulcers	or	dermatitis	may	include	signiicant	
components related to UI [263,264,265]. Training 
about improved mobility in the geriatric population 
has also shown this educational link [266]. This can 
help to disseminate information about continence 
care and promotion to a wider audience of nurses 
who have direct patient contact. 

Although APRNs may have good levels of knowl-
edge and positive attitudes about treating UI in 
women,	many	have	dificulty	applying	this	directly	to	
practice in the clinical setting [267]. These authors 
suggest that there needs to be increased exposure 
to these topics in clinical experiences during training 
for graduate nurses.

Programs have focused on nurse education for conti-
nence	care	in	speciic	settings,	such	as	the	NH [268]. 
Competency-based UI education with use of case 
examples has been used successfully in the train-
ing of generalist nurses [269]. Experiential activities 
have also been used with good results [270].

b) Specialist nurses 

Educational courses on incontinence are available 
for nurses in the UK, USA, Europe and Australia, 
and are beginning to appear in Asia, notably Hong 
Kong and Singapore. These courses vary from two 
to four weeks of face to face didactic courses to dis-
tance learning courses lasting 12 months that lead to 
a	post-basic	nursing	certiicate	and,	in	some	cases,	
post-graduate degrees.
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Improved education of school-based nurses regarding 
normal bowel and bladder habits of children may help 
to improve pediatric continence and promote healthy 
elimination patterns [278]. Although 61% of school 
nurses surveyed reported they had never received 
training on the topic, many (43%) had been asked to 
provide information to their teacher colleagues. 

In the USA, although there are a growing number of 
nurses who are developing expertise caring for in-
continent patients, there are no academic or clinical 
proiciency	 requirements	 to	be	considered	a	 “conti-
nence nurse practitioner or specialist.”[279] In 1993, 
the Wound, Ostomy, and Continence Nurses Society 
developed	 the	 irst	 certiication	 program	 for	 conti-
nence care nurses in the USA. This nursing orga-
nization recently published a position statement on 
the role of continence nurses [280]. The Society of 
Urologic	Nurses	and	Associates	certiies	different	ed-
ucational levels of nurses in the area of urology and 
in urodynamic testing. The norm is that most “conti-
nence” nurses in the USA obtain their knowledge and 
skill through self-motivated activities. 

Recently, there has been some debate about the 
need to provide special education and credentialing 
to non-baccalaureate nurses regarding UI and asso-
ciated conditions [281]. However, to date, most of the 
focus on UI education has been at the baccalaureate 
and advanced degree levels.

Other discussions have focused on whether special-
ty training in wound, ostomy and continence nursing 
should be at the doctoral level. In the USA, the new 
Doctor of Nursing Practice (DNP) degree may help to 
ill	this	training	gap	[282].

A study of 231 vulnerable elders with complex dis-
ease and enrolled in a ‘Special Needs Plan’ in the 
USA	were	shown	to	beneit	from	a	nurse	care	man-
agement program with nurse practitioners in addition 
to physician care, as opposed to those who received 
care from a physician alone [247]. The model has 
continued to develop and requires further evaluation. 
A smaller study[168] in the Netherlands demonstrat-
ed	 that	 there	were	short-term	beneits	 following	 re-
ferral	to	a	continence	nurse,	however	these	beneits	
were not sustained long-term. Both studies demon-
strate the need to further evaluate the effectiveness 
and	sustained	beneits	of	specialist	continence	nurs-
es. A Cochrane Review[142] that explored the substi-
tution of doctors with nurses showed similar patient 
health outcomes, at least in the short-term, over the 
range of care investigated.

Albers-Heitner and colleagues[283] evaluated the 
cost-effectiveness of involving UI nurse specialists 
in primary care compared to care-as-usual by GPs 
[283]. From 2005 until 2008, an economic evaluation 
was performed alongside a pragmatic multicenter 
RCT comparing patients with UI receiving care by 
nurse specialists with patients receiving care-as-usu-
al by GPs in the Netherlands. One hundred eighty-
six adult patients with stress, urgency, or mixed UI 

were randomly allocated to the intervention and 198 
to care-as-usual; they were followed for 1 year. Main 
outcome measures were ‘QALYsocietal’ (Quality Ad-
justed Life Years based on societal preferences for 
health outcomes), the EuroQol-5D, ‘QALYpatient’ 
(based on patient preferences for health outcomes) 
(EuroQol VAS), and ‘Incontinence Severity weighted 
Life Year’ (ISLY) based on patient-reported severity 
and impact of UI (ICIQ-UI SF). Health care resource 
use, patient and family costs, and productivity costs 
were assessed. Compared to care-as-usual, nurse 
specialist involvement yielded slightly more favor-
able cost-effectiveness results. Based on these re-
sults, the authors recommended adopting the nurse 
specialist intervention in primary care.

c) Nursing assistants

There is also a need to address the training of 
nursing assistants (NAs) and aides, particularly in 
the long-term care setting. In the USA and many 
other countries, one concern is the high turnover 
rate	among	irst-line	caregivers	 in	 institutional	and	
homecare	 settings,	 making	 it	 dificult	 to	 maintain	
desired training levels. Nursing assistants are often 
the people providing ‘hands-on’ incontinence care, 
and yet they often have the least training. Certainly, 
in terms of published evidence, there are few re-
ports of efforts to train NAs. A cross-sectional study 
via postal survey to gather self-reported data from 
nurses and NAs in NHs was conducted in Taiwan 
[284]. Results indicated UI-related knowledge scale 
and	practice	behaviors	differed	signiicantly	in	both	
groups. The authors recommended that enhancing 
staff competence in incontinence care was needed 
in both levels of nursing to improve NH residents 
with UI. Educational efforts, particularly in the NH 
setting, must involve not only professional nurses, 
but NAs and other staff, as well. A study of nurses’ 
knowledge about UI in NHs that used a standard-
ized examination about UI and associated care 
demonstrated that professional nurses answered 
about two-thirds of questions correctly, but that 
baseline knowledge among NAs and aides was 
much lower [285].

4.  PHYSIOTHERAPY AND OTHER ALLIED 
HEALTH PROFESSIONALS

Physiotherapists or physical therapists (PTs) have 
long played a part in continence care and the man-
agement of UI. In some countries, patient self-
referral to specialised PTs has become common-
place. Physiotherapist’s involvement in UI appears 
to be either on the basis of individual interest or 
through association with women’s hospitals or ob-
stetric departments, rather than as part of a gener-
al physiotherapy practice [286]. As such, they tend 
to be highly motivated and enthusiastic.

Generalist PTs have been encouraged to be 
more aware of the risk factors for incontinence 
in males and females, to identify patients with 
risk factors for incontinence and to assist them 
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in seeking further advice or treatment. The “Red 
Flags” Project conducted in 2005 was a collab-
orative effort of the Australian Government’s 
National Continence Management Strategy 
and the Australian Physiotherapy Association’s 
Continence and Women’s Health Group to en-
hance HSB in people with incontinence visiting 
generalist PTs. 

Throughout the world national physical therapy 
organizations have established continence phys-
iotherapy sub-groups [287]. The International 
Organisation of Physical Therapists in Women’s 
Health represents over 20 member countries with 
PTs practicing continence and women’s health 
physiotherapy and offers professional develop-
ment programs. A number of specialist continence 
PTs also treat men and children. Universities in 
many countries offer short courses or post-grad-
uate continence education programs to PTs that 
may range from post-graduate degree courses to 
Masters and PhD programs [288]. 

The Scope of Practice for continence PTs may 
include PFMT, bladder training, management of 
sexual dysfunction, anorectal dysfunction and 
treatment of pelvic pain syndromes, FI and male 
continence issues.

Pharmacists have a variety of roles to play in 
continence care. In Australia, they have been 
avid consumers of continence education pro-
grams. In 2004, the Pharmacy Guild launched 
an educational and promotional program for 
their members with appropriate outcome evalu-
ation measures. The public sees pharmacists as 
important and approachable sources of health 
information, especially information on medi-
cines that may cause or exacerbate UI and FI. 
Many retail pharmacies display health promo-
tion literature on a range of subjects, including 
UI. Pharmacists may also advise the consumer 
on appropriate continence products. Education-
al seminars for pharmacists are generally well 
received. There are a growing number of CME 
programs for pharmacists on the Internet, either 
through new products or through sites such as 
www.worldwidelearn.com.

Regulatory issues are often linked not only to qual-
ity of care, but also to reimbursement for clinical 
care and services. Reimbursement policies for 
services frequently determine which professionals 
are able to provide continence care. In the Neth-
erlands, for example, the government pays for up 
to 14 visits to a PT for incontinence therapy. In the 
USA, patient’s visits to a PT are typically restricted 
by the need for referral and cost.

5. IMPACT OF CLINICAL GUIDELINES

In the past several years, there has been an ex-
plosion in the rate of development and publica-
tion of clinical guidelines for UI and associated 

conditions. Since the last ICI, at least 20 different 
guidelines or consensus recommendations have 
been published regarding UI and associated con-
ditions. Many of these have been developed by 
professional organizations focused on urologic, 
gynaecologic, geriatric, or related fields. Some 
have been created and disseminated on behalf of 
national governing bodies. Several older guide-
lines have recently been updated using evidence-
based methodology. 

Most of the guidelines target physician practice, al-
though	some	do	include	recommendations	speciic	
to PTs, nurses, or other health care profession-
als.	Different	 guidelines	 focus	 on	 speciic	 clinical	
areas,	 and	some	are	gender	 speciic.	Some	only	
examine issues related to either the assessment 
or the treatment of UI. Some of the treatment-
centered	 guidelines	 are	 speciic	 for	 either	 surgi-
cal therapy or conservative therapy. Others look 
at	clinical	conditions	in	speciic	patient	populations	
including those with underlying neurological disor-
ders, women with POP, or patients who have previ-
ously undergone surgical treatment for UI. There 
can be some confusion, particularly when guide-
lines	present	conlicting	or	even	contradictory	rec-
ommendations	about	speciic	issues	of	evaluation	
or management. Table 1 summarizes many of the 
recently published guidelines. 

Guidelines have also been developed for different 
care settings. In the USA, the Centers for Medi-
care and Medicaid Services (CMS) issued F-Tag 
315 in 2005. This guideline provides recommen-
dations for bladder management in the long-term 
care setting. Nursing journals have published 
recommendations on ways to enhance implemen-
tation and compliance with the U.S. government 
regulatory guidelines [289].

Some guidelines have focused on education 
rather than on care delivery. The International 
Urogynaecological Association (IUGA) issued a 
set of guidelines specific for training in the area of 
female pelvic medicine and reconstructive pelvic 
surgery [290]. Other professional organizations 
have issued similar information under the head-
ings of ‘consensus statements,’ ‘recommenda-
tions,’ and ‘curricula.’

Many of the published guidelines focus on younger, 
healthy, community dwelling adults. Guidelines for 
evaluation and treatment of UI and FI in children 
and	the	elderly	population	or	those	with	signiicant	
comorbidity need to be developed. These will need 
to take into account issues such as cognitive im-
pairment,	which	can	inluence	continence	status	in	
older adults [291]. Fung,[292] in a study in a large 
academic Veterans Affairs medical centre in the 
USA,	used	guidelines	to	develop	condition-speciic	
computerized templates to serve as guides for cli-
nicians to ask questions and perform elements of a 
physical	exam	for	two	speciic	medical	conditions:	
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Citation Year Top ic Prof ess ional Organi zation Coun try Langu age 
Rao, 2004 2004 Diagnosis and management of 

fecal incontinence. 
American College of 
Gastroenterology Practice 
Parameters Committee 

USA English 

Scottish 
Intercollegiate 
Guidelines Network 

2004 Management of urinary 
incontinence in primary care 

Scottish Intercollegiate 
Guidelines Network 

Scotland English 

ACOG 2005 Urinary incontinence in women American College of Obstetrics 
and Gynecology 

USA English 

NICE 2006 Urinary incontinence- the 
management of urinary 
incontinence in women 

National Institute for Health and 
Clinical Excellence (NICE) 

United 
Kingdom 

English 

NICE 2007 Faecal incontinence: the 
management of  faecal 
incontinence in adults  

National Institute for Health and 
Clinical Excellence (NICE) 

United 
Kingdom 

English 

Nishizawa O. 2008 Urinary incontinence in the elderly  Japan Japanese 
(English 
translation) 

vanPinxteren B 2008 Urinary incontinence in all patients Dutch College of General 
Practitioners 

The 
Netherlands 

Dutch 

Garcia-Gonzalez et 
al, 

2008 Diagnosis and treatment of urinary 
incontinence in the elderly 

Consensus panel Mexico Spanish 

Ghoniem, 2008 2008 Evaluation and management of 
stress urinary incontinence in women 

International Urogynecological 
Association (IUGA) 

International  English 

Fritel et al,  
 

2009 Diagnosis and management of 
adult female stress urinary 
incontinence:   

French College of 
Gynaecologists and 
Obstetricians 

France  

Fowler et al, 2009 Bladder management in multiple 
sclerosis 

Consensus panel United 
Kingdom 

English 

Polish Society of 
Obstetrics & 
Gynecology 

2009 Prevention urinary incontinence 
and pelvic organ prolapse in 
women undergoing hysterectomy 

Polish Society of Obstetrics & 
Gynecology 

Poland Polish 

Velazquez Sanchez 
Mdel, P. et al, 

2009 Diagnosis and management of 
urinary incontinence  

Consensus panel Mexico Spanish 

Yamaguchi et al, 2009 Clinical guidelines for overactive 
bladder 

Japanese Urological 
Association 
Neurogenic Bladder Society 

Japan English 

Aubert et al,  2010 Primary nocturnal enuresis French Expert Consensus 
Panel 

France French 

Dmochowski et al,  2010 Surgical management of stress 
urinary incontinence in women 

American Urological 
Association (AUA) 

USA English 

Drutz et al,  2010 Training for female pelvic medicine 
and reconstructive pelvic surgery 
(education) 

International Urogynecological 
Association (IUGA) 

International English 

Hermieu et al,  2010 Synthesis of the guidelines of for 
the treatment of non-neurological 
urinary incontinence in women 

 
L”Association Francaise 
d’Urologie 

France French 

 2010 Recommendations for the 
treatment of non-neurological 
urinary incontinence in women 

 
L”Association Francaise 
d’Urologie 

 
France 

 
French 

Lovatsis et al,. 2010 Evaluation and treatment of recurrent 
UI after pelvic	loor surgery 

Canadian Task Force on 
Preventive Health Care 

Canada English & 
French 

Radziszewski et al, 2010 Urinary incontinence and 
overactive bladder in women 

Consensus panel Poland Polish 

NICE 2010 Lower Urinary Tract Symptoms 
(LUTS) 

National Institute for Health and 
Clinical Excellence (NICE) 

United 
Kingdom 

English 

NICE 2010 Nocturnal Enuresis, the 
management of bedwetting in 
children and young people  

National Institute for Health and 
Clinical Excellence (NICE) 

United 
Kingdom 

English 

Schröder, et al 2010  
Thuroff et al, 2011 

2010 EAU Guidelines on Urinary 
Incontinence  

European Association of 
Urology 

International  Spanish 

ACOVE Urinary incontinence in the elderly ACOVE consensus panel USA English 
Hanno et al, 2011 Interstitial cystitis / bladder pain 

syndrome 
American Urological 
Association  

USA English 

Gormley, et al, 2012 2012 Diagnosis and Treatment of 
Overactive Bladder (non-
neurogenic) in adults 

American Urological 
Association/Society for 
Urodynamics and Female 
Urology  

USA English 

Winters, et al, 2012 2012 Adult Urodynamics American Urological 
Association/Society for 
Urodynamics and Female 
Urology 

USA English 

 

Table I. List of Published Guidelines
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UI and falls. This study demonstrated that a set 
of templates can be developed within an existing 
electronic heath record system that can be used to 
prompt a clinician to obtain elements of a history 
and to perform physical examination.

In 2006, a national UK guideline was produced 
on UI in women [293]. Within the document, the 
area of surgeons’ competence is discussed; 
however, there is no mention of other care pro-
viders’ education and training (including GPs, 
nurses, physiotherapists, etc.). In order for ser-
vices to be delivered effectively, primacy needs 
to be given to practitioners education and train-
ing in such documents.

a) Audits and assessments of guidelines

A number of recently published studies have ex-
amined the degree to which clinicians actually 
follow published guidelines. Many of these have 
focused on primary care providers.

A postal survey of Dutch general practitioners 
found that most adhered to guidelines when mak-
ing the diagnosis of UI [199]. However, implemen-
tation of other measures and treatments were less 
robust. At least 25% reported difficulty adhering to 
the guideline due to lack of time, staff, diagnostic 
tools, competency in care delivery, and perceived 
low motivation on the part of patients. Others have 
questioned the utility of this specific guideline 
when viewed from the perspective of urologists 
[294]. They proposed future research to deter-
mine if recommendations for referral to specialists 
are adequate and if they will be implemented in 
a manner that will benefit patients. Another study 
with Dutch general practitioners identified thera-
peutic nihilism among the physicians and low mo-
tivation on the part of patients as major barriers 
to guideline implementation [86]. Other barriers 
included lack of time, difficulty explaining thera-
peutic options, limitations in patient mobility, and 
increased patient comorbidities.

A survey of primary care clinicians in the UK re-
vealed that 56.8% agreed or strongly agreed that 
the NICE guideline on UI in women reflected their 
current practice [295]. However, more than half 
of clinicians indicated that they had not changed 
their practice to be fully compliant with the guide-
line. In another study, general practitioners in the 
UK identified knowledge limitations, time con-
straints, and access to resources on UI as im-
portant barriers to better implementation of the 
guidelines [296].

Adherence to guideline recommendations may 
also be less than optimal among specialist provid-
ers. Ismail[297] examined records of women un-
dergoing sling surgery for treatment of stress UI at 
an academic medical center in the UK [297]. Only 
45.3% of the patients had documentation in the 
medical record that they had previously tried con-

servative therapies. Documentation of underlying 
risk factors was highly variable. A similar study 
among urologists in Spain showed that compli-
ance with guideline recommendations was less 
than ideal [298].

Rovner et al [299] examined published literature 
to determine the degree of adherence to the 1997 
American Urological Association guidelines for 
the surgical treatment of stress UI in women [299]. 
They found that none of the 90 articles examined 
actually met all of the guideline criteria, although 
most complied with at least half of the recommen-
dations. This directly influences the quality of lit-
erature available for evidence-based reviews and 
development of future guidelines.

Some components of guidelines may be particu-
larly difficult to implement. For example, the NICE 
guideline recommendation that women undergo-
ing PFMT should have a pelvic examination with 
assessment of muscle contractions may be chal-
lenging to perform in a busy clinical practice [300].

Studies have also examined the degree of aware-
ness and adherence to guidelines among specific 
patient populations. Ismail reported on the results 
of a survey of 223 women in the UK who had re-
cently delivered their first child [297]. According 
to the NICE guideline, these women should have 
been taught pelvic floor muscle exercises in the 
antenatal period. Although 95% reported aware-
ness of the importance of the exercises, many did 
not have accurate information and only a small mi-
nority actually practiced them.

Guideline recommendations are not without con-
troversy. In a retrospective database analysis of 
6,276 women, Agur et al[301] noted that of women 
felt to have pure stress UI based on history alone, 
at least 25% were found to have other forms of 
voiding dysfunction based on urodynamics [301]. 
They concluded that the recommendation in the 
NICE guideline to avoid urodynamic testing in 
women with pure stress UI symptoms might be 
unwise and could miss other important findings, 
which could influence care. 

Recent audits in the UK have shown that the 
mandate to develop and implement integrat-
ed continence care services has not been met 
[153,302,155]. 

There is even more limited data on whether ad-
herence to guidelines actually leads to substan-
tive changes in measurable continence outcomes 
[302]. In cases where organized services were 
available, overall quality outcomes were better 
compared to areas where these services were not 
offered [303].

A recent audit of the NICE guideline in the UK re-
vealed that patient age may be associated with dif-
ferential implementation of guideline recommenda-
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tions for UI evaluation and treatment [304]. In this 
study, data from 7,846 women treated at either 
acute hospitals or primary care trusts in the UK, 
revealed	that	elderly	women	were	signiicantly	less	
likely to receive guideline compliant care compared 
to younger women. Actual levels of adherence by 
the care providers varied widely depending on the 
speciic	 recommendation	 being	 evaluated.	 Levels	
of guideline adherence also appeared to differ be-
tween specialists providing care in acute hospital 
settings compared to general practitioners in the 
primary	 care	 trusts.	 In	 response	 to	 this	 inding,	 a	
recent editorial analysis asked rhetorically if lack of 
adherence to published guidelines for UI may actu-
ally represent a form of ageism on behalf of clinical 
providers and patients [305].

DuBeau et al[306] assessed the knowledge and at-
titudes of NH staff (including directors of nursing and 
nursing home surveyors) following revised USA gov-
ernment guidelines on continence care (Tag F315 
- http://www.cms.hhs.gov/transmittals/downloads/
R8SOM.pdf) [306]. They used a questionnaire in 
a convenience sample of 558 staff attending work-
shops.	 The	 authors	 report	 striking	 deiciencies	 in	
knowledge	amongst	 staff	 and	 identiied	managerial	
structures as barriers to guideline implementation. 
They suggest such barriers need to be overcome in 
order to improve the quality of continence care.

Realistically the likelihood of obtaining adequate 
independent funding for effective professional 
education on UI and FI is unlikely in the current 
economic climate.

6.  RECOMMENDATIONS FOR PROFESSION-
AL EDUCATION (GRADE D)

Based on the literature reviewed in this section, 
the following recommendations can be made:

•		There	 remains	 a	 need	 for	 rigorously	 evaluated	
continence education programmes which adhere 
to	 deined	 minimum	 standards	 for	 continence	
specialists and generalists, utilizing web-based 
and distance learning techniques alongside audit 
and feedback, train-the trainer models and lead-
ership models, as well as traditional methods. 

•		Models	 of	 education	 content	 delivery	 (profes-
sional and patient education) are changing with 
technology with increased emphasis on Internet, 
web modules, etc. There needs to be ongoing 
quality control that includes maintenance of ac-
curacy, methods of delivery, etc.

•		There	 is	a	need	for	research	on	the	most	effec-
tive means to educate professional groups on 
continence	issues.	Speciically,	there	is	need	for	
research on:

o  The effectiveness of innovative teaching meth-
ods in improving knowledge and practice.

o  Translation of research into improved clinical 

practice	and	 identiication	of	methods	by	which	
this occurs.

o  Mechanisms for increasing professional motivation 
to acquire education and improve performance.

1. BACKGROUND

Urinary incontinence is a highly prevalent and 
chronic condition that can often be prevented by 
addressing	modiiable	 risk	 factors	 through	primary	
prevention [307]. Although the evidence base for FI, 
PBS/IC, and POP is more limited than that for UI, 
the conditions share many similarities with respect 
to risk and treatment, suggesting that similar bene-
its	may	derive	from	population-based	strategies [1]. 

Primary prevention refers to efforts directed to an 
individual, community or population level, to pro-
mote protective health behaviours in order to re-
duce the risk of these conditions. Since the Fourth 
ICI, there continues to be an increasing body of 
evidence linking incontinence with other condi-
tions.	These	 links	provide	opportunities	 to	beneit	
from cooperative efforts with other health promo-
tion initiatives. Primary prevention of UI using be-
havioral	modiication	programs,	 including	 lifestyle	
changes	 (e.g.,	weight	 loss,	diet	modiication)	has	
been investigated in at-risk populations, including 
older women, childbearing and obese women, and 
women with diabetes. Obesity and diabetes have 
now been recognized as independent risk factors 
for UI [307]. ICI Committee 12: Adult Conserva-
tive Management reviews the evidence base for 
prevention of UI and POP in those persons with 
associated known risk factors and includes the 
levels of evidence for the respective interventions. 
Reference has also been made to prevention in 
other chapters, including ICI Committee 11: Incon-
tinence in the Frail Elderly. Consequently, the fo-
cus of this section will be on the principles of pop-
ulation-based prevention, its application in other 
health conditions, and suggestions for translation 
into preventative programs for incontinence.

2. POPULATION-BASED PREVENTION

Recent research has predicted that due to popula-
tion increases and a rise in the number of older 
adults, there will be a worldwide increase in the 
prevalence of UI by 20% by 2018 [308]. This has 
led to repeated calls to boost efforts to provide bet-
ter continence education, promotion and preven-
tion strategies throughout the world [235]. 

Prevention strategies should include education 
about lifestyle factors and behaviours that in-
crease the probability of incontinence, the normal 
functioning of the urogenital and gastrointestinal 
tracts, expected age-related and developmen-
tal changes, healthy bladder and bowel habits, 

VII. PRIMARY PREVENTION 
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and how to find the appropriate treatment pro-
viders [309]. A meta-analysis of physical activity 
programs found that behavioural interventions 
(such as goal setting, exercise prescription and 
self-monitoring) were more effective in increasing 
levels of physical activity than cognitive interven-
tions (described as health education and the pro-
vision of information) [310]. Interventions for UI 
and FI (e.g., lifestyle changes, bladder and bowel 
training, PFMT) may also be better suited to be-
havioural rather than cognitive interventions. In 
addition, programs developed to raise awareness 
of continence issues should consider targeting 
a range of groups, including people of different 
cultures, ages and genders [106]. Consideration 
should also be given to targeting specific groups, 
including those who are socio-economically dis-
advantaged, as they may be hard to reach through 
population-based programs [311].

In 2011, the CFA launched a population-based 
campaign titled “Pelvic Floor First” to address con-
cerns regarding the negative impact of some forms 
of	physical	activity	on	pelvic	loor	health.	The	cam-
paign	sought	to	raise	awareness	of	pelvic	loor	re-
lated bladder and bowel health issues and to edu-
cate people at risk of UI and FI. Fitness instructors 
taught	ways	 to	minimise	strain	on	 the	pelvic	loor	
muscle when exercising. The campaign consisted 
of	 a	 dedicated	 web	 page	 (http://www.pelvicloor-
irst.org.au),	on-line	and	printed	education	materi-
als, screening tools for men and women, referral 
information	and	accredited	on-line	 training	 for	 it-
ness professionals. Health consumers could also 
obtain information materials from the web page as 
well as links for further support from continence 
health professionals and the Australian National 
Continence Helpline.

Community based continence education work-
shops have been found to increase knowledge of 
continence issues and continence related QoL in 
women. In a study of 51 women who attended a 
2.5 hour workshop, there was an increase in con-
tinence knowledge that was sustained for three 
months after the workshop [103]. The authors con-
clude that learning self-management strategies 
are	 important	 to	 improve	 pelvic	 loor	 health	 and	
that	education	in	a	public	forum	may	be	beneicial	
for these patients. 

In 2011, a panel of experts released a consensus 
statement, A Healthy Bladder [312]. This follows 
from consensus work conducted that has exam-
ined the evidence base for preventative strategies 
for incontinence,[313,314] reiterating the ongo-
ing need for primary prevention efforts to be ad-
dressed not only by healthcare professionals, but 
also by policymakers and funding bodies.

Consideration should be given to the setting in 
which the health promotion program is to be de-
livered, such as schools, work places, community 

groups and health care institutions [315]. It is ac-
knowledged that while some nations are success-
fully implementing primary prevention strategies, 
others have yet to effectively implement second-
ary prevention measures, such as assessment 
and management of continence conditions [316].
In Australia, the UK and the U.S.A, continence or-
ganisations have received additional support from 
national governmental departments and agencies 
resulting in greater resources being applied to 
preventative and continence promotion programs. 
Evaluation and research are essential components 
of population-based prevention programs[317] and 
it is necessary to include funding for these as part 
of the program.

The WHO has stressed the importance of inter-
sectoral collaboration involving governments, lo-
cal communities and the private sector in efforts 
to tackle the effects of obesity and lack of physical 
activity upon chronic health conditions (http://www.
who.int/dietphysicalactivity/en/). This type of col-
laboration may assist in spreading the cost of pre-
ventative programs for incontinence. A proposed 
diabetes population based prevention program 
found that governments are often reluctant to com-
mit to high expenditure programs when the results 
may not be apparent until a considerable time later 
[318]. If a preventative program was developed for 
a combination of chronic health conditions, such 
as diabetes and incontinence, there may be econ-
omies of scale that would make funding such a 
program more attractive to governments, particu-
larly when there is evidence that bladder changes 
and UI can be reversed if diabetes is prevented.

There have been a number of population-based 
prevention programs throughout the world that 
have been developed to reduce the incidence of 
obesity and chronic health problems by promoting 
physical activity and daily consumption of fruits and 
vegetables. An evaluation of a program in Austra-
lia to increase fruit and vegetable consumption in 
children found that increased parental knowledge 
as a result of the program was the strongest pre-
dictor of fruit and vegetable intake [319]. Evalua-
tion	of	data	from	these	programs	is	likely	to	beneit	
researchers and practitioners planning continence 
prevention programs for adults as well as children. 
The evidence for population-based prevention 
strategies remains at Level 4, Grade C.

3. PREVENTION OF UI IN OLDER ADULTS

Older adults are a heterogeneous group, and 
therefore preventive strategies for older adults 
need to take into consideration the well aged as 
well as the frail aged. It is important to involve 
older people and upcoming generations in health 
promotion research and health promotion interven-
tion programs targeted at older people [320]. Pro-
moting	self-eficacy,	such	that	the	individual	has	a	
belief that they have the capacity and skills to im-
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prove their own health, has been used in research 
on prevention of older, well-educated women with 
UI [321].	Self-eficacy	improves	the	ability	to	cope	
with symptoms and is linked to motivation, knowl-
edge	of	 the	beneits	of	making	changes,	and	ad-
herence to behavior change [322,323].	Self-efica-
cy over UI may be enhanced if women are taught 
self-monitoring	techniques,	such	as	adjusting	luid	
and caffeine intake, resolving constipation, PFMT, 
and	 monitoring	 voiding	 intervals.	 Self-eficacy	
measures,	 such	 as	 the	Geriatric	 Self-Eficacy	 In-
dex for Urinary Incontinence can be used to de-
termine adherence to behavioural programs devel-
oped for the prevention and management of UI [6].

Community continence education of older adults 
has been advocated in several studies. A descrip-
tive cross-sectional study conducted in China 
found that community-dwelling older persons of-
ten expressed negativity toward UI [158]. They 
considered UI as shameful, their own fault, and 
not preventable. Despite these feelings, they indi-
cated	that	UI	was	not	a	suficiently	serious	prob-
lem to justify treatment. In addition, nearly half of 
the nurses surveyed reported ignoring the initial 
onset of UI. Findings from this study indicated a 
great need for UI education for community-dwell-
ing older persons and community nurses [158]. A 
similar conclusion, that advocated the need for 
education, was drawn from a cross-sectional de-
scriptive study of 182 community-dwelling Korean 
American women [324]. 

Workshops can be an effective tool for population-
based prevention education in older women. Tan-
nenbaum [102] carried out a quasi-experimental 
prospective cohort study to evaluate the effec-
tiveness of an interactive continence workshop. 
Ninety incontinent women, ages 55 to 87, were in-
volved	in	this	study.	The	interventions	signiicantly	
increased knowledge and attitudes about the con-
dition (94%). Sizeable proportions of participants 
either initiated self-treatment strategies, such as 
pelvic	 loor	muscle	 exercises,	 scheduled	 toileting	
or dietary change (43%), or sought consultation 
with a health care provider (42%). The authors 
concluded that interactive continence workshops 
can promote self-management and consultation 
seeking among older women with incontinence. 
Incontinence-related knowledge, attitudes, self-
perceived skills and intentions for seeking care 
improved after attending the workshops [102]. A 
behavioural	 modiication	 program	 delivered	 to	 a	
group of women over 55 years of age reported the 
preventive	effects	of	increasing	pelvic	loor	muscle	
strength and increasing time between voids upon 
continence status, suggesting that preventive 
strategies are effective in older women [309,325]. 

Correlations have been found between poor gen-
eral health and severe UI and/or FI in frail older 
people [326]. There are a number of strategies 

(e.g., mobility training, progressive strength train-
ing, balance and walking exercises), combined 
with	 behavioral	 interventions	 (e.g.,	 pelvic	 loor	
muscle exercises) that may be successful in im-
proving UI in this population. A systematic review 
of 3 RCTs and 4 quasi-experimental studies aimed 
to identify conservative interventions for reducing 
UI in non-institutionalized frail older adults [327].
With 683 participants involved (75% female), the 
studies concluded that multi-component behav-
ioral	 interventions,	 including	 pelvic	 loor	 muscle	
exercises and bladder training, can improve UI fre-
quency. However, there is need for more RCTs to 
demonstrate	the	eficacy	of	multidimensional	treat-
ments to guide clinical practice in the prevention 
and management of UI in frail older adults. (LOE 2)

4. PREVENTION OF FAECAL INCONTINENCE

While it appears that people are seeking help 
more readily for UI, the problem of FI remains 
under–reported,[241] especially in older peo-
ple,[328] and few physicians ask patients about it 
in those persons at-risk [329]. A variety of risk fac-
tors associated with FI is reported by Committee 
16: FI: Conservative Treatment. Analysis of stud-
ies on FI is hampered by a lack of standardised 
terminology with regards to stool consistency, gas 
leakage and frequency of incontinent episodes 
[314,330,331].  In order to be all inclusive, search 
terms for FI were expanded to include additional 
terms,(stool consistency, gas leakage, frequency 
of incontinent episodes,flatus,copracrasia). How-
ever, there were fewer matched papers about this 
area. Only an RCT in China revealed that PFMT 
is effective on the prevention of copracrasia by 
sphincter preservation operation on mid-lower 
rectal cancer. One hundred and fifty-one partici-
pants who received the surgery were randomized 
to two groups. Intervention group (n=75) received 
PFMT for six months but the control group (n=76) 
did not. The results from 1, 3, and 6 month fol-
low-ups showed that PFMT contributed a positive 
effect against the development of FI [332]. (LOE 
2) While acknowledging that prevention of FI is 
important, it is recognized that more research is 
needed to determine the effectiveness of popu-
lation-based interventions that focus on the risk 
factors of FI.

5.  RECOMMENDATIONS FOR PRIMARY PRE-
VENTION (GRADE C)

Based on the literature reviewed in this section, 
the following recommendations can be made.

•		Primary	prevention	studies	should	not	be	limited	
to individual interventions, but also test the im-
pact of population-based public health strategies. 

•		More	high	quality,	randomised	controlled	trials	are	
needed to strengthen the effectiveness of popula-
tion-based primary prevention intervention. 
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 Appendix 1 –Directory of Continence Organizations

AUSTRALIA
 
Continence Foundation of Australia
Level 1
30-32 Sydney Road
Brunswick, VIC 3056
Tel: 03 9347 2522
Fax: 03 9380 1233
website: www.continence.org.au  
Email:  info@continence.org.au
 
AUSTRIA
 
Medizinische Kontinenzgesellschaft 
Osterreich
Speckbacherstrasse 1 A-6020, Innsbruck
Tel: (43) 512 58 37 03
Helpline: 0810 100 455
Website:  www.inkontinenz.at 
Email:  info@kontinenzgesellschaft.at
 
BELGIUM
 
Patientenvereniging PIRUS vzw
Postbus 20 – 9930 Zomergem
Tel: +32 0477 672 477
Email: mail@PIRUS.be
 www.PIRUS.be
 
Urobel Belgian association for urological 
nurses and associates
Urobel vzw 
De Pintelaan 185 
9000, Gent 
Tel.: 09/332.27.65 
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patients are living longer and are at greater risk for 
developing a range of conditions, including urinary 
and faecal incontinence, as well as prolapse. In or-
der to compete for precious healthcare resources, 
in this contracted global economy, continence clini-
cians must construct robust health economic analy-
ses of any new treatments if we hope to see these 
new	 treatments	 implemented	 for	 the	 beneit	 of	 our	
patients. In this chapter we present a summary of the 
appropriate methods, then present a critical analysis 
of recent publications.

1. PERSPECTIVE

When a patient with urinary or faecal incontinence 
(and to some extent prolapse) walks into a doc-
tor’s	ofice	in	any	country,	they	will	have	already	in-
curred some personal costs in managing the con-
dition at home, such as pads or laundry expenses. 
He or she will then have a basic consultation, tests 
will probably be ordered, a range of outpatient con-
servative (including pharmacological) treatments 
may be initiated, or a surgical procedure that may 
be recommended. These are treatment costs. At 
some stage, particularly in the elderly, the patient 
may suffer a urinary tract infection that may be as-
sociated with the incontinence/ cystocoele, or may 
slip and fall in their urine on the way to the toilet. 
These are the costs associated with treating the 
consequences of incontinence [1, 2].

The way in which these various costs can be mea-
sured varies a great deal from country to country. 
Although all countries regulate health care to some 
degree, they do so in very different ways e.g., the 
regulatory environment within which health care 
is provided can differ greatly from country to coun-
try, the need for private insurance and the coverage 
they	provide	is	usually	very	country	speciic.	Different	
countries also limit the building of hospitals in vari-
ous ways, and control health care costs such as drug 
prices to a different extent [3]. Health care systems, 
whether a nation, province, or organization, can limit 
the treatments for which they will pay, or set limits on 
the prices. This has implications for estimating costs. 

I. INTRODUCTION

II. BACKGROUND  

Economics of Urinary & Faecal
Incontinence, and Prolapse 2012

Since	writing	the	irst	chapter	about	the	economics	of	
incontinence in the initial report of the ICI in 1999, our 
knowledge about this subject, along with the num-
ber of treatment options, has increased substantially. 
The global economic crisis that began in 2008 has 
led to contracting budgets, both for individuals and 
governments, and a heightened interest in maximiz-
ing value. Economic tools are useful for understand-
ing the value equation. Often economists are called 
on	to	enumerate	the	costs	and	beneits,	and	payers	
are increasingly using these tools to determine what 
treatments should be provided in order to maximize 
their population’s health.

The	 irst	 ICI	 report	 focused	 on	 stress,	 urge	 and	
mixed incontinence. The last report also included 
pelvic organ prolapse and faecal incontinence. We 
have developed, in part due to the ICI, better data for 
understanding how to manage these conditions. For 
example, stress incontinence can be readily cured by 
a variety of conservative and surgical options, but the 
beneit	may	decay	over	time.	Similarly,	pharmaceuti-
cal companies have developed new anticholinergic 
treatments for the overactive bladder, but these may 
require prolonged administration with longstanding 
drug costs. Such pharmacotherapy needs to be ac-
companied by bladder training, which also requires 
patient compliance to achieve success. The immedi-
ate	beneit	of	Botox	injections	is	well	documented,	as	
is	the	fall	off	in	eficacy	over	time.

The good news is that this new information is making 
its way into the economic analyses. The bad news is 
that economic analyses are becoming more complex 
and	harder	to	evaluate.	Because	of	their	unique	aeti-
ologies, it is more accurate to talk about the subtype 
of incontinence, making the blanket term of “the eco-
nomics of incontinence” less applicable. This chapter 
takes account of these considerations, and is ar-
ranged according to incontinence subtype.

In	 the	 last	ive	 to	 ten	years,	 the	 “aging”	of	 the	post	
WWII baby boomers is changing the consumption 
of health care resources. The median lifespan of 
a	woman	 in	OECD	countries	 is	now	83	years,	and	
rising, with similar enhanced lifespan in men. Thus 

KATE H. MOORE

TODD H. WAGNER, LESLEE SUBAK, STEFAN DE WACHTER,
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lated	Groups	 (DRGs)	 in	 the	U.S	 or	Australia,	 and	
length	 of	 stay.	 However,	 DRG	 costing	 lack	 preci-
sion and can be problematic because this method 
does not track the actual treatment activities, but 
are based on an average treatment. For example, 
in	Australia	the	DRG	for	Tension	Free	Vaginal	Tape	
and Colposuspension is the same. In the section of 
this chapter on Sacral Nerve Stimulation (SNS) for 
faecal incontinence, the costs for temporary stimu-
lation and permanent implantation vary consider-
ably	between	Spain[11],	Italy[12]	and	the	UK[13]	as	
shown in Table1 .

Table 1. Comparison of the costs of temporary and 
permanent SNS between Spain, Italy and the UK.

Accounting systems are limited in that they always 
report the health care payer’s costs or charges. If re-
searchers want to estimate societal costs, which are 
often of most interest,[9, 14] one must include both 
provider-incurred costs and patient-incurred costs. 
This distinction is important for urinary incontinence, 
since most providers do not pay for routine care (e.g., 
pads and protection). These costs are usually incurred 
by individuals, and in the year 2000 the routine care 
costs	 in	 the	U.S.	were	$1347	per	person	 for	urinary	
incontinence	and	$1554	for	people	with	OAB	[15].

Thus the conclusion drawn by a researcher may be 
heavily dependant upon their perspective. For exam-
ple,	a	study	from	the	USA	analysed	Medicare	claims	
for the treatment of urinary incontinence among 
women	 aged	 65	 or	 older	 for	 3	 years	 (1992,	 1995,	
1998) including outpatient, inpatient and emergency 
department	visits	[16].	Such	Medicare	claims	nearly	
doubled	 over	 the	 time	 frame,	 from	 $128	million	 to	
$234	 million,	 largely	 due	 to	 increased	 numbers	 of	
women	treated	by	ofice	visits	and	ambulatory	(day	
only) surgery for items such as collagen injections. 
When the per capita changes were analysed, and 
inlation	was	considered,	costs	had	actually	declined	
by	 15%.	 However,	 the	 editorial	 comment	 following	
this	 article	 points	 out	 that	Medicare	 claims	 have	 a	
payer’s perspective, do not quantitate pad usage, 
and cannot record pharmacotherapy for urge incon-
tinence. Since we know that overactive bladder is 
more common as age increases, such pharmaco-
therapy is likely to be increasingly important in the 
over	65	age	group,	so	that	the	conclusion	of	a	15%	
drop	in	per	capita	Medicare	expenditure	is	not	likely	
to be valid representation of costs in general. The 
editors pointed out that the article was mainly rep-
resentative of patients with stress incontinence as a 
result. Such methodological issues are important.

In the example described above, the “perspective” 
that	 the	 researchers	 used	 was	 that	 of	 Medicare	
claims.	In	other	words,	Medicare	was	the	“payer”,	not	

More	importantly,	this	places	an	important	duty	upon	
researchers to describe explicitly where, when and 
how	 the	costs	were	calculated.	Researchers	 in	one	
country need to be able to extract as much economic 
information as possible from the research carried out 
on a particular condition in other countries, to save 
“re-inventing the wheel” whenever possible.

Patients often observe very different “costs” for 
health care goods and services. In health care, we of-
ten think of cost as the amount to produce the good, 
whereas a charge represents the stated amount on a 
bill,	which	often	includes	proit	for	the	manufacturer.	
Therefore, different accounting systems can yield 
very different cost estimates. For example, most of 
the	 hospital	 accounting	 systems	 in	 the	 U.S.	 focus	
on billing and payments. The charges listed on the 
bill usually overstate costs, on average by a factor 
of three, and are rarely paid in full by the payer. For 
example, in a study of the costs of surgery for female 
fecal	 incontinence	 in	 the	 US,[4]	 hospital	 “charges”	
were	deined	as	the	amount	on	the	hospital	bill,	but	
the	hospital	“costs”	were	deined	as	the	amount	that	
the hospital actually received in payment. Only after 
understanding	this	deinition	can	one	make	sense	of	
the fact that hospital “charges” for FI surgery rose 
from	$48	million	to	$57	million	over	3	years,	but	the	
hospital	 “costs”	 increased	 only	 slightly	 from	$23	 to	
$24.5	million	over	the	same	3	years	[4].	

In	 the	 U.S.,	 many	 researchers	 prefer	 to	 use	 pay-
ments	as	 the	estimate	 for	cost.	Researchers	have	
developed imperfect methods for adjusting charges 
with	a	hospital-speciic	ratio	of	costs	to	charges	to	
better	estimate	costs	[5].	Charges,	however,	are	not	
always available. Integrated health care systems, 
including	Canada	and	the	U.K,	do	not	routinely	gen-
erate bills. For these systems, researchers have 
developed methods for generating pseudo-bills and 
cost estimates [6-8].

Many	 cost	 determination	 methods	 are	 used.	 Most	
analyses include a combination of “gross costing” 
and “micro costing” [9]. These terms are similar to 
the phrases “top-down” and “bottom-up”. Accounting 
and billing systems use activity based micro-costing 
methods, whereby detailed estimates of time and 
products (inputs) are combined with unit costs to 
estimate	 total	 costs.	Micro-costing	 (or	 “bottom-up”)	
is challenging to perform because a single inpatient 
stay or outpatient procedure might have hundreds or 
thousands	 of	 inputs.	 For	 example,	Morris	 et	 al[10]	
performed over 3621 observations to determine ex-
penditure on urinary faecal or mixed incontinence in 
a one month study of 29 patients in a sub-acute care 
facility. Even when there is just a single input, such 
as a tablet, the cost can vary by location or the time 
of	purchase	if	prices	luctuate.

At the other end of the spectrum, gross cost meth-
ods (“top-down”) identify a limited number of im-
portant characteristics such as the Health Care 
Resource	Group	(HRGs)	in	the	U.K.,	Diagnosis	Re-

 Spain 
( ) 

Italy 
( ) 

UK 
(£) 

Temporary SNS 1,484 6,400 510 
Permanent SNS 10,700 6,400 8,480 
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the patient. This highlights the fact that costs can be 
evaluated from several different perspectives. The 
four most commonly used perspectives are (1) overall 
society costs, which includes all aspects of care and 
treatment (which this committee recommends), (2)  
the	payer,	such	as	Medicare,	(3)	the	provider,	such	as	
a hospital or managed care plan and (4) the patient.

In general, health economists prefer that a societal 
perspective (include all costs) is used [9, 14]. This 
facilitates comparison of the cost of illness across dif-
ferent countries. The problem is that different coun-
tries use different frameworks for reimbursing some 
or all of the costs of various conditions, so that inter-
national comparisons remain controversial.

2. COUNTRY SPECIFIC ECONOMIC ISSUES

From the perspective of a patient, large costs are of-
ten incurred when paying for routine care products, 
treatments, and long-term care. These patient costs 
vary by country. For example, in Sweden and Spain, 
the government (tax based) health insurance cov-
ers	routine	care	products.	In	the	UK,	age-dependant	
patient subsidies are available for pads. In Germany 
and Spain, pad costs are reimbursed if prescribed by 
a	doctor	 [17].	 In	Australia,	 low-income	patients	can	
apply for a subsidy to reimburse most of their routine 
care products, but more wealthy patients must pay 
all	costs.	In	the	USA,	such	products	are	rarely	cov-
ered	and	can	be	very	expensive	[17].

The degree of government subsidy to the patient var-
ies	greatly	by	country.	In	the	UK,	most	patients	use	
the	National	Health	Service	(NHS)	so	that	all	ofice	
visits, tests, outpatient visits and surgical treatments 
are free to the patient. Pharmacotherapy does attract 
a small out of pocket payment for each drug. In Italy 
and Sweden pads are reimbursed, but not in Ger-
many. Pads are not routinely subsidized, only at the 
discretion of the local Care Trust. In Australia, about 
70%	 of	 patients	 only	 have	 government	 insurance,	
similar	to	the	UK	NHS,	but	30%	of	patients	also	have	
private insurance so that inpatient treatments attract 
a	 rebate	 from	 their	health	 fund.	 In	 the	USA,	adults	
over	age	65	and	those	with	a	disability	are	covered	
by	the	Medicare	program.	This	provides	coverage	for	
inpatient, outpatient and pharmacotherapy, although 
patients are generally responsible for sizable co-pay-
ments and nursing home care is capped. Those not 
covered	 by	Medicare	 often	 have	 private	 insurance	
or	Medicaid	(a	health	insurance	program	for	people	
with low incomes); nonetheless about 48 million 
Americans lack any insurance.

In the Netherlands, all legal residents are obliged to 
purchase a basic health policy (the purchase of a 
complementary policy covering extra health services 
remains voluntary). The choice of health insurer and 
type of health plan is free. The government estab-
lishes what is in the basic package and under what 
conditions people are entitled to care.

In	 regards	 to	 long	 term	 care	 beneits	 for	 those	 in	
residential care, considerable variation occurs. In 

the	USA,	Medicare	and	Medicaid	beneits	are	 time	
limited for re-imbursements to nursing homes and 
other	assisted	 living	 facilities.	Usually,	after	several	
months,	beneits	stop	and	payment	must	come	from	
private insurance or the patient’s pocket. In Australia, 
low income patients who have no private superan-
nuation (pension fund) can receive the “old age pen-
sion” which covers fully funded long term care, albeit 
in lower-calibre facilities than would be chosen by 
those who could afford better (similar to the Nether-
lands	system).	In	Japan,	generous	long	term	beneits	
are provided to long term institutional residents, so 
that out of pocket payments are reduced.

3. COSTS AND TIME

Costs change over time and researchers need to 
account for temporal changes in their analysis. The 
easiest	way	is	to	present	the	costs	in	a	speciic	year	
(e.g., 2012). Costs borne in past years should be in-
lated.	In	many	countries,	the	governments	track	and	
publish	inlation	indices.	In	the	US,	inlation	is	repre-
sented in the Consumer Price Index (e.g., www.stats.
bls.gov).	In	the	UK,	the	Health	Service	Cost	Index	or	
the	Retail	Price	Index,	published	by	the	NHS	Execu-
tive,	Leeds,	UK,	can	be	used	to	adjust	 the	costs	of	
health care services (www.statistics.uk.gov).

Caution	is	needed	because	general	inlation	relates	
to the cost of a consistent set of goods over time, 
e.g., the goods must be of the same quality over 
time,	 and	 thus	 the	 costs	 observed	 ive	 years	 ago	
can	 be	 observed	 today.	 If	 so,	 then	 the	 inlation	 in-
dex is informative. However, medical goods change 
rapidly as does their quality. For example re-usable 
laparoscopic equipment has been replaced by dis-
posable equipment that is usually more expensive, 
and	the	newer	drugs	for	OAB	are	generally	more	ex-
pensive.	This	makes	it	dificult	to	determine	whether	
any	change	in	price	is	due	to	inlation	or	due	to	(real	
or perceived) improvements in quality. Thus, just in-
lating	costs	 from	many	years	ago	can	be	mislead-
ing. Consequently, many researchers recommend 
against using price indexes that are developed spe-
ciically	 for	medicine	because	these	 indexes	do	not	
take	quality	into	account.	Researchers	must	also	be	
cognizant of the fact that the published success rates 
for various treatments change over time. For exam-
ple, in Adang et al.[18] dynamic graciloplasty is por-
trayed as having a stable success rate over time in 
the treatment of faecal incontinence (see Figure  1). 
In fact, we now know that dynamic graciloplasty has 
a very poor success rate over 10 years, so that the 
estimated data shown below in igure 1 from 1998, 
is no longer accurate.

In addition, many continence treatments have costs 
that	extend	 into	 the	 future.	Drug	 treatments	require	
that patients take drugs in the future. People have 
time preferences for money and future costs should 
be discounted to represent the present value. Contro-
versy exists about the appropriate discount rate[19-
21] but most international studies use a discount rate 
of	3%	per	annum.	See	Adang	et	al.	[18]	for	example.
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In	summary,	deining	and	measuring	costs	in	health	
care can be imprecise. Often there is variation 
across regions and time. This variation needs to be 
taken into account in the economic analysis and the 
easiest way is to conduct sensitivity analysis to in-
vestigate	how	different	cost	estimates	can	inluence	
the	results.	By	this	we	mean	re-running	the	analysis	
with different input parameters. As we describe in 
the next section, explicitly describing these contex-
tual issues is crucial for interpreting results.

1. OVERVIEW

A typology of economic analysis for health and med-
icine has emerged over the past few decades. This 
section reviews these studies.

a) Cost of illness (COI)

As already described, COI studies summate the 
costs related to a condition for a given population. 
The costs are annualized for a given year (i.e., 
2012). A COI is a descriptive analysis. However, COI 
studies provide little information to decision makers 
about how to allocate scarce resources for treating 
conditions, because there is no attempt to measure 
the “value” of the relevant treatments. 

b) Cost minimization analysis (CMA)

CMA	compares	the	costs	of	alternative	health	care	
strategies, assuming that the benefits of the alter-
natives are equivalent. When the two treatments 
are truly equivalent in their risks, outcome, and 
an individual’s preference for them, then a cost 
minimization analysis is sufficient; the cheapest 
intervention is to be preferred.

c) Cost consequence analysis (CCA)

CCA is a variation on cost-minimization analysis, 
which involves assessing whether a new treatment 
results in a greater decrease in health care utiliza-
tion than another treatment. Thus costs of the in-
tervention are compared to health care utilization, 
such as the cost per hospitalization averted. There 
is a naturally appealing rationale for conducting this 
analysis.	 Unfortunately,	 when	 examined	 in	 detail,	
this rationale boils down to an analysis of whether 
the new treatment saves money in comparison to 
the alternative treatment. Accordingly, a cost-utility 
or	cost-beneit	analysis	provides	many	advantages	
over a cost consequence analysis.

d) Cost-effectiveness analysis (CEA)

CEA refers to the broad class of calculations where 
the effectiveness measure is a general health 
outcome. CEAs with narrowly focused health out-
comes (e.g., incontinence episodes) have well-
known	limitations.	Most	notably,	the	use	of	narrowly	
focused health outcomes will miss other important 
effects. For this reason, there has been widespread 
agreement on the use of quality adjusted life years 
(QALYs) as the preferred health outcome in cost-
effectiveness	analysis.	In	the	US,	CEA	has	become	
synonymous with cost-utility analysis.

e) Cost-utility analysis (CUA)

CUA	refers	to	a	CEA	when	QALYs	are	used	as	the	
outcome	measure.	Gold	et	al.[9]	and	Drummond	et	
al.[14] have published texts that discuss standard 
techniques	 for	 conducting	 a	 CUA.	 In	 health	 and	
medicine,	 the	 CUA	 is	 considered	 to	 be	 the	 gold	
standard.	 Utilities	 capture	 all	 potential	 beneits	 of	
an intervention and allow comparisons with other 
health conditions, making cost-utility analysis a 
powerful research tool.

Compared	 to	 other	medical	 ields,	 we	 have	 insuf-
icient	data	on	utilities	in	incontinence	or	on	the	ef-
fect of treatment or change in incontinence severity 
upon cost utility measures, to date.

Data	 in	a	CEA	and	CUA	are	 represented	by	an	 in-
cremental	cost-effectiveness	ratio	(ICER).	The	ICER	
represents the average cost of the intervention group 
minus the average cost of the control group. This 
amount is then divided by the average utility of the 
intervention group minus the average utility of the 
control	group	(see	Section	IVb).

f) Cost beneit analysis (CBA)

Involves	measuring	the	beneits	in	dollars.	When	ev-
erything is measured in dollars, optimal choice can 
be easily found by addition and subtraction. However, 
it	is	dificult	to	measure	beneits	in	dollars,	and	many	
researchers and policymakers are averse to placing a 
dollar	value	on	life.	CBA	is	rarely	used	in	health.

g) Summary

COI and cost-minimization analyses are simple, yet 
limited	economic	tools.	Most	new	treatments	offer	ad-

III. TYPES OF ECONOMIC ANALYSIS

Figure 1. Estimated long-term costs per patient for 
each treatment: sacral nerve stimulation (SNS), dy -
namic graciloplasty (DGP), stoma and conservative 
treatment after 1, 5, 10, 15 and 20 years. Costs are 
in € and discounted to present values at a 5 per cent 
rate [18], from analysis by Hetzer et al, 2006 [22].
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ditional	beneits	at	an	additional	cost.	The	CBA,	CUA	
and CEA were designed to determine how much 
money it costs to obtain another unit of effectiveness. 
Although	the	CUA	is	the	preferred	method,	there	are	
many challenges with calculating a QALY. We will 
discuss these issues in more depth because differ-
ent methods for calculating QALYs can have a very 
profound	effect	on	the	interpretation	of	the	CEA/CUA.

2. DETAILS OF DECISION ANALYSIS

Decision	analysis	is	a	tool	that	can	be	used	to	sum-
marize effectiveness data, costs data, or combine 
both	cost	and	effectiveness	data	in	a	CUA.	The	value	
of decision analysis is highlighted by a multi-site clini-
cal trial by Albo and colleagues[23] that compared 
Burch	 colposuspension	 to	 fascial	 sling	 for	 stress	
incontinence. They concluded that the fascial sling 
yielded a higher rate of successful treatment, mea-
sured as a composite outcome, but also resulted in 
greater morbidity. Even in well-designed multi-site 
clinical	 trials,	 the	 results	may	be	ambiguous.	Deci-
sion analysis may be used to overcome this ambi-
guity.	Decision	analysis	is	a	quantitative	probabilistic	
tool for resolving problems when there is uncertainty 
with regards to treatment options.

There are two primary decision analytic methods 
(see below); each has its strengths and weakness-

es. The starting point with any decision analysis is 
a clinical question, such as how to treat women with 
stress urinary incontinence or how to treat patients 
with faecal incontinence (see Fig 2 	below	from	Dud-
ding et al., 2008 [13]). The question should fully and 
fairly address the clinical questions. One might de-
velop add on questions, such as how to treat women 
who had surgical failure or sacral nerve implants that 
become infected or in which leads migrate, but it is 
often	best	to	address	these	more	speciic	questions	
as part of the broader decision analysis.

A	beneit	of	decision	analysis	is	that	researchers	can	
combine data from multiple clinical trials and marry 
that data to observational information (e.g., long-term 
follow-up	 data).	 Decision	 analytic	 tools	 are	 lexible	
and can be used to identify the treatment that maxi-
mizes quality of life. One can also use the same model 
to address issues of cost-effectiveness. Hence, one 
of	the	irst	tasks	in	the	decision	analysis	is	to	identify	
the primary outcome. Outcomes such as quality ad-
justed	life	years	(QALYs),	that	can	relect	treatment	
and	 disease,	 are	 recommended.	 By	 using	 QALYs,	
one	can	overcome	conlicting	data—for	example,	the	
inding	that	vaginal	slings	have	higher	success	rates	
but also greater morbidity. As is discussed elsewhere 
in this chapter, QALYs value all aspects of quality of 
life and include mortality. Next, the researcher must 

Figure 2. Decision tree for SNS treatment of faecal incontinence modiied from Dudding et al (2008) with permission [13]



1836

determine whether the model will include cost infor-
mation or not. Some decision analytical models focus 
only on outcomes, while others add cost data to ad-
dress resource allocation questions.

By	 combining	 data	 from	multiple	 sources,	 decision	
analysis can be used to model lifetime costs and 
beneits.	 Researchers	 are	 often	 asked	 to	 identify	
the	 treatment(s)	 that	maximizes	 lifetime	beneits	or	
lifetime	cost-effectiveness.	Randomized	trials,	while	
the gold standard for assessing causation, are time 
limited,	often	following	participants	for	less	than	ive	
years.	 Decision	 analysis	 can	 extend	 such	 data	 to	
consider future events, such as surgical failure rates, 
nursing	home	admission	or	life	expectancy.	Decision	
analysis can also be used to understand whether 
the analysis differs by perspective. Payers, provid-
ers and patients all have different perspectives, and 
decision analysis makes it relatively easy to consider 
each of these perspectives and whether they differ 
from a society perspective.

a) Steps in a decision analysis

Decision	analysis	can	be	boiled	down	into	ive	steps.	
The	irst	step	involves	identifying	the	structure	of	the	
problem and this requires the listing of all decision 
alternatives, all clinical outcomes, and a sequence of 
events. After completing step one, step two involves 
assigning probabilities to all chance events (e.g., 
death).	Step	 three	 involves	quantifying	 the	beneits	
(e.g., QALYs) for all outcomes. The fourth step in-
volves the mathematical calculation of expected util-
ity for each strategy (or this can be taken from pub-
lished data). Step four will often identify the preferred 

Figure 3. Decision tree for Botox treatment of severely refractory neuropathic DO patients, modiied from 
Padmanabhan et al (2011) [25]. 
* indicates the treatment algorithm continues along the augment pathway

strategy.	The	inal	step	involves	conducting	sensitiv-
ity analysis to check that the model is robust across a 
range of clinically meaningful possibilities.

Every decision model involves some assumptions. 
Frequently, assumptions are needed to incorpo-
rate clinical trial data in the model. For example, a 
common assumption is that the effect shown in a 
clinical trial is generalizable to the broader popula-
tion—treating	women	with	TVT	will	 result	 in	effects	
like those seen in Lier and colleague’s paper[24] 
(discussed later in the chapter). Some assumptions 
may seem trivial, but it is best to delineate each as-
sumption along the way. Published decision analy-
sis should include a table of assumptions along with 
other	data	 inputs;	 frequently	 this	 is	 the	irst	 table	 in	
the decision analysis.

The clinical question and the structure of the prob-
lem (step 1) should provide guidance on the deci-
sion model. Frequently decision trees are used be-
cause they are simple and address the question at 
hand.	Decision	trees	are	so	named	because	they	
look like a tree with a trunk, branches and leaves. 
For example see Figure 3 , taken from a study of 
Botox	 therapy	 versus	 clam	 augmentation	 cysto-
plasty	 by	 Padmanabhan	 et	 al[25],	 to	 be	 discussed	
later in this chapter.While decision trees are easy to 
describe and conduct, it is hard to include changes 
over	 time	 in	 the	 analysis.	 Diseases	 often	 change	
over time and people may transition into and out 
of different health states over time. One strength of 
Markov	models	is	their	ability	to	include	these	time-
related	transitions.	We	will	discuss	decision	trees	irst	
and	then	Markov	models	in	more	detail	afterwards.
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b) Decision Tree

In a decision tree, there is a distinction between a de-
cision node and a chance node. A decision node is a 
point where a choice is made by the decision maker 
(typically a physician or patient). For example, for a 
woman with stress incontinence, the choice to oper-
ate (yes or no) would be represented with a decision 
node. A choice must have at least two options and 
more than two choices are permitted. However, each 
choice must be mutually exclusive. A patient cannot 
choose both operation and no operation. A chance 
node is a point where chance determines fate. For 
example, the decision maker chooses to operate or 
not operate, and hopefully the treatment is success-
ful, but treatment success or failure is a chance node. 
Not only must chance nodes be mutually exclusive, 
but they must also be collectively exhaustive (one of 
the chances must happen and the sum of probabili-
ties	for	all	of	the	chances	must	add	to	100%).

In addition to chance and decision nodes, there are 
terminal	nodes.	These	nodes	are	the	inal	outcome	
for the pathway taken. Sometimes understanding the 
nodes makes more sense when looking at the pic-
torial representation. Figure 4  shows a hypothetical 
decision tree for treating a patient with stress incon-
tinence. In this hypothetical situation, we structure 
the model to have two options: surgery or drugs. It 
is overly simplistic in that we do not differentiate be-
tween drugs.

The main choice is surgery versus medical manage-
ment.	Surgery	carries	some	risks—a	small	probabil-
ity of operative death, for example, in the case of 
clam cystoplasty for refractory detrusor overactiv-
ity. The decision nodes are represented by squares 
while chance nodes are represented by circles. The 
terminal nodes are cure, no cure, operative death or 
non-adherence, which is the same as no cure. This 
is a hypothetical decision model, and most decision 
models are much more complex. Clearly this model 
could be expanded to include behavioral treatment 
and each decision node could be expanded to con-

sider all relevant alternatives (autologous sling, 
Burch	 colposuspension,	 tension-free	 vaginal	 tape,	
trans-obturator tape).

For the next step in the decision model, one must 
include probabilities at each chance node. We must 
identify the probability that the disease is cured after 
operation.	Researchers	should	review	the	published	
literature	to	ind	this	probability	and	ideally	some	in-
formation about the distribution around this probabil-
ity	(e.g.,	probability=	58%	with	a	95%	CI	51-68%).

After including probabilities, one must place values 
next to the terminal nodes. These values must be a 
single outcome and QALYs are preferred, although 
life years (unadjusted for quality) are used for some 
diseases. With outcomes and probabilities, one can 
then	 “run”	 the	 decision	 tree.	 Because	 there	 is	 one	
decision node with two options, we will be comput-
ing	expected	values	for	the	two	options.	Running	the	
model involves starting at each endnode and work-
ing left or backwards. The expected value for the sur-
gical survival node is 3.8 QALYS. (Figure 5 )

The expected value for the surgical operative death 
node	 is	 0.	 When	 we	 combined	 a	 10%	 chance	 of	
operative	 death	 (0	 QALYS)	 and	 a	 90%	 chance	 of	
survival	(3.8	QALYS),	we	ind	the	expected	value	of	
surgery is 3.42 (Figure 6 ). If we do the calculation 
for the lower branch, we get the expected value for 
drug	therapy	is	3.76	QALYs.	Because	3.76	>3.42,	we	
would recommend surgery over drugs IF the sensitiv-
ity analysis shows this result to be robust. The deci-
sion	 tree	 in	 the	 example	 focuses	 on	QALYs	 for	UI	
treatment and it ignores cost differences, but it could 
be	easily	modiied	to	include	cost	information.

c) Markov Model

The decision tree, as shown above, assumes the 
chance of events is stable over time. Our knowledge 
about urinary incontinence suggests otherwise. A 
person, for example, could get surgery for stress 
incontinence, but over time we need to include the 
potential	for	surgical	failure.	Markov	models	are	good	

Figure 4. A hypothetical decision tree for treatment of 
patients with stress incontinence. Squares = decision 
nodes, Circles = Chance nodes and terminal nodes.

Figure 5. Computation of expected QALY values for 
the two terminal nodes, after surgery survival.
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Figure 7. A basic four-state Markov Model

for incorporating changes in health states over time. 
At	their	core,	Markov	models	are	mathematical	tech-
niques, derived from matrix algebra, that describe 
the transitions a cohort of patients make among a 
number of mutually exclusive health states over time. 
The model works by cycling to make new calcula-
tions for each period of time.

The	 pictorial	 depiction	 of	 a	Markov	model	 is	 typi-
cally shown as a decision state. Figure 7  shows a 
very	basic	four-state	Markov	model.	At	each	period	
in time, a person has to be in one and only one of 
the	states.	But	with	each	change	in	time	(cycle),	the	
person can move to another state, shown with ar-
rows, depending on the possible states and a prob-
ability. If the person dies, they are shown to enter 
the death state. The person cannot leave this state.

Some	 aspects	 of	 the	 Markov	 model	 construction	
are similar to a decision tree. Setting up the model 
is quite similar. One must identify the health states 
and the transition probabilities. What is quite differ-
ent	is	that	one	must	determine	the	cycle	length—the	
rate at which you allow people to change states. The 
cycle length should be a clinically meaningful period 
of time and this choice is also frequently affected by 
the availability of data. There may be publications 
showing annual failure rates for surgery and so one 
could	choose	an	annual	cycle.	For	a	Markov	model,	
one needs to know the value for each state. Again, 
QALYs is the preferred metric. When the model 
runs, the program keeps track of the amount of 
time each person spends in each state. Transitions 
to other states are handled by transition probabili-
ties	(i.e.	the	likelihood	of	cure	or	failure).	Decisions,	
such as the decision to change from one treatment 
to	another,	can	affect	transition	probability.	Models	
can use cohort simulations where a large hypotheti-
cal cohort of patients is run through the model. This 
does not provide information on the distribution of 
expected	values.	Monte	Carlo	simulations	run	each	
patient through the model a large number of times 
(e.g.,104). In doing so, this provides a distribution 
and variance information on patients.

With	 Markov	 models,	 sensitivity	 analyses	 remain	
a crucial step to test the robustness of the model. 
Recent	advances	in	sensitivity	analyses	and	in	the	
graphical presentation of data general require the 
use	of	speciic	software.	Although	some	people	pro-
gram	Markov	models	 into	a	 spreadsheet,	 such	as	
Excel,	both	Tree	Age	and	Decision	Maker	software,	
are well known for their ability to streamline decision 
analysis and provide many advanced features that 
would	be	very	dificult	in	Excel.

3. STATISTICAL ANALYSIS

In the last ICI chapter, we discussed alternative sta-
tistical techniques, but did not discuss bootstrap-
ping, which has become quite common in cost util-
ity analysis, especially in analyses alongside clinical 
trials.	Bootstrapping	 is	a	method	of	resampling	that	
enables researchers to estimate parameters based 
on the observed sampling distribution. It is particu-
larly	 useful	when	 estimating	 the	 conident	 intervals	
for	 the	 incremental	 cost-effectiveness	 ratio	 (ICER).	
The	 ICER	 involves	 dividing	 the	mean	 difference	 in	
costs by the mean difference in utilities. Statistical 
software can easily determine whether two samples 
have different costs or different utilities (e.g., t-test). 
But	software	cannot	easily	calculate	the	conidence	
interval around the ratio of these two differences. 
Bootstrapping	involves	randomly	drawing	cases	from	
the sample and replacing the case back in the sam-
ple.	Resampling	is	done	until	the	original	sample	size	
is met. The same process is then done again and 
again, typically 4000 times. Thus, by resampling, the 
analyst	can	calculate	the	ICER	4000	times,	thereby	
providing	a	distribution	around	the	ICER.

4. BUDGET IMPACT ANALYSIS

Providers and payers often have priorities that are not 
directly addressed by a cost-effectiveness analysis 
from	a	 societal	 perspective.	Budget	 impact	 analysis	
(BIA)	was	developed	 to	 inform	a	decision	maker	on	
how alternative technology will affect their budget. A 
BIA	will	often	focus	on	the	decision	maker’s	costs	and	
over a short time frame (e.g., 1-3 years). Other pa-
rameters in the model, such as patient characteristics 
or	input	costs,	can	also	be	tailored	speciically	for	the	

Figure 6. Computation of expected QALY values 
after surgery for stress incontinence.
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decision	maker.	Making	decision	based	solely	on	a	
BIA	can	 lead	 to	suboptimal	societal	 results.	Hence,	
scientists	 advocate	 that	 a	BIA	be	done	 in	 conjunc-
tion with a CEA so that decision makers are informed 
about the broader social implications of their deci-
sion. The International Society for Pharmacoeco-
nomics	 and	 Outcomes	 Research	 (www.ispor.org)	
has	 created	 guidelines	 for	 conducting	 a	 BIA	 and	
these can be found on their website.

1. HEALTH OUTCOME MEASURES SUITABLE 
FOR USE IN ECONOMIC ANALYSES

There are a number of health outcomes that are 
used in economic evaluations of incontinence. These 
include	disease-speciic	outcomes,	health	status	and	
health value (e.g., QALY). Each is discussed in turn. 

a) Incontinence speciic outcomes

Cost-Effectiveness	in	Health	and	Medicine[9]	recom-
mends using QALYs as the effectiveness measure 
in the CEA. However, the panel also notes that ana-
lysts can use a clinical outcome measure. For incon-
tinence, clinical outcome measures include 24-hour 
pad test, a voiding diary, or urodynamics. These out-
comes are attractive for clinicians because they often 
use these measures in clinical practice. 

Clinical outcomes can be very valuable in identify-
ing	when	 a	 treatment	 is	 eficacious.	However,	 us-
ing clinical outcomes in a CEA yields results that 
are limited in scope. A treatment might have im-
proved a person’s quality of life, but had little effect 
on the clinical outcome measure. In this case, the 
results would be biased. In addition, a CEA with a 
clinical outcome measure might not be comparable 
to another CEA with a different clinical outcome 
measure. A clear advantage of cost utility analysis 
is that QALYs can be generalized beyond inconti-
nence.	For	 this	 reason,	QALYs	and	CUAs	are	 the	
gold standard.

b) Health Status and Quality of Life Measures

There are a number of frequently used and highly 
regarded general health status measures, such as 
the	SF-36,	the	Sickness	Impact	Proile	and	the	Not-
tingham	 Health	 Proile,	 which	 describe	 a	 person’s	
current health state. Instruments that assess how a 
person perceives or feels about their health state are 
called quality of life (QOL) measures.

Chapter	5	in	this	book	reviews	generic	and	disease	
–	speciic	quality	of	life	measures,	which	are	useful	
for understanding the effects of a treatment. How-
ever, because they cannot be used to create QALYs 
they are of limited value in economic analysis. An 
example	of	an	exception	is	the	SF-36	for	which	Bra-
zier et al. [26] have created a utility scoring system 
known	as	the	SF-6D.

c) Health value

Although there are several ways of measuring the 
value of a health state, the most common are willing-
ness	to	pay	(WTP)	[27]	and	the	quality-adjusted	life	
year (QALY). We focus on QALYs as they represent 
the current standard for measuring health value in 
cost utility analysis.

QALYs denote the relationship between the value of 
a given health state and the length of time a person 
lives in that health state. The value of a given health 
state is measured in ‘utilities’, where ‘utilities’ repre-
sent preferences for a given health state.

To understand utilities, consider the following: most 
people would prefer to be healthy over a given time 
rather than suffer constant urinary or fecal inconti-
nence.	Utility	measurement	refers	to	valuing	these	
preferences on a perfect health-death scale with 
endpoints of 1.00 and 0.00, where 1.00 is perfect 
quality of life (best imaginable) and 0.00 is death 
equivalent quality of life. For example, the mea-
sured utility for urinary incontinence may be 0.60. 
If	 treatment	 improves	 this	 to	 0.70,	 then	 the	 value	
of	the	treatment	is	0.70	–	0.60	=	0.10.	If	this	utility	
gain is maintained over time, say for 10 years, then 
the	gain	is	0.10	x	10	=	1.00	QALY.	Because	utilities	
are measured on an absolute scale (perfect health 
to death), they can be used across different health 
states and therefore can be used to compare the 
effect	 of	 interventions	 in	 different	 health	 ields,	 or	
different	interventions	within	the	same	ield.	For	ex-
ample, the QALYs gained from treatment for incon-
tinence could be compared with those gained from 
treatment for depression. Where treatment costs 
(including costs to the patient) are known, the treat-
ment providing the lowest incremental cost-per-QA-
LY gained is preferred as this ensures society gains 
the	greatest	beneit	from	the	health	care	dollar.

Direct	and	indirect	methods	have	been	used	to	elicit	
utilities [28]. The most common direct elicitation 
methods for valuation include time trade off (TTO), 
standard gamble (SG), and the visual analog scale 
(VAS).	 For	 description	 of	 these	 methods,	 see	 our	
previous chapter in this ICI series [29].

1. INSTRUMENTS MEASURING UTILITIES SUITABLE  FOR QALY 
CALCULATION

Multi-attribute	utility	(MAU)	instruments	can	be	used	
instead of the direct elicitation methods. Simply, a 
MAU-instrument	 decomposes	 HRQoL	 into	 health	
domains	 (e.g.,	 mobility	 and	 emotions).	 Respon-
dents provide estimates for each attribute, which 
are then ‘valued’ and summarized into a utility. The 
three	 most	 commonly	 used	 MAU	 instruments	 are	
Quality	of	Well	Being	Scale	(QWB),	Health	Utilities	
Index	(HUI)	and	EQ5D	(as	reviewed	by	Hawthorne	
&	Richardson[30]).

Quality of Well-Being Scale (QWB)

The	QWB	has	three	dimensions	(Mobility,	Physical	
Activity,	and	Social	Activity),	with	3–5	 levels	each,	
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and	 27	 illness	 symptoms	 [31].	The	QWB	 requires	
trained	 interview	 administration	 (15–35	 minutes),	
although a shorter version is available; a self-report 
version is under development. The upper boundary 
is 1.00, lower boundary is 0.00 

Health Utilities Index (HUI)

The	HUI	uses	12	items	that	measure	8	domains	(Vi-
sion,	Hearing,	Speech,	Ambulation,	Dexterity,	Emo-
tion, Cognition and Pain). The upper boundary is 
1.00, lower boundary is –0.36. 

EQ5D

The	 EQ5D	 was	 developed	 by	 the	 Euroqol	 team	
from	7	European	countries	[32,	33].	 It	has	5	 items	
measuring	 Mobility,	 Self-care,	 Usual	 Activities,	
Pain/Discomfort	 and	 Anxiety/Depression.	 The	 up-
per	boundary	is	1.00,	lower	boundary	is	–0.59.	This	
has become a very popular instrument in clinical tri-
als because it has been widely used in many lan-
guages and it is very brief.

A recent study [34] tested the effect of stress urinary 
incontinence on quality of life, as measured with the 
EQ5D.	 Investigators	 in	 the	 Stress	 Urinary	 Inconti-
nence	Treatment	(SUIT)	study,	a	12-month,	prospec-
tive, observational, multicenter study multicountry in 
four European countries, described the association 
of	SUI	symptoms	with	the	EQ5D	among	3762	women	
seeking	treatment	for	symptoms	of	SUI.	Participants	
had	a	mean	age	of	58	years,	mean	body	mass	index	
of	27.7	kg/m2,	and	had	at	 least	one	comorbidity	 in	
addition	 to	UI.	The	 health	 state	 index	 scores	were	
signiicantly	 and	 independently	 inluenced	 by	 the	
presence of comorbidities affecting quality of life, to-
tal number of stress and urge incontinence episodes. 
In summary, the number of incontinence episodes 
and	type	of	UI	had	a	signiicant	impact	on	the	EQ-5D	
index score.

SF-6D

Whenever	 SF-36	 raw	 scores	 are	 available,	 SF6D	
utilities	can	be	computed	[26].	The	SF-6D	measures	
physical functioning, bodily pain, mental health, 
physical role, emotional role, social functioning, and 
vitality.	The	endpoints	 for	 the	SF-6D	are	 1.00,	 and	
0.30 for the worst possible health.

The 15D

The	15D	was	created	in	Finland.	It	has	15	items,	mea-
suring	Mobility,	Vision,	Hearing,	Breathing,	Sleeping,	
Eating,	Speech,	Elimination,	Usual	Activities,	Mental	
Function,	Discomfort	&	Symptoms,	Depression,	Dis-
tress,	 Vitality	 and	Sexual	 Function	 [32].	The	 upper	
boundary is 1.00, lower boundary is +0.11. 

The	 15D	 is	 a	 generic,	 comprehensive,	 standard-
ized,	self-administered	measure	of	HRQOL	that	can	
be	 used	 both	 as	 a	 proile	 and	 single	 index	 score	
measure	 [35].	The	single	 index	score	 (15D	score)	
on	a	0-1	scale	and	representing	the	overall	HRQOL,	
is calculated based on population-based preference 
or	utility	weights.	The	15D	scores	are	shown	to	be	

highly reliable, sensitive and responsive to change, 
and valid for deriving quality-adjusted life years 
(QALYs) gained for resource allocation purposes. 
The	15D	score	 is	sensitive	 to	urinary	 incontinence	
in	a	cross-sectional	study	[36,	37]	and	is	sensitive	to	
change in incontinence severity following interven-
tion [24, 38]. A recent population-based survey of 
over	3700	Finnish	adults	 found	 that	 increased	se-
verity of urgency and urgency urinary incontinence 
is	associated	with	statistically	signiicant	decreases	
in	 the	 total	 15D	 score	 and	on	all	 15D	dimensions	
(p<0.001 for all) [36].

The Assessment of Quality of Life (AQoL)

The	Assesment	of	Quality	of	Life	(AQoL)	includes	ive	
dimensions: Illness (not used in utility computation), 
Independent	 Living,	 Social	 Relationships,	 Physical	
Senses and Psychological Well-being [39]. The up-
per boundary is 1.00, lower boundary is –0.04. 

The	Rosser	 Index	 has	 two	 dimensions	measuring	
disability and distress, and measured 29 health 
states.	Values	(magnitude	estimation)	were	from	a	
convenience	sample	of	70	 respondents	 [40].	A	 re-
vised version in the early 1990s included discomfort 
as an additional dimension [40]. Administration re-
quires a trained interviewer. The upper boundary is 
1.00, and the lower boundary –1.49, which means 
that health states worse than death are permitted. 

Note that many people with incontinence are not 
cognitively	 able	 to	 complete	 a	MAU	 or	 go	 through	
a standard utility elicitation process. Some of the 
MAUs,	 such	 as	 the	HUI3,	 have	 been	 validated	 for	
use with proxies. Although not always possible, if 
proxies are expected then proxies should be gath-
ered for all cases, even those patients who complete 
the utility measure themselves, so that the method is 
applied in a standard, consistent fashion.

2.  “DO IT YOURSELF” - HOW TO CONDUCT 
A COST UTILITY ANALYSIS: THE COMMIT -
TEE’S RECOMMENDATIONS

The	 cost	 utility	 analysis	 (CUA)	 now	 represents	 the	
gold standard for medical decision making. There-
fore, the remainder of this section highlights ten key 
issues	that	must	be	addressed	in	a	CUA.	These	ten	
principles, summarized below, comprise an appropri-
ate minimum standard for performing and reporting 
cost	 utility	 analyses.	 The	 principles	 were	 identiied	
from guidelines established by the Panel on Cost-Ef-
fectiveness	in	Health	and	Medicine	convened	by	the	
United	States	Public	Health	Service	 [9].	Each	prin-
ciple should be explicitly addressed in every study.

a)  The Research Question must be clearly stated. 
All	 CUAs	 must	 compare	 at	 least	 two	 different	
treatments or interventions. One of these should 
include the current standard practices. For ex-
ample when comparing surgeries for stress in-
continence, one of the comparators should be a 
longstanding method, avoid comparing two new 
methods side by side.
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b)  The Time Frame 	 over	which	 costs	and	beneits	
are measured should be long enough to capture 
the economic impact of an intervention and fu-
ture health outcomes. Pharmacology studies of 
12 weeks duration give very little real economic 
information, and surgical complications/ failures 
seldom emerge in less than 1-2 years.

c)  Perspective:  The choice of perspective should 
be clear. Total society perspective (all payers) is 
the gold standard. Other perspectives, such as 
the payer or patient perspective, may be useful 
but must be stated clearly.

d)  Probabilities  are needed for each “chance” 
event, such as chance of cure or chance of an 
adverse event. The best sources of probabilities 
come from meta-analyses of randomized clinical 
trials, or if not available use data from individual 
clinical trials.

e)  Costs: 	 Units	 of	 expense	 and	 unit	 costs	 should	
be described in detail. Information on the source 
(e.g., charges, payments) and year of the cost 
data	should	be	presented.	If	the	costs	were	inlat-
ed and/or converted from another currency, then 
this must be described.

f)  Outcome Measure: 	 Measures	 of	 effectiveness	
depend on the type and objectives of analysis. 
Quality adjusted life years are the gold standard, 
as described previously in this chapter.

g)  Analytic Model:  Each intervention being as-
sessed must be described and possible courses 
of	events	identiied,	including	the	expected	course	
of disease, treatments, complications, and out-
comes. This may be performed using a spread-
sheet/	clinical	trial	path,	or	Decision	Tree,	or	Mar-
kov	Model.

h)  Discounting:  Since the value of both costs and 
beneits	may	decrease	over	time,	discounting	is	
used to calculate the present value of money 
and health states that will occur in the future. 
Future costs and utilities should be discounted 
to	present	value;	3	%	per	year	is	a	recommend-
ed starting point.

i)  Incremental Analysis: The	purpose	of	a	CUA	 is	
to describe the relative value of one health care 
strategy compared to another. An incremental 
cost-effectiveness	 ratio	 (ICER)	 is	 the	 incremental	
cost divided by the incremental effectiveness of 
intervention a compared to intervention b, and is 
calculated as follows.

Averages should be used rather than other mea-
sures of central tendency, such as medians, be-
cause it is important to include the effect of outliers. 
The leverage of the outliers should be tested in a 
sensitivity analysis.

j)  Sensitivity Analysis:  A sensitivity analysis should 
allow the reader to understand whether the conclu-
sion of the analysis would hold true if either the 
Costs or the Probabilities (of cure or complications) 
were to vary substantially. For example if one treat-
ment	costs	€5,000	and	has	a	cure	rate	of	90%,	and	
the second treatment costs €2,000 with a cure rate 
of	80%,	then	the	ICER	will	assess	whether	the	re-
sultant	beneit	in	QALY/	Quality	of	Life	makes	the	
irst	treatment	worthwhile.

Having reached this conclusion, the researcher 
should then vary the costs and the cure rates in the 
model, to see how much variation in real life would 
be allowed yet still maintain a valid conclusion.

Documenting	 these	 boundaries	 helps	 deine	 the	
conditions under which a treatment is preferred. 
Researchers	are	developing	innovative	methods	for	
conducting sensitivity analyses. Probabilistic models 
that use simulations are becoming more common, al-
though they can be computationally complex. Some 
journals require probabilistic sensitivity analyses.

Two trends stand out while reviewing the recent lit-
erature. First, many studies are choosing relatively 
short	 time	 frames.	This	makes	 it	 dificult	 to	 project	
the long-term economic consequences. Second, a 
number of studies are claiming that one treatment 
is dominant with very small differences in parameter 
estimates. This raises questions about whether one 
treatment is non-inferior.

1. SURGERY FOR STRESS INCONTINENCE

Previous reports from this ICI committee[41] on the 
cost-effectiveness of surgical treatment for stress in-
continence can be summarized as:

•	 minimally	 invasive	 surgery	 (TVT,	 injectable	
therapy) are likely to be cost-effective compared 
to	more	invasive	surgeries	like	the	Burch	colpo-
suspension

•	 studies are limited by poor longer-term data on 
the effectiveness of less invasive procedures, 
lack of primary and/or generalizable data on 
costs, clinical outcomes and utilities and not us-
ing a accepted and generalizable outcome (cost 
per QALY or cost per “cure”)

•	 there is a need for longer-term follow-up data 
from methodologically rigorous randomized tri-
als to provide a better data to estimate the rela-
tive	beneits	and	cost	implications

ICER =

Average Cost
intervention A

Average Cost
intervention B

Average Utility
intervention A

Average Utility
intervention B

V. SUMMARY OF RECENT
ECONOMIC ANALYSES 



1842

Since the last ICI meeting in 2008, few cost-ef-
fectiveness analyses of surgical interventions for 
stress incontinence which systematically compare 
costs	and	outcomes	within	an	RCT	framework	have	
been published.

In	late	2008,	the	U.S	Urinary	Incontinence	Treatment	
Network group estimated costs for incontinence 
management, health-related quality of life, and will-
ingness to pay for incontinence improvement in 
women electing to have surgery for stress urinary in-
continence [42]. This cross-sectional study included 
655	incontinent	women	enrolled	in	the	Stress	Incon-
tinence	Surgical	Treatment	Eficacy	Trial	 (SISTER),	
a	 randomized	 surgical	 trial.	 Baseline	 out-of-pocket	
costs for incontinence management were calculated 
by multiplying self-report of resources used (sup-
plies, laundry, dry cleaning) by national resource 
costs	(in	2006	USD).	Post-treatment	costs	were	giv-
en in a later report.

Health-related quality of life was estimated with the 
Health	Utilities	Index	(HUI)	Mark	3.	Participants	es-
timated	 willingness	 to	 pay	 for	 100%	 improvement	
in incontinence. Potential predictors of these out-
comes were examined by using multivariable linear 
regression.	Mean	age	was	52	±	10	years,	and	mean	
number	of	weekly	 incontinence	episodes	was	22	±	
21.	Mean	(SD)	and	median	(interquartile	range)	esti-
mated personal costs for incontinence management 
among	all	women	were	$14	±	$24	and	$8	(interquar-
tile	range	$3,	$18)	per	week,	and	617	(94%)	women	
reported	any	cost.	Costs	increased	signiicantly	with	
incontinence	 frequency.	Mixed	 leak	cost	more	 than	
pure stress incontinence.

The	mean	and	median	Health	Utilities	Index	Mark	3	
scores	were	0.73	±	0.25	and	0.84	(interquartile	range	
0.63, 0.92). Women were willing to pay a mean of 
$118	 ±	 $132	 per	month	 for	 complete	 resolution	 of	
incontinence, and willingness to pay increased sig-
niicantly	 with	 greater	 expected	 incontinence	 im-
provement, household income, and incontinent epi-
sode	 frequency.	Urinary	 incontinence	 is	 associated	
with high costs, with women reporting expenses of 
nearly	$750	per	year	out	of	pocket	for	 incontinence	
management. Women were also willing to pay a lot 
-	nearly	$1,400	per	year	-	for	incontinence	cure,	re-
lecting	 the	 high	 degree	 of	 bother	 of	 the	 condition.	
Incontinence	was	also	associated	with	a	signiicant	
decrement in quality of life.

Subak et al (2010)[43] then studied 491 women who 
completed 24 months of the Stress Incontinence 
Surgical	 Treatment	 Eficacy	 Trial	 (SISTER)	 who	
underwent	Burch	colposuspension	or	sling	surgery.	
Self-reported out-of-pocket incontinence manage-
ment costs were measured at 24 months post-op-
eratively.	Women	quantiied	 the	 resources	used	 for	
management	of	UI	including	number	of	supplies	for	
UI	and	additional	 laundry	and	dry	cleaning	needed	
each	week.	Total	costs	for	management	of	UI	were	
estimated by multiplying these resources by national 

resource	costs	(2006	USD).	The	analysis	combined	
both treatment groups to examine the effects of 
change	in	UI	over	24	months	on	cost.	Univariate	and	
bivariate changes in cost were analyzed using Wil-
coxon signed rank test. Potential baseline predictors 
of change in cost were examined using multivariate 
mixed models adjusting for age, ethnicity, baseline 
BMI,	 annual	 income,	 ≥3	UTIs,	 POP-Q	 stage,	 fecal	
incontinence,	 diabetes,	 prior	 non-surgical	 UI	 treat-
ment, menopause, smoking, treatment group, and 
accounting for site clusters.

The	mean	 (±SD)	age	of	 participants	with	 complete	
resource	use	data	at	baseline	and	24	months	was	53	
±	10	years.	The	mean	weekly	UI	frequency	was	23	+	
21	episodes	at	baseline,	which	decreased	by	86%	at	
24	months	(P<0.001).	Mean	weekly	cost	was	$14.88	
±	$25	(median	$8.42)	at	baseline	which	decreased	to	
$4.10	±	$14	(median	$0.09)	at	24	months	(P<0.001).	
The proportion of women reporting any cost de-
creased	from	95%	at	baseline	to	50%	at	24	months	
(P<.0001). There was a similar reduction in weekly 
cost	for	both	treatment	groups	(-$10.83	for	Burch	vs.	
-$10.73	for	sling;	P=0.49).	In	multivariable	analyses,	
cost	decreased	by	$0.96	±	$0.23	per	week	for	each	
decrease	of	7	UI	episodes	per	week	(P<0.001)	and	
was strongly associated with greater improvement 
in	UDI	and	 IIQ	scores	and	decreased	24-hour	pad	
weight (P<0.001 for all). In summary, incontinence 
management	 costs	 decreased	 by	 73%	 ($580	 per	
woman per year) and were strongly and indepen-
dently	 associated	with	 decreasing	UI	 frequency	 24	
months	following	Burch	or	sling.	

Lier and colleagues [24] performed a within trial 
cost-utility analysis in a randomized trial of trans-
obturator tape (TOT) compared with tension-free 
vaginal	 tape	 (TVT)	 in	 the	 surgical	 treatment	 of	
stress	urinary	incontinence	(SUI)	among	194	wom-
en in Canada. Cure was assessed by objective pad 
tests.	They	assessed	costs	 in	2007	Canadian	dol-
lars	 from	 the	 public-payer	 perspective,	 i.e.	 807$	
Can for surgical kits, plus day only surgical costs 
and	12	months	of	care	costs.	The	15D	utility	instru-
ment was used to measure QALYs. At 1 year post-
surgery,	81%	of	TOT	patients	were	dry	on	24	hour	
pad	 test,	 versus	77%	of	TVT	patients;	15%	of	 the	
TOT	had	groin	pain	(versus	6%	of	TVT)	but	whether	
this contributed to medical costs over 12 months 
was	not	clear.	The	TOT	group	had	a	non-signiicant	
average	 saving	 of	 $1133	 (95%	CI	 -2793;	 442),	 or	
17%,	with	no	difference	in	average	QALYs	between	
groups	(95%	CI	-0.02;	0.01).	TOT	was	cost-saving	
in	over	80%	of	sensitivity	analyses,	suggesting	that	
TOT	would	be	cost-effective	compared	with	TVT	in	
the	treatment	of	SUI.	However,	longer-term	assess-
ment of clinical and economic outcomes are needed 
to	conirm	the	inding	and	observe	for	effectiveness,	
surgical complications, and re-treatment. 

Jacklin	 et	 al	 [44]	 published	 a	 decision	 tree/Markov	
model in 2010 which proposed to consider the cost 
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utility of second line treatment for women with stress 
incontinence	 who	 had	 failed	 PFMT.	 The	 Markov	
model was controversial, because patients were ex-
pected	to	have	either	duloxetine	or	a	TVT	and	then	
be followed up for 2 years, there was no opportunity 
for patients not responding to duloxetine to progress 
to	a	TVT.	However	patients	failing	the	initial	TVT	were	
able	to	have	a	repeat	TVT.	The	purpose	of	the	article	
was to employ recently published long term followup 
data for duloxetine (as initial studies only reported to 
12	months,	with	68%	of	women	estimated	to	contin-
ue therapy, but recent studies showed much poorer 
continuation	rates,	i.e.	9%	and	8%	at	12	months	and	
2	years).	No	actual	QALY	data	for	the	TVT	patients	
were cited from the literature, and QALY date for du-
loxetine	patients	was	cited	from	a	small	study	[45].	

Unsubstantiated	assumptions	were	made	about	the	
QALY loss associated with adverse events from du-
loxetine therapy. An 8 week course of duloxetine cost 
£30 (which would be very low cost for this medication 
in	most	countries),	a	TVT	cost	£2,044.	They	conclud-
ed	that	TVT	 is	a	cost	effective	second	 line	 therapy,	
but duloxetine, although cheaper, is not cost effective 
because of high discontinuation rates and lower ef-
icacy.	One	of	the	authors	was	part	funded	by	NICE,	
a second author had previously been funded by the 
manufacturers of duloxetine.

Patel et al. [46] compared the operating/bedstay 
billing	costs	in	45	patients	from	South	Carolina	hav-
ing surgery for stress incontinence with or without 
prolapse, who had either commercial mesh kits, or 
segments of prolene mesh that were sewn in by the 
surgeon,	 with	 or	 without	 biomaterials	 during	 2007-
2008. Operative billing sheets including operative 
time, hospital “cost”, bedstay time, and the insurance 
billings were reviewed. Surgeon payment was not 
included.	The	deinition	of	 cost	 is	unclear	and	may	
represent hospital charge rather than cost. In both 
pure stress incontinence or coexistent prolapse, the 
surgeon-made prolene mesh operations were less 
expensive than the surgical kits, not surprisingly. No 
eficacy	data	or	QALY	data	were	included.

In	 our	 last	 report,	Wu	 et	 al.	 [47]	 had	 very	 recently	
performed a methodologically excellent cost-effec-
tiveness	 analysis	 of	 Burch	 colposuspension	 com-
pared	 with	 TVT	 for	 stress	 incontinence,	 using	 a	
Markov	 model	 to	 compare	 costs	 (2005	 USD)	 and	
QALy’s	(measured	by	the	Health	Utilities	Index)	over	
10 years from a health care system perspective. In 
this well done study using state-of-the-art methods, 
Burch	colposuspension	was	not	cost-effective	com-
pared	with	TVT.	However,	if	the	tension-free	vaginal	
tape	 failure	 rate	 was	 to	 increase	 over	 time,	 Burch	
may become cost-effective, reinforcing the need for 
long-term follow-up in surgical trials and cohorts. 

In our last chapter, we reported a study regarding 
open	vs.	laparoscopic	colposuspension	by	Dumville	
et al [48], which the Committee pointed out was a 
good example of the importance of evaluating costs 

over a long time frame to allow cost effectiveness to 
emerge. In the initial economic analysis of the two 
procedures at 6 months, healthcare costs were high-
er	for	the	laparoscopic	arm	than	for	the	open	Burch	
arm	(£1805	vs.	£1433;	differential	mean	cost	£372;	
95%	CI	274,	471)	due	to	increased	theater	costs.	QA-
LYs were slightly higher in the laparoscopic arm rela-
tive	to	the	open	arm	(0.005;	95%	CI	-0.012,	0.023).	
The	ICER	was	£74,400	at	6	months.	At	24	months,	
higher mean QALY’s persisted in the laparoscopic 
arm	and	modeling	showed	the	ICER	was	reduced	to	
£9300. While laparoscopic colposuspension was not 
cost effective compared with open colposuspension 
during	the	irst	6	months	following	surgery,	it	may	be	
cost effective over 24 months. 

In the last report, we discussed the multicentre 
RCT	 of	 Manca	 et	 al	 (2003)[49]	 who	 assessed	 the	
cost	 effectiveness	 of	 TVT	 with	 open	 colposuspen-
sion for primary stress incontinence at 6 months, in 
344	women	from	24	centres	 in	the	UK	and	Ireland.	
The	EQ-5D	was	used	to	measure	QALYs.	The	TVT	
had lower mean costs and higher mean QALYs at 6 
months,	which	persisted	over	95%	of	sensitivity	anal-
yses.	The	2	year	and	5	year	follow-up	of	this	study	
has since been published but no further economic 
analysis appears to have been reported. 

2. SURGERY FOR URGE INCONTINENCE

a)  Studies regarding Botulinum Toxin A Injec-
tions (Botox A)

Three	 studies	 comparing	 Botox	A	 with	 other	 treat-
ments have been published since our last report. Wu 
et	al	(2009)	from	the	USA	performed	a	Markov	model	
analysis	of	Botox	A	versus	anticholinergic	medication	
[50].	The	model	was	conducted	over	a	two	year	time	
frame,	and	assumed	that	33%	of	patients	would	com-
ply with anticholinergic therapy over this time. The 
Botox	 treatment	cycles	were	more	expensive	 (US$	
4,400)	 than	 the	 anticholinergic	 medication	 (US$	
2,560),	but	the	Botox	was	more	effective	(QALY	gain	
1.63	versus	1.50),	yielding	an	ICER	of	$14,377.

Wefer	 et	 al	 (2009)	 from	Germany	 evaluated	Botox	
A injections in 214 patients with neuropathic detru-
sor	overactivity	 [51].	300	 IU	of	Botox	were	 injected	
in each patient (which is common practice in neuro-
pathic	DO,	but	varies	from	some	clinical	practice	 in	
Idiopathic	DO	which	200IU	are	often	given).	The	in-
jections were given as inpatients. Pad costs per day 
were	reduced	from	€2.11	per	day	to	€1.05,	and	medi-
cations for urinary tract infection fell by half (from 
€162	per	annum	 to	€80	per	annum).	Unfortunately	
no QALY measurements were performed.

Robinson	et	al.	(2010)[52]	undertook	a	Markov	mod-
el	 study	 comparing	 Botox	 with	 percutaneous	 tibial	
nerve stimulation (PTNS), over a 2 year time frame 
in	refractory	 idiopathic	detrusor	overactivity.	Repeat	
botox injections were assumed to occur every 8 
months;	20%	of	patients	were	assumed	 to	perform	
clean intermittent self-catheterization for 4 months. 
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QALY data was assumed from the literature. PTNS 
was	cheaper	than	Botox	(£1,700	versus	£4,067)	and	
had	 a	 lower	 ICER	 (£50,133	 versus	 £111,953)	 but	
neither	would	 satisfy	UK	NICE	 guidelines	 for	 cost-
effectiveness (i.e. not less than £30,000 per QALY).

Padmanabham	et	 al	 (2011)	 from	USA	 performed	 a	
decision	tree	analysis	of	Botox	injections	versus	Clam	
Cystoplasty[25]	 (which	 is	 an	 arguable	model,	 since	
Sacral Nerve Stimulation has largely overtaken clam 
cystoplasty in the western world). Nevertheless, this 
was	 a	 group	 of	 severely	 refractory	 neuropathic	DO	
patients, who were performing clean intermittent self 
catheterization (CISC) but still had upper tract dilata-
tion	and	recurrent	urinary	tract	 infection	(UTI).	Their	
decision tree is shown in Figure 3  (earlier in this 
chapter).	Botox	300	IU	was	injected	every	6	months	
for	5	years,	the	cost	of	each	injection	was	US$	2,800,	
equaling	28,000	over	5	years.	The	Clam	Cystoplasty	
cost	US	$33,000.	In	their	model,	it	was	assumed	that	
10%	of	patients	would	fail	Botox,	of	whom	85%	would	
go on to have a Clam Cystoplasty (this model is con-
troversial in the modern day climate).

No QALY data were provided, but the authors con-
cluded	that	if	the	durability	of	Botox	beneits	exceed-
ed	5.1	months,	then	the	cost	effectiveness	of	Botox	
dominated, so long as the complication rate of the 
Clam	Cystoplasty	was	less	than	14%.	The	irst	pro-
viso appears quite reasonable, but the complication 
rate of Clam cystoplasty is known to be higher than 
14%,	and	the	1%	mortality	 is	not	mentioned	(which	
would have adversely affected any QALY data taken 
from a real life study).

b) Sacral nerve stimulation

Sacral Nerve Stimulation (SNS) is a minimally inva-
sive	FDA	approved	second	line	treatment	for	refrac-
tory	overactive	bladder	(OAB)	dry	and	wet.	Currently	
ive	papers	describe	different	aspects	of	cost	analy-
sis and cost-effectiveness of SNS, some with com-
parison	to	other	treatment	strategies	for	OAB	[53-57].

Aboseif	 et	 al[53]	 in	 the	 U.S.A.	 retrospectively	 re-
viewed the costs related to SNS for a period extend-
ing from one year pre- to one year post-implantation. 
In a heterogeneous group of patients, also including 
patients with urinary retention and chronic pelvic 
pain,	a	one	year	SNS	treatment	reduced	92%	of	out-
patient doctor visits and diagnostic and therapeutic 
procedure	costs,	along	with	a	30%	reduction	in	drug	
costs	[53].	This	however	did	not	include	the	costs	of	
the neuromodulation implant itself, nor the surgical 
implantation costs. QALYs were not ascertained.

A cost analysis evaluation was also conducted in a 
large	multicenter	cohort	study	in	France,[56]	which	
included	 190	 OAB	 wet	 patients	 and	 neuropathic	
DO,	as	well	 as	another	 85	patients	with	OAB	wet	
plus faecal incontinence (double incontinence). 
Treatment costs included insertion of preliminary 
tined leads under GA as an outpatient then perma-
nent	 implant	as	an	 inpatient,	with	Botox	 injections	

given as an inpatient. Health-related travel costs 
were also included in the analysis, which extended 
from the pre-test evaluation, over the temporary 
stimulation procedure until two years after the im-
plant procedure.

The	median	overall	cost	per	OAB	wet	patient	for	the	
irst	two	years	was	€16,403,	which	was	on	average	
€8,525	 more	 per	 patient	 compared	 to	 patients	 on	
alternative treatments, which comprised conserva-
tive measures (medication and diapers/pads), botu-
linum toxin injection, enterocystoplasty or urinary 
diversion. Importantly, devices and hospital stays 
accounted	for	40%	and	52%	of	the	total	cost	respec-
tively. Although the authors provided a limited cost-
effectiveness analysis over the two year period, the 
interpretation	 of	 the	 results	 are	 dificult	 because	 of	
the heterogeneity of the study population, surgical 
procedures and the lack of clear descriptions of the 
cost-effectiveness parameters. Their data, however, 
suggest	 that	SNS	 for	OAB	wet	 is	not	cost-effective	
over the two years period. This is in agreement with 
the	data	from	Siddiqui	et	al[57]	(see	below),	and	not	
surprising since the initial costs are very high due to 
the device costs. Interestingly, their data suggest that 
SNS may be cost-effective even in the short term for 
patients	with	double	incontinence	[56].	This	deserves	
attention in future research.

Siddiqui	 et	 al	 [57]	 performed	 a	 cost-effectiveness	
analysis	of	SNS	vs	intravesical	Botulinum	Toxin	A	in	
patients	with	 idiopathic	“OAB	wet”	 in	 the	US.	A	two	
year period was chosen for evaluation because no 
long-term	 data	 were	 available	 for	 Botulinum	 Toxin	
A. The base case scenario included a staged im-
plant procedure for SNS using the tined lead, and 
ofice	injections	of	200	units	Botulinum	Toxin	A.	For	
the SNS strategy, no data were provided on the pro-
cedure (local vs general anesthesia; outpatient vs 
inpatient clinic). The relevant base case estimates 
are provided in table 2 .	 Based	 upon	 their	 Markov	
decision model, the base case SNS treatment was 
more	expensive	($15,743	vs	$4,392)	but	also	more	
effective	(1.73	vs	1.63	QALYs)	than	Botulinum	Toxin	
A.	 During	 the	 two	 year	 period,	 SNS	was	 not	 cost-
effective	with	 an	 ICER	 of	 $116,427	 [57].	As	 stated	
above, the relevance of a cost-effectiveness analysis 
over a two years period with a costly implant device 
is questionable.

Two cost-effectiveness studies have considered the 
longer	term,	comparing	SNS	and	Botulinum	Toxin	A	
in	 the	Netherlands[55]	 and	Spain	 [54].	The	param-
eter estimates are provided in Table 2 . In the Neth-
erlands,	 Leong	 et	 al.	 (2011)[58]	 showed	 that	 SNS	
becomes cost-effective from the fourth year post-im-
plant	on,	given	an	ICER	threshold	of	40,000€/QALY	
[55].	 These	 data	 are	 based	 upon	 two	 procedures	
under general anesthesia (1) a staged SNS proce-
dure involving a tined lead test phase in the oper-
ating theatre on an outpatient basis, followed by an 
inpatient stay for device implant; (2) inpatient stay for 
Botulinum	Toxin	A	injection	in	the	operating	theatre.
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These data are in agreement with the Spanish study 
by	Arlandis	et	al.,[54]	which	showed	SNS	to	be	cost-
effective	 from	 ive	 years	 post-implant	 on,	 given	 an	
ICER	threshold	of	30,000€/QALY.	These	results	are	
based on (1) a staged SNS procedure involving a 
tined	lead	test	phase;	(2)	100	units	Botulinum	Toxin	
A. No further data were provided on the procedure 
(inpatient vs outpatient; local vs general anesthesia). 
In	both	studies,[54,	55]	several	estimates	or	assump-
tions had to be made due to the lack of long-term data 

beyond	1	year	for	Botulinum	Toxin	A	injections	and	5	
year for SNS therapy, such as therapy transition rates 
after failure and drop out rates. To what extent these 
data are reliable and valid is currently unknown.

Furthermore, both studies quote a one year success 
rate	 for	SNS	of	 90%,	based	upon	Van	Voskuilen	et	
al,[59]	that	describes	the	effect	of	SNS	in	39	patients	
with	OAB	over	15.5	months	follow	up.	However,	in	that	
study 10 patients were lost to follow and were exclud-
ed	from	the	analysis.	Therefore	the	90%	success rate 

Table 2. Comparison of studies conducted in the USA, Netherlands and Spain regarding SNS and Botox therapy
 Sidd iqu i et al (2009) Leong  et al (2011) Arland is et a l (2011) 

Base Parameter 
Estimat es (years) 

2 5 (with 10 year 
analysis) 

10 

Coun try of O rigin USA Netherlands Spain 
TLP 80 TLP 75 

1 year 90 
5 year 75 

Success  rates (%) Tined lead 
placement (TLP) 
(all success go to 

implant) 

75 

1 year 90 
10 year 75 

Implant  long evity 2 year 90 Yearly 
drop-out 

4.3 Not stated 

Battery 
repl acement 

 
Not stated 

7 years (3 months 
loss of effect) 

Not stated 

16 months 19 Probabili ty of 
Complication  (%) Conservatively 

managed 
33 

Not stated Not stated 

Probabili ty 
Requiri ng  

Surgi cal Revisi on 
(%) 

66 
(5% refused) 

16 (Removal of 
device: 7.5%) 

 
Not stated 

Battery  li fe (years) Not stated 7 7 S
ac

ra
l N

er
ve

 S
tim

ul
at

io
n 

Base econo mic 
case 

Staged implant tined lead. 
Explantation when multiple 
complications require > 1 

surgical revision within 3 mos 

SNM test and 
implant at 

operating room (45 
minutes) for IPG 
implant inpatient 

stay 

 
Not stated 

1 year 80 
5 years 59 

Success  rates (%)  
79 

 
79 

10 years 50 
Amoun t of Botox 200u 200u 100u (BoNT) 

Base econo mic 
case 

Ofice based injections Operating room (30 
min with 
inpt stay) 

 
Not stated 

Discoun t rate/year 
(%) 

3 4 3 

Discoun t rate 
QALYS/year 

Not stated 1.5 Not stated 

Thresho ld cost 
effectiven ess 

50-000 to 10000 $/QALY <40000 /QALY Not stated 

Success 
(continence) 

0.9
5 

Success 0.793 QALYS  
Not stated 

Failure (leaking) 0.7
3 

Failure 0.573 

Opt for other 
treatment: 

75 Opt for 
other 

treatment 

77-79 

Cystoplasty 5 

B
o

to
x 

Failure tr eatment 
SNS-Botox (%) 

 
Not stated 

No further 
treatment 

25 

Conservativ
e treatment 

16 
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may be an overestimation, and the worst scenario, 
considering the ten lost to follow up patients as fail-
ures	would	give	a	61%	success	rate.	How	this	would	
inluence	 the	 cost-effectiveness	 evaluation	 is	 un-
known.	A	similar	consideration	applies	for	the	5	years	
success	rate	of	70%	based	upon	Van	Kerrebroeck	et	
al[60] which considers patients lost to follow up as last 
observation carried forwards.

Sensitivity analyses for several parameters estimated 
by expert opinion have been performed. In the Neth-
erlands,	SNS	over	a	5	years	period	 remained	cost-
effective	(ICER	<	40,000€/QALY)	when	the	estimated	
dropout	rate	of	4.3%	for	both	treatments	was	changed	
to	2%	or	6%,	and	when	utility	value	for	incontinence	
was	changed	from	0.73	to	0.80.	SNS	was	no	longer	
cost-effective	over	5	years	in	the	following	cases:

a.		when	Botulinum	Toxin	injections	were	done	under	
local anesthesia (which is common practice in sev-
eral countries),

b.  when the Peripheral Nerve Evaluation test for 
SNS screening is used (because of the lower suc-
cess	rate	of	55%	compared	to	75%	for	Tined	Lead	
screening),

c. when bilateral testing is done

d.  when the new and smaller stimulator (Interstim II) 
is	used	[55].

Because	 there	 is	 no	 standard	 protocol	 of	 Botulin	
Toxin A injection, a different protocol using 200 units 
every 14 months was evaluated in the Arlandis study, 
which	proved	cost-effective	on	the	ICER	<	€	30000/
QALY	threshold	[54].

3. OUTPATIENT CONSERVATIVE THERAPIES

An important study regarding the baseline “cost of 
illness” for women with stress or urge leak was de-
tailed in our last chapter (Subak et al.[61]).

A more recent study of the “Cost of Illness”[62] in-
cluded	528	women	with	UI	weekly	or	more	enrolled	
in	the	Reproductive	Risks	for	Incontinence	Study	at	
Kaiser	 population-based	 study.	 Similar	 to	 the	 prior	
studies, routine care costs were calculated with 
the	 use	of	 national	 resource	 costs	 ($2005).	Poten-
tial predictors of these outcomes were examined by 
multivariable linear regression. Among women with 
weekly	UI,	69%	reported	incontinence-related	costs.	
Median	weekly	cost	was	$1.83	(25%-75%	interquar-
tile	 range	 [IQR],	$0.50,	$5.23)	and	women	spent	a	
mean	of	>$250	per	year	out-of-pocket	for	UI	routine	
care. Costs increased with incontinence severity (P < 
.001) and body mass index (P < .001) were 2.2-fold 
higher for African American versus white women (P < 
.0001)	and	42%	higher	for	women	with	mixed	versus	
stress	incontinence	(P	<	.05).	

Since costs for incontinence management increase 
with leakage severity, data are needed to explore 
whether effective treatment will be associated with 
decreased incontinence costs.

Recently,	Subak	et	al.[63]	performed	a	planned	sec-
ondary analysis among overweight and obese wom-
en, who were enrolled in a clinical trial of a weight loss 
intervention. The purpose was to estimate the effect of 
a decrease in incontinence frequency on incontinence 
management costs [63]. The study included 338 
obese and overweight women with at least 10 weekly 
urinary incontinence episodes at baseline. They en-
rolled in a randomized clinical trial to determine the 
effect of an 18-month weight loss and maintenance 
intervention compared to a structured education pro-
gram, upon the frequency of incontinence. 

Quantities of resources used for incontinence man-
agement, including pads, protection, additional laun-
dry and dry cleaning were reported by participants. 
They estimated direct costs for urinary incontinence 
management (“cost”) by multiplying resources used 
by	national	resource	costs	(in	2006	U.S.	dollars).	For	
the total cohort (combined randomization groups), 
mean	 (±SD)	 age	was	 53	 ±	 10	 years	 and	 baseline	
weight	was	97	+17	kg.	Mean	weekly	urinary	 incon-
tinence frequency was 24+18 at baseline, which de-
creased	by	37%	at	6	months	and	60%	at	18	months	
follow-up (both P<0.001).

At	baseline,	adjusted	mean	cost	was	$7.76	±	$14	
per	week.	Costs	increased	signiicantly	with	greater	
incontinence	 frequency.	 Mean	 cost	 decreased	 by	
average	of	54%	at	6	months	and	81%	at	18	months	
(both P < 0.001). In multivariable analyses, cost in-
dependently	decreased	by	23%	for	each	decrease	
of	7	urinary	 incontinence	episodes	per	week,	21%	
for	each	5	kg	of	weight	 lost,	and	was	strongly	as-
sociated	with	greater	 improvement	 in	UDI	and	 IIQ	
scores at 18 months (P < 0.001 for all). In this co-
hort of obese and overweight women enrolled in the 
clinical trial, management cost for urinary inconti-
nence	decreased	by	over	80%	at	18	months	($327	
per woman per year) and was strongly and inde-
pendently associated with decreasing incontinence 
frequency. This suggests that effective incontinence 
treatment will be associated with decreasing costs 
of incontinence management

Although not primary data, Imamura et al (2010) 
published a comprehensive review of the cost ef-
fectiveness of non-surgical treatments for women 
with stress incontinence [64]. In this report, a group 
of senior clinicians and other experts obtained fund-
ing	from	the	Medical	Research	Council	of	the	UK	to	
evaluate 88 studies of conservative treatment involv-
ing	37	distinct	treatment	regimes,	in	a	total	of	9,721	
participants. QALY data were taken from a study by 
Haywood	et	al[65]	which	employed	the	EQ-5D	[64].	
In brief, the authors found that a treatment strategy 
of	Pelvic	Floor	Muscle	Training	(more	than	4	visits)	
along	with	lifestyle	advice,	followed	by	a	TVT	where	
necessary, was the least costly strategy, at £1644 per 
person, and was the most effective, with a cost utility 
of	16.20	QALY	per	annum.	This	strategy	had	a	70%	
likelihood of being the most cost effective across a 
wide range of sensitivity analyses.
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A smaller review of cost effectiveness evaluations 
for	pelvic	loor	exercise	interventions,	which	included	
data from 3 older studies (from 1996, 2003, 2006) 
has also recently appeared [66]. 

In the last Chapter, we reported an abstract from 
Ho	 et	 al.	 [67]	 in	Australia	 who	 performed	 a	 “bot-
tom up” study of the short and long-term treatment 
costs of conservative and surgical management of 
childbirth-related stress and mixed urinary inconti-
nence	(UI).	This	report	has	now	been	published	in	
full [68]. Costs of treatment episodes during conser-
vative and surgical management were calculated 
for	a	cohort	of	150	women	and	 related	 to	cure.	At	
6-13 years follow up, personal and treatment ex-
penditure was measured using a postal question-
naire.	During	active	treatment,	patients	with	stress	
UI	treated	conservatively	incurred	a	median	cost	of	
AU$658	per	capita	(IQR	476	–	1191	AU$)	compared	
to	a	median	cost	of	$6,870	per	 capita	 for	 surgical	
treatment	 (IQR	 6,320	 –	 7,508	 AU$).	 Similar	 cost	
difference was seen for the two treatment options 
in mixed incontinence. Of regular clinic attendees, 
39%	of	conservatively	treated	and	78%	of	surgically	
treated patients were cured.

At 6-13 years follow up(82 women with a known ad-
dress),	43	(52%)	responded	to	the	survey,	of	whom	
46%	 remained	 cured.	 The	 median	 treatment	 cost	
for the total group of postnatal incontinence (irre-
spective	of	continence	status)	was	AU$885.80	per	
capita	per	annum	(IQR	338-	2,589	AU$).	The	costs	
per cure are shown in Table 3 , in Australian dollars.

4.  PHARMACOTHERAPY OF URINARY INCON -
TINENCE

a) Economics of pharmaceutical therapies

Although pharmaceutical companies must show that 
a	new	drug	is	safe	and	eficacious	prior	to	approval	
and marketing, the requirement for economic studies 
(ie whether the new drug is cost-effective compared 
to standard treatment), varies from country to country.

The	U.S.	Food	and	Drug	Administration	does	not	
require any economic data in its review of a new 
drug. Instead it leaves economic questions to the 

purchasers (e.g., insurance companies, govern-
ment purchasers or individuals), similar to the 
Netherlands.	In	the	UK,	however,	the	National	In-
stitute for Health and Clinical Excellence (NICE) 
requires economic review. They have denied ap-
provals for new drugs that have an incremental 
cost effectiveness ratio greater than £30,000 per 
QALY. In Australia, manufacturers must prove 
cost-effectiveness in order to achieve listing on the 
Pharmaceutical	Beneit	Scheme	(whereby	patients	
pay a subsidized cost for the drug). However, only 
therapeutic	eficacy	and	safety	must	be	shown	 in	
order for it to be available in Australia as a non-
subsidized “private” prescription. 

In response to the regulatory requirements, drug de-
velopers routinely conduct economic evaluations. In 
the	UK,	 such	efforts	 are	 done	as	part	 of	 the	NICE	
review.	In	the	US,	developers	present	economic	data	
to	purchasers	for	post	approval	marketing.	Many	pur-
chasers (as in Australia) have formularies, or lists of 
medications that they are willing to pay for, and the 
economic evaluation is frequently part of the request 
to place the new drug on the formulary.

In the next sections, we review the recent literature 
on the economics of drugs for incontinence and over-
active bladder.

1. PHARMACOTHERAPY  FOR STRESS INCONTINENCE

Mihaylova	 et	 al.	 (2010)	 assessed	 the	 cost-effec-
tiveness of duloxetine compared with conservative 
therapy	in	women	with	SUI	[69].	Cost	and	outcome	
data from a 12-month, prospective, observational, 
multicenter, multicountry study were used (the Stress 
Urinary	Incontinence	Treatment	(SUIT)	study).	Costs	
were	assessed	 in	 2007	£	 from	 the	healthcare	plus	
patient perspective; outcomes were measured in 
quality	adjusted	 life	years	using	 the	EQ-5D.	Dulox-
etine alone and with conservative treatment (not ex-
plicitly	deined	but	varied	by	physician	practice)	were	
associated with incremental quality-adjusted life-
years (QALYs) of about 0.03 over a year compared 
with conservative treatment alone or with no treat-
ment. Conservative treatment alone did not show an 
effect	on	QALYs.	Duloxetine	either	dominated	(lower	

Table 3. Costs per cure, modiied from Ho et al. (2012) [68]

 Costs of pure str ess  
inc ontinen ce (A$) 

Costs of mi xed 
inc ontinen ce (A$) 

Treatment 
durati on  (days) 

Conservative treatment Median = 658 
(IQR = 476-1191) 

n = 84 

Median = 772 
(IQR = 531-985) 

n = 43 

Median = 156 
(IQR = 69-367) 

Surgical treatment Median = 6,870 
(IQR = 6320-7508) 

n = 12 

Median = 6,894 
(IQR = 6733-7206) 

n = 11 

Median = 902 
(IQR = 408-1552) 

Conservative treatment 
cost per patient cured 4,073 2,415 

 

Surgical treatment cost 
per patient cured 

9,415 8,587  
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cost and greater change in QALY) or had an incre-
mental	 cost-effectiveness	 ratio	 (ICER)	 below	 £900	
per QALY gained, compared with no treatment and 
with	 conservative	 treatment	 alone.	 Duloxetine	 plus	
conservative	 therapy	 had	 an	 ICER	 below	 £5500	
(compared with no treatment or conservative treat-
ment	 alone).	 Duloxetine	 compared	 with	 duloxetine	
plus conservative therapy showed similar outcomes 
but an additional cost for the combined intervention. 
While limited by the observational design, the study 
suggests	that	initiating	duloxetine	therapy	in	SUI	is	a	
cost-effective treatment alternative.

(NOTE:	Duloxetine	failed	the	US	approval	for	stress	
urinary incontinence due to concerns over liver toxic-
ity	and	suicidal	events.	It	 is	approved	for	SUI	in	Eu-
rope, where it is recommended as an add-on medica-
tion in stress urinary incontinence instead of surgery.) 

In a similar vein, we reported in our last chapter 
that	Brunenberg[70]	conducted	a	Markov	model	to	
assess the cost-effectiveness of duloxetine alone 
and duloxetine after inadequate response to pelvic 
loor	muscle	training	[PFMT]	compared	with	PFMT	
or	no	treatment	for	women	50	years	of	age	or	old-
er, which narrowly focused upon pharmacotherapy 
and	PFMT	for	stress	incontinence,	with	no	consid-
eration of surgery. 

Das	 Gupta	 and	 colleagues[45]	 also	 developed	 a	
model to assess the cost-effectiveness of duloxetine 

for	 moderate	 to	 severe	 SUI,	 but	 they	 assumed	
that drug treatment was fully effective. Thus du-
loxetine studies published to date have method-
ological limitations.

2. PHARMACOTHERAPY  FOR URGE INCONTINENCE

There	are	ive	commonly	used	medical	 treatments	
for overactive bladder: Oxybutynin (ditropan) as a 
tablet	 or	 as	 Oxytrol	 patches;	 tolterodine	 (Detrol),	
darifenacin (Enablex), trospium (Sanctura), solif-
enacin	 (Vesicare),	 and	a	 sixth	 recent	 introduction,	
Fesoteridine (not yet widely used).

Many	economic	evaluations	are	funded	by	drug	de-
velopers and compare the investigational drug to 
placebo or to an older compound that has known 
problems with side effects (e.g., immediate release 
oxybutynin). In the Fourth ICI report [41] we reported 
one	study	by	Ko	et	al.	[71]	who	conducted	an	inde-
pendently	 funded	 economic	 evaluation	 of	 ive	 anti-
muscarinic drugs (in eight formats) for overactive 
bladder (see Figure 8 ). They concluded that solife-
nacin had the lowest costs and highest effectiveness, 
compared	to	immediate-release	(IR)	oxybutynin,	ex-
tended-release	(ER)	oxybutynin,	transdermal	oxybu-
tynin,	IR	tolterodine,	(ER)	tolterodine,	trospium,	and	
darifenacin. However, their study did not meet mini-
mum standards for cost-effectiveness analysis [9, 
14]. It also focused on the payer’s perspective (rather 
than a societal perspective), had a short time frame 

Figure 8. Decision-analysis model used to compare cost-effectiveness of antimuscarinic agents for the 
treatment of overactive bladder. Modiied from Ko et al. (2006)[72].
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of 3 months, and used complete continence as the 
main effectiveness measure (rather than QALYs). 
Given these limitations, we recommended that these 
results must be interpreted cautiously and that addi-
tional studies using standard methods were needed.

3. SOLIFENACIN STUDIES

Milsom	 et	 al[72]	 performed	 a	 cost	 effectiveness	
analysis	 of	 Solifenacin	 lexible	 dosing	 (5-10	 mg)	
versus tolterodine 4 mg Sustained release in 4 Nor-
dic	 Countries.	 The	 eficacy	 data	 was	 based	 upon	
the	STAR	RCT	(Chapple	et	al,	2005[73])	and	2	other	
RCTs	of	solifenacin	versus	tolteridine	and	placebo.	
QALYs were not included in the original trials, but 
the	EQ5D	was	estimated	from	original	HRQOL	data	
collected	 in	 1997.	 The	 cost	 differences	 between	
solifenacin	and	tolteridine	ranged	from	€6	to	€127.	
The authors concluded that Flexible dose Solifena-
cin was more cost effective than Tolteridine 4 mg. 
This study was supported by Astellas.

Herschorn	 et	 al[74]	 undertook	 a	 Markov	 model	
based	 upon	 the	 VECTOR	 study,	 which	 compared	
Solifenacin	 5	mg/	 day	 versus	Oxybutynin	 15	mg	 /
day in Canada. The withdrawal rate due to side ef-
fects	 of	 oxybutynin	 (19%)	was	much	 greater	 than	
that	 for	 solifenacin	 (3%).	 No	 QALY	 data	 was	 in-
cluded	in	the	original	VECTOR	study.	Their	8	week	
eficacy	data	was	projected	over	1	year,	which	is	an	
arguable model. Solifenacin yielded a cost saving 
of	Can	$	1,830	per	annum,	giving	an	ICER	of	Can	
$14,000. This study was also funded by Astellas.

Cardozo	et	al[76]	performed	a	decision	tree	analy-
sis of solifenacin, versus fesoteridine, oxybutynin 
ER,	propiverine,	tolteridine	ER	and	IR	in	the	UK.	In	
this one year model, success was individually de-
ined	for	frequency,	urgency	and	urge	incontinence.	
The model was problematic (Fig 9 ), in that it as-
sumed if the patient had no success on a drug that 
was only available in one dose, then the patient was 
given no further treatment. The original study did 
not include QALY data, which were calculated from 
willingness	to	pay	data	published	by	Kobelt	in	1998	
[77].	The	calculation	of	QALYs	 from	willingness	 to	
pay is not a standard methodology and created con-
fusion among the Economics Committee members. 
Because	oxybutynin	was	so	much	cheaper	than	the	
other	drugs	 (20%	of	 total	costs,	versus	60-70%	of	
total costs for the other therapies), oxybutynin was 
dominant for 2 of the 3 outcomes.

In	2005,	Getsios	and	colleagues[78]	published	a	re-
view of the economic studies for overactive bladder, 
highlighting many of the limitations including a lack of 
comparisons of drugs to behavioral training.

4. DARIFENACIN HYDROBROMIDE (ENABLEX )

Darifenacin	was	approved	by	the	FDA	in	2004,	based	
on Phase II and III controlled clinical trials with over 
8,800	patients.	Short	term	eficacy	(12	week)	as	well	
as	longer	term	effects	(24	and	52	week)	were	evalu-

ated	 [79].	 Abrams	 and	 colleagues	 [80]	 found	 that	
darifenacin	was	associated	with	signiicant	improve-
ments	 in	 quality	 of	 life	 as	 measured	 by	 the	 King’s	
Health Questionnaire at 12 weeks relative to place-
bo.	Chancellor	et	al.	[79]	found	that	darifenacin	and	
darifenacin	combined	with	a	behavioral	modiication	
plan both resulted in improvements in symptoms and 
quality	of	life,	as	measured	by	the	Overactive	Bladder	
Questionnaire	(OAB-q),	but	there	were	no	differenc-
es	between	the	two	groups.	Unfortunately,	neither	the	
Abrams nor the Chancellor study measured utilities. 
Besides	 the	 Ko	 [71]	 article	 discussed	 above,	 there	
is little data on the cost-effectiveness of darifenacin.

5. TOLTERODINE (DETROL)

In	 late	2008,	Burgio	et	 al	 (The	UTIN	group)	 con-
ducted a clinical trial of 10 weeks of open-label, ex-
tended-release	tolterodine	alone	(n	=	153)	or	com-
bined	with	behavioral	 training	 (n	=	154),	 followed	
by discontinuation of therapy and follow-up at 8 
months	 [81].	 Among	 237	 participants	 completing	
the trial, the rate of successful discontinuation of 
therapy at 8 months was the same in the combina-
tion	therapy	and	drug	therapy	alone	groups	(41%	
in both groups; difference, 0 percentage points 
[95%	CI,	 -12	 to	 12	 percentage	 points]).	A	 higher	
proportion of participants who received combina-
tion therapy than drug therapy alone achieved a 
70%	 or	 greater	 reduction	 in	 incontinence	 at	 10	
weeks	 (69%	 vs.	 58%;	 difference,	 11	 percentage	
points [CI, -0.3 to 22.1 percentage points]). Wom-
en in the combination therapy group reported bet-
ter	outcomes	over	time	on	the	UDI	and	the	OAB-Q	
(both P <0.001) for patient satisfaction and per-
ceived improvement but not health-related quality 
of life. They concluded that the addition of behav-
ioral training to drug therapy may reduce inconti-
nence frequency during active treatment but did 
not improve the ability to discontinue drug therapy 
and maintain improvement in urinary incontinence. 
Economic evaluations are ongoing.

Figure 9. Solifenacin vs fesoteridine, oxybutyin 
ER, propiverine, tolteridine ER and IR
in UK. Reproduced from Cardozo et al. (2010)[77] 
with permission.
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Two studies evaluating the cost-effectiveness of tolt-
erodine versus percutaneous tibial nerve stimula-
tion (PTNS) have recently been published. In 2009, 
Robinson	 et	 al[82]	 undertook	 a	 cost	 minimization	
study	of	PTNS	versus	tolterodine	ER	4mg,	involving	
1-2 year follow-up, from the perspective of the NHS. 
In the model, the two treatments were assumed to 
have	 equivalent	 eficacy	 (based	 on	 unpublished	
data), and adverse effects were considered to be 
cost neutral. The patients having tolterodine were 
followed for 2 years, the duration of follow-up for 
PTNS was not clearly stated. Tolterodine appeared 
to be the cheaper treatment but alteration of the 
variables in the model had a large effect.

In 2010, Chen et al[83] performed a very similar eval-
uation of PTNS versus tolterodine, cost-utility values 
were obtained from the literature [84], yielding an 
ICER	of	$70,	754	per	QALY,	thus	PTNS	was	not	cost	
effective	in	the	treatment	of	OAB	over	a	1-year	period.

6. TROSPIUM CHLORIDE (SANCTURA )

Besides	the	Ko[71]	article	discussed	above,	there	
is little published data on the cost-effectiveness of 
trospium chloride.

5.  COST IMPLICATIONS OF INCONTINENCE 
IN NURSING HOME SETTING

Two key aspects of cost of care for nursing homes 
are (1) cost of nursing home admissions attribut-
able to urinary incontinence, and (2) the treatment 
cost of urinary incontinence. In the last 4 years, no 
new studies were found regarding this aspect of 
the economics of incontinence, therefore our pre-
vious findings are briefly summarized.

Additional nursing home admissions cost is often a 
major component in the total cost of urinary incon-
tinence. In a 2001 study [16] the cost estimate was 
$2.4	billion	in	1995	dollars.	In	a	2004	study	[15],	the	
cost	estimate	was	$4.0	billion	in	2000	dollars.	In	a	
2006	study,[85]	the	attributable	fraction	(AF)	statis-
tics	from	published	data	was	shown	to	be	$6.0	bil-
lion in 2004 dollars. The Attributable Fraction (AF) 
statistics are obtained by using incontinence preva-
lence rates for those admitted to nursing homes, as 
compared to those who were not admitted to nurs-
ing homes. It shows that reimbursement for treat-
ment	 of	 UI	 in	 the	 community	 might	 help	 or	 delay	
institutionalization and offset some costs of staying 
in nursing homes. The AF method has been used in 
the economic cost of mental illness, smoking, and 
cancer diseases. The new estimated magnitude 
shows	that	reimbursement	for	treatment	of	UI	in	the	
community might help or delay institutionalization 
and offset some costs of staying in nursing homes.

Holroyd-Leduc et al. [86] conducted a population-
based	prospective	cohort	study	(from	1993-1995)	in	
over	6,500	elderly	(>age70)	patients.	After	adjusting	
for	confounders,	UI	was	not	an	independent	predic-
tor for death, nursing home admission, or functional 
decline. Within nursing homes, labor costs are a 

major component of caring for incontinent patients. 
These costs are studied via time/motion observation, 
correlated with severity and type of incontinence. In 
49	long-term	care	facilities	in	North	Carolina,	USA,	it	
was found that the incremental labor costs (per shift) 
were	$3.31	for	patients	with	occasional	UI	and	$5.61	
for	 patients	 with	 frequent	 UI	 [87],	 in	 keeping	 with	
Morris	et	al[10].	

Bliss	 et	 al.	 [88]	 addressed	 the	 cost/effectiveness	 of	
incontinence-related treatment of skin condition in 16 
US	nursing	homes.	Four	regiments	of	different	mois-
ture barriers were applied. Time and motion measure-
ments	included	skin	products	and	time	spent.	Using	
acrylate	 barrier	 ilm	 spray	 achieved	 cost	 savings	 of	
between	$854	to	$1,862	per	resident,	with	better	skin	
protection than the use of an ointment or cream.

6.  LONGITUDINAL BURDEN OF DISEASE 
STUDIES

For	the	irst	time	in	the	last	ICI	report,	we	found	a	num-
ber of studies that measure the cost of incontinence 
over the long-term time frame. As pointed out by 
Birnbaumn	et	al.[89],	the	study	of	“the	lifetime	cost	of	
illness” is a recent area of research. These authors 
combined case-control methods (to calculate annual 
medical costs of stress incontinence, etc) with knowl-
edge of the incidence of the conditions, assuming 
“steady state conditions” of the costs, to project the 
lifetime costs of each disorder. 

As regard the impact of incontinence upon employed 
women, Fultz et al. [90] sent a postal questionnaire 
to	2326	employed	women,	37%	had	leaked	urine	in	
the past month. The impact of incontinence upon 
ability to concentrate, performance of physical 
activities,	 self	 conidence,	 and	 ability	 to	 complete	
tasks without interruption increased with the severity 
of	the	leak	and	affected	nearly	75%	of	all	those	with	
severe leak status. Similarly, Wu et al. [91] focused 
upon	the	work	loss	burden	of	women	with	OAB.	The	
number	of	days	absent	was	15%	higher	among	3077	
OAB	 employees	 compared	 to	 6154	 controls.	 OAB	
subjects	had	4.4	more	days	off	work	than	non-OAB	
subjects,	 yielding	 an	 annual	 excess	 cost	 of	 $1220	
per	OAB	employee.

In	the	last	chapter,	Reeves	et	al.	[92]	employed	a	the-
oretical model based upon a large “EPIC” prevalence 
study	of	OAB	[93]	to	derive	the	future	cost	burden	for	
OAB	in	ive	European	countries.	They	calculated	an	
annual	per	capita	expense	of	€269-706	per	annum.

A	more	detailed	analysis	of	OAB	costs	in	Germany	[94]	
that	included	psychiatric	costs	of	OAB-related	depres-
sion, and nursing care, indicated an annual per capita 
expense	of	€609-1170	per	annum	in	that	country.

Since the last report, this same group of authors ob-
tained	updated	data	for	the	treatment	costs	of	“OAB	
wet”	 and	 “OAB	 dry”	 [95].	 They	 also	 provided	 new	
data	about	the	non-treatment	costs	of	OAB,	such	as	
lost productivity, depression, sleep disturbance, falls 
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and	 fractures,	skin	 infections	and	UTIs.	The	manu-
script lists 23 website links that were used to access 
unit costs for each of the six developed countries 
(Canada,	Germany,	 Italy,	 Spain,	 Sweden	 and	UK).	
A summary of the costs in each country is shown 
in Table 4 	 [95],	with	summary	data	 in	Table 5 	 [95].	
Overall,	 the	 annual	 treatment	 costs	 of	 OAB	 in	 six	
countries	is	shown	to	be	≈	€3.9	billion,	with	additional	
costs	 for	nursing	home	stays	(€4.7	billion	per	year)	
and loss productivity due to work absenteeism (€1.1 
billion per year). The estimated total cost therefore 
for	the	≈25	million	patients	with	OAB	in	these	coun-
tries	is	€9.7	billion.

Cisternas et al [96] undertook an analysis of the 
economic burden of overactive bladder syndrome 
in	Medicare	beneiciaries	 in	 the	USA[96].	They	ob-
tained	data	for	all	Medicare	claims	for	patients	over	
age	65	during	2003-2004,	compared	with	non-OAB	
subjects.	 Multiple	 regression	 analysis	 was	 used	 to 

estimate	 costs	 attributable	 to	 OAB	 after	 adjusting	
for demographic characteristics and comorbidities. 
They	used	a	narrow	deinition	of	OAB	(detrusor	over-
activity, urge incontinence, frequency with polyuria) 
and	also	a	broader	deinition	of	OAB	(that	 included	
incontinence without sensory awareness, nocturnal 
enuresis, continuous leakage, etc).

Costs were based on the amount of money reim-
bursed	 to	 providers	 by	 Medicare	 (which	 generally	
yields	 80%	 of	 “allowed	 amounts”)	 that	 includes	 in-
patient stays, skilled nursing facilities, outpatient vis-
its and procedures such as cystoscopy. Figure 10 
shows	the	prevalence	of	the	two	deinitions	of	OAB	
compared to other chronic conditions. The preva-
lence	of	OAB	in	this	over	65	group	was	9-14%	for	the	
two	deinitions.

The	mean	annual	expenditure	attributable	 to	OAB	
ranged	 from	 US$825	 –	 1184	 per	 subject,	 which	
comprised	9-12%	of	 all	 their	medical	 expenditure.	

Cost  (milli ons)  
OAB “dry” O AB “wet” Tota l OAB 

Canada 127.3 251.8 379.1 
Germany 648.7 543.3 1,192.0 

Italy 282.7 289.6 572.3 
Spain 194.9 171.8 366.7 

Sweden 126.5 206.5 332.9 

Coun try 

UK 412.9 594.5 1,007.4 
Total Costs* 1,792.9 2,057.6 3,850.5 

Total nursing home NA† 4,668.6 4,668.6 
Costs 

Total lost productivity 857.8 237.8 1,095.6 
*Excluding nursing home and productivity costs 
†Not costed 

Costs ( )* 

Excess Direct Costs UK Canada Germany It aly Spain Sweden Total 
Prescription Medication 
Treatments for Urinary 
Symptoms+ 33 62 81 91 35 89 391 
Incontinence Pad Use+  48 56 66 102 102 80 454 
Clinical Depression+ 204 118 251 82 82 197 934 
Diagnostics+ 5 5 3 1 1 34 49 
Medical consultations – 
GP+ 225 129 31 32 49 184 650 
Total 515 370 432 297 255 584 2,453 

 
Sequelae Direct Costs **        
UTI ** 6 7 11 5 3 21 53 
Skin Infections ** 3 3 3 2 1 10 22 
Fractures ** 4 9 6 2 3 4 28 
Total 13 19 21 9 7 35 104 

 
Other Costs  
Nursing Home Admissions 
for Individuals > 60 yrs old 
** 381 385 1038 1580 30 562 3,976 

 ** costs for OAB with UUI
*costs averaged across all OAB patients
+excess costs or costs directly related to OAB

Table 4. Estimated costs per patient with OAB per annum, reproduced from Irwin, 2009 [95] with permission

Table 5. Total excess costs for OAB in six Western countries, modiied from Irwin, 2009 [95] 
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Figure 11. Total national costs of overactive blad -
der, United States. Reproduced from Ganz et al., 
2010[99] with permission.

Figure 10. Treated prevalence (%) of OAB compared to other common chronic conditions (each subject may have 
more than one diagnosis), Medicare enrollees 2003-2004, reproduced with permission from Cisternas et al. (2009)[96].

The	total	cost	of	OAB	expenditure	was	1.8-	3.9	Bil-
lion	US	$	per	year.	These	authors	also	considered	
the consequences of incontinence. For example, 
The	OAB	cohort	had	a	higher	occurrence	of	events	
such	as	falls/	fractures	(46%	OAB	versus	34%	non-
OAB;	RR	=	1.4)	urinary	tract	 infections	(42%	OAB	
versus	17%	non-OAB,	RR	=	2.4),	and	depression	
(21%	 OAB	 versus	 12%	 non-OAB,	 RR	 =	 1,8)	 all	
p< 0.001. The authors pointed out that this is the 
irst	 study	 to	evaluate	 the	 treatment	costs	of	OAB	
in	over-65	year	individuals	using	“real-world”	Medi-
care claims data.

In the last 4 years, the Committee found 3 publica-
tions reporting a new trend towards conducting Inter-
net	studies	of	the	Burden	of	Disease	associated	with	
OAB.	Because	of	dificulties	 in	achieving	telephone	
surveys, researchers have moved towards internet 
surveys, however the Committee feels that such 
method can be subject to considerable bias. 

For	 example,	 Kannan	 et	 al[97]	 reported	 an	 inter-
net survey in 2009 that was actually conducted in 
2006, in which 62,833 American subjects who were 
members of an industry-based feedback panel were 
questioned	as	 to	whether	 they	had	LUTS	or	OAB.	
The	survey	compared	13,954	men	and	women	with	
LUTS/OAB	(comprising	24%	of	the	survey	popula-
tion) with age matched subjects having similar co-
morbidities.	 They	 found	 that	 subjects	 with	 LUTS/
OAB	 had	 approximately	 US	 $	 1,000	 more	 health	
care costs per annum. They concluded that the pro-
jected	costs	of	LUTS/OAB	were	US$	51	Billion	per	
annum more than age/comorbidity matched con-
trols.	However,	in	Discussion,	the	authors	admitted	
that the study was quite biased towards subjects 
who were connected to the internet, yet not fully 

employed,	i.e.	having	suficient	time	to	enroll	in	the	
Industry Feedback Panel.

A similar internet study was reported by Onuk-
wugha	 et	 al	 [98],	 derived	 from	 the	 Epi	 LUTS	
study,	which	yielded	a	projected	LUTS/OAB	cost	
of	 24.9	 billion	 US$.	 Neither	 of	 these	 projected	
costs agrees with other cost estimates from non-
internet based studies.

Finally Ganz et al [99] performed an overall es-
timate	 of	 the	 costs	 of	 OAB,	 which	 used	 a	 panel	
of	 expert	 urologists	 in	 Boston	 USA,	 via	 a	 Delphi	
technique to obtain consensus on the model. The 
authors	accumulated	all	known	costs	for	OAB,	in-
cluding patients in nursing homes. They projected 
costs	based	upon	known	projected	prevalence	ig-
ures, with respect to the ageing of “baby boomers” 
(Figure 11 ) showing a projected marked increase 
in	OAB	costs	as	this	cohort	“swells”	the	numbers	of	
elderly in the community.
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7.  PROLAPSE TREATMENTS, COST IMPLICA -
TIONS

Despite	the	high	prevalence	of	pelvic	organ	prolapse	
and frequency of surgery for prolapse, there are min-
imal data on costs or cost-effectiveness of medical 
care for this condition

In the previous chapter, we reported an important 
cost of illness study from 2001, regarding the annual 
treatment cost of surgery for pelvic organ prolapse 
in	 the	 U.S.	 [100].	 Treatment	 costs	 of	 pelvic	 organ	
prolapse	surgery	were	US$1,012	million	(1997	US$;	
95%	CI	775-1,251	million).	Hospitalization	account-
ed	for	a	majority	of	the	total	cost	(71%)	with	the	re-
mainder	being	physician	services	(29%).	Twenty-one	
percent of pelvic organ prolapse operations included 
urinary	 incontinence	 procedures	 (US$218	 million).	
The annual treatment costs of operations for pelvic 
organ prolapse are substantial and similar to other 
surgical interventions for women (breast cancer, gy-
necologic cancer, urinary incontinence).

In 2009, Subramanian et al. [101] estimated the 
rate, type and costs of surgical interventions for 
pelvic organ prolapse (POP) in Germany, France, 
and	 England.	 They	 identiied	 hospital	 admissions	
for	pelvic	loor	surgery	in	2005	from	national	hospi-
tal activity databases in each country: the German 
Hospital	 Episode,	 the	 French	 Medical	 Care	 Pro-
gram Information System, and the National Health 
Service England Hospital Episode Statistics. Costs 
to	 the	 payer	were	 estimated	 using	 the	Diagnosis-
Related	Group	reimbursement	rates	for	each	coun-
try.	 In	 2005,	 the	 number	 (rate)	 of	 admissions	 for	
POP	surgery	was	36,854	(0.87	per	1000	women)	in	
Germany,	36,679	(1.14 per 1000 women) in France, 
and	28,959	(1.13	per	1000	women)	in	England.	Ad-
missions	for	POP	surgery	constituted	10.4%,	16.7%	
and	16.9%	of	all	admissions	for	female	genital	tract	
therapeutic interventions in Germany, France and 
England,	 respectively.	At	 least	 20%	of	 hysterecto-
mies were performed for the primary indication of 
POP.	 57.4%,	 45.0%,	 and	 40.1%	of	 all	 admissions	
for POP surgery included a hysterectomy. The 
costs	 to	 payers	were	 €144,236,557,	 €83,067,825,	
and	€81,030,907	in	Germany,	France,	and	England,	
respectively. These data effectively document the 
substantial burden and costs associated with POP 
surgery in the three countries studied using gener-
alizable data and appropriate methods.

A multicentre international randomized controlled 
trial	of	pelvic	loor	physiotherapy	for	mild	 to	moder-
ate prolapse (the POPPY study) was published as 
an	abstract	in	2011[102].	A	total	of	447	women	were	
randomized	to	either	5	physiotherapy	visits	over	16	
weeks, or were given written instructions about life-
style advice re constipation, obesity etc. Although the 
POPSS quality of life test [103] was employed, and 
showed	 signiicant	 beneit	 for	 physiotherapy	 treat-
ment,	the	authors	had	not	been	able	to	ind	a	QALY	
test that was responsive to change for prolapse treat-

ment in the literature. The net cost of active physio-
therapy	treatment	was	£127	per	patient,	yielding	an	
average	 decrease	 in	 POP-SS	 of	 1.52	 points.	 This	
would	approximately	equate	to	a	10%	improvement	
in quality of life for one year, yielding a cost per QALY 
of £16,000.

In	2011,	Hullish	and	colleagues	 from	 the	UK	 [104]	
developed	a	Markov	model	 to	compare	 the	relative	
cost effectiveness of treatments for post-hysterecto-
my pelvic organ prolapse (POP), including expect-
ant management, use of a pessary, and surgery. 
They used probabilities from published studies and 
expert consensus and generalizable national costs 
from	national	charge	data	from	the	2007	Healthcare	
Costs	 and	 Utilization	 Project	 Nationwide	 Inpatient	
Sample adjusted for all payor cost to charge ratio. 
They	 could	 not	 identify	 published	HRQOL	 or	 utility	
scores for POP conditions, so estimated these based 
on a range of 1.0 for repaired POP without complica-
tions to 0.0 for major complication or re-operation. 
Over a 1 year timeframe, initial pessary use was the 
least	 expensive	 and	 had	 the	 lowest	QALY.	Vaginal	
reconstructive	surgery	had	the	highest	QALY.	Unfor-
tunately, the results were not presented as incremen-
tal	analyses	so	they	are	dificult	to	interpret.	Sensitiv-
ity analysis demonstrated that these baseline results 
depended on several key estimates in the model: 
probabilities of POP complications, surgery following 
pessary use, and late complications following sur-
gery, utility of pessary use, and the cost of robotic 
assisted surgery.

In	 2011,	 Murray	 et	 al.	 [105]	 investigated	 the	 cost	
of traditional anterior colporrhaphy (AC), hand-cut 
mesh,	and	mesh	kit	anterior	vaginal	prolapse	(AVP)	
repair using a decision analysis model. The model in-
cluded	mean	operating	room	(OR)	times,	mesh	extru-
sion rates, and recurrence rates obtained from a me-
ta-analysis	and	Medicare	reimbursement	for	surgeon	
fees	and	ofice	visits,	and	hospital	costs	of	supplies,	
OR	time,	and	room	and	board.	Non-kit	mesh	repair	
was	$3,380,	AC	$3,461,	and	mesh	kit	$4,678.	One-
way sensitivity analyses demonstrated recurrence 
rate	of	AC	would	need	to	be	28%	to	be	cost	equiva-
lent to non-kit mesh repair and the non-kit mesh cost 
must	be	<	$480	(basecase	$400)	to	remain	less	ex-
pensive	than	AC.	Mesh	kit	repair	did	not	reach	cost	
equivalence,	even	with	an	OR	time	of	0	minutes.	Two-
way sensitivity analysis comparing mesh extrusion 
and AC recurrence demonstrated AC is less costly if 
recurrence	is	<20%	or	extrusion	>25%.

As per our previous report, a Cochrane review of sur-
geries for the management of pelvic organ prolapse 
emphasized	the	importance	of	CEA	and	CUA	[106].	
They observed that abdominal sacrocolpopexy is as-
sociated with a lower rate of recurrent vault prolapse 
and dyspareunia than the vaginal sacrospinous col-
popexy	yet	these	beneits	must	be	balanced	against	
a longer operating time, longer time to return to ac-
tivities of daily living and increased cost of the ab-
dominal approach. Similarly, the use of mesh or graft 
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inlays at the time of prolapse repair may reduce the 
risk of recurrence and the addition of a continence 
procedure to a prolapse repair operation may reduce 
the incidence of postoperative urinary incontinence. 
Yet,	these	beneits	needs	to	be	balanced	against	pos-
sible differences in costs and adverse effects, which 
have not been assessed and, like surgical treatment 
for stress incontinence, are inherently appropriate for 
CEA since there may be differences between proce-
dures in costs, clinical outcome and health-related 
quality of life.

Maher	 et	 al.	 [2004]	 performed	 a	 randomized	 trial	
of abdominal sacral colpopexy vs. vaginal sacro-
spinous colpopexy to treat vaginal vault prolapse 
among	 95	 women	 [107].	 Secondary	 outcomes	 in-
cluded the impact on cost (measured as Australian 
bed and operating theater costs) and general- and 
incontinence-speciic	quality	of	 life.	Two	years	after	
the operation, the subjective and objective success 
rates were similar between groups. The abdomi-
nal approach was associated with a longer operat-
ing time, a slower return to activities of daily living, 
and a greater cost than the sacrospinous colpopexy 
(P<.01).	 Both	 surgeries	 signiicantly	 improved	 the	
patient›s	quality	of	 life	(P<.05).	These	data	suggest	
that	formal	cost-utility	analysis	would	be	beneicial	to	
further compare these two common procedures for 
pelvic organ prolapse. Additional data with general-
izable costs and utility measures and long-term ef-
icacy	outcomes	are	needed.

In the chapter of this text regarding surgery for pelvic 
organ	 prolapse	 (Chapter	 15),	 the	 authors	 give	 fur-
ther references that provide surgical cost data for a 
variety of procedures, such as laparoscopic sacro-
colpopexy, robotic sacrocolpopexy, versus abdomi-
nosacrocolpopexy, and laparoscopic sacrocolpopexy 
versus	total	vaginal	mesh	procedures.	Readers	are	
referred	to	that	chapter	for	details,	however	no	Utility	
measures were provided in these reports.

8. FECAL INCONTINENCE

a) Cost of illness

In the previous chapter, several cost of illness 
studies regarding faecal incontinence were re-
ported. However these studies mainly employed 
previously collected databases[108, 109], or fo-
cused upon inpatients [10], subjects with consti-
pation as the main complaint [108], women with 
faecal incontinence after obstetric injury [110]. Few 
conducted face-to-face direct enquiry of the per-
sonal	costs	of	leakage	of	faeces[10].	Most	did	not	
employ a validated measure of severity [10, 108-
110].	Deutekom	et	al[111]	from	the	Netherlands	did	
measure treatment and non-treatment costs along 
with	the	Vaizey	continence	score,	no	QALYs	were	
measured and the relationship between cost and 
severity was not explored. 

In 2011, Parkin et al[112] conducted personal inter-
views	 with	 a	 consecutive	 sample	 of	 54	 ambulatory	

home	dwelling	men	(5)	and	women	(49)	patients	who	
presented with faecal incontinence to a tertiary out-
patient	Unit,	to	collect	cost	data	prior	to	the	onset	of	
treatment in relation to baseline severity as measured 
by	St	Marks	score[113],	maximum	score	24	points.

Costs were determined by administering a 3 page 
questionnaire,	modelled	on	the	DBICI	questionnaire	
for urinary incontinence[114]. Interviews were con-
ducted	 face	 to	 face,	 taking	 approximately	 15	 min-
utes each. The information included basic personal 
hygiene costs (pads, laundry, wipes, cleansers), 
medication costs (loperamide, creams & stool bulk-
ing agents etc) and diagnostic costs (including medi-
cal attendance, anorectal physiology, colonoscopy). 
Following each interview, the personal hygiene items 
used by patients were costed from known tables 
compiled by visiting local pharmacies and suppliers. 
Costs	were	recorded	in	AU$.	

The	 median	 age	 was	 69.5	 (IQR	 61.5-74)	 and	 the	
major personal expense was for pads and personal 
hygiene	items	(median	70.89	per	annum,	IQR	0.63-
310.68).	Medicare	costs	 included	medical	consulta-
tion and rebates for physiology testing and endosco-
py	(median	$576.92	IQR).	There	was	no	relationship	
between these overall costs and incontinence se-
verity. The Spearman rank correlation showed no 
signiicant	relation	between	total	personal	costs	and	
severity (r=0.21). When the costs just for pads and 
creams alone was evaluated, a relationship became 
apparent	(r=	0.34,	p=0.05,	Figure 12 ).

b) Prevention

The cost effectiveness of two sphincter preserving 
treatments	for	anal	istula	(anal	istula	plug	versus	
endoanal	 advancement	 lap)	 in	 the	 treatment	 of	
cryptoglandular	 istulae	 to	 prevent	 faecal	 inconti-
nence	was	studied	by	Adamina	et	al	in	2010	[115].	
The primary end-points were absence of drainage 
and	istula openings on physical examination at 6 
months and absence of abscess formation at any 
time during follow-up.

This was a microcosting analysis of treatment costs, 
adjusted	 for	 inlation.	 Non-medical	 costs	 and	 lost	
productivity costs were not assessed, sensitivity 
analyses	were	performed.	The	study	was	lawed	 in	
that	the	success	rates	of	healing	in	advancement	lap	
group were lower than the majority of published stud-
ies on this technique. Cost-effectiveness was based 
on healing and complication rates, with no direct 
measurement	of	faecal	incontinence.	Use	of	the	anal	
istula	plug	saved	$1,588	US	per	healed	istula.

Tan et al (2008) studied the cost effectiveness of 
primary sphincteroplasty versus delayed sphinc-
teroplasty for anal sphincter injury, in the preven-
tion of faecal incontinence [116]. They constructed 
a decision tree analysis over 10 years. QALYs were 
derived from SF36, but no direct QALY tests were 
measured. The primary sphincteroplasty was associ-
ated	with	a	gain	of	5.72	QALYs	for	a	cost	of	£2,750,	
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the delayed sphincteroplasty yielded a QALY gain of 
3.73	 for	a	cost	of	£2,667,	 thus	 the	primary	sphinc-
teroplasty was judged to be cost effective.

c) Treatment costs

Relecting	 the	 increased	use	of	sacral	nerve	stimu-
lation	 (SNS)	 as	 a	 irst-line	 surgical	 treatment	 for	
patients with faecal incontinence, recent cost-effec-
tiveness analyses have primarily focused on this 
therapy.	Brosa	et	al	 (2008)	performed	a	cost	effec-
tiveness study of Sacral Neuromodulation for the 
treatment of faecal incontinence[11]. In their decision 
tree,	 they	 employed	 two	 decision	 pathways,	 irstly,	
for patients with an intact anal sphincter (IAS) and 
secondly	for	patients	with	a	structurally	deicient	anal	
sphincter	 (SDAS)	who	had	previously	undergone	a	
sphincteroplasty. Two of the authors worked for the 
Medtronics	company	(international	makers	of	sacral	
neuromodulation equipment), and “4 authors re-
ceived	an	unrestricted	grant	from	Medtronics”.

Because	recent	NICE	guidelines	recommend	Sacral	
Nerve	Stimulation	 (SNS)	 as	 irst	 line	 therapy	 in	 pa-
tients with an intact sphincter, and as second line 
therapy	in	those	with	a	deicient	sphincter[117],	 their	
aim was to evaluate the previous scenario (no option 
to perform SNS) with a new decision tree that includ-
ed	SNS.	QALYs	were	obtained	from	Deutekom	et	al	
[118], [ie for patients with faecal incontinence QALY 
= 0.68, for patients with no faecal incontinence QALY 
=	 0.87].	 Costs	 were	 obtained	 from	 Spanish	 Health	
Costs	Database[119].	Temporary	SNS	evaluation	cost	

Figure 12. Total personal costs vs incontinence severity St Mark’s score

€1,484,	 whilst	 permanent	 SNS	 cost	 €10,700.	 Other	
treatments in the model were more expensive, such 
as	Dynamic	graciloplasty	€12,000	and	Artiicial	Anal	
Sphincter	€12,000	(taken	from	Spanish	DRG	igures).

The	 timeline	 for	 the	 model	 was	 5	 years,	 with	 3%	
discount	 rate	 per	 annum.	 Prevalence	 igures	 and	
Medtronics	 sales	 forecast	 were	 used	 to	 estimate	
numbers of patients likely to receive SNS over the 
next	 5	 years,	 to	 perform	 Budget	 Impact	 Analysis.	
Monte	Carlo	simulation	analysis	was	performed	 for	
a	 cohort	 of	 1,000	 patients	 (i.e.	 Bootstrapping,	 see	
Methods	of	this	chapter)	to	test	sensitivity.

The results of their decision tree analysis showed 
that patients obtained an additional symptom free 
year	of	0.31	and	0.34	per	patient	per	5	years	in	the	
two pathways respectively. In patients with an intact 
sphincter, SNS had a cost of €16,181 per QALY 
gained;	for	those	with	a	deicient	sphincter,	SNS	cost	
€22,195	per	QALY	gained.	Budget	 Impact	Analysis	
on	the	basis	of	75-100	expected	patients	per	annum	
would	yield	a	budget	impact	of	0.1%	in	patients	with	
faecal incontinence.

The authors commented that dynamic graciloplasty 
in	123	patients	yielded	complications	in	74%	of	pa-
tients	with	a	total	of	189	complications	[120].	Artiicial	
anal	sphincter	was	performed	in	112	patients	with	51	
patients	 required	 a	 total	 of	 73	 further	 reoperations	
with	 41	 (36.6%)	 subjects	 requiring	 device	 removal	
[121].	No	corresponding	igures	for	reoperation	rates	
were given for those undergoing SNS.
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The	 relationship	between	 the	Markov	model	devel-
oped	 in	 the	above	paper	by	Brosa	et	al	 [11],	and	a	
patient cohort study published by a similar group of 
authors [122] also from Spain in the same year, is 
unclear.	In	the	paper	from	Munoz-Duyos	et	al.,[122]	
patient	 level	 cost	 data	 is	 given	 for	 57	 temporary	
evaluations	 under	 local	 anaesthetic	 in	 47	 patients,	
giving	 a	 success	 rate	 of	 61%	 (which	 is	 lower	 than	
many other publications). Permanent SNS devices 
were implanted in 29 patients, who were followed for 
a median of 3 years.

The study was reported on an intention to treat basis 
over	a	ive-year	 time	horizon.	Only	 treatment	costs	
were	evaluated.	The	actual	Markov	model	was	not	
provided. Costs were not discounted. No sensitivity 
analysis was performed. It is unclear how the QALY 
were determined, as no QALY tests were adminis-
tered, and data arising from calculating QALYs from 
SF36 were quoted as being derived from the paper 
by	Brosa	et	al	 [11].	Thus	 it	appears	 that	 this	 report	
from	Munoz-Duyos	[2008]	was	in	some	aspects	a	du-
plicate	of	the	earlier	Brosa	paper	[11,	122].

Despite	this	paper	being	entitled	a	“cost	effective-
ness study” there was little individual cost data 
given, for example, the temporary evaluation cost 
was	€397,	and	the	SNS	permanent	device	cost	was	
€10,178.	Mainly,	group	totals	of	costs	were	given,	
for example, operating room costs of €26,000 for 
all	 the	 temporary	evaluations,	and	€17,000	for	all	
SNS implantations in the study group. Thus the 
majority of costs were associated with implanta-
tion of the permanent SNS device (due to upfront 
device costs). 

In patients with an anatomically intact anal sphincter, 
SNS versus maximum conservative treatment had 
an	 ICER	 of	 €16	 181	 per	QALY	 gained,	well	 within	
the €30 000 per QALY threshold accepted in Spain.

In 2010, Indinnimeo et al. [12] from Italy, published a 
cost effectiveness study of SNS based on the deci-
sion	 tree	model	 of	 Brosa	 (who	was	 a	 co-author	 of	
this paper also)[11]. The decision tree parameters 
appeared to be identical, based on the same NICE 
guidelines, but cost data from the Italian NHS reim-
bursement list were substituted. For example, the 
cost of temporary evaluation of SNS was €6,400, the 
cost of permanent implantation of SNS was €6,400, 
the	cost	of	dynamic	graciloplasty	was	€8,760	and	the	
cost	of	artiicial	anal	sphincter	was	€4,620	(as	shown	
in Table 1 , earlier in this chapter).

Clinical data were obtained from published stud-
ies and from “expert” panel consensus. Note 
should be made that one of the authors worked 
for	Medtronic	 Italia	 and	 that	 some	 data	 on	 SNS	
were taken from a review in which the majority of 
patients were implanted using an open surgical 
rather than percutaneous technique. Treatment 
success was defined as “the cessation of the pa-
tient to seek further treatment due to a satisfac-

tory reduction of incontinent episodes with the 
therapy”.	Measurement	of	success	was	based	on	
outcome at 6-month follow-up and it was assumed 
that loss in efficacy over time for each treatment 
was equal. The committee felt that this may have 
biased the results, as generally (for example) 
the efficacy of sphincter repair declines with time 
(80%	‹success›	at	1	year,	50%	at	5	years,	20%	at	
ten-years [123]). In contrast, loss of efficacy with 
SNS is more likely to occur in the first year (in the 
absence of device failure).

There	were	several	dificulties	regarding	the	design	
of the decision tree. Firstly, the study assumed that 
all	patients	with	a	structurally	deicient	anal	sphinc-
ter	should	undergo	sphincter	 repair.	Structural	dei-
ciency	was	 deined	 as	 damage	up	 to	 120	 degrees	
in radial extent affecting partial or full length of the 
internal or external anal sphincter, or both.

No reference was given to sphincter function in as-
sessing the role of sphincteroplasty.

The Committee felt that in real life, those with partial 
length defects or isolated internal anal sphincter de-
fects would not be considered for sphincteroplasty; 
only patients with full length defects with adequate 
residual muscle bulk and function would generally be 
considered for sphincter repair.

Generally, the indications for sphincter repair or 
dynamic graciloplasty are end-stage faecal incon-
tinence in the presence of a substantial muscular 
defect and / or neural defect of the anal sphincter. 
However,	 the	Decision	Tree	analysis	assumed	 that	
all patients (even those with intact anal sphincters) 
would undergo one of these operations, which seems 
to	make	the	model	lawed	in	the	case	of	patients	with	
an intact anal sphincter.

Secondly, the model also assumed that of those 
undergoing	 a	 neo-sphincter	 procedure,	 95%	would	
undergo	dynamic	graciloplasty	and	only	5%	artiicial	
anal	sphincter.	The	Committee	felt	that	artiicial	anal	
sphincter is more readily performed in current clini-
cal practice, with the recent understanding of poor 
long-term	outcome	of	dynamic	graciloplasty.	Only	65	
DG	were	performed	in	21	European	Centres	in	2011	
(Personal	 correspondance	 Medtronic	 Inc.).	 Finally,	
the	model	 indicates	 that	colostomy	achieved	100%	
continence. In practice patients may still be inconti-
nent of mucous which can cause considerable mor-
bidity and impact upon quality of life.

The	 cost	 utility	 analysis	 revealed	 an	 ICER	 (€	 per	
QALY	 gained)	 of	 €28,285	 in	 those	 with	 sphincter	
defects, and €38,662 in those with intact sphinc-
ters. These results were within €40,000 acceptability 
threshold	 of	 the	 Italian	 NHS.	 Their	 Budget	 Impact	
Analysis appeared to give a low estimate of the total 
number of patients being treated with SNS (that is 
86	to	115	patients	per	year	over	ive	year	period	in	a	
population of 48 million people).
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Mitchell	et	al	[2011]	performed	economic	analysis	
of the use of local anaesthetic (LA) versus gener-
al anaesthetic (GA) for insertion of temporary test 
electrodes (single electrode helical wires were 
used rather than tined quadripolar leads) [124]. 
Because	 LA	 was	 used,	 determining	 the	 optimal	
site for electrode placement was based upon sen-
sory perception of the stimulus effect, rather than 
motor response. However, one third of patients 
undergoing SNS are known to have poor sensory 
localization and are unable to define the exact 
location of the stimulus making electrode place-
ment	difficult	[125].

This was a retrospective cohort study of 111 con-
secutive	age	and	sex	matched	patients,	42%	of	pa-
tients	 had	 LA	which	 cost	 £613,	 and	 58%	 had	GA	
which	cost	£743,	yielding	a	saving	of	£130	for	 the	
LA cases. 

All	were	planned	as	day	case	procedures,	but	89%	
of	LA	patients	went	home	 that	day	versus	62%	of	
GA cases. A greater proportion of patients had suc-
cess	in	the	GA	group	(77%	versus	64%).	The	small	
sample size resulted in a modest effect and a large 
standard	error	with	non-signiicant	effects.	Reduced	
cost with the LA procedure was not correlated with 
effectiveness,	so	 it	 is	dificult	 to	make	conclusions	
about the outcome of study.

In	 late	2009,	Dudding	et	al	 [13]	performed	a	co-
hort	 analysis	 of	 70	 consecutive	 patients	 treated	
with	SNS	at	a	single	UK	institution	over	a	ten-year	
period [1996-2006] with subsequent followup for 
approximately 2 years, which was then projected 
over	 a	 7	 year	 time	 horizon.	 Unlike	 the	 previous	
publications, these authors collected data pro-
spectively at the patient level for baseline cost 
information and evaluated actual success, failure 
and	complications,	which	comprised	the	Decision	
Tree analysis (as previously shown in Fig . 2,	De-
cision Analysis).

All of the patients had failed standard conservative 
therapy, and these costs were assessed at base-
line, for comparison with subsequent intervention 
with SNS. A societal perspective was taken and 
sensitivity analysis was performed.

Treatment and non-treatment costs were as-
sessed.	The	 treatment	costs	were	 taken	 from	UK	
national tariff and health resource group codes. 
Face to face data on routine care costs was not 
collected but careful calculations of typical costs 
of pad usage, loperamide consumption, outpatient 
visits etc were undertaken.

The non-treatment costs were derived from publica-
tions	 regarding	 time	 off	 work	 [110,	 126,	 127]	 and	
loss	of	work	productivity[111,	128],	from	non-British	
sources,	 yielding	 a	 igure	 of	 £912	 per	 patient	 per	
annum (which may not have been applicable to the 
UK	population	studied).	

QALY data were calculated from conversion of el-
ements of the Short-form 36 questionnaire, which 
is a standard methodology [26], although it must 
be noted that the SF-36 was not designed for eco-
nomic evaluations. Inconsistencies can occur with 
this conversion which makes it possible for a patient 
with a better health state to record a lower QALY 
value than a patient with a worse health state [129].

Because	 the	 study	 included	 a	 self-selected	 group	
of	patients	who	had	failed	to	beneit	from	conserva-
tive treatments, it may not be representative of all 
patients who undergo conservative management for 
faecal incontinence (many of whom do achieve suc-
cess from conservative treatment).

All procedures were performed under general an-
aesthesia, but the costing for short stay procedures 
was such that this had little economic effect. The 
cost	 for	 temporary	evaluation	was	£510,	 the	cost	
of permanent SNS implant was £8,480. Figure 2  
shows the clinical pathway with resultant success 
rates and complication rates of this patient cohort 
(earlier in this chapter). Complications occurred in 
nearly	20%	of	patients	 (several	were	mild	but	 re-
quired some form of medical intervention); these 
were carefully costed in the manuscript at the 
patient level. The basic conservative regime cost 
£596	per	QALY	gained,	and	SNS	cost	£2159	per	
QALY gained. Sensitivity analysis was performed 
to assess robustness of the model and rates 
were	discounted	by	 3.5%.	 Including	all	 treatment	
and	 non-treatment	 costs	 the	 ICER	 for	 SNS	 was	
£25,070	per	QALY	gained.	This	equates	to	£1038	
more per year to treat patients with SNS for a me-
dian reduction in 286 incontinent episodes (£3.63 
per episode reduced). Lost productivity make up a 
large proportion of the total cost of faecal inconti-
nence	and	 this	was	 relected	 in	 this	 study.	When	
lost	 productivity	 was	 included,	 the	 ICER	 was	 re-
duced	to	£12,959	per	QALY	gained	for	SNS	versus	
conservative therapy.

In	 conclusion	 the	 ICER	 of	 £25,070	 per	 QALY	
gained was within the £30,000 per QALY thresh-
old	 recommended	by	 the	UK	National	 Institute	of	
Clinical	Excellence	as	an	effective	use	of	UK	NHS	
funding (Figure 2 ).

In	 2009,	 Dudding	 and	 Nugent[130]	 published	 an	
abstract which compared the costs of using a per-
manent quadripolar tined lead electrode for tempo-
rary testing as part of a staged implant versus the 
single electrode helical wire as part of a two-stage 
procedure. This was a decision tree analysis based 
upon published literature, which took into account 
success, failure and complication rates. On an 
intention to treat basis of 100 patients, a saving 
of	 £27.78	 per	 patient	 can	 be	 made	 by	 adopting	
a staged implant strategy. They concluded that a 
permanent quadripolar electrode should be used 
for temporary SNS. 
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er carefully how they construct the model parameters 
for	Decision	Tree	Analysis	and	Markov	Models,	so	that	
“real life” assumptions are made. The gold standard re-
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We performed a comprehensive computerized medi-
cal	 literature	 search	 (PubMed)	 for	 the	 years	 2007-
2012 to identify all economic, health-related quality 
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urinary incontinence, fecal incontinence or pelvic 
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provide evidence needed to inform clinical prac-
tice, stimulate other investigators, generate new 
research ideas, and lead to a better understand-
ing of physiology and pathophysiology of the hu-
man health and disease.

Although it is beyond the scope of this section to re-
view the rules of conducting human subject research 
in depth and extensive coverage is available else-
where [21-25], all investigators should understand 
the difference between “research” and “clinical prac-
tice”.  At a minimum, criteria for an ethical research 
study should meet the following criteria:

•	 the	 study	 should	 well	 planned,	 scientiically	
sound	with	clearly	deined	aims;

•	 clinical research should be prospectively regis-
tered	whenever	possible;

•	 the study should be feasible with a realistic 
chance	for	completion;	

•	 there should be a reasonable assumption that 
new knowledge will be provided at the end of 
the	study;	and

•	 there should be an expectation that the results 
will	 be	 published	 to	 advance	 scientiic	 knowl-
edge [21, 26].

Human subject research protocols must be ap-
proved by an Institutional Review Boards (IRB), 
although IRB approval should be regarded only as 
a minimal ethical standard for research.  Ultimately 
it is responsibility of the investigator to ensure the 
research is ethically acceptable.

2. PRIMARY GUIDING ETHICAL PRINCIPLES

There are 3 primary guiding ethical principles for hu-
man research outlined by the 1979 Belmont Report 
on “Ethical Principles and Guidelines for the Protec-
tion of Human Subjects of Research” [27].  These 
principles are essential for ethical clinical research 
and	are	briely	reviewed	in	the	following	section.

a) Respect for Persons  recognizes the volun-
tary nature of research participation and includes 
informed	consent	without	undue	inluence.		

b) Beneicence requires investigators to maximize 

I. INTRODUCTION

Research Methodology

This chapter provides general recommendations 
for good research practice, including principles of 
clinical trial design and statistical methodology. In 
addition,	we	present	speciic	recommendations	ap-
plicable to trials for certain types of treatments and 
certain subgroups of patients.

1. LEVELS OF EVIDENCE

Most contributions to this consultation used the Ox-
ford Centre for Evidence-based Medicine Levels of 
Evidence and Grades of Recommendation (http://
www.cebm.net/levels_of_evidence.asp).  However, 
as these are not an appropriate metric for recom-
mendations in this chapter, the Research Commit-
tee used the following categories.

•	 High: Supported by strong evidence (multiple 
strong publications)

•	 Medium: Supported by moderate evidence (lim-
ited/moderate level publications)

•	 Low: Expert/Panel opinion

The report endorses consistent use of the method-
ology and approved terminology that will not only 
facilitate incontinence research by producing high 
quality studies but also facilitate communication 
about research.   Recognized published guidelines 
produced by the International Continence Society 
(ICS) [1-15] and Society for Female Urology and 
Urodynamics (SUFU) [16-18] are useful examples 
of standardized terminology that advances commu-
nication in research.

Research is defined as “systematic investiga-
tion designed to develop or contribute to gener-
alizable knowledge” [19] and participants accept 
risks to advance scientific knowledge and to 
benefit others [20].  The aim of clinical research 
in functional urology and urogynaecology is to 
evaluate treatments intended to prevent and/or 
significantly reduce symptoms of lower urinary 
tract dysfunction. The research methodology pre-
sented herein is intended to facilitate production 
of high-impact, high-quality research which will 

L. BRUBAKER

I. NYGAARD, K. BO, D.G. TINCELLO, Y. HOMMA, J. COOK,
M.S. CHOO, J. KUSEK , S. MEIKLE, C. PAYNE
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an adverse event associated with the intervention.  
An understanding that the patient will be randomly 
assigned to treatment should be included when 
relevant, written using terms that are meaningful to 
potential participants [28-29].  

5.  THE INVESTIGATOR HAS AN ETHICAL RE -
SPONSIBILITY TO TAKE RESPONSIBILITY 
FOR ALL ASPECTS OF THE RESEARCH.

This will insure that the work is done rigorously 
and to maintain the integrity of the research [30]. 
International Committee of Medical Journal Editors 
(ICMJE) now requires that information about trial 
design be placed into an accepted clinical trials reg-
istry prior to participant enrollment [31]. For more in-
formation, see more extensive information available 
elsewhere [30, 32-35].  A list of registries acceptable 
to the ICMJE can be found on their website. One 
objective of trial registration is to reduce publication 
bias	given	that	trials	with	positive	indings	are	more	
likely	to	be	published	than	those	with	negative	ind-
igs.  An important feature of one registry, clinicaltri-
als.gov, is a results database [36].

Consider this pragmatic, simple test to use when 
resolving an ethical research dilemma: “Imagine 
what you are preparing to do will be reported the 
next day on the front page of your local newspaper. 
If you are comfortable having colleagues, friends, 
and family know what you did, chances are you 
acted responsibly”.

6.  ENSURING PARTICIPANT SAFETY IS PARA -
MOUNT.

An independent data safety monitor (DSM) or data 
safety monitoring board (DSMB) is important to 
evaluate the study on an ongoing basis to determine 
early	evidence	of	signiicant	harm	or	beneit	[37-38].	
Depending on the size, complexity, and risks of a 
trial, the DSMB is comprised of experts needed to 
monitor interim data to ensure the safety of the par-
ticipants. The DSMB should be established prior to 
initiation of the trial. In addition to reviewing results 
of the study for safety monitoring they may evaluate 
interim analyses to ensure that a treatment is not 
producing unacceptable levels of side effects and/or 
eficacy	 [29,	 37].	 	A	priori	 stopping	 rules	or	 bound-
aries are established to assess if the study should 
continue or be terminated due to futility (that is, no 
conclusion will be drawn due to low enrollment, 
few outcome events, or high drop out rates etc.), 
reaching an endpoint, or identifying increased risks. 
Guidelines for stopping the study should be agreed 
upon, prior to the start of the trial [30].  Interim analy-
ses	(in	particular	those	based	on	eficacy)	will	have	
implications for the study power.  Specialist statistical 
advice and support will be essential to address these 
issues [39, 40]. Investigators must not be aware of 
the results of interim analyses, however, since this 
may	 cause	 bias	 by	 inluencing	 how	 vigorously	 any	
given patient is recruited into or followed up in the 
study, and most importantly, runs the risk of a type 

beneits	and	reduce	risks	to	the	subject.	The	primary	
concern of the investigator should be the safety of 
the research participant and careful consideration 
of	 the	 risk/beneit	 ratio;	 this	 includes	 an	 ongoing	
responsibility to monitor research and medical lit-
erature as the research proceeds.  The investigator 
needs to critically consider within the expert medical 
community if there is clinical equipoise for the pro-
posed interventions in their trial.  Is one treatment 
no better than another?  Are the research risks rea-
sonable	in	relation	to	anticipated	beneits?		It	is	the	
responsibility of the investigator to ensure risks are 
minimized	and	potential	beneits	enhanced	as	well	
as that the knowledge gained outweighs the risaks 
[26]. Of note, invalid research cannot be ethical no 
matter	how	favorable	the	risk–beneit	ratio	for	study	
participants.  

c) Justice 	 requires	 that	 the	beneits	and	 risks	be	
distributed fairly (i.e. not only using people without 
access to health care, prisoners, or those impaired). 
Justice is of particular concern in Phase I testing 
of pharmacuetical agents and in early investigation 
of surgical devices/implants.  Payment offered for 
participation in such drug trials may be extremely 
attractive to poor and disenfranchised subjects.  
Early device studies may target countries with lax 
regulatory environment even if there is little intent to 
market the device there in the long term.

3.  INFORMED CONSENT IS AN ETHICAL 
CORNERSTONE OF HUMAN SUBJECT 
RESEARCH.

Peer review of protocols by a multidisciplinary 
team	may	 include	members	of	 the	scientiic	com-
munity, clinicians, pharmacists, the public/patient 
groups, the legal profession and individuals who 
can provide an ethical perspective. Each member 
of this team reviews the protocol from their particu-
lar type of expertise and in doing so aids in safe-
guarding patient health and well-being.

4.  SPECIFIC INFORMED CONSENT IS RE-
QUIRED FOR RESEARCH PARTICIPATION.

The length and depth of detail in consent forms 
vary widely between institutions. In the extreme, 
they involve exhaustive pages of information, 
which explain every alternative treatment with its 
pros and cons in detail. A general list of require-
ments for a consent form includes: name of the 
investigators and contact numbers, a detailed de-
scription of the new treatment and its known side 
effects, rationale for why the new therapy may be 
preferred to standard therapy. A summary table 
of the results of previous studies using the drug 
can be helpful when available. A statement that 
the patient may decline to be in the study with no 
subsequent consequence to their ongoing medical 
care is generally provided and whether or not re-
muneration is expected. Additionally, there should 
be a statement about payment for medical care 
required during the course of the study if there is 
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II	error	(ie	mistakenly	concluding	beneit	when	there	
is none). Nevertheless, emergency procedures for 
unblinding a patient’s allocation are required in case 
of a severe side effect or concomitant serious illness 
where knowledge of treatment assignment is essen-
tial for patient management and safety.

7.  HIGH QUALITY DATA MANAGEMENT IS 
KEY TO PROVIDING VALID AND ETHICAL 
RESEARCH RESULTS [41].

In addition, ethical conduct of research includes 
timely and complete reporting.  Clear guidelines 
for authorship have been established by medi-
cal journals [42].  Beginning with the research 
contract, authorship rules should be established 
according to accepted guidelines. In general, au-
thorship credit should be based on 1) substantial 
contributions to conception and design, or acquisi-
tion	of	data,	or	analysis	and	interpretation	of	data;	
2) drafting the article or revising it critically for im-
portant	intellectual	content;	and	3)	inal	approval	of	
the version to be published. Authors should meet 
conditions 1, 2, and 3.

8. USEFUL WEBSITES:

•	 The National Reference Center for Bioethics 
Literature (http://bioethics.georgetown.edu/
nrc/index.htm)

•	 International Bioethics Organizations Data-
base (http://bioethics.georgetown.edu/data-
bases/Organizations/index.htm) 

•	 International Committee of Medical Journal 
Editors (http://www.icmje.org)   

9. FINANCIAL CONFLICTS OF INTEREST

Many investigators are involved in testing new 
drugs or devices developed by industry and have 
the potential to significantly supplement to per-
sonal income. It is acceptable for investigators 
to receive contracted financial support to perform 
this research and a principled partnership be-
tween industry and investigators is essential if we 
are to preserve medical progress [43].  Financial 
conflict of interest policies have been developed 
due to ethical concerns about potential biases 
that may influence trial design, conduct, over in-
terpretation of positive results or not publishing 
negative results [30, 44].  It is important that in-
vestigators do not receive money directly (per-
sonal income) from industry sponsors but rather 
through a research contract through an appropri-
ate entity with research oversight capabilities.  
Disclosure of these relationships helps maintain 
scientific integrity and preserve public trust in the 
scientific process.  This is a rapidly evolving area 
and investigators are encouraged to clearly un-
derstand and disclose such relationships.

An investigator’s institution may have additional 
definitions and reporting requirements for finan-

cial conflict of interest disclosures.  There are 
many potential relationships between physicians 
and	industry;	it	is	preferable	that	the	nature	of	the	
relationship and its financial magnitude if any, be 
fully defined rather than categorized (i.e. “consul-
tant”) so that the reader can appropriately assess 
the disclosure.

The investigator(s) should take a deliberate ap-
proach	 to	 formulate	 the	 speciic	 research	 ques-
tion, based on a careful review of related clinical 
research and relevant studies that are well de-
signed and clinically relevant. The research re-
views provided by the Cochrane Incontinence Group 
(http://healthsci.otago.ac.nz/dsm/wch/obstetrics/cure) 
provide an excellent starting point for most ma-
jor incontinence topics. Based on a thorough lit-
erature review, the investigator clearly describes 
the primary research question(s), summarizes the 
background information, and formulates the ra-
tionale, objectives and hypotheses for the study.  
The investigator(s) should formulate the simplest 
study design which will provide the highest quality 
of evidence to test the given hypothesis in a cost 
and	time-eficient	manner.	Whenever	possible,	ba-
sic or translational research should occur as part 
of the clinical research study in order to advance 
discovering of underlying mechanisms or patho-
physiology. This balance between breadth and 
depth greatly increases the yield of the research 
effort [45].

1. RANDOMIZED CONTROLLED TRIALS

Experimental studies have the potential to provide a 
higher level of evidence than observational studies.  
The randomized double-blind clinical trial (RCT) is 
considered the gold standard study design. Properly 
planned and executed, the RCT is the optimal ap-
proach to limiting allocation bias [46].   The study 
participants are assigned to a treatment group by a 
random (chance) mechanism that ensures adequate 
concealment so that neither the study participant nor 
the	 investigator	 can	 inluence	 treatment	 group	 as-
signment in order to reduce allocation bias. Subject 
assignment must be concealed during enrollment 
(for example, by separating allocation from the pro-
cess of recruiting subjects, and by using remote 
randomization such as by telephone or web-based 
procedures), and wherever possible treatment al-
location must be concealed during the trial (for ex-
ample, using blinding with or without placebo). In 
order to minimize bias, the randomization process 
must be concealed from those recruiting subjects to 
the trial [48- 49). This can be achieved most effec-
tively by the use of central telephone randomization. 

II. DEFINING THE RESEARCH 
QUESTIONS  

III. EXPERIMENTAL STUDIES
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In drug studies, a pharmacy can maintain identical 
treatment drug and placebo already randomly al-
located into individual subject portions. These are 
distributed consecutively as subjects are enrolled 
in the study. In some studies, blinding of subjects 
and health care providers may not be possible, for 
example in trials of some surgical procedures or 
health care delivery methods. In almost all cases, 
however, the personnel collecting outcome data 
should be unaware (blinded) to the subjects’ treat-
ment allocation. RCTs require ethical equipoise and 
are usually expensive to conduct optimally. 

The purpose of randomization is to produce groups 
that are, on average, comparable. A per-protocol 
analysis retains this property only in the unlikely 
situation when non-compliance is unrelated both 
to the patient’s underlying state of health and the 
treatment received [50].  The intention-to-treat ap-
proach	 in	pragmatic	 trials	 retains	 the	 full	beneits	
of randomization and has the advantage that the 
comparison	will	more	closely	relect	the	relative	ef-
fectiveness of the treatments when applied in real 
clinical practice, where non-compliance is a com-
mon occurrence [51]. 

a) Simple randomization  can use computer-gener-
ated	 random	 numbers,	 either	 prepared	 speciically	
for the trial or using existing tables of random num-
bers where the digits of 0-9 appear with equal likeli-
hood in each entry. Treatments are assigned to odd 
or even numbers. As the total number of subjects in 
the trial increases, the balance of numbers and char-
acteristics of subjects between the groups improves. 
In small trials, however, balance is not assured by 
simple randomization. Appreciable imbalances in 
subjects per group may be particularly important in 
a multicenter study where imbalances in assignment 
can occur within individual institutions.

b) Block randomization  is one method used to 
prevent imbalances in subject numbers assigned 
to each group, particularly when the number of 
subjects	in	the	trial	is	small.	With	block	randomiza-
tion, the total sample size is divided into blocks of 
a	 given	 size.	Within	 each	 block,	 the	 group	 is	 as-
signed so that there are equal numbers allocated to 
each group. To prevent investigators from learning 
the block size and being able to guess order of as-
signment, the block size can be varied, usually at 
random from a small number of alternatives. In any 
case, blocking prevents serious imbalances in char-
acteristics across groups when used in conjunction 
with	stratiication	as	described	below.

c) Stratiied randomization

Most	 disease	 states	 have	 factors	 known	 to	 inlu-
ence the outcome of treatment, for example symp-
tom severity or gender. A form of randomization 
that	 accounts	 for	 such	 factors	 is	 called	 stratiied	
randomization	 [46-47].	 Stratiied	 randomization	
ensures equal distribution of subjects with a par-
ticular characteristic in each group when blocking 

is	 employed	within	 strata.	 Stratiication	 is	 usually	
restricted to a small number of factors, in particu-
lar	those	most	likely	to	inluence	outcome.	Despite	
its	 complexity,	 stratiied	 randomization	 is	 usually	
helpful in a multicenter trial, so that both the num-
bers of subjects in each group and the important 
factors	 inluencing	 the	 outcome	 can	 be	 balanced	
within each site. An alternative method exists to 
cater for more factors at once, known as minimi-
zation, where the characteristics of individuals al-
ready randomized alter in a systematic manner the 
chances of a given subject being allocated to the 
different trial groups, so as to maximize the result-
ing balance of these factors [46-47, 52]. 

Although the classical RCT involves the study of 
parallel groups, other options are possible and 
may overcome some of the limitations of the clas-
sical approach [53]:

d) Parallel Group Trials

This design generally includes one group of sub-
jects assigned active treatment and a second (par-
allel) group a placebo or another treatment not be-
lieved to be an active treatment. The key feature of 
this design is that both groups (treatment and com-
parison group) are assembled and followed at the 
same time.  In clinical trials of drugs the dose of the 
drug tested may be either a single dose or multiple 
doses	to	determine	clinical	beneit	and/or	minimize	
side-effects. More complex study designs can in 
some circumstances be worth considering – for 
example, factorial trials where two or more inter-
ventions can be investigated simultaneously [54-
55], and cluster randomized trials whereby groups 
of	participants	(deined	by	some	common	feature,	
e.g. members of the same health maintenance or-
ganization, clinic, etc.) rather than individuals are 
randomly allocated to the trial arms [56]. This strat-
egy might be employed when studying an interven-
tion requiring policy changes in an institution, with 
a hospital, clinic, or health care system being the 
unit of randomization.

e) Crossover Trials

Subjects receive both the treatment being studied 
and the placebo/alternative treatment, with ran-
dom	order	of	treatment	assignment.	The	beneit	of	
crossover studies is that they eliminate the effect 
of variation between groups of participants seen in 
parallel trials, that is each subject serves as his/
her own control. Crossover studies are particularly 
well suited for small studies, where the course of 
the disease under study is believed to be stable, 
and where the primary objective is to measure a 
short-term change in the outcome (e.g. urinary 
symptoms) in response to treatment. The duration 
of treatment required before the anticipated effect 
may be observed is critical in determining whether 
the crossover study design is appropriate – too long 
a period time before an effect becomes evident, 
and the disease state may vary before the study 
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participant	has	completed	all	arms	of	the	trial;	too	
short, and it may not be possible to detect the ef-
fect during the period of data collection. Carryover 
of treatment effects from one treatment period (or 
observation period if a placebo follows treatment) 
to another, make this a challenging study design to 
implement in many cases.  To avoid a carryover ef-
fect, a washout period should be included, in which 
participants receive either placebo or no treatment. 
A run-in period in which signs and symptoms of the 
illnesses studied are monitored may be necessary 
before treatment begins to ensure that only those 
whose disease state is stable are entered into the 
study. Given all thesefeatures and limitations, this 
design is unlikely to be widely applicable in studies 
of interventions for incontinence. 

There are two types of clinical trial designs that 
show the similarity of medical treatments:  non-
inferiority trials and equivalence trials.

f) Non-inferiority trials

the primary objective of a non-inferiority trial is to 
demonstrate that the new treatment is not unac-
ceptably worse than that of the standard treatment. 
This design may be appropriate when one treat-
ment is less costly , may offer advantages related 
to improved  quality of life, or has fewer side-ef-
fects, and the current belief is that both treatments 
have a a similar effect on the disease or condition 
of interest . A key feature of this type of trial design 
is	 the	 ability	 to	 rule	 out	 a	 non-inferiority	 margin;	
that is, a minimum threshold for an unacceptable 
loss	 of	 eficacy	 [57-59].	 As	 an	 example,	 if	 prior	
independent studies found similar effects of pel-
vic	loor	exercises	and	a	drug	 in	 the	 treatment	of	
stress incontinence, one might set up a study to 
demonstrate that no important difference in clinical 
effect was present between the two treatments by 
direct comparison. Currently there is considerable 
uncertainty about the design of non-inferiority trials 
as it relates to U.S. and European drug regulatory 
bodies [60-62]such that there have been recom-
mendations to consider alternative designs [57].  
Non-inferiority trials have been infrequently used 
in studies of urinary incontinence.  A recent exam-
ple is the Value of Urodynamic Evaluation (ValUE) 
trial, a non-inferiority randomized trial of preopera-
tive urodynamic investigation in women undergo-
ing stress urinary incontinence surgery [63].

g) Equivalence trials

The goal of an equivalence trial is to show that the 
experimental treatment is not more inferior and not 
more superior to a standard treatment by a given 
amount [64-66]. The clinically important differ-
ence between the standard treatment group and 
the new therapy is established prior to start of the 
study (Fleming TR 2000), and it is shown, by for-
mal statistical testing, that the difference between 
the control and study treatments are not large in 
either	direction	(more	beneicial	or	less	beneicial).	

A recent trial of midurethral sling surgery illustrates 
this type of study design [67].

h) Superiority trials

The most common study design for clinical trials of 
urinary incontinence and for many other diseases/
conditions is the superiority trial where the goal 
is, in its most simple form, to show one treatment 
is better than another (or no treatment, placebo).  
The general approach is to establish a priori a 
clinically meaningful effect that you wish to detect.  
Once conducted, determining superiority requires 
that	 the	 indings	 permit	 the	 investigator	 to	 reject	
the null hypothesis that the two distributions of 
the treatment effect are equal, in favor of the new 
treatment being better than the control [58]. 

2.   NON-RANDOMIZED CONTROLLED CLINI -
CAL TRIAL(S)

This category includes trials in which treatment al-
location is known to the investigator prior to obtain-
ing informed research consent (for example, day 
of clinic appointment). This approach often results 
in baseline characteristics of the treatment groups 
being	signiicantly	different,	decreasing	 the	ability	
to interpretate trial results.  Because of this ma-
jor shortcoming, this type of study should be used 
rarely, if at all.  

3. PRAGMATIC AND EXPLANATORY TRIALS

There is an important distinction between prag-
matic and explanatory trials [68- 69], and corre-
spondingly, between intention-to-treat and per-
protocol approaches to data analysis [50, 70]. 
This distinction has a number of facets. In prag-
matic trials the interventions are designed to be as 
close as possible to treatment options in clinical 
practice (including multiple patient management 
choices) and entry criteria are usually relatively 
liberal in comparison with explanatory trials. In ad-
dition, pragmatic trials may involve a wide variety 
of outcome domains, including patient-completed 
questionnaires, and an economic evaluation of 
outcomes. As a result of intention-to-treat data 
analysis, pragmatic trials will tend to yield lower 
estimates of treatment differences than explana-
tory trials. It may be of interest to gauge the effect 
of	 treatment	 given	 full	 compliance;	 therefore,	 full	
data analysis ideally incorporates both intention-
to-treat and per-protocol approaches [50]. The pri-
mary analysis, though, should follow the intention-
to-treat principle.

Data from pragmatic trials are analyzed by in-
tention-to-treat, according to the group to which 
subjects were randomized, regardless of the ex-
tent of compliance with the intended treatment. In 
explanatory trials, data are analyzed accounting 
for compliance. This per-protocol approach may 
exclude serious non-compliers, analyze data ac-
cording to treatment actually received, or allow 
for degree of compliance in a statistical model. 
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At first sight, the explanatory approach appears 
more attractive. However, there are considerable 
limitations to the explanatory approach, particu-
larly when the intention is to draw inferences from 
the trial to wider clinical practice (generalizability).

4.  DRUG TRIALS ARE CATEGORIZED AC -
CORDING TO THE FOLLOWING DEFINI-
TIONS [30, 50].

a) Phase I studies

The	irst	studies	of	a	drug	 in	humans,	often	open	
label and uncontrolled, concentrating on safety 
and frequently but not exclusively carried out in 
healthy volunteers. Pharmacokinetic and tolerance 
information is obtained from Phase I trials.

b) Phase II studies

The first attempts to investigate treatment effica-
cy, often the first use of the drug in subjects and 
focusing on short-term outcomes. A common ob-
jective of Phase II studies is dose finding in terms 
of efficacy. Two sub-types may usefully be dis-
tinguished: Phase IIA studies where single treat-
ments are considered in relation to a minimum 
response	prior	to	further	investigation;	Phase	IIB	
where direct comparisons are made between in-
terventions, albeit on a small scale and not nec-
essarily involving randomization [71].

c) Phase III studies

Large-scale, authoritative randomized studies 
performed once the most likely effective and toler-
ated treatment regimens have been established. 
The objective is often to establish that the inter-
vention is suitable for registration/approval with 
the appropriate regulatory authority. Trials are 
conducted after submission of a new drug appli-
cation (NDA), but before the product’s approval 
for market launch. Phase IIIB trials (between sub-
mission for approval and receipt of marketing au-
thorization) may supplement or complete earlier 
trials, or seek different kinds of information (for 
example, quality of life or marketing). Phase III tri-
als are also used to investigate the effectiveness 
and cost-effectiveness of various interventions – 
that is, non-drug including organizational issues 
– and not necessarily with reference to regulatory 
authorities. All Phase III trials should be subject to 
a formal sample size calculation – for instance to 
obtain sufficiently precise estimates of the com-
parisons between treatments or to have a reason-
able chance (power) of detecting a difference if 
one exists (see section II C 7 below).

d) Phase IV studies

These investigations are usually carried out af-
ter registration/approval, to investigate the drug’s 
safety	 and	 eficacy	 in	 different	 populations.	 Such	
post-marketing surveillance studies are typically 
larger	 and	 simpler	 than	 regulatory	 studies;	 they	

may lack a control group and are often conducted 
using surveys. 

5.  BIAS, BLINDING AND EFFECTS ON VALIDITY

Bias can be introduced at many stages of a study 
including patient selection, randomization, assess-
ment of outcomes, and statistical analysis and in-
terpretation.  Bias occurs because of previously 
conceived ideas held by those involved, which 
consciously or unconsciously affect their actions 
and observations. In addition to observer bias, an 
amount of observer error is inherent in outcome 
measures that require clinical interpretation.

a) Blinding

In order to minimize bias, research design should 
strive for the highest practical level of blinding.  
Blinding is the process by which key elements of 
knowledge are withheld that can otherwise lead 
to bias. Blinding should not be confused with con-
cealment of allocation, referring to withholding 
knowledge of assignment in advance, which is a 
prerequisite for the validity of any trial [48, 72]. 
While	blinding	is	important,	its	effect	is	lower	than	
that of concealment of allocation [73].  In most 
drug studies placebo pills allow blinding of all rel-
evant participants.

b) Unblinded trials

They are conducted in an open manner where 
both subjects and study investigators are aware of 
which	treatment	has	been	assigned.	While	certain	
types of therapy may require investigation in this 
manner (e.g., some surgical trials), there remains 
considerable opportunity for bias. Both subjects 
and investigators may have preconceived ideas 
regarding	the	beneits	of	a	particular	treatment	that	
can	 inluence	 the	 reporting	 of	 symptoms	 and/or	
their outcome.

c) Single blind trial

Commonly, in a single blind trial, ‘single blind-
ing’ may refer to blinding the outcome assessor 
(but	 not	 the	 subject);	 this	 is	 common	 in	 trials	 in	
which blinding the subject is not possible (such 
as pelvic muscle exercise trials). It is important to 
specify who is blinded to which aspects of study 
execution, rather than using only the vague term 
“blinded”.Hence, in these studies the only pos-
sible blinded person is the assessor. It may be 
advantageous for the clinical staff to be aware 
of the assignment to allow them to monitor the 
health and safety of individuals, since the poten-
tial effects of the treatment (side effects) will often 
be known in advance. Single blinding ameliorates 
biased reporting of symptoms and/or side effects 
by subjects. However, clinical staff can influence 
data collection and change other aspects of sub-
jects’ care when they know which study treatment 
subjects are receiving.
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d) Double blind trials

In	 double	 blind	 trials,	 both	 parties	who	 could	 inlu-
ence outcome are unaware of group assignment. 
Often this is just the subjects and the clinical team 
responsible for their care. Selection of an appropriate 
external comparison group is challenging and factors 
unknown or not measured by the investigators may 
adversely	inluence	the	indings.	

Eligibility criteria  impact every aspect of a study’s 
progress, from recruitment to analysis to acceptance 
of the study’s results by the community.  Yet, in the 
planning phase of a study, this vital aspect is often 
given short shrift.  Eligibility criteria will differ, de-
pending on the main goal of a study.  For a Phase 
I trial, designed to understand safety of an interven-
tion, eligibility criteria should be very narrow, and 
should focus on minimizing risk and maximizing abil-
ity to demonstrate proof of concept.  A Phase II trial, 
designed	to	test	the	eficacy	of	a	treatment	in	a	fairly	
ideal population, will have broader eligibility criteria, 
but will exclude individuals in whom it is highly un-
likely a treatment will be helpful, or highly likely that 
a treatment might be harmful.  If a treatment shows 
promise at this point, eligibility criteria for a Phase III 
trial are as broad as possible, to test the effective-
ness of the treatment in as real world of a setting as 
possible, thus maximizing generalizability.  Conclu-
sions can only be as broad as the eligibility criteria 
allow.  Thus, a drug found to be effective in a study 
that included only healthy middle-aged people can 
be recommended for that group, but not for older 
people, children, people with medical conditions, or 
other groups excluded by the eligibility criteria.

While	 some	 exclusion criteria  are necessary to 
reduce risk to potential participants, it is important 
to include individuals in whom the treatment would 
likely be used once widespread.  For example, in 
testing a new drug for urgency incontinence, that 
is excreted by the kidneys, it is important to ex-
clude people with high serum creatinine levels, but 
equally important to include older individuals with 
multiple	co-morbidities	in	speciic	studies,	as	these	
are	also	likely	to	beneit	from	a	drug	for	urgency	in-
continence once released.

Particularly	 in	 longer-term	 studies	 of	 pelvic	 loor	
disorders, some exclusion criteria are needed to 
maximize potential for follow-up.  Such studies of-
ten exclude people likely to move or die during the 
study period, people with conditions that impair ad-
herence (such as drug or alcohol dependence, se-
vere mental illness or homelessness) or factors that 
make	follow-up	more	dificult	(such	as	lack	of	a	tele-
phone).  For ethical reasons, it is important to either 
exclude	 people	 with	 signiicant	 cognitive	 impair-
ment (such that informed consent is impossible) or 
to plan a consent process with a legally authorized 

representative in mind.  However, all exclusions im-
pact the generalizability of the conclusions and so 
such trade-offs must be carefully thought through.

Additionally, inclusion criteria related to the condi-
tion of study must be considered in concert with the 
consideration of the primary outcome measure.  If 
an	 inclusion	 measure	 deines	 “disease”,	 it	 is	 es-
sential that the outcome measure does not include 
this same measure or cut-point as “success”.  For 
example, if a surgical trial comparing two treat-
ments	 for	 pelvic	 organ	 prolapse	 deines	 prolapse	
as >/= stage II (and excludes from enrollment only 
women with </= Stage I prolapse) and the primary 
outcome	measure	deines	successful	 treatment	as	
prolapse at or above the hymen, then women en-
rolled with maximal prolapse at points 0 or -1 may 
be considered successfully treated when in fact, 
their condition has subjectively not changed.  It is 
also important to note that a given condition, such 
as stress urinary incontinence, will be present or ab-
sent depending on which outcome measure is used 
to	deine	 it.	 	Avoid	using	one	outcome	measure	 to	
exclude women from a study and then a different 
outcome	measure	 deining	 the	 same	 condition	 as	
the primary outcome measure.

Every study must address its sampling strategy, that 
is, the selection of participants. In principle, sam-
pling should involve random selection. In practice, 
however, this ideal is rarely met outside of large-
scale epidemiological studies. For example, RCTs 
are drawn from a subset of the population, often 
limited to those with access to academic medical 
centers plus the willingness and ability to partici-
pate.	Where	this	is	the	case,	it	is	crucial	to	provide	
descriptive information about the study sample, so 
that its representativeness can be judged. Guide-
lines for reporting of RCTs include requirements to 
state the study population, give details of inclusion 
and exclusion criteria, and present clearly the num-
bers of eligible subjects who were not randomized 
and the reasons [32, 48- 49].

A study may require a sample that is represen-
tative of the community overall or one represen-
tative of patient groups suffering the condition/
disease. In principle, this is achieved by taking a 
simple random sample from a known population. 
In practice, a list of all eligible individuals is ob-
tained and then a sample is drawn by a method 
in which each member of the population has an 
equal probability of selection (‘epsem’). Even in 
ideal circumstances, however, some sophistication 
on this basic method is usually desirable or neces-
sary.	For	example,	 in	stratiied	sampling,	subjects	
are arranged into subgroups and the sampling is 
performed within each subgroup separately. This 
ensures that the sample is representative of the 
population in terms of these subgroup character-

IV. ELIGIBILITY CRITERIA

V. SAMPLING STRATEGIES 
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istics. In multi-stage random sampling, the popu-
lation	 is	 irst	 divided	 into	 primary	 sampling	 units	
(such as hospital, health center, or surgeon), and 
a sample of primary units is selected. The second-
ary sampling units, usually individual subjects, are 
selected within the primary sampling units. A spe-
cial case of multi-stage random sampling is cluster 
sampling where all individuals within each primary 
unit are included. Standard procedures for sam-
pling should be followed [56, 74].

It is important to note that, while the technicalities of 
random selection of subjects for a study are closely 
related to the random allocation of subjects in an 
RCT (and indeed there are similar issues in trials 
relating	 to	 stratiication	and	 clustering)[56],	 there	 is	
an important distinction in the objectives of the two 
procedures. First, the (ideally random) selection from 
the population of eligible subjects concerns the ex-
ternal	validity	or	generalizability	of	the	study	indings	
(RCT or otherwise). Independent of this, the ran-
dom allocation of subjects in an RCT is concerned 
with the internal validity or comparability of the trial 
groups. It is usually obvious whether the study can 
be performed at a single institution, or whether a mul-
ticenter study will be required. Single institution stud-
ies	have	the	beneit	of	being	less	complicated	from	
a	 logistical	 perspective.	While	multicenter	 trials	are	
more complex to manage and are usually more ex-
pensive, they provide larger numbers of participants 
in a shorter period of time, and increase the general-
izability	of	research	indings.

Although the number of questions in a single study 
should be limited, it is still relevant to record as 
many as observations as is possible without jeop-
ardizing recruitment or retention with onerous de-
mands.  Strong consideration should be given to 
collection of the following data groups [16],[75].

a) Baseline data:

b) Observations:

1. Patient’s observation/Subjective measures 

2. Clinician’s observation/Objective measures 

c) Tests

1. Quantiication	of	symptoms—bladder	diary,	and

2. Pad tests for incontinence outcomes

3. Urodynamics

d) Follow-up 

e) Quality of life measures

f) Socioeconomics

It is useful to consider collection of the following 
variables:

•	 Age

•	 Race/ethnicity

•	 Gender

•	 Body mass index (height and weight)

•	 For women – obstetric history, including parity 
and menopausal status

•	 Smoking status

•	 Co-morbidities such as cardiovascular, respi-
ratory and neurologic conditions and diabetes

•	 Medication use

•	 Past surgical history

•	 Level of education

•	 Mental and physical status

•	 Prior	 treatment	 for	 pelvic	 loor	 disorders,	 in-
cluding behavioural, pharmacological and/or 
surgical interventions

•	 Sexual function

Specific discussions of the most appropri-
ate outcome measures for particular studies 
of incontinence and pelvic organ prolapse are 
discussed elsewhere in this consultation. The 
purpose here is to define the general concepts 
of primary and secondary outcomes, which are 
relevant to both sample size determination and 
data analysis. The distinction between these 
two sets of outcomes depends on the context of 
the trial, and should be decided at the planning 
stage of the study. Primary and secondary out-
comes should not be confused with the distinc-
tion between primary and secondary analyses 
of trial data.

1. PRIMARY OUTCOMES

Primary outcomes are those viewed by the re-
searchers to be of central interest. Sample size 
calculations are based on anticipated changes 
in the primary outcomes.  The final study popu-
lation may or may not be sufficient to allow ro-
bust comparisons of secondary outcomes. Trial 
results that are based on the primary outcomes 
can lead to reseponsible alterations in standards 
of patient care.

The number of primary outcomes in a particular trial 
will depend on the nature of the interventions and 
the number of independent domains. The number of 
primary outcomes is usually limited to three. Sample 
size calculation is based on the primary outcomes. 
The number and nature of outcome domains in a 
particular study will vary depending on the study’s 
perspective. Careful selection of outcome measures 

VI. DATA COLLECTION 

VII. OUTCOME MEASURES
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that are valid and clinically relevant is intrinsic to the 
success	of	research;	usually	no	single	measure	can	
fully express the outcome of an intervention.

2. SECONDARY OUTCOME

Secondary outcomes can be relatively large in 
number. They are not the focus of the main study 
objectives and are rarely used directly in sample 
size estimation. Secondary outcomes are explor-
atory, i.e., as hypothesis-generating exercises for 
which	 independent	 conirmation	 is	 essential	 or	
used to monitor: e.g. safety, side-effects, costs or 
patient acceptance.

3. TYPES OF OUTCOME MEASURES

Traditionally, a patient’s success after a particu-
lar treatment was reported by the physician, using 
subjective information that differed from physician to 
physician.  Given the mismatch between physicians’ 
and patients’ perceptions of treatment effectiveness, 
this type of physician reported outcome measure 
has been largely replaced with patient-reported out-
comes (PROs).  The Food and Drug Administration 
deines	a	PRO	as	any	report	of	 the	status	of	a	pa-
tient’s condition that comes from the patient, without 
interpretation of the response by the clinician or any-
one else.

(http://www.fda.gov/downloads/Drugs/Guidance-
ComplianceRegulatoryInformation/Guidances/
UCM193282.pdf)

There is emerging consensus that PROs are most 
appropriate when describing success or failure of 
therapies.   However, physician-reported outcomes 
can yield valuable information about mechanistic 
effects of therapies and are also vital in developing 
predictive data for future use.  As an example, a 
patient’s report of a bulge is a reasonable outcome 
measure for a study of surgical treatment for POP.  
However, if, over time, women with stage II POP 
after treatment who were initially asymptomatic be-
came symptomatic, it would be pertinent to include 
prolapse stage, as an anatomic outcome measure, 
in	the	deinition	of	success.

Other types of physician reported outcome mea-
sures (often called “objective outcomes”), used 
frequently	in	pelvic	loor	disorder	research,	include	
results obtained from urodynamic testing (e.g., 
presence or absence of detrusor overactivity incon-
tinence), radiologic imaging (e.g., various angles 
measured during pelvic ultrasonography), physical 
examination (e.g., the POP-Q system for assessing 
pelvic organ prolapse), laboratory values, biomark-
ers, etc. , as well as tests collected by the patient 
but interpreted by the physician (such as pad tests 
and bladder diaries).

The primary types of PROs include [76].

• Disease/condition speciic: measure pa-
tients’	 perceptions	 of	 a	 speciic	 condition.		

These cannot be administered to people with-
out the condition under study. 

• Population speciic:	 speciic	 to	 a	 certain	
population (for example, women or men or el-
derly) with or without a given condition.

• Dimension speciic:  assess one aspect of 
health status.  The primary dimensions stud-
ied include:

* Physical function (e.g., activities of daily 
living)

* Symptoms (e.g., urinary incontinence)

* Psychological well-being (e.g., depression)

* Social well-being (e.g., sexual function)

* Cognitive function (e.g., mental status 
evaluation)

* Role activities (e.g., household or work 
activities)

* Personal constructs (e.g., body image)

• Generic measures:  measure broad aspects 
of health which can be used to compare 
across populations (The SF- 36 is a com-
monly used measure). These are often less 
responsive	to	clinically	signiicant	changes	 in	
health	than	condition-speciic	instruments

• Utility measures:  (e.g., EuroQol) incorporate 
preferences or values attached to individual 
health states. This type of instrument pro-
duces evidence for the overall value of health 
states to society and can be used in cost-util-
ity analysis.

• Summary items:  participants summarize 
an overall picture of their status in one item 
(for example, the transitional item queried in 
the SF 36: “Compared to one year ago, how 
would you rate your health in general now: ex-
cellent, very good, good, fair, poor?”

• International Classiication of Functioning, 
Disability	and	Health	(ICF),	WHO	2001

• Uniied and standard  language and frame-
work for discription of health and health-relat-
ed states

• Body, Individual, Society

* Body functions and structures

* Activities and participation

• Body functions:  physiological and psycologi-
cal functions of body systems

• Body structures:  anatomical parts

• Impairments:  problems in body function or 
structure	such	as	signiicant	deviation	or	loss
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• Activity:  execution of a task or action by an 
individual

• Participation:  involvement in a life situation

While	 not	 yet	 in	 wide	 use,	 web-based	 resources	
for administering computerized adaptive tests are 
being developed.  One example is the Patient Re-
ported Outcomes Measurement Information Sys-
tem (PROMIS) system (www.nihpromis.org). Using 
this type of testing, researchers can lower partici-
pant burden substantially.  For example, in a mea-
sure of physical function, someone who endorses 
inability to dress themselves would not be asked 
the next series of questions in a typical validated 
physical function questionnaire about walking or 
exercising;	 someone	 who	 endorses	 ability	 to	 run	
marathons would not be asked questions about 
less strenuous activities.  Nascent work has begun 
on	 the	use	of	 the	PROMIS	system	 in	pelvic	 loor	
disorders [77].

Investigators should strive to use validated outcomes 
measures whenever possible. A fully validated out-
come measure is demonstrated to 1) be reproduc-
ible when administered to the same person twice, 
2) yield results that align with other gold standard 
measures (content validity), 3) change with success-
ful treatment (be responsive to change), and 4) mea-
sure what it is intended to measure (face validity). (A 
full discussion of psychometric properties needed to 
validate a questionnaire can be found elsewhere in 
this consultation.)  Much progress has been made 
in this area over the last decade, and therefore, 
when planning a study, the default position should 
always be choosing a validated outcome tool as a 
primary outcome measure.  However, it is important 
to note that just because a questionnaire is “valid” 
does not mean it can be used in any population in 
any language.  Researchers must take care to use 
instruments in the populations for which they were 
intended.

Adverse event recording and analysis  is an im-
portant aspect of outcome measures, especially 
when	the	beneits	may	be	offset	by	harms.	Adverse	
event assessment should be systematiclly includ-
ed in every interventional study.   The Clavien-
Dindo system for structured reporting and analysis 
of surgical complications has been used in several 
studies	comparing	pelvic	loor	interventions[78].	In	
this	 system,	complications	are	classiied	 into	one	
of four categories based on the type of therapy 
needed to correct the complication.

The timing of outcome assessment  should re-
lect	the	study	question.		Studies	reporting	eficacy	
of incontinence treatment should follow subjects 
for a minimum of one year.  Although early follow-
up can provide important insights about adverse 
events, a great deal more emphasis needs to be 
placed on long term effectiveness.  The follow-
up	 time	 for	 a	 trial	 should	 be	 at	 a	 ixed	 time	 (for	

logistical reasons, this is in practice often a short 
time window) relative to randomization rather than 
when treatment was actually received, since again 
this is the only way of ensuring a valid comparison. 
The	planned	timing	of	follow-up	at	a	ixed	time	rel-
ative to randomization should, however, allow for 
any likely delays in receiving treatment, e.g., due 
to surgical waiting lists.

1. SAMPLE SIZE CONSIDERATIONS

There is no single answer for sample size determi-
nation;	often	the	calculation	proceeds	around	a	‘cir-
cle	of	speciications’	(involving,	say,	power,	targeted	
difference in effect size and population available for 
study). Furthermore, the ideal of the target being 
the	minimum	for	clinical	signiicance	cannot	always	
be	met;	 rather,	 the	aim	 in	practice	 is	 to	produce	a	
convincing argument (among the researchers them-
selves, and also to funding bodies and regulatory 
agencies) that the sample size has an adequate 
chance of detecting differences that are (a) feasi-
ble, and (b) worthwhile detecting in clinical terms. A 
common failing is selecting a target difference that 
is too large, often derived from differences that have 
been observed or published previously rather than 
based on considered clinical judgment. Prelimi-
nary investigations into the levels of treatment ef-
fects that patients themselves consider worthwhile 
should be carried out much more commonly than is 
the case at present.

Sample size should be calculated in the planning 
stage of all studies. There are many formal equa-
tions to assist in this process, details of which will 
not be given here [70-71, 79-80]. Rather, the em-
phasis for this discussion is on the concepts in-
volved and the information required for the calcula-
tions to proceed.

2. SAMPLE SIZE CALCULATION

One approach  to sample size calculation is based 
on the required precision of an estimate, which is 
relevant to both descriptive and analytical investiga-
tions. The basic issue is one of precision (measured 
by the standard error, SE) or margin of error (which 
depends	on	the	SE	but	is	more	speciically	deined	
as	half	the	width	of	the	95%	conidence	interval	[CI]	
around the estimate). The higher the level of preci-
sion	speciied	 in	advance	 (i.e.,	 the	smaller	 the	SE	
and the narrower the CI), the larger the sample size 
will need to be. However, the margin of error de-
pends on the nature of the primary outcome vari-
able, i.e., whether it is a continuous variable (such 
as	maximum	urinary	low	rate)	or	a	binary	variable	
(such as the presence or absence of self-reported 
urgency incontinence). For a continuous variable, 
the variability (standard deviation) of the measure 
must	 be	 estimated	 for	 relevant	 subjects;	 this	may	
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be derived from some combination of clinical experi-
ence, the literature, or a pilot study. The larger the 
variability, the larger the sample size required. For a 
binary variable, its prevalence must be estimated in 
the population to be studied, since the SE for such 
variables depends on their prevalence.

A second approach,  based on power, is the most 
commonly used and requires that the study have 
adequate probability (power) of detecting a given 
(target) magnitude of effect.  It requires similar 
prior information, including estimates of the vari-
ability for continuous measures and the magnitude 
of proportions for binary variables. In addition, it 
requires	speciication	of	 three	other	quantities:	 the	
signiicance	 level,	 the	power,	and	 the	 target	differ-
ence.		Signiicance	is	a	statistical	term	that	tells	how	
certain one can be that a difference or relationship 
exists.  It does not necessarily imply that the result 
is clinically relevant, just that the result is likely to 
be	accurate.		The	signiicance	level,	termed	alpha,	
is conventionally, though not necessarily, set at 5%. 
Power	 is	 deined	 as	 the	 probability	 that	 the	 study	
will	 detect	 (as	 statistically	 signiicant	 at	 the	 alpha	
level	 speciied)	 a	 given	 target	 difference	 between	
the groups, if such a difference exists. Power is 
commonly	 speciied	 in	 the	 range	 of	 80%	 to	 90%,	
which implies a risk of not detecting the target dif-
ference of between 20% and 10%, respectively. 
For a trial involving anything other than minor risks 
and expenditure, a power closer to 90% than 80% 
would seem preferable [32], which leads to a larger 
sample size (as does a stricter alpha level of, say, 
1%). This is most pertinent when a lack of statisti-
cal	signiicance	is	obtained	in	a	small	trial,	particu-
larly when the sample size was not planned using 
a power calculation [47].  This is the basis for the 
adage that “the absence of evidence is not evidence 
of absence”[25]. A planned unequal allocation to the 
trial	groups	also	requires	an	inlation	of	the	sample	
size [47], as does interim analyses. By multiplying 
the	 number	 of	 signiicance	 tests	 performed,	 stud-
ies with interim analyses generally require stricter 
signiicance	levels	at	each	analytical	point	[50,	70].

3. THE TARGET DIFFERENCE

This is the last, and arguably the most important, 
quantity	that	must	be	speciied	for	the	power-based	
approach to sample size calculation. The target dif-
ference	 is	 deined	 as	 the	minimum	 difference	 be-
tween treatment groups considered to be clinically 
signiicant.	Clinical	signiicance	is	an	entirely	differ-
ent	concept	 from	statistical	signiicance.	 Investiga-
tors	must	 estimate	 the	 clinical	 signiicance	 as	 the	
magnitude of difference (in means or proportions) 
that would lead to a change in clinical management 
for the target group of patients. For example, a 
study might propose that a 20% difference in incon-
tinence episode frequency is a clinically meaning-
ful response. Ideally, such an assumption would be 
based on surveys of patient behavior but in practice 
the decision is often based on clinical judgement. 

In	any	case,	the	smaller	the	clinically	signiicant	tar-
get difference, the larger the required sample size. 
Statistical	signiicance	means	that	the	observed	dif-
ference, whatever its magnitude, cannot reasonably 
be considered as being due to chance. Statistical 
signiicance	 (denoted	 by	 the	 p-value)	 represents	
the strength of evidence against the null hypoth-
esis	 [81].	 	 The	 degree	 of	 clinical	 signiicance	 can	
be inferred only with the additional information of 
a	 conidence	 interval	 for	 the	 comparison	 between	
groups.  A very large trial may achieve a high level 
of	 statistical	 signiicance	 with	 a	 very	 small	 effect	
size	 and	 therefore	 be	 of	 little	 clinical	 signiicance.		
A trial designed in such a way poses ethical chal-
lenges because many extra subjects are exposed 
to	risk	without	meaningful	beneit.

With	each	approach,	appropriate	adjustment	for	at-
trition (loss to follow-up) should be performed. This 
is commonly achieved by simply increasing the 
planned sample size in proportion to the anticipated 
attrition (i.e. to predict the reduced effective sample 
size that will be available for the analysis).

The analytic plan should be consistent with study 
aims and the a priori analytic plan should be in-
cluded at the time of the protocol entry into a clini-
cal trials registration system. Currently, high tier 
journals will often request the statistical analysis 
plan and protocol at the time of the review of the 
report.  This section will not contain any technical 
details of statistical methods, which are available 
in standard texts [47, 82-83], but rather will sum-
marize concepts of data analysis.

It is established practice that the primary analy -
ses (for both primary and secondary outcomes) 
of an RCT should be on an intention-to-treat ba-
sis [48, 72]. Secondary analyses  incorporating 
non-compliance and/or which treatment was ac-
tually received may be justified in addition to the 
primary analyses. In practically all situations, hy-
pothesis tests should be two-sided (i.e., allowing 
for the possibility that the difference could have 
been in either direction, that is benefit or harm), 
rather than one-sided. One-sided tests are only 
appropriate if a difference in one direction is not 
just unlikely, but would not be of interest, such a 
demonstrating only superiority of a new drug. 

Regardless of the type and complexity of statistical 
techniques used in analysis, the general underlying 
principles behind hypothesis testing and estimation 
apply.	 In	 particular,	 the	 statistical	 signiicance	 of	 a	
hypothesis test should be interpreted critically. The 
actual p-value should be considered, rather than just 
whether or not it is below an arbitrary threshold such 
as	5%	[48];	indeed,	the	p-value	is	better	considered	
a measure of the strength of evidence against the 
null hypothesis, on a continuum or ‘shades-of-grey 
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[83-84]. The direction and magnitude of the trial com-
parison should be presented with an appropriate con-
idence	interval	to	indicate	the	possible	clinical	signii-
cance and precision of the comparison [48, 85].

Appreciable loss to follow-up  in a trial (which is 
not the same as adherence with intended treat-
ment,	lack	of	eficacy,	or	the	observation	of	adverse	
events) may present serious problems both in terms 
of	generalizability	of	the	indings	to	the	wider	popu-
lation and, in the case of differential loss to follow-
up across treatment groups, to the validity of the 
comparisons. Indeed, strictly speaking any missing 
outcome data means that not all of those allocated 
to the various randomization groups can be includ-
ed in the analysis [86], and this might lead to the 
conclusion that the term ‘intention-to-treat’ should 
only be used if follow-up is complete. Under cur-
rent guidelines, intention-to-treat  relates more to 
the broad strategy adopted by the researchers for 
data analysis [39, 87]. Results should always be 
accompanied by a full and clear statement of how 
deviations from intended treatment and missing out-
come measures have been handled in the analy-
sis. The discussion should include how missing 
outcome data may have affected the conclusions 
[86]. Sensitivity analyses can be used to test the 
exclusion	of,	or	assumptions	about,	missing	values;	
practical examples of such analyses are becoming 
more common [88].  Another design strategy, modi-
ied	intent	to	treat	(MITT),	is	common	in	drug	trials.	
It requires the participant to take at least a single 
dose of the study medication in order to be included 
in the analysis.

It is essential that a statistical analysis plan be de-
veloped for the trial prior to implementation.  The 
CONSORT statement provides an outline of the 
various stages of data analysis for RCTs  [32, 72]. 
Here we present the underlying concepts of data 
analysis at a particular follow-up time relative to 
randomization, and considers initially the simplest 
case of  a clinical trial with two treatment  groups. 
Multiple	 treatment	 groups	 will	 be	 covered	 briely,	
but repeated measurements of outcomes and in-
terim analyses involve considerably more complex 
methods of planning and analysis, for which expert 
help is essential [71, 89].

• Stage of data analysis

The irst stage of data analysis is to address the 
representativeness of randomized subjects com-
pared to the target population of eligible patients. 
The number of eligible patients who were and 
were not randomized should be provided, along 
with reasons for excluding potential study partici-
pants.	This	 aspect	 of	 the	 indings	 of	 the	 trial	 will	
only prove useful if all eligible patients are consid-
ered: in practice there is a tendency for research-
ers to avoid approaching certain potentially eli-
gible patients (selective pre-screening), for any of 
a wide variety of reasons, and this behavior may 

introduce bias in which subjects from the target 
population are included in the study. The presenta-
tion of this information is facilitated by use of the 
CONSORT	low	diagram	[48,	72].		Use	of	the	CON-
SORT guidelines is associated with improved qual-
ity of reporting of trials generally [32]. Descriptive 
statistics should also be given of important charac-
teristics of health care professionals approached 
for involvement in recruiting subjects to the trial, 
both for those taking part and those declining. 

The second stage  of data analysis is to compare 
the two groups at randomization (baseline) includ-
ing demographic, prognostic, and outcome vari-
ables. A common error at this point is to rely on 
statistical testing for these comparisons [47, 50, 
70]. If the randomization procedure has been per-
formed	 correctly,	 then	 any	 statistically	 signiicant	
differences in baseline characteristics are likely 
due to chance. Statistical testing of this kind is not 
a	test	of	 the	comparability	of	 trial	groups;	rather,	 it	
is a test of the allocation procedure [47, 50, 70]. It 
may be seriously misleading, particularly if lack of 
a	statistically	signiicant	difference	for	a	given	char-
acteristic is taken to imply comparability. Baseline 
comparability is best assessed by simply obtaining 
descriptive statistics for the groups and making a 
judgment as to whether any observed differences 
are	 likely	 to	be	 inluential	or	not.	 If	differences	are	
likely	to	be	inluential,	they	should	be	considered	in	
the analyses. Notable exceptions to this are base-
line measures of the outcome variables, which 
should be considered in the analysis regardless of 
the situation at baseline, since removing variance 
in the outcome measure that is purely attributable 
to differences between individuals at baseline has 
potentially	marked	beneits	in	terms	of	precision	and	
power  [50]. Investigators should consider stratify-
ing the randomization on any strongly prognostic 
variable	(for	reasons	of	eficiency	rather	than	bias).	
Since there are practical limitations as to how many 
variables a trial can stratify for, a technique known 
as minimization may also be considered [46, 74]. 
Any	variables	stratiied	or	minimized	at	randomiza-
tion should be allowed for in the analysis [50].  In in-
continence research, variables such as prior failure 
of therapy in drug and surgical studies or the degree 
of anatomic support in surgical or injectable trials 
or degree/amount of incontinence might be consid-
ered important enough to stratify, or to include in the 
analysis if unequally distributed.

The next stage  of data analysis is to perform the 
primary (comparative) analyses for the outcome 
variables. First, though, it is essential to derive 
and report actual numeric data – even if simply 
in the form of descriptive statistics – rather than 
just reporting for instance a percentage change, 
even if the latter are relevant and provided as well. 
Graphs can be misleading, especially when sub-
sections	of	the	scales	are	magniied,	and	should	be	
used to supplement or clarify the numerical data, 
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not to replace it. Primary outcomes should initially 
be analyzed by intention-to-treat comparisons of 
the groups as randomized, both using hypothesis 
tests	 for	 statistical	 signiicance	 and	 CIs	 for	 com-
parisons between the groups to assess clinical and 
statistical	signiicance,	usually	adjusting	for	base-
line	measurements	of	 the	outcome	variable.	With	
a small number of primary outcomes, multiple test-
ing is not a concern. However, when a large num-
ber of statistical tests are performed for secondary 
outcomes, corrections to the observed p-values 
should at least be considered.

The most commonly used procedure for multiple 
testing of many outcomes is the Bonferroni cor -
rection  [47, 50, 82]. The Bonferroni correction is 
fairly conservative in reducing the risk of a sta-
tistically	 signiicant	 effect	 occurring	 purely	 by	
chance, at the cost of reduced power for individual 
outcomes. This is particularly pertinent when, as 
is usually the case, the outcomes are positively 
associated	 with	 one	 another.	While	 there	 are	 al-
ternative	procedures	 that	 improve	 this	deiciency,	
none of them are entirely satisfactory [50].  It is 
emphasized that whatever strategy is adopted to 
deal with multiple testing, the major errors are to 
rely	 solely	 on	 p-values	 rather	 than	 present	 coni-
dence interals “CI”s as well, to over-simplify the 
presentation	of	p-values	to	just	non-signiicant“NS”	
or “p<0.05” rather than to quote the actual p-val-
ues, and above all to report selectively the results 
of	signiicance	tests.

Another example of a “multiplicity”  is where there 
are more than two treatment groups, e.g., when dif-
ferent doses of a drug are being investigated or when 
more than one ‘active’ procedure is being compared 
with placebo [50].  Similar issues to multiple testing 
of different outcomes are involved here, but there 
are a greater variety of commonly used procedures 
available	 to	deal	with	 the	central	concern	of	inding	
a difference purely by chance. Standard methods 
for dealing with this multiple comparisons problem 
include the procedures attributed to Tukey, Newman-
Keuls and Dunnett [90]. 

Secondary analyses  of trial data include per-
protocol analyses with adjustments using regres-
sion methods for pertinent process measures such 
as degree of adherence with the allocated treat-
ments. Secondary analyses also include planned 
subgroup analyses,  such as the investigation of 
different intervention effects across age, ethnic, 
or disease severity groups. Subgroups should be 
analyzed by using appropriate interaction terms 
in regression models [48, 70].  Using interaction 
terms rather than performing repeated, separate, 
subgroup-speciic	 analyses	 considerably	 reduces	
the	risk	of	false	positive	indings	[91-92].	Subgroup	
analyses	should	be	carried	out	sparingly,	speciied	
in advance (preferably with a clinical rationale), 
and above all should not be reported selectively 
[48, 92-93]. This last point relates not just to sub-

group analyses but to all stages of reporting ran-
domized	 trials.	 Pre-speciication	 of	 the	 primary	
outcomes in the study protocol and analysis plan, 
along with clear statements about all the outcomes 
considered is essential to avoid selective report-
ing.  The large volumes of data accumulated in 
major multicenter RCTs almost guarantee that 
something	“signiicant”	can	be	identiied	by	“data-
mining”.	 	 If	 not	 identiied	 by	 the	 investigators	 as	
an	a	priori	item	of	interest	such	indings	should	be	
viewed with great skepticism.

Over that past decade, progress has been made in 
reporting research results.  However, faster progress 
would occur if investigators would follow the report-
ing recommendations.  As part of the “Enhancing 
the QUAlity and Transparency Of health Research” 
(EQUATOR) Network project, a website was de-
veloped at www.equator-network.org.  On the web-
site, the Consolidated Standards of Reporting Trials 
(CONSORT) statement provides guidelines for re-
porting the design, detailed methods, and results of 
RCTs. For studies of diagnostic tests the Standards 
for Reporting of Diagnostic Accuracy (STARD) [94] 
statement	ills	the	same	role	and	information	is	also	
included on the EQUATOR website.  Guidelines for 
reporting meta-analyses are described by the Qual-
ity of Reporting of Meta-analyses (QUORUM-37) 
and Epidemiologic research reporting guidelines are 
contained in STROBE, Strengthen the Reporting of 
Observational Studies in Epidemiology [38, 72].  

The CONSORT statement is speciically designed 
to provide standards for reporting RCTs [48, 72]. 
It includes a checklist of items that should be includ-
ed by authors preparing manuscripts.  Adherence to 
these	guidelines	and	the	use	of	low	diagrams	in	par-
ticular is associated with improved quality in report-
ing of RCTs [95]. Errors in presentation of statistical 
information are extensively covered in many text-
books [47, 82].  This section will emphasize the most 
important points on reporting of RCTs, to ensure an 
objective and comprehensive presentation of the trial 
itself, and also to facilitate any subsequent synthesis 
of research evidence including formal meta-analyses 
of RCTs. Meta-analyses are themselves the sub-
ject of separate reporting guidelines: the QUORUM 
statement [96]. However, such guidelines are not a 
panacea	[97];	deiciencies	in	reporting	are	still	com-
mon [72].  [98]

The CONSORT statement for reporting parallel 
group randomized trials  have recently been up-
dated Statements have also been issued for prag-
matic trials [99-102] and noninferiority and equiva-
lence trials.  The CONSORT statement includes a 
checklist of items and a comprehensive set of char-
acteristics of a clinical trial to assist investigators to 
write	 reports	 of	 their	 indings,	 journal	 editors	 and	
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reviewers in the review of manuscript submitted for 
publication and permit consumers of the literature 
to critically appraise articles.  Clear statements 
about the objectives of the trial, intended study 
population, and planned comparisons. Subgroup 
or	 covariate	 analyses	 should	 be	 clearly	 speciied	
and	justiied.	The	method	of	randomization	should	
be	stated,	as	should	 the	unit	of	 randomization;	 in	
most cases, this will be the individual participant 
but occasionally an aggregate group of subjects 
will be allocated jointly in a cluster randomized 
design [56].  Cluster randomized designs are also 
now the subject of separate reporting guidelines 
[103], and involve particular complications in terms 
of	data	analysis	[104].		For	all	trials,	speciications	
for the sample size calculation (primary outcomes, 
target differences, etc.) should be stated and jus-
tiied.	 In	 addition,	 the	 precision	 actually	 obtained	
in	a	study	must	be	presented.	This	requires	coni-
dence intervals as well as the observed p-values, 
at least for primary outcomes but preferably for 
all	 outcomes.	 The	 principal	 conidence	 intervals	
should be for comparisons between the groups, 
rather than for differences in the outcomes within 
the trial groups [47, 50]. Results should include 
a	 trial	 low	 diagram,	 with	 numbers	 and	 reasons	
for the exclusion of eligible subjects, the number 
randomized, and subsequent losses to follow-
up [32]. Protocol deviations should be described 
and explained [70].  Harms of the trial should be 
described for each treatment group.  Finally, the 
discussion should include a brief summary of the 
trial’s	 indings,	 possible	 explanations	 for	 the	 re-
sults,	 interpretation	 of	 the	 indings	 in	 light	 of	 the	
literature, limitations of the trial including internal 
and external validity, and the clinical and research 
implications of the study[48].  

Recommendations on Study Conduct and 
Statistical Methods

•	 The role of quality RCTs as providing the 
strongest level of evidence in incontinence 
research should be fully acknowledged by 
researchers, journal reviewers, and editors. 
HIGH 

•	 Careful attention to the planning and design of 
all research, especially RCTs, is of the utmost 
importance. HIGH 

•	 Appropriate expertise in biostatistics and 
clinical trial design should be employed at the 
design phase of a RCT and thereafter on an 
ongoing basis. HIGH 

•	 The design, conduct, analysis and presenta-
tion of RCTs must be fully in accordance with 
the CONSORT Statement. HIGH 

•	 The design, conduct, analysis and presen-
tation of observational studies should follow 
STROBE guidelines. HIGH

•	 The design, conduct, analysis and presenta-
tion of meta-analyses should follow QUORUM 
guidelines. HIGH

•	 Reporting studies of diagnostic tests, includ-
ing urodynamics, should follow the STARD 
state¬ment guidelines. HIGH 

1.  BEHAVIORAL AND PHYSIOTHERAPY TRIALS

a) Terminology

The lack of consistent terminology severely hampers 
our ability to build a body of literature about conser-
vative interventions. The terms “behavioral therapy”, 
“lifestyle intervention”, “conservative treatment”, 
“non-surgical treatment”, “physiotherapy”, “biofeed-
back”,	 and	 pelvic	 loor	 muscle	 exercise”	 are	 often	
used interchangebly and incorrectly to describe both 
the	 same,	 and	 different	 interventions.	 While	 such	
therapies are discussed elsewhere in this consulta-
tion, we here advance this committee’s opinion about 
appropriate terminology: 

b) Behavioral interventions

According to Oxford Advanced American Dictionary 
the term behavioral is «the way someone behaves, 
especially towards other people», and behavioral 
science	is	the	study	of	human	behavior.	We	recom-
mend that behavioral science be limited to studies 
that evaluate how people do or do not behave as 
desired.

c) Lifestyle interventions

Lifestyle interventions for UI are discussed else-
where in this consultation and have traditionally in-
cluded change in diet, intake of caffeine and carbon-
ated	soft	drinks,	luid	restriction,	weight	loss,	smoking	
cessation and advice of increasing general physical 
activity level. Behavioral science can be used to un-
derstand how and why people change life-style to, 
for example, adhere to exercise and weight loss pro-
grams, but it should not be used as term to replace 
speciic	 therapies	 such	 as	 physiotherapy	 or	 pelvic	
loor	muscle	training.	

d) Physiotherapy

Physiotherapy refers to assessment, prevention 
and treatment given by an authorized physiothera-
pist	 (ICS	physiotherapy	 committee	www.icsofice.
org). It involves “using knowledge and skills unique 
to physiotherapists” and, “is the service only pro-
vided by, or under the direction and supervision 
of	 a	 physiotherapist”	 (WCPT	 1999).	 This	 implies	
that the term physiotherapy should only be used 
in trials where the professional providing the inter-
vention	 is	 a	 physiotherapist.	We	 recommend	 de-
scribing the actual intervention instead of using the 
term	physiotherapy:	eg	pelvic	loor	muscle	training	

XI. SPECIAL CONCERNS FOR
SPECIFIC STUDIES
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with or without biofeedback, electrical stimulation, 
pelvic	 loor	muscle	 training	with	 vaginal	 cones	or	
resistance device etc. This accurately describes 
the intervention and is neutral towards profession. 
Publications should report the actual profession of 
the interventionist (e.g., physiotherapist, general 
practitioner, urogynecologist, urologist, midwife, 
nurse,	 itness	 instructor),	 rather	 than	 using	 the	
vague term, “therapist”. 

e) Biofeedback

Biofeedback encompasses “a group of experimen-
tal procedures where an external sensor is used 
to give an indication on bodily processes, usually 
in the purpose of changing the measured quality” 
[105].  Biofeedback equipment was developed with-
in the area of psychology, mainly for measurement 
of sweating, heart rate and blood pressure under 
different forms of stress.  Today, a variety of bio-
feedback apparatuses are commonly used in clini-
cal practice to assist with PFMT, and the biofeed-
back can be either visual, auditory or both. In many 
textbooks the term “biofeedback” has been used to 
classify a method as different from PFMT. However, 
biofeedback is not a treatment on its own. It is an 
adjunct to training.  For example, it may measure 
the response from a single PFM contraction or pro-
vide visual feedback during attempts to relax the 
muscles. Hence, a more precise terminology is PFM 
training or relaxation with or without biofeedback.

In addition to traditional biofeedback apparatuses, 
other instruments can offer valuable feedback. 
Vaginal and anal surface EMG, urethral, vaginal or 
anal squeeze pressure measurements, ultrasound 
and MRI can all be used to make the patients more 
aware of muscle function, and to enhance and mo-
tivate patients’ effort during training [106].

f) Conservative interventions/treatments

Conservative interventions include all of the above, 
and this term includes everything except medica-
tion and surgery. As several studies have found 
that	 more	 than	 30%	 of	 women	 	 with	 pelvic	 loor	
dysfunction are not able to perform a correct PFM 
contraction	at	 the	irst	 consultation	 [107-110]	 it	 is	
mandatory to report how ability to perform a cor-
rect contraction was assessed before commenc-
ing an exercise trial. Also in electrical stimulation 
research one should report in which way response 
to the stimulation was assessed. 

Although there is level A, grade 1 evidence for 
some of the conservative interventions such as 
PFMT for SUI, a variety of new conservative meth-
ods to treat the condition are frequently suggested 
in clinical practice and in the literature. These new 
methods are often presented as being effective, 
but are usually a hypothesis based on theories, 
data from small experimental laboratory studies/ 
small clinical series, or associations found in large 
epidemiological studies. If the clinicians like the 

approach, it soon enters clinical practice and text-
books without any further critical testing [113]. A 
model for how new therapies ideally should enter 
clinical practice has been proposed [114]. In this 
model the new idea should go through at least the 
4	irst	stages	before	they	enter	practice:

Clinical observation and laboratory studies

•	 Clinical exploration

•	 Pilot studies

•	 Randomized controlled trials

•	 Reinement,	eg	dose-response	issues

•	 Active dissemination of the method if it has 
proven to be effective

It is important that the patients participating in the 
3	irst	stages	before	the	RCT	are	given	full	informa-
tion that they are participating in an experimental 
treatment, and that the clinician does not know if 
this new approach is effective. The patients also 
need to be informed if there are other proven ef-
fective treatments available.

g) Reporting of trial characteristics

In	 addition	 to	 reporting	 the	 speciic	 type	 of	 inter-
vention (eg.PFMT with biofeedback compared to 
PFMT alone or electrical stimulation) and the pro-
fession adminstering the intervention, the interven-
tion needs to be described in such detail that other 
investigators can reproduce the intervention. This 
includes:

•	 Ability to perform a correct PFM contraction.

•	 Frequency: number of home training sessions 
and supervised training sessions (eg every 
day, 3 times/week)

•	 Number of repetitions and sets (eg. 12 sets x 
3 times/ day)

•	 Duration: length of each training session (eg. 
20 minutes), and duration of the total training 
period (eg, 3 months, 6 months)

•	 Intensity:  In exercise science, this is usually 
reported as % of one repetition maximum for 
strength	 training.	 In	pelvic	loor	muscle	 train-
ing it is often described as attempts to reach 
maximum contractions or utilizing submaximal 
contractions. Another description of intensity 
is the holding time in seconds, eg: 6-8 sec 

•	 Adherence: the degree to which participants 
follow the prescribed protocol, usually report-
ed as a percentage of the total possible. 

Educational material provided, such as DVDs, bro-
chures and booklets should be described.

Assessment: All devices used for assessments 
(eg manometers, dynamometers, ultrasound and 
EMG) must be described in detail, and their re-
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sponsiveness (ability to detect small changes), re-
liability and validity should be reported [111].

h) Adherence vs effectiveness

It is important to note that adherence is not the 
same as the effectiveness of a program, as it is 
possible to have high adherence, but still little ef-
fect of training. Hence, when reporting the effect 
of conservative interventions it is ideal to measure 
also the exposure variable that the treatment is 
expected to change (eg muscle strength, ability 
to relax etc). This variable should not be confused 
with the primary or secondary outcomes of the in-
tervention (eg leakage measured with pad testing, 
number of leakage episodes or QoL). 

In many areas of conservative interventions there 
are high quality RCTs, systematic reviews and 
meta-analysis	showing	statistically	signiicant	and	
clinically relevant differences between the inter-
vention and the untreated control group or other 
interventions. Of conservative therapies, PFMT for 
SUI/MUI has the strongest evidence to support its 
use;	further,	the	more	intensive	the	program	(more	
supervision, higher dosage of training) the better 
the effect. Therefore, when comparing new meth-
ods and innovations with established PFMT, it is 
important to compare the new intervention with the 
current best evidence, meaning the effective arm 
of the reported RCTs. Unfortunately it is common 
to compare new methods with an ineffective train-
ing protocol, thereby overestimating the effect of 
the new method and claiming that it is equal to or 
better	than	“the	old	method”.	When	comparing	dif-
ferent methods the dosage also needs to be the 
same in both treatment arms, eg when comparing 
PFMT with and without biofeedback, the number 
of supervised sessions, length of the sessions, 
frequency of home treatment and duration of the 
intervention must be the same.

i) Adverse events and cost

There are few adverse effects or complications 
reported after conservative interventions, but 
they do exist, eg in electrostimulation [112], and 
adverse effects or lack of adverse effect, and in-
convenience to the patients should be reported. 
Although seldom harmful, conservative treatments 
are time consuming and can be costly for partici-
pants and paying parties because of the need for 
close follow up during the interventions. Cost ef-
fectiveness studies are crucial to fully understand 
where	 conservative	 therapies	 it	 in	 the	 treatment	
armamentarium.

j) Outcome measures

The need for use of responsive, reliable and valid 
outcome measures in research is covered else-
where in this chapter. The RCTs published in con-
servative treatment have applied a huge variety 
of outcome measures, making systematic reviews 

and	 meta-analysis	 dificult	 or	 impossible	 to	 con-
duct. Therefore, in future research it is important 
to use established and recommended outcome 
measures. In addition to description and use of 
responsive, reliable and valid primary and sec-
ondary outcome measures, future studies should 
include description and assessment of adherence 
to the intervention protocol, measurement of the 
independent	variable	(the	intervention;	eg	strength	
training, relaxation training) and measurement of 
the possible underlining mechanisms of how the 
treatment works. It is usually not possible to blind 
the participants or those providing the intervention, 
but the assessors of outcome should always be 
blinded to group allocation.

k) Speciic and non-speciic effects

There have been some concerns that the effect of 
conservative treatments can be attributed to non-
specific effects such as the extra attention of the 
therapist. The role of the therapist is to educate, 
motivate and empower the patient to be able to 
perform the actual program, secure high adher-
ence, and minimize drop-outs. In patient reported 
outcomes and reports on quality of life it may be 
difficult to separate the effect of the attention and 
the actual effect. However, the effect of the at-
tention is less likely to affect outcomes such as 
muscle strength, urodynamic assessments, pad 
testing and morphological changes measured 
by ultrasound and MRI. To minimize bias, all as-
sessments should be conducted by investigators 
blinded	to	treatment	allocation;	the	logistics	of	this	
should be addressed during the planning phase of 
the study. In a high quality RCT, Dumoulin et al 
address the problem of attention in physiotherapy 
research	 [115].	Women	with	 persistent	UI,	 three	
months after childbirth were randomized to ei-
ther two different training regimens or a control 
group receiving relaxation massage for the back 
and limbs for the same amount of time as the su-
pervised training groups. 70% were cured on pad 
testing in both treatment groups while there was 
no effect on urine loss in the relaxation massage 
group. Participants in the massage control group 
had improvement in disease specific quality of 
life.

l) Power calculations and number of participants

Some of the RCTs on conservative treatments are 
lawed	by	small	sample	sizes,	this	being	especially	
evident in electrostimulation studies and may ac-
count for negative effects caused by type II er-
rors. It is important that future studies use results 
of previous published studies to make appropriate 
power calculations that incorporate estimates of 
drop-outs and loss to follow-up to decide the op-
timal number of participants needed. Recruiting 
large numbers of participants may come at the ex-
pense	of	 the	rigor	of	 the	 intervention	 [116].	Weak	
interventions (eg non-optimal training dosages or 
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suboptimal electrostimulation parameters) are un-
likely to be effective and do not yield the true effect 
of an intervention. In meta-analyses, adding RCTs 
with large sample sizes but weak and ineffective 
interventions, can dilute the effect of smaller RCTs 
with higher methodological and interventional 
quality [116].

m) Long term studies

To date there are no quality criteria for how to re-
port long term follow-up studies or how to conduct 
meta-analyses of long term studies. Challenges in 
long term follow-up studies include cross over to 
the more effective treatment after cessation of the 
original RCT, co-interventions during the follow-
up period, recurrent events (eg new pregnancy), 
competing events (other diseases leading to in-
continence) and loss to follow up. For conservative 
interventions it is expected that any training effect 
will diminish over time if no maintenance training 
is conducted or the pre- or co-contraction of the 
pelvic	loor	muscles	has	not	reached	an	automatic	
level during the original trial. In order to control for 
as many of the above mentioned factors as possi-
ble, it is recommended that the long term follow up 
study should be planned together with the original 
RCT. Loss to follow-up and adherence to the pro-
tocol during the follow-up period must be reported 
[106, 111-117]. 

Recommendations for conservative treat -
ment trials:

•	 Use correct terminology to describe the inter-
vention. HIGH

•	 Report details of ability to perform correct 
contraction, dose-response issues and adher-
ence. HIGH

•	 Use recommended outcome measures with 
high responsiveness, reliability and validity. 
HIGH

•	 Compare new methods with the best available 
intervention. HIGH

•	 Use power calculation in planning of the study. 
Avoid large sample sizes and weak (ineffec-
tive dosages) interventions. HIGH

•	 For long-term follow-up studies report cross-
over, co-interventions, recurrent and compet-
ing events, adherence in the follow-up period 
and loss to follow-up

2. EXPERIMENTAL DEVICES AND MATERIALS

Surgical research presents unique challenges to 
efforts at optimizing patient care. It is important to 
create a pathway for real advances while simul-
taneously	 protecting	 patient	 safety.	 When	 new	
procedures are substantially different from prior 
operations there should be a broad based prelimi-
nary exploration leading to a comparative trial if 

warranted.	At	the	same	time,	many	minor	modiica-
tions of surgical procedures are inappropriate for 
randomized trials and if required, surgical progress 
would be slowed [118]. 

a) Randomisation

It	 has	 been	 argued	 that	 the	 irst	 patient	 in	 whom	
a procedure is performed should be randomized 
[119-120]. Alternatively, it has been suggested that 
case series for new procedures are allowed until the 
procedure	 inds	 its	 intended	 use	 and	 to	 avoid	 do-
ing studies while those performing the procedures 
are on the “learning curve”. Typically, new surgical 
procedures for incontinence have been reported as 
case series [121-122]. Not only do surgical case 
series provide the lowest level of evidence for treat-
ment effects, case series may be “harmful”. An ac-
cumulation of “positive” case series may present a 
premature	 certainty	 about	 beneits	 of	 a	 procedure	
and	make	it	even	more	dificult	to	perform	random-
ized	 trials	 [123-124].	 Inluential	 members	 of	 the	
surgical community may endorse a new procedure 
and if the procedure is considered better it may be 
dificult	 to	get	surgeons	and	patients	 to	randomize	
or a trial may appear to be unethical with a “proven” 
procedure [119, 123, 125].

b) Adoption by clinicians

Therefore, devices often are widely adopted by 
clinicians based on anecdotal data, marketing, or 
small case series. This raises a unique problem 
for trials in this area: 1) Surgeon buy-in can be dif-
icult	to	obtain	as	some	surgeons	(“early	adopters”)	
may perceive that the newest therapy is best and 
thus be unwilling to randomize patients to receive 
the traditional therapy, 2)  Other surgeons (“late 
adopters”) may perceive that the data available do 
not support use of the newest therapy and thus be 
unwilling to randomize patients, 3) Patients may be 
unwilling to be randomized to traditional therapy 
because	 they	 are	 inluenced	 by	marketing	 forces	
propelling the newest devices to the forefront, and 
4) Device companies frequently modify their mate-
rials	or	technique	recommendations;	therefore,	by	
the end of the 3-5 years it typically takes to com-
plete the earliest outcome assessment for a surgi-
cal randomized trial, the device tested is no longer 
the same as the device used in the trial. Thus, the 
results may be discounted as being no longer ap-
plicable.   

c) Recruitment procedures

An important area of concern in surgical and de-
vice studies is patient recruitment procedures. 
Both in this regard and for all components of a 
study, we strongly support reporting according to 
the CONSORT guideline for randomized trials and 
the STROBE guidelines for observational studies. 
Subjects should be enrolled in a manner that mini-
mizes selection bias. The protocol should detail the 
procedure by which consecutive patients meeting 
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the inclusion criteria are selected. All situations in 
which a patient meets the inclusion/exclusion crite-
ria but is not offered enrollment by the investigator 
should be documented. The number of patients who 
decline enrollment should be stated, along with the 
reasons. It is vital that clinician researchers do not 
“cherry pick” from their patients, that is, that they do 
not limit recruitment to those patients considered to 
have the greatest chance of cure or lowest chance 
of risk.  The study population should be as gener-
alizable as possible. There should be a complete 
accounting of all participants in the study including 
the reasons for subject withdrawal.

Participants must be well informed about what is 
known and not known about devices or procedures 
being tested.  They should not be led to assume that 
because a device is on the market, it is “safe and 
effective”, as gaining knowledge about this is the 
purpose of the trial.

3. SURGICAL STUDIES

Cross-sectional studies  of surgical procedures 
by type can provide estimates of prevalence, varia-
tion by age, race, and region as well as morbidity 
and mortality [126-127]. This type of information 
raises important health policy questions regarding 
physician practices, patient preferences for incon-
tinence treatment, and differential access to and 
the utilization of care. 

Case series  are the most common study design 
found in the surgical literature, especially for new 
“innovative” surgical procedures. This is true de-
spite the fact that case series cannot account for 
selection bias on the part of both the patient and 
surgeon, non-reporting bias of failures or loss to 
follow-up, lack of long-term follow-up, and provide 
the lowest level of evidence for treatment effects. 
Observational studies can provide important infor-
mation about effectiveness and complications of 
surgical procedures, and also are very helpful in 
designing and selecting potential randomized clini-
cal trials. 

The randomized controlled trial  is the accepted 
“gold standard” for research of treatment effects. 
In all surgical specialties, there has been growing 
concern regarding the limited number of random-
ized controlled trials for surgical procedures, poor 
methodological standards in those that have been 
performed, and a perception that surgeons are 
reluctant to rigorously test new surgical interven-
tions [119, 123, 128-129]. A number of reasons for 
the paucity of surgical trials have been suggested 
including the lack of a regulatory board similar to 
the Food & Drug Administration responsible for the 
development of new medications [130].

The body of literature of surgical randomized trials 
in	 pelvic	 loor	 disorders	 is	 small,	 though	 increas-
ing.  However, many RCTs have serious limita-
tions including a sample size too small to detect 

differences between groups, lack of blinding of 
the participants and/or individuals assessing the 
outcomes, short follow-up, inclusion of limited 
number of surgeons only, poor description of the 
technique, and lack of standardized outcome mea-
sures. Multi-center treatment networks are useful 
to overcome some of these limitations.

Differential drop out after randomization  (or 
for cohort studies, after the intervention) can 
introduce bias. In a large and methodologically 
sound randomized controlled trial comparing 
the tension-free vaginal tape (TVT) and colpo-
suspension, a large number of women withdrew 
from the colposuspension arm after randomiza-
tion [131-132]. The loss of participants after ran-
domization introduced bias in favor of the TVT 
because the drop outs had less severe incon-
tinence resulting in the colposuspension group 
having more severe incontinence. It has been 
suggested that participants were only willing to 
continue if they were randomized to the “new 
and better” TVT procedure [132- 133]. Account-
ing for subjects “lost to follow-up” must also be 
detailed as per the CONSORT and STROBE 
recommendations. In the UK TVT RCT, drop out 
after surgery was similar for both procedures. In 
contrast, in two large study comparing two in-
continence procedures performed by the Urinary 
Incontinence Treatment Network, randomization 
was done in the operating room after the patient 
was anesthetized and therefore no participant 
was lost to randomization [134],[67]. 

For studies of speciic surgical procedures, the 
technique should be described in such detail that it 
could easily be reproduced in another study. Stan-
dardization of the procedure  may vary depend-
ing on the research question [135]. Surgical trials 
using a small number of highly skilled surgeons 
are analogous to medical trials where only compli-
ant	patients	are	randomized,	relecting	eficacy	of	
the procedure in an ideal setting. It may be more 
generalizable to a mixture of skill level among sur-
geons	 in	 the	 community,	 and	 so	 relect	 effective-
ness of the procedure in usual practice [124].

Masking of participants  as to their assigned in-
tervention and those assessing the outcome is 
particularly important for surgical trials for incon-
tinence because there may be enthusiasm by the 
patient or surgeon for a new procedure, many 
outcomes are based on the patient’s own assess-
ments such as symptom and quality of life scores, 
and the intervention is primarily for improvement of 
symptoms [118].

For new surgical procedures, important issues of 
adequate	 informed	consent	and	conlicts	associat-
ed with incentives for developing, starting and using 
new procedures have been raised. Informed con -
sent for a new procedure must include :
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•	 acknowledgement that the procedure is new 
and has not been shown to be more effective 
than a traditional approach

•	 discussion of potential complications, espe-
cially any integrally related to the procedure 
or device

•	 disclosure that information on complications 
are limited, and 

•	 disclosure	that	the	long-term	beneits	are	un-
clear [122].

Incentives for adopting new procedures prior 
to suficient evidence can arise from self-interest 
by attracting patients to one’s practice, industry 
marketing, and patient desire for “cutting edge” 
techniques. Industry sponsorship or a surgeon’s 
inancial	interest	must	be	disclosed.

Organizations and treatment networks have 
been established to address many issues re -
lated to surgical interventions . Examples include 
the UK National Institute of Clinical Excellence 
(NICE www.nice.org.uk), the Australian Safety and 
Eficacy	Register	of	New	Interventional	Procedures-	
Surgical (ASERNIP-S www.surgeons.org/asernip-
s), and the US treatment networks: Urinary Inconti-
nence Treatment Network (UITN http://www. niddk. 
nih.gov/patient/uitn/uitn.htm) for the NIDDK and the 
Pelvic Floor Disorders Network (PFDN). The NICE 
and ASERNIP-S provide systematic reviews of new 
operations, assessment of effectiveness, and rec-
ommendations	 that	 the	 technique	 has	 suficient	
data for widespread use, or that the techniques ap-
pear unsafe, or that further audit/research are re-
quired before its widespread usage. The UITN and 
PFDN were established to provide the infrastructure 
for multicenter large randomized controlled trials for 
incontinence and prolapse.

Recommendations for Surgical and DeviceTrials :

•	 The safety and serious side effects of new 
operations	must	be	completely	deined	with	
adequate follow-up so that risks can be 
weighed	against	eficacy.	At	a	minimum,	this	
requires more use of large scale, indepen-
dent, prospective, multicenter cohort studies 
when RCTs are not practical. HIGH

•	 Safety and serious side effects of inconti-
nence	devices	must	be	 completely	deined	
with adequate follow-up, especially for use 
of implantable devices and biologic materi-
als, so that risks can be weighed against ef-
icacy.HIGH

•	 Valid informed research consent is required 
in all trials of surgical interventions, which is 
separate from the consent to surgery. HIGH

•	 We	 recommend	 ongoing	 research	 into	 the	
usefulness of pre- and post-operative pre-

dictive testing (such as urodynamics, ultra-
sound, MRI, etc) in surgical trials. HIGH

•	 Reports of successful treatment should be 
limited to subjects with a minimum (not mean) 
of one year follow-up and should include a 
patient	 perspective	 measure.	 Speciic	 as-
sumptions about subjects lost to follow-up 
should be stated.  HIGH

•	 Randomization for surgical trials should oc-
cur at the time of surgery to minimize drop-
outs and switch of procedure HIGH

•	 Long-term follow-up of RCT cohorts in an 
observational cohort is recommended. HIGH

4. PHARMACOTHERAPY TRIALS

Although many RCTs have been published in recent 
years on pharmacotherapy for urinary incontinence 
a great deal more remains to be learned. The trials 
have almost all been limited to 8-12 weeks of treat-
ment giving very little information about long term 
safety	and	eficacy	of	drug	therapy.	Inclusion	criteria	
are often stringent, such that the study population 
of healthy middle-aged people bears little resem-
blance to the patients for whom providers wish to 
prescribe medication. There is less than adequate 
information	 about	 special	 patient	 groups—men,	
children, neurogenic patients, and especially the 
frail elderly. Because incontinence creates such an 
impact on the older population, good studies to de-
ine	the	utility	and	safety	of	drug	therapy	are	greatly	
needed in this group. 

An issue of special relevance in trials of pharma-
ceutical agents (although germane to other treat-
ment modalities) is the controversy regarding 
placebos in clinical trials. Regardless of whether 
a drug is effective or not, simply giving a drug to 
a	 patient	may	 produce	 a	 beneicial	 response.	 To	
assess if a drug has an effect over and above 
the placebo response, it is usually tested against 
an inactive substance (placebo). In incontinence 
studies, the placebo effect may be quite large, any-
where from 30-50% in recent published studies. To 
account for this, investigators and regulators have 
generally demanded a placebo arm in most clinical 
trials	of	medication.	While	this	may	be	acceptable	
to participants for short trials, it is neither ethical 
nor feasible to withhold treatment for longer peri-
ods of time.  Further, clinicians and patients gener-
ally want to know how a new drug compares with 
established treatment.

Masking, while desired in all types of trials, is espe-
cially important in pharmacological trials.  Further, 
it is feasible to do in such trials (as opposed to sur-
gical or conservative interventions, in which mask-
ing may not always be possible) and thus should 
be prioritized.    However, the identical appearance 
of two pills does not guarantee that participants 
will be unaware of group assignment. Side effects 
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common with anti-cholinergic therapy, such as dry 
mouth, may unmask participants.  Studies should 
assess the degree to which masking was success-
fully maintained.

Recommendations for Pharmacotherapy Trials

•	 As effective drug therapy is available for most 
forms of incontinence, active drug comparator 
arms are recommended for most trials. HIGH

•	 Very	 little	 is	known	about	 the	safety,	eficacy	
and tolerability of drug therapy beyond 12 
week trials. A concerted effort is needed to 
create this type of information base.  Long-
term follow-up of RCT cohorts in an observa-
tional cohort is recommended HIGH

Economic and health policy outcomes are gaining 
increasing importance, as policy makers deliber-
ate	the	values	of	different	therapies.		The	inancial	
burden on the health care system, the patient and 
patient’s family of various treatment options makes 
cost	 an	 important	 outcome	 to	measure.	 	We	 rec-
ommend that cost analyses be planned with clini-
cal studies whenever possible.  Costs may be in-
luenced	by	economic	and	political	factors	that	are	
subject	to	change	at	any	time;	however,	when	basic	
units of work, time, and resources are carefully de-
ined,	models	of	costs	remain	useful	even	if	market	
forces change in an unforeseen manner.

In health and medicine, economic analyses are 
descriptive and/or comparative. Descriptive data 
include the socioeconomic cost caused by the dis-
ease and its current treatment, whereas compara-
tive data provide an economic evaluation of differ-
ent treatment strategies and interventions where 
costs are compared to health outcomes.

There are several relevant types of cost analy-
sis, some of which require a high level of exper-
tise to conduct:

• Cost of illness analysis  (COI) typically quan-
tiies	 the	burden	of	medical	expenses	 (direct	
costs) and the resulting value of lost produc-
tivity	 (indirect	costs)	attributable	 to	a	speciic	
condition such as an illness or injury [136], 
[132].  

• Cost effectiveness analysis  (CEA) mea-
sures the costs and consequences of two or 
more diagnostic or treatment pathways re-
lated to a single common effect or health out-
come. It then summarizes the results in ratios 
that demonstrate the cost of achieving a unit 
of health effect for different types of patients 
and for variations of the intervention [137], 
[133]. 

• Cost utility analysis  (CUA) is a form of cost 

effectiveness analysis in which particular at-
tention is paid to the quality of health outcome 
related to treatment. In CUA, health effects 
are expressed in terms of quality-adjusted life 
years (QALYs) [138], [107].  A QALY is a mea-
sure of health outcome that assigns to a given 
period of time a weighting that corresponds 
to the health-related quality of life during that 
period, and then aggregates these weights 
across time periods. The QALY is important 
because it considers both quantity and qual-
ity of life.  

• Cost beneit analysis estimates the net so-
cial	 beneit	 of	 an	 intervention	 by	 comparing	
the	 beneit	 of	 the	 intervention	 with	 the	 cost,	
with	all	beneits	and	costs	measured	in	dollars	
[24], [134].  Health outcomes are converted 
into monetary values using “willingness to 
pay” (the value an individual would pay for re-
duction in illness severity) or “risk of death” 
or “human capital” methods (an individual’s 
value to society based on productivity or fu-
ture wages) [139- 140], [135-136].

Recommendations on Cost Analysis in In -
continence:

•	 Cost analysis should be incorporated into 
clinical studies whenever possible [137]. 
HIGH

1. MEN WITH LUTS

When	considering	men	with	LUTS,	one	must	con-
sider	 some	 unique	 factors	 which	 may	 inluence	
urinary tract symptoms independently of any inter-
vention, and so confound any data. These are the 
presence of the prostate gland which can cause 
bladder outlet obstruction (BOO), and the rarity of 
sphincter incompetence except in men who have 
undergone surgery for benign or malignant prostatic 
disease. For short term outcomes after intervention 
studies, these factors are unlikely to be relevant, 
but longer term follow up, and large observational 
or epidemiological studies may need to take these 
factors and changes over time into account when 
analyzing data. The prostate gland may complicate 
research	outcomes	as	a	 result	 of	 outlow	obstruc-
tion (either at baseline, or development of a new 
problem during follow up studies). Also, for patients 
with prostate cancer (either at the time of enrolment, 
or during follow up of longer studies), it is likely that 
both the disease, and the treatment given (surgery 
or radiotherapy) may alter urinary tract function and 
symptoms independently of any intervention in the 
study and thus confound the outcomes. , Overall, 
about 2/3 of men with LUTS have urethral obstruc-
tion and over 50 % have detrusor overactivity, al-

XII. COST ANALYSIS

XIII. RECOMMENDATIONS FOR
SPECIFIC PATIENT GROUPS



1885

though a much smaller number have urinary incon-
tinence due to detrusor overactivity [141].

If prostate size is considered to be a variable that 
could affect outcomes, measurement of prostate vol-
ume should be made before and after treatment. The 
method used to measure volume and its reliability 
and validity should be provided if available or their ab-
sence indicated. Any associations between outcomes 
and change in prostate size should be tested for us-
ing appropriate methods and reported. Consideration 
should be given to stratifying participants by prostate 
volume when there is suspicion that response to ther-
apy may be size dependent.

Insofar as about 2/3 of men with LUTS have blad-
der outlet obstruction (BOO), any research proto-
col in men should consider inclusion of a method to 
screen	for	it.	At	the	least,	maximum	free	urinary	low	
rates and measurement of post-void residual urine 
should be recorded before and after treatment and 
the effect of therapy on these parameters should be 
documented simultaneously with assessment of the 
primary outcome variables. Synchronous pressure-
low	studies	are	generally	desirable	and	should	be	
included	whenever	 feasible.	Several	pressure-low	
nomograms have been proposed to diagnose ob-
struction in men.  The ICS nomogram is recom-
mended and it is important to specify which if any 
nomogram is being used [142]

Recommendations for Research in Men:

•	 Measurement of prostate size should be per-
formed before and after treatment (at the 
same time as continence outcome measures 
where possible) whenever prostate size is 
considered to be a potentially important vari-
able, or to change during the intervention and 
follow up. HIGH

•	 Maximum	 free	 low	 rate	 and	measurement	 of	
post-void residual urine should be recorded 
pre-treatment and the effect of therapy on 
these parameters should be documented si-
multaneously with assessment of the primary 
outcome variables. HIGH

•	 Participants	 should	 be	 stratiied	 by	 prostate	
size at randomization when size is considered 
to be a potentially important determinant of 
treatment outcome. LOW

2. WOMEN WITH LUTS

a) Hormonal effects

Our	knowledge	of	hormonal	inluences	on	the	lower	
tract remains limited. Recent RCTs and prospective 
cohort studies have demonstrated that hormone re-
placement therapy (HRT) does not improve or may 
worsen incontinence [143-145). It therefore seems 
appropriate that information about menstrual and 
hormonal status should be an integral part of the 
baseline history. New studies designed to examine 

the	inluence	of	hormones	on	incontinence	(if	consid-
ered ethical by an appropriate review board) should 
include details of hormonal status (premenopausal, 
postmenopausal without HRT, post-menopausal with 
HRT), the route and type of HRT (oestrogen only, 
combined sequential, combined continuous), and 
whether or not oophorectomy has been performed.

b) Obstetric History

The	 inluence	 of	 vaginal	 childbirth	 on	 the	 structure	
and function of the female pelvis is the focus of much 
recent and ongoing research but the complex inter-
actions	 remain	 incompletely	understood.	While	 it	 is	
clear that childbirth, and particularly vaginal childbirth 
increases the risk of incontinence and pelvic organ 
prolapse, the potential effect of further childbirth on 
previous or current treatments of incontinence (espe-
cially surgery) has yet to be determined.

Potentially confounding variables include: num-
ber and route of deliveries (vaginal/Cesarean), 
use of forceps or vacuum, infant birthweight and 
head circumference, duration of second stage 
of labor, use of episiotomy and any vaginal or 
perineal trauma, and epidural anaesthesia. The 
importance of these variables will depend upon 
the	 specific	 study	 design;	 for	 randomised	 stud-
ies the allocation process should balance these 
between groups, but consideration should be 
given to stratifying or minimizing the randomiza-
tion against one or more of these important fac-
tors, depending on the exact intervention.  For 
epidemiological or observational research each 
of these factors should be collected and included 
in univariate and multivariate analyses.

c) Pelvic Organ Prolapse

The effect of pelvic organ prolapse on lower urinary 
tract function remains poorly understood. Pelvic 
organ prolapse may potentially affect lower urinary 
tract	function	by	obstruction	of	the	urethral	outlow,	
and thereby mask sphincter weakness (so called 
“occult” stress incontinence). Emerging evidence 
suggests that prolapse may contribute to the symp-
toms of OAB and correction of the prolapse may 
modulate these symptoms. Thus, it is important to 
include assessment of pelvic organ prolapse in in-
continence research on women. A validated assess-
ment method for prolapse should be used to identify 
the	 stage	 of	 proplase;	 the	 Pelvic	 Organ	 Prolapse	
Quantiication	System	 (POP-Q)	 [9]	 is	 recommend-
ed. Research protocols should be developed, either 
excluding women with prolapse severity beyond a 
speciied	stage,	or	the	analysis	plan	should	include	
stratiication	for	stage	of	prolapse	in	randomization,	
and adjustment for prolapse stage in any analysis. 
For larger studies where regression analyses are 
planned, stage of prolapse should be considered a 
mandatory factor for inclusion. Prolapse should be 
graded at the same time as the outcome assess-
ment for incontinence and LUTS is performed.
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Recommendations for research in women:

•	 Speciic	 information	 about	menopausal	 sta-
tus, hysterectomy, parity/obstetric history, 
and hormonal status should be included in 
baseline clinical trial data and controlled for 
in	 speciied	analyses	 in	 the	 research	proto-
col. HIGH

•	 High quality, symptom and bother scores 
(e.g.,ICIQ-FLUTS, KHQ, PISQ, ICIQ-
FLUTSsex) validated in women should be 
employed when assessing outcomes HIGH

•	 Standardized assessment of pelvic organ 
prolapse (by POPQ) should be performed 
before treatment and at the time of other 
outcome assessments in all research where 
prolapse and continence outcomes are being 
assessed. HIGH

•	 Criteria for cure/improvement/failure from 
incontinence	treatment	should	be	deined	 in	
the protocol based on patient perception as 
well as objective and semi-objective instru-
ments such as validated questionnaires, dia-
ries and pad tests. HIGH

•	 Assessment of the impact of treatment 
on sexual function should be performed 
with other outcome assessment when 
appropriate. MEDIUM

3. FRAIL OLDER AND DISABLED PEOPLE 

There are a number of unique and pertinent re-
search issues for this population.

In the frail elderly, important variables include:

• Demographic information:  Advancing age, 
white race, and women [145-148) are asso-
ciated with an increase risk of incontinence 
and each of these variables should be ad-
justed for in most analyses. 

• Medical  Conditions:  Medical conditions re-
lated and unrelated to the lower urinary tract 
have been shown to increase the risk of in-
continence in older women and are especial-
ly important to assess in the frail older popu-
lation [147, 149-151]. Prior hysterectomy has 
also been suggested as a potential risk factor 
for incontinence in older women [152-153].

• Medication Inventory:  Certain medications 
may exacerbate incontinence and therefore 
a complete medication inventory is essential 
[151, 153-155].

• Physical function:  Mobility is often impaired 
in the frail elderly and impacts urinary control 
[156], therefore mobility should be assessed 
using validated instruments such as the Bar-
tel Orcats or ADL scales [156-157]. Data on 
walking aids or wheelchairs, gait speed, and 
manual dexterity may also be collected.

• Cognitive function:  Cognitive function im-
pairment and/or dementia increase the risk 
of incontinence [158]. The Mini-Mental Sta-
tus Scale Examination [130] assesses global 
cognitive function, and the Confusion As-
sessment Method (CAM) [159] is a standard-
ized assessment for delirium. A battery of 
neuropsychological tests to measure subtle 
impairments in cognitive function include the 
Buschke Selective Reminding Test (verbal 
learning and memory) [160], the Digit Symbol 
(incidental memory, visual scanning and mo-
tor speed) [161], and the Trails A (attention 
and visual) [162].

Outcome measures  should be selected for appli-
cability to the frail elderly. Commonly used self-re-
ported measures of frequency of urinary symptoms, 
severity, or level of bother may not be possible in the 
cognitively impaired frail elderly patient. Similarly, 
voiding diaries that have been shown to be valid and 
reliable in assessing urinary frequency, nocturia, and 
incontinence episodes by type [138, 162-164] may 
not be feasible or reliable. Motivated and trained 
staff, caregivers, or family members may be able to 
adequately	collect	diary	data;	however,	this	has	not	
been validated. 

In nursing home or inpatient settings, wet checks by 
staff  at set intervals have been used in a number of 
studies. There are limitations to the measurement in-
cluding visually determining what is “wet” because of 
new absorbent materials and staff reports not always 
being reliable or valid, due to underreporting [165-
166].	To	overcome	the	limitation	of	deining	wetness	
and underreporting, 24-hour pad weighing tests  
[167-168] may be used. Pad weighing tests and wet 
checks are feasible and can provide important out-
come data if staff is well trained and checks are of-
ten	[14].	New	outcome	measures	speciic	to	the	frail	
older population such as increased socialization or 
decreased caregiver burden need to be developed. 

4. CHILDREN

The conduct of clinical research in children is 
generally more dificult than in adults. Four over-
riding issues separate pediatric research from the 
general recommendations. First, physiology varies 
widely within the group referred to as “children”, dif-
fers from adults, and changes with time. Because 
children are growing, any treatment, especially 
pharmacological and surgical therapy, may affect 
them profoundly in the long term. This is particu-
larly true of the immature brain, nervous system 
and other incompletely developed systems. Sec-
ond, compliance with therapy is more complicated 
as children may depend on caregivers to administer 
treatment in many studies. Third, reporting of symp-
toms	and	outcomes	may	be	dificult.	Symptoms	re-
ported by a caregiver may not be interpreted in the 
same way as the child. Finally, the issue of informed 
consent is complex with children.
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Urinary incontinence in children falls into four 
main categories: neurogenic  (myelomeningo-
cele and other less common neurogenic etiolo-
gies), monosymptomatic nocturnal enuresis, 
detrusor overactivity,  and dysfunctional void -
ing without neurologic disease.  This issue of age 
groups is most crucial in children with myelome-
ningocele. These children are often on medication 
beginning at a very young age and continuing for 
many	 years;	 the	 long-term	 safety	 of	 medications	
in children must be established in all age groups. 
Therapy for other causes of incontinence in chil-
dren tends to start at a later age, by which time 
size	 is	 the	main	difference	between	 children.	We	
recommend that clinical studies have long-term 
(ive	 years	 or	 more),	 open	 label	 extension	 arms	
to monitor safety, particularly focusing on normal 
growth and development and the effects on treat-
ment of liver and central nervous system function.

Assessment of compliance with therapy  is al-
ways difficult, and even more so with children. 
Compliance with voiding diaries, a significant 
issue in the adult population, may be even more 
problematic with children.  The social and fam-
ily interactions between the child and parent or 
carer can influence the accuracy of data collec-
tion and treatment compliance, both positively 
and negatively.

Outcome measures  are not as well developed in 
children	 as	 in	 adults.	 Validated,	 age-speciic	 symp-
tom	 and	 disease-speciic	 quality	 of	 life	 instruments	
must be developed for the pediatric population. Early 
efforts in this area have been reported for dysfunc-
tional	voiding	[169]	and	daytime	incontinence	[170];	
much more work remains to be done. Invasive uro-
dynamics can be used when deemed appropriate 
(speciically	in	the	neurogenic	population);	however,	
the test-retest reproducibility of urodynamic investi-
gations in children is still under investigation.

Recommendations for Research in Children:

•	 Long-term follow-up is of critical importance 
in the pediatric population in order to as-
certain the effect of a treatment on normal 
growth and development. HIGH

•	 Research is needed to develop standardized 
outcome measures including validated, age-
speciic	symptom	and	disease-speciic	quality	
of life outcome measures. MEDIUM

5. NEUROGENIC POPULATIONS

a) Classiication  

Classification of NLUTD has three primary 
aims—to	 aid	 in	 discriminating	 or	 identifying	 an	
unknown underlying neurological disease pro-
cess, to characterize the nature of the dysfunc-
tion so as to develop a treatment plan, and to 
assess the risk of secondary effects (e.g. on the 
upper tract) which may influence the necessity 

and aggressiveness of treatment. The latter two 
are clearly relevant to research in neurogenic in-
continence and must be reflected in study design 
and patient description.

It	is	dificult	to	ind	a	classiication	system	of	NLUTD	
as a base for research that is satisfactory for each of 
the three aims. The published systems have been 
reviewed in detail [171]. Both the disease process 
and the site of the neurologic lesion(s) are relevant 
in the study of NLUTD, yet even this information is 
inadequate to predict the functional characteristics 
for an individual patient. There is no one method 
that	 meets	 the	 broad	 needs	 of	 classiication	 in	
this group. Typical or classic cases are often well 
described	 but	 it	 is	 especially	 dificult	 to	 describe	
mixed	and	incomplete	lesions.	Thus,	classiication	
systems necessarily oversimplify or become ex-
tremely cumbersome. Finally, it must be acknowl-
edged that the complexity of neurologic diseases 
and variations in individual behavior almost always 
call for a customized approach to therapy, further 
complicating research in the neurogenic patient. 
All of these factors complicate study design as it 
becomes	dificult	to	create	workable	inclusion	and	
exclusion criteria that apply to other than a nar-
row segment of the neurogenic population. Ideally 
a broad population of potentially relevant partici-
pants would be enrolled in research studies with 
full characterization of both the neurologic condi-
tion and the nature of the lower urinary tract dys-
function so as to allow for subgroup analysis.

b) History and evaluation: 

Study planning is best undertaken with the cooper-
ation of urologist, neurologist, and other clinicians, 
who	have	a	speciic	interest	and	special	training	in	
the neurogenic patient. Baseline data collected by 
history in subjects with neurogenic lower urinary 
tract disorders should include:

•	 bladder volumes by diary or examination 
(maximum voided or catheterized volume, 
post	voiding	residual	urine,	total	capacity);

•	 mechanism of bladder evacuation: normal (vo-
litional),	 spontaneous	 involuntarily	 (“relex”),	
Credé, sterile intermittent catheter (SIC), 
clean intermittent catheter (CIC), intermittent 
catheter by second person, or suprapubic or 
urethral	catheter;

•	 use of external appliances (e.g., diaper or pad 
use, condom catheter, urethral catheter, su-
prapubic	tube);

•	 the typical time span of continence (conti-
nence interval) following last bladder evacu-
ation and maximal continent bladder volume.

•	 bowel	 function,	 sexual	 function,	 and	 speciic	
neurologic	deicits

•	 the evolution of the condition of (changes in) 
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the upper tract should be included in the out-
comes evaluation of treatment for NLUTD. 

Where	 possible	 these	 factors	 should	 be	 con-
trolled for in analyses, and stratified for in ran-
domization for interventional studies, or pa-
tients with certain factors should be excluded. 
The details will depend on the research ques-
tion to be asked.

c) Urodynamics: 

Baseline urodynamics are recommended for 
research studies of neurogenic incontinence, 
because the symptomatic response is usually 
of lesser relevance, compared to objective re-
sponse in NLUTD, especcially where NDO or re-
duced compliance is involved in the dysfunction. 
Neurogenic disorders commonly cause complex 
and generalized lower tract dysfunction, often 
with combined bladder and urethral sphincter 
abnormalities. 

Recommendations for Research in Popula -
tions Affected by Neurogenic Lower Urinary 
Tract Dysfunction:

•	 Detailed urodynamic studies are recom-
mended	for	classiication	of	neurogenic	lower	
urinary tract disorders in research studies 
because the nature of the lower tract dys-
function cannot be accurately predicted from 
clinical data. Videourodynamic studies are 
preferred but are not mandatory.  LOW

•	 An area of high priority for research is the 
development	 of	 a	 classiication	 system	 to	
deine	 neurogenic	 lower	 urinary	 tract	 dis-
orders. Relevant features could include the 
underlying diagnosis, the symptoms, more 
precise documentation of the neuromuscu-
lar lesion by clinical neurophysiologic test-
ing, and the nature of the urodynamic ab-
normality.  LOW

6.  RECOMMENDATIONS FOR RESEARCH IN 
POPULATIONS AFFECTED BY FAECAL IN -
CONTINENCE 

•	 High quality, validated, symptom and 
bother	 scores	 (e.g.,	 ICIQ-BS,	 Wexner	
score, FQIL, Manchester Questionnaire, 
FISI) should be employed when assess-
ing outcomes HIGH

•	 Due to the high concordance of faecal and 
urinary incontinence, and the potential 

for urinary incontinence therapy to affect 
bowel function, data on faecal incontinence 
should be collected at the outset and dur-
ing trials of urinary incontinence whenever 
practical. HIGH

7.  RECOMMENDATIONS FOR RESEARCH IN 
POPULATIONS AFFECTED BY BLADDER 
PAIN SYNDROME (INCLUDING INTERSTI-
TIAL CYSTITIS)

•	 Broader entry criteria should be used to re-
lect	 the	 full	spectrum	of	 the	BPS/IC	patient	
population.  MEDIUM

•	 The primary endpoint of BPS/IC trials 
should be patient driven and the Global 
Response Assessment is recommended. 
A wide spectrum of secondary endpoints 
will	be	useful	in	deining	the	effect	of	treat-
ments. MEDIUM

8.  RECOMMENDATIONS FOR RESEARCH IN 
POPULATIONS AFFECTED BY PELVIC OR -
GAN PROLAPSE 

•	 A validated standardized assessment of pro-
lapse (eg POP-Q) should be used for base-
line and outcome assessments. HIGH

•	 Complete reporting of outcomes including a 
validated assessment of anatomy, functional 
status, and complications is essential.  HIGH 

•	 Complications/adverse events (especially for 
mesh) must be explicitly and completely 

•	 Long term outcomes (> 2 years) of interven-
tion studies are needed  HIGH

The	 2012	 Consultation	 examined	 and	 classiied	
available data in order to determine the level of 
evidence that supports our care of incontinent pa-
tients. This committee’s contribution was to pro-
vide guidance to facilitate high quality research 
for the next Consultation. All quality research, be it 
prospective or retrospective, clinical or preclinical, 
begins	with	a	clear	research	question	and	beneits	
from	 detailed	 planning—establishing	 a	 clear	 and	
relevant hypothesis, developing a trial of appropri-
ate magnitude to accept or reject the hypothesis, 
and	deining	methods	of	adequate	sensitivity	and	
speciicity	to	produce	credible	data.	

XIV. CONCLUSIONS
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INTRODUCTION

The 5th International Consultation on Incontinence met from February 23rd – 25th
2012 in Paris and was organised by the International Consultation on Urological
Diseases and the EAU, in order to develop consensus statements for the diagno-
sis, evaluation and treatment of urinary incontinence, faecal incontinence, pelvic
organ prolapse and bladder pain syndrome.

The consensus statements are evidence based following a thorough review of the
available literature and the global subjective opinion of recognised experts serving
on focused committees. The individual committee reports were developed and
peer reviewed by open presentation and comment. The Scientific Committee, con-
sisting of the Chairmen of all the committees then refined the final consensus state-
ments.These consensus statements published in 2013 will be periodically re-eval-
uated in the light of clinical experience, technological progress and research.

2013
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The consultation agreed to use the current

International Continence Society definitions (ICS)

for lower urinary tract dysfunction (LUTD) including

incontinence, except where stated. These defini-

tions appeared in the journal Neurourology and

Urodynamics (2002; 21:167- 178 and 2006; 25:

293) or can be viewed on the ICS

website: www.icsoffice.org

LUTS are divided into storage symptoms and

voiding symptoms.

Urinary incontinence is a storage symptom and

defined as the complaint of any involuntary loss of

urine. This definition is suitable for epidemiological

studies, but when the prevalence of bothersome

incontinence is sought, the previous ICS definition of

an “Involuntary loss of urine that is a social or hygienic

problem “, can be useful.

Urinary incontinence may be further defined according

to the patient’s symptoms

• Urgency Urinary Incontinence is the complaint

of involuntary leakage accompanied by or

immediately preceded by urgency.

• Stress Urinary Incontinence is the complaint of

involuntary leakage on effort or exertion, or on

sneezing or coughing.

• Mixed Urinary Incontinence is the complaint of

involuntary leakage associated with urgency and

also with effort, exertion, sneezing and coughing.

• Nocturnal Enuresis is any involuntary loss of

urine occurring during sleep.

• Post-micturition dribble and continuous urinary

leakage denotes other symptomatic forms of

incontinence.

Overactive bladder is characterised by the storage

symptoms of urgency with or without urgency

incontinence, usually with frequency and nocturia.

• Overactive Detrusor Function, is characterised

by involuntary detrusor contractions during the

filling phase, which may be spontaneous or

provoked.

The overactive detrusor is divided into:

- Idiopathic Detrusor Overactivity, defined as

overactivity when there is no clear cause

- Neurogenic Detrusor Overactivity is defined

as overactivity due to a relevant neurological

condition.

• Urodynamic stress incontinence is noted during

filling cystometry, and is defined as the involuntary

leakage of urine during increased abdominal

pressure, in the absence of a detrusor contraction.

• Bladder pain syndrome is defined as an

unpleasant sensation (pain, pressure, discomfort)

perceived to be related to the urinary bladder,

associated with lower urinary tract symptom(s) of

more than 6 weeks duration, in the absence of

infection or other identifiable causes.

• Uro-genital prolapse is defined as the

symptomatic descent of one or more of : the anterior

vaginal wall, the posterior vaginal wall, and the

apex of the vagina (cervix/uterus) or vault (cuff)

after hysterectomy. Uro-genital prolapse is

measured using the POP-Q system.

• Rectal prolapse is defined as circumferential full

thickness rectal protrusion beyond the anal margin.

• Anal incontinence, defined as “any involuntary

loss of faecal material and/or flatus” and may be

divided into:

- Faecal incontinence, any involuntary loss of

faecal material

- Flatus incontinence, any involuntary loss of

gas (flatus)   

* To date, these definitions are not included in the

current ICS terminology

5. anal Incontinence *

4. Pelvic Organ Prolapse

3. Bladder Pain Syndrome *

2. Urodynamic Diagnosis

1. lower Urinary Tract Symptoms

(lUTS)

The following ICS definitions 

are relevant:

1. Definitions
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The following phrases are used to classify diagnos-

tic tests and studies:

• A highly recommended test is a test that should

be done on every patient.

• A recommended test is a test of proven value in

the evaluation of most patients and its use is

strongly encouraged during initial evaluation.

• An optional test is a test of proven value in the

evaluation of selected patients; its use is left to the

clinical judgement of the physician

• A not recommended test is a test of no proven

value.

The recommendations are intended to apply to chil -

dren and adults, including healthy persons over the

age of 65.

These conditions are highly prevalent but often not

reported by patients. Therefore, the Consultation

strongly recommends case finding, particularly in

high risk groups.

The main recommendations for this consultation

have been abstracted from the extensive work of

the 23 committees of the 5th International

Consultation on Incontinence (ICI, 2012).  

Each committee has written a report that reviews

and evaluates the published scientific work in each

field of interest in order to give Evidence Based

recommendations. Each report ends with detailed

recommendations and suggestions for a pro gramme

of research.

The initial evaluation should be undertaken, by a

clinician, in every patient presenting with symptoms/

signs suggestive of these conditions.

Management of a disease such as incontinence

requires caregivers to assess the sufferer in a holis -

tic manner. Many factors may influence a particular

individual’s symptoms, some may cause inconti nence,

and may influence the choice and the suc cess of

treatment. The following components of the

medical history are particularly emphasized:

•  Presence, severity, duration and bother of any

urinary, bowel or prolapse symptoms. Identifying

symptoms in the related organ systems is critical

to effective treatment planning. It is useful to use

validated questionnaires to assess symptoms.

•  Effect of any symptoms on sexual function:

validated questionnaires including impact on quality

of life are a useful part of a full assessment.

•  Presence and severity of symptoms suggesting

neurological disease

•  Previous conservative, medical and surgical

treatment, in particular, as they affect the

genitourinary tract and lower bowel. The

effectiveness and side effects of treatments should

be noted.

•  Coexisting diseases may have a profound effect

on incontinence and prolapse sufferers, for example

asthma patients with stress incontinence will suffer

greatly during attacks. Diseases may also

precipitate incontinence, particularly in frail older

persons.

•  Patient medication: it is always important to review

every patient’s medication and to make an

assessment as to whether current treatment may

be contributing to the patient’s condition.

•  Obstetric and menstrual history.

•  Physical impairment: individuals who have

compromised mobility, dexterity, or visual acuity

may need to be managed differently

•  Environmental issues: these may include the

social, cultural and physical environment.

b) Past Medical History:

a) Review of Systems:

1. History and general assessment 

The main recommendations should be read in

conjunction with the management algorithms for

children, men, women, the frail older person,

neu rogenic patients, bladder pain, pelvic organ

pro lapse, and anal incontinence

I. HIgHlY RECOMMENDED TESTS
DURINg INITIal EvalUaTION

This section primarily discusses the Evaluation

of Urinary Incontinence with or without Pelvic

Organ Prolapse (POP) and Anal Incon-

tinence.

c) Social History:

2. Evaluation 
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•  Lifestyle: including exercise, smoking and the

amount and type of food/fluid intake.

•  Desire for treatment and the extent of treatment

that is acceptable

•  Patient goals and expectations of treatment

•  Patient support systems (including caregivers).

•  Cognitive function: all individuals need to be

assessed for their ability to fully describe their

symptoms, symptom bother and quality of life

impact, and their preferences and goals for care.

They must be able to understand proposed

management plans and to discuss, where

appropriate, alternative treatment options. In some

groups of patients formal testing is essential e.g.

cognitive function testing for individuals for whom

the clinician has concerns regarding memory

deficits and/or inattention/confusion, and depression

screening for individuals for whom the clinician

has concerns about abnormal affect. Proxy

respondents, such as family and caregivers, may

be used to discuss history, goals of care, and

treatment for individuals with dementia, but only if

the individual is incapable of accurate reporting or

weighing treatment decisions.

The more complicated the history and the more

extensive and/or invasive the proposed therapy, the

more complete the examination needs to be.

Depending on the patient’s symptoms and their

severity, there are a number of components in the

examination of patients with incontinence and/or

pelvic organ prolapse.

Physical examination should be performed regard -

less of whether the patient is a child, a woman, a

man, someone with neurological disease or a frail

elderly person.

•  Mental status

•  Obesity (BMI)

•  Physical dexterity and mobility

•  Examination of the perineum and external genitalia

including tissue quality and sensation.

•  Vaginal (half-speculum) examination for pelvic

organ prolapse (POP)

•  Bimanual pelvic and anorectal examination for

pelvic mass, pelvic floor muscle function, etc

•  Stress test for urinary incontinence.

In patients with urinary symptoms a urinary tract

infection is a readily detected, and easily treatable

cause of LUTS, and urine testing is highly recom -

mended. Testing may range from dipstick testing, to

urine microscopy and culture when indicated.

The tests below are recommended when the

appropriate indication(s) is present. Some recom -

mended tests become highly recommended in specific

situations.

This section should also be read in conjunction with

the relevant committee reports.

In patients with urinary symptoms the use of a simple

frequency volume chart or bladder diary (examples

in Annex 1) is highly recommended to document the

frequency of micturition, the volumes of urine voided,

incontinence episodes and the use of incontinence

pads.

d) Neurological testing (see chapter on

assessment)

c) Pelvic examination:

b) Abdominal/flank examination: for

masses, bladder distention, relevant sur-

gical scars

a) General status:

Conclusion 

For simple treatments, particularly non -

invasive and inexpensive therapies,

man agement may start without the need

for the further investigations listed below.

3. Urinalysis

2. Physical Examination

d) Other Treatment Planning Issues:

II. RECOMMENDED fURTHER

aSSESSMENT PRIOR TO, OR 

DURINg, SPECIalIST 

aSSESSMENT

1. further Symptom and Health-Related

Qol  assessment
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The use of the highest quality questionnaires

(Grade A, where available) is recommended for the

assessment of the patient’s perspective of symptoms

of incontinence and their impact on quality of life. 

The ICIQ is highly recommended (Grade A) for the

basic evaluation of the patient’s perspective of urinary

incontinence, with other Grade A questionnaires

recommended for more detailed assessment. Further

development is required in the areas of pelvic

organ prolapse, bladder pain syndrome, and for

specific patient groups, as only Grade B questionnaires

are currently available (see Annex 1).

Standard biochemical tests for renal function are

recommended in patients with urinary incontinence

and a possibility of renal impairment.

Uroflowmetry with the measurement of post void

residual urine is recommended as a screening test

for symptoms suggestive of urinary voiding dysfunction

or physical signs of POP or bladder distension.

In patients with suspected voiding dysfunction,

PVR should be part of the initial assessment if the

result is likely to influence management, for example,

in neurological patients.

Although routine imaging is not recommended,

imaging of the lower urinary tract and pelvis is highly

recommended in those with urinary symptoms

whose initial evaluation indicates a possible co-

existing lower tract or pelvic pathology. Initial imaging

may be by ultrasound, or plain X ray.

Imaging of the upper urinary tract is highly recom -

mended in specific situations. These include:

•  Haematuria,

•  Neurogenic urinary incontinence e.g. myelodys -

plasia, spinal cord trauma,

•  Incontinence associated with significant post-void

residual,

•  Co-existing loin/kidney pain,

•  Severe pelvic organ prolapse, not being treated

•  Suspected extra-urethral urinary incontinence,

•  Children with incontinence and UTIs, where

indicated

•  Urodynamic studies which show evidence of poor

bladder compliance.

In anorectal conditions, anal US or MRI prior to

anal sphincter surgery is highly recommended, when

obvious anatomic defects are not evident. Defaecating

proctography or dynamic MRI is recommended in

suspected rectal prolapse which cannot be adequately

confirmed by physical examination.

Although routine cysto-urethroscopy is not recom-

mended, LUT endoscopy is highly recommended:

•  When initial testing suggests other pathologies,

e.g. haematuria

•  When pain or discomfort feature in the patient’s

LUTS, these may suggest an intravesical lesion

•  When appropriate in the evaluation of vesicovaginal

fistula and extra-urethral urinary incontinence (in

childbirth fistulae, endoscopy is often unnecessary).

In anorectal conditions, proctoscopy or flexible

sigmoidoscopy should routinely be performed in the

evaluation of patients with faecal incontinence.

Colonoscopy, air contrast barium enema or CT

colography is highly recommended in the presence

of unexplained change in bowel habit, rectal bleeding

or other alarm symptoms or signs (see Basic

Assessment chapter).

•  When the results may change management, such

as prior to most invasive treatments for UI and

POP,

•  After treatment failure, if more information is

needed in order to plan further therapy,

•  As part of both initial and long-term surveillance

programmes in some types of neurogenic lower

urinary tract dysfunction,

•  In “complicated incontinence” (for details please

see relevant subcommittee reports).

5. Imaging

4. Estimation of Post void Residual

Urine (PvR)

3. Uroflowmetry

2. Renal function assessment

6. Endoscopy

7. Urodynamic Testing

a) Urodynamic evaluation is recommended 
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•  To reproduce the patient’s symptoms and correlate

these with urodynamic findings

•  To assess bladder sensation

•  To detect detrusor overactivity

•  To assess urethral competence during filling

•  To determine detrusor function during voiding

•  To assess outlet function during voiding

•  To assess residual urine

These tests are recommended in the presence of

unexplained diarrhoea or when Crohn’s disease is

suspected.

Video-urodynamics may be useful in the

management of UI in children, in patients who fail

surgery and in some neurogenic patients, to obtain

additional anatomical information. Both US and X-ray

imaging can be used.

If a more detailed estimate of urethral function is

required, then the following optional tests may give

useful information:

•  Urethral pressure profilometry

•  Abdominal leak point pressures

•  Video-urodynamics

•  Electromyography

If initial urodynamics have failed to demonstrate

the cause for the patient’s incontinence then the

following tests are optional:

•  repeated routine urodynamics

•  ambulatory urodynamics

Pad testing is an optional test for the routine evaluation

of urinary incontinence and, if carried out, a 24 hr test

is suggested.

The information gained by clinical examination and

urodynamic testing may be enhanced by neuro -

physiological testing of striated muscle and nervous

pathways.

Appropriately trained personnel should perform these

tests. The following neuro-physiological tests can be

considered in patients with peripheral lesions prior to

treatment for lower urinary tract or anorectal

dysfunction.

•  Concentric needle EMG

•  Sacral reflex responses to electrical stimulation of

penile or clitoral nerves.

Pudendal nerve latency testing is not recom-

mended.

Further imaging of the central nervous system,

including spine, by myelography, CT and MRI may

prove useful if simple imaging, for example by spinal

X-rays in patients with suspected neurological disease,

proves normal.

Cysto-urethrography, US, CT and MRI may have

an indication :

•  Suspected pelvic floor dysfunction

•  Failed surgery, such as recurrent posterior vaginal

wall prolapse or failed sling surgery

•  Suspected fixed urethra

This is an optional test in patients with complicated

or recurrent UI (e.g. after failed SUI surgery)

Anorectal manometry is useful to assess resting and

squeeze anal pressures.

1. additional Urodynamic Testing

III. OPTIONal DIagNOSTIC TESTS

8.  Small  bowel  follow-through,  CT

entography or capsule endoscopy.

2. Pad Testing

3. Neurophysiological Testing and

Imaging

4. further Imaging

b) The aims of Urodynamic Evaluation are

5. Cysto-urethroscopy 

6. anorectal physiology testing
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The consensus statements are derived from the

detailed work in the committee reports on the

management of incontinence in children, men,

women, the frail elderly and neurological patients,

as well as those with obstetric fistula, pelvic organ

prolapse, bladder pain syndrome, and faecal

incontinence. The management of incontinence is

presented in algorithm form with accompanying

notes. 

The Consultation recognises that no algorithm

can  be  applied  to  every  patient  and  each

patient’s management must be individualised.

There are algorithms for 

I.  Urinary Incontinence in Children

II.  Urinary Incontinence in Men 

III.  Urinary Incontinence in Women

Iv.  fistulae

v.  Pelvic Organ Prolapse  

vI.  Urinary Incontinence in Neurological 

Patients 

vII.  Bladder Pain Syndrome

vIII.  faecal Incontinence in  Non-

Neurological Patients

IX.  faecal Incontinence in Neurological 

Patients

X. Urinary and faecal Incontinence in frail

Older Men and Women 

These algorithms are divided into two for groups

I to III, VII and X. The two parts, initial

management and specialised management

require a little further explanation.

Although the management algorithms are

designed to be used for patients whose

predominant problem is incontinence, there are

many other patients in whom the algorithms may

be useful such as those patients with urgency

and frequency, so-called “OAB dry”

are intended for use by all clinicians including

health care assistants, nurses, physiotherapists,

generalist doctors and family doctors as well as

by specialists such as urologists, geriatricians and

gynaecologists. The consultation has attempted

to phrase the recommendations in the basic

algorithms in such a way that they may be readily

used by clinicians in all countries of the world,

both in the developing and the developed world.

are intended for use by specialists. The specialised

algorithms, as well as the initial management

algorithms are based on evidence where

possible, and on the expert opinion of the 400

healthcare professionals who took part in the

Consultation. In this consultation, committees

ascribed levels of evidence to the published work

on the subject and devised grades of

recommendation to inform patient management.

It should be noted that these algorithms, dated

December 2012, represent the Consultation

consensus at that time. Our knowledge,

developing from both a research base and because

of evolving expert opinion, will inevitably change

with time. The Consultation does not wish those

using the algorithms to believe they are “carved in

tablets of stone”: there will be changes both in the

relatively short term and the long term.

Each algorithm contains a core of recommendations

in addition to a number of essential components of

basic assessment listed in sections I to III. 

The patient’s desires and goals for treatment :

Treatment is a matter for discussion and joint

decision making between the patient and his or

æ The algorithms for initial 

management

æ The specialised algorithms

u Essential components of basic 

assessment

•  General assessment

•  Symptom assessment

•  Assessment of quality of life impact

•  Assessment of the desire for treatment

•  Physical examination

•  Urinalysis

u Joint decision making

3. Management

Consensus statements
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her health care advisors. This process of

consultation includes the specific need to assess

whether or not the sufferer of incontinence wishes

to receive treatment and, if so, what treatments

he or she would favour. Implicit in this statement

is the assumption that the health care provider will

give an appropriate explanation of the patient’s

problem and the alternative lines of

management, and the indications and the risks

of treatment. The assumption that patients almost

always wish to have treatment is flawed, and the

need to consult the patient is paramount.

In each algorithm, treatments are listed in order

of simplicity, the least invasive being listed first.

This order does not imply a scale of efficacy or

cost, two factors which need to be considered in

choosing the sequence of therapy. The order is

likewise not meant to imply a suggested sequence

of therapy, which should be determined jointly by

the treating health care provider and the patient,

considering all the relevant factors listed above.

In the initial management algorithms, treatment

is empirically based, whilst the specialised

management algorithms usually rely on precise

diagnosis from urodynamics and other testing.

The assumption is made that patients will be

reassessed at an appropriate time to evaluate

their progress.

The possible role of continence products should

be considered at each stage of patient assessment

and treatment, and if treatment is not (fully)

successful, subsequent management. 

•  Firstly, intermittent catheterisation or indwelling

catheter drainage often have a role to play in

addressing urinary retention.

•  Secondly, assisted toileting using such devices

as commodes, bedpans, and handheld urinals

may help to achieve dependent continence*

where access, mobility and/or urgency problems

undermine a patient’s ability to maintain

independent continence*, be it urinary and /

or faecal.

•  Finally, containment products (to achieve

contained incontinence*) for urine and / or

faeces find an essential role in enhancing the

quality of life of those who:

•  Elect not to pursue treatment options

•  Are awaiting treatment

•  Are waiting for treatment to take effect

•  Are unable to be (fully) cured

Further guidance and care algorithms on which

products might be suitable for a given patient are

given in Committee 20.

* Useful terms suggested by Fonda & Abrams.

(Cure sometimes, help always – a “continence

paradigm” for all ages and conditions. Fonda D and

Abrams P, Neurology & Urodynamics 25: 290-

292, 2006).

u Use of Continence Products
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a. INITIal MaNagEMENT

I.�urInarY�InContInenCe�In�CHIlDren

Children present specific management problems for a variety of rea-
sons: assessment requires help from their parents and caregivers;
consent to treatment may be problematic; and cooperation in both
assessment and treatment may be difficult.

The child’s social environment and general and behavioural develop-
ment should also be formally assessed and recorded. Physical exam-
ination should be done to detect a palpable bladder, faecal loading
and exclude anatomic and neurogenical causes. Urine analysis and
culture is sufficient to exclude the presence of infection. If possible,
the child should be observed voiding.

Ì Referrals for specialist treatment are recommended for chil-
dren who have complicated incontinence associated with:

•  Recurrent and febrile urinary infection

•  Voiding symptoms or evidence of poor bladder emptying

•  Urinary tract anomalies

•  Previous pelvic surgery

•  Neuropathy or neuropathic origin

•  Bowel dysfunction not responsive to treatment

•  Comorbid behavioural (e.g. ADHD and ODD) and emotional disorders.

Ì Initial treatment is recommended for the remaining patients
who have:

•  Nocturnal enuresis without other symptoms (mono-symptomatic

enuresis).

•  Daytime symptoms of frequency, urgency, voiding postponement,

straining, interrupted voiding, urgency incontinence with or without

night-time wetting.

Ì Initial treatment for mono-symptomatic nocturnal enuresis
should include:

- parental and child counselling and motivation

- review of bladder diary with attention to night-time polyuria

- a choice between either bed wetting alarm (Grade A) and anti-

diuretic hormone analogues of desmopressin (Grade A). It may be a

parental and child choice if advantages and disadvantages are well

explained.

Ì Daytime incontinence should be managed holistically including:

- counselling, timed voiding, behaviour modification and bowel man-

agement when necessary (Grade B);

- antimuscarinics may be used if there are symptoms that suggest

bladder overactivity (Grade A)

2.  Treatment

1.  Initial assessment should involve a detailed

investigation of voiding and bowel habits using

bladder/bowel diaries and structured and validated

questionnaires.
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HISTORY/

SYMPTOM

aSSESSMENT

ClINICal 

aSSESSMENT

TREaTMENT *

Initial Management of Urinary Incontinence in Children

PRESUMED

DIagNOSIS

• Explanation/education

• Enuresis Diary

• alarm

• Desmopressin

MONOSYMPTOMaTIC

NOCTURNal ENURESIS

“Complicated” Incontinence 
associated with:

- Urinary tract anomaly
- Neuropathy
- Pelvic surgery
- Voiding (emptying) symptoms
- Recurrent urinary infection
- Bowel dysfunction not respon-

sive to treatment
- Comorbid behavioral and emo-

tional disorders

SPECIalISED MaNagEMENT

failure
failure

any other
abnormality
detected
e.g. Post
void 

residual

general assessment  (see relevant chapter)

• Physical examination: abdominal, perineal, ext. genitalia, back/spine, neurological

• assess bowel function -> if constipated, treat and reassess

• Urinalysis ± Urine culture -> if infected, treat and reassess

• assess post-void residual urine by abdominal examination 

(optional : by ultrasound)

Nocturnal enuresis

(monosymptomatic)
Daytime ± Nighttime wetting 

± Urgency / frequency 

URgENCY 

INCONTINENCE 
RECURRENT 

INfECTION

DYSfUNCTIONal

vOIDINg  

• Explanation/education
• fluid/voiding regime
• Bladder training
• antimuscarinics
• alarm (bed wetting)

* At any stage of the patient’s care pathway, management may need to include continence products
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B. SPECIalISED MaNagEMENT

I.�urInarY�InContInenCe�In�CHIlDren

Ì Two groups of children with ‘‘complicated’’ incontinence should have spe-

cialist management from the outset (Fig. 2).

•  Children whose incontinence is due to, or associated with, urinary tract anomalies

and neuropathy.

•  Children without urinary tract anomalies, but with recurrent febrile infection and,

proven or suspected, lower urinary tract dysfunction.

Ì Children who fail the basic treatment, but who have neither neurogenic nor

anatomical problems, should also receive specialist management.

Children with comorbid behavioural and emotional disorders require referral to

mental health services, as compliance and treatment outcomes are lower.

Assessment and treatment should follow evidence-based practice parameters

and guidelines

Ì As part of further assessment, the measurement of urine flow (in children old

enough), together with the pelvic ultrasound estimate of residual urine and

appearance of the bladder wall and rectum are highly recommended. An evaluation

of the upper urinary tracts with ultrasound is also highly recommended.

Those who do not improve with treatment and have neither neurogenic nor

anatomical problems should be reassessed using micturition charts, symptom

scores, urinalysis, uroflowmetry and residual urine determination.

If there are recurrent and febrile infections, upper tract imaging and possibly a

VCUG should be considered. However, endoscopy is rarely indicated.

Ì Urodynamics should be considered:

• If the type and severity of lower tract dysfunction cannot be explained by clini-

cal findings.

•  If invasive treatment is under consideration, for example, stress incontinence

surgery if there is sphincteric incompetence, or bladder augmentation if there is

detrusor overactivity.

• If upper tract dilatation exists and is thought to be due to bladder dysfunction.

Invasive urodynamic studies are generally not recommended if the child has

normal upper tract imaging and is to be treated by noninvasive means.

Ì Spinal Imaging (US/X-ray/MRI) may be needed if a bony abnormality or neuro-

logical condition is suspected.

The treatment of incontinence associated with urinary tract anomalies is complex

and cannot easily be dealt with in an algorithm. In many children more than one

pathophysiology demands treatment. If there are complex congenital abnor-

malities present, the treatment is mostly surgical and it should be individualised

according to the type and severity of the problem (please see  Children’s

Committee Report).

Care should be given by specialist children’s nurses and therapists.

Ì Initial treatment should be non-surgical.

• For stress urinary incontinence (SUI): pelvic floor muscle training (Grade C).

• For suspected bladder overactivity (OAB): fluid/voiding regimes and antimuscarinics 

(Grade A).

• For voiding dysfunction: timed voiding, voiding re-education, pelvic floor muscle

relaxation (+/- biofeedback), intermittent catheterisation (when PVR >30% of

bladder capacity) (Grade B/C).

• For bowel dysfunction: high fibre diet and laxatives as appropriate.

The child’s progress should be assessed and, if quality of life is still significantly

impaired, or if the upper urinary tracts are at risk, surgical treatment is likely to be

necessary.

Ì If surgical treatment is required, then urodynamic studies are recommended

to confirm the diagnosis.

• For SUI, sling surgery, bulking agent injection and AUS may be considered.

• For DO/poor compliance, botulinum toxin (for DO, and off-label) and bladder

augmentation may be performed.

• If the child cannot do IC then a Mitrofanoff channel may be needed.

2. Treatment

1. assessment
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Specialised Management of Urinary Incontinence in Children

STRESS URINaRY

INCONTINENCE
vOIDINg 

DYSfUNCTION

DETRUSOR OvERaCTIvITY /

POOR COMPlIaNCE  

aNaTOMICal CaUSES 

Of URINaRY 

INCONTINENCE

• Pelvic floor 

muscle training

• aUS

• Sling

• Bulking agent 

injection

• fluid/ voiding regime 

• antimuscarinics 

• Bowel management.

• Botulinum toxin

• Bladder augmentation

Mitrofanoff if IC fails

•  Correct anomaly 

(see : surgical 

treatment in children)

EXPERT 

HISTORY & PHYSI-

Cal EXaMINaTION

ClINICal 

aSSESSMENT

TREaTMENT *

DIagNOSIS

• Urinalysis: if UTI,  treat and reassess 

as appropriate

• Treat bowel dysfunction and reassess  

• Renal / bladder ultrasound 

• assess post void residual

• flow rates ± electromyography

• Behavioural Evaluation

if abnormal -->}
Consider:

• Micturating cystogram 

• Renal scintigram

• Urodynamics

• Cystourethroscopy

• Spinal imaging

Incontinence without 

suspicion of urinary  tract anomaly

Incontinence with suspicion

of urinary tract anomaly

failure failure

failure

• Timed voiding

• Pelvic floor relaxation ±

biofeedback. 

• Pharmacotherapy

- antimuscarinics

- a-blockers

• Intermittent cath. 

• Bowel management

• antibiotic if infection

* At any stage of the patient’s care pathway, management may need to include continence products
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a. INITIal MaNagEMENT

II.��urInarY�InContInenCe�In�Men

æ Complicated” incontinence group

Those with pain or with haematuria, recurrent infections, suspected or

proven poor bladder emptying (for example due to bladder outlet

obstruction), or incontinence following pelvic irradiation or radical surgery,

are recommended for specialised management.  

Poor bladder emptying may be suspected from symptoms, physical

examination or if imaging has been performed by X-ray or ultrasound

after voiding.

æ Four other main groups of men should be identified by initial
assessment as being suitable for initial management.

•  Those with post-micturition dribble alone,

•  Those with overactive bladder (OAB) symptoms: urgency with or

without urgency incontinence, together with frequency and nocturia

•  Those with stress incontinence (most often post-prostatectomy), 

•  Those with mixed urgency and stress incontinence (most often post-

prostatectomy)

æ For men with post-micturition dribble, this requires no assessment
and can usually be treated by teaching the man how to do a strong

pelvic floor muscle contraction after voiding, or manual compression

of the bulbous urethra directly after micturition. (Grade B)

æ For men with stress, urgency or mixed urgency / stress incontinence,
initial treatment should include appropriate lilfestyle advice, pelvic floor

muscle training, scheduled voiding regimes, behavioural therapies

and medication.  In particular:

•  Lifestyle interventions (Grade D)

•  Supervised pelvic floor muscle training for men with post radical

prostatectomy SUI (Grade B)

•  Scheduled voiding regimes for OAB (Grade C)

•  Antimuscarinic drugs for OAB symptoms with or without urgency

incontinence (Grade B) if  the patient has no evidence of significant

post-void residual urine

•  a-adrenergic antagonists (a-blockers), can be added if it is thought

that there may also be bladder outlet obstruction. (Grade C)

æ Should initial treatment be unsuccessful after a reasonable
period of time (for example, 8-12 weeks), specialist advice is highly

recommended. 

Clinicians are likely to wish to treat the most bothersome symptom

first in men with symptoms of mixed incontinence.

2. Management1. Initial assessement should identify :
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Initial Management of Urinary Incontinence in Men

• general assessment  (see relevant chapter)

• Urinary symptom assessment and symptom score 

(including frequency-volume chart and questionnaire)

• assess quality of life and desire for treatment 

• Physical examination: abdominal, rectal, sacral, neurological

• Urinalysis ± urine culture -> if infected, treat and reassess

• assessment of pelvic floor muscle function

• assess post-void residual urine

“Complicated” incontinence 

• Recurrent or “total” 

incontinence 

• Incontinence associated

with:

- Pain

- Haematuria

- Recurrent infection

- Prostate irradiation

- Radical pelvic surgery

MIXED INCONTINENCE

Treat most bothersome

symptom first

URgENCY INCONTINENCE

presumed due to 

detrusor overactivity

• Urethral 

milking

• Pelvic floor   

muscle 

contraction

SPECIalISED MaNagEMENT

any other abnormality

detected e.g. significant 

post void residual

STRESS INCONTINENCE
presumed due to 
sphincteric 
incompetence

DISCUSS TREaTMENT OPTIONS WITH THE PaTIENT

• lifestyle interventions

• Pelvic floor muscle training ± biofeedback 

• Scheduled voiding (bladder training)

• Incontinence products

• antimuscarinics (OaB ± urgency incontinence) and 

a-adrenergic antagonists (if suspected bladder outlet obstruction)

HISTORY

ClINICal 

aSSESSMENT

PRESUMED

DIagNOSIS

MaNagEMENT *

Post-

micturition 

dribble

Incontinence on

exertion

(usually post-

prostatectomy)

Incontinence

with mixed

symptoms

Urgency /

frequency,

with or with-

out  urgency

incontinence 

failure

* At any stage of the patient’s care pathway, management may need to include continence products



1
9
1
0

The specialist may first reinstitute initial management if it is felt

that previous therapy had been inadequate.

æ Patients with “complicated” incontinence referred directly to
specialised management, are likely to require additional testing,

such as cytology, cystourethoscopy and urinary tract imaging.  

If these tests prove normal then those individuals can be treated

for incontinence by the initial or specialised management options as

appropriate.

If symptoms suggestive of detrusor overactivity, or of sphincter

incompetence persist, then urodynamic studies are advisable

   in order to arrive at a precise diagnosis, prior to invasive treatment.

and if the patient’s incontinence markedly disrupts his quality of life

then invasive therapies should be considered.

æ For sphincter incompetence the recommended option is the
artificial urinary sphincter (Grade B). Other options, such as a

male sling, may be considered (Grade C).

æ For idiopathic detrusor overactivity, (with intractable overactive
bladder symptoms) the recommended therapies are: Botulinum

toxin A (Grade B), neuromodulation (Grade C), and bladder

augmentation (Grade C).*

*Note: At the time of writing, botulinum toxin  for idiopathic DO is being

used “off-label”.

æ When incontinence has been shown to be associated with poor
bladder emptying and detrusor underactivity, it is recommended

that effective means are used to ensure bladder emptying, for

example, intermittent catheterisation (Grade B/C).

æ If incontinence is associated with bladder outlet obstruction,
then consideration should be given to surgical treatment to relieve

obstruction (Grade B).  a-blockers and/or 5a- reductase inhibitors

would be an optional treatment (Grade C). There is increased

evidence for the safety of antimuscarinics for overactive bladder

symptoms in men, chiefly in combination with an α-blocker (Grade

B).

When basic management has failed

2.  Treatment

1. assessment

B. SPECIalISED MaNagEMENT

II.��urInarY�InContInenCe�In�Men
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Specialised Management of Urinary Incontinence in Men

“Complicated” Incontinence :

• Recurrent incontinence 

• Incontinence associated with:

- Prostate or pelvic irradiation

- Radical pelvic surgery

with coexisting

bladder outlet

obstruction

with coexisting

underactive

detrusor

(during voiding)

Lower urinary

tract anomaly/

pathology

STRESS 

INCONTINENCE

due to sphincteric

incompetence

MIXED

INCONTINENCE

Treat major

component first

URgENCY 

INCONTINENCE

due to detrusor 

overactivity (during filling)

If initial therapy fails:

• artificial 

urinary sphincter

• Male sling

(see chapter 13)

If initial therapy fails:

• Botulinum toxin a

• Neuromodulation

• a-blockers, 5aRI

• Correct anatomic 

bladder outlet  

obstruction

• antimuscarinics

• Correct anomaly

• Treat pathology
• Intermittent  

catheteri-

sation

• antimus-

carinics

HISTORY/ 

SYMPTOM

aSSESSMENT

ClINICal 

aSSESSMENT

TREaTMENT *

DIagNOSIS

Post-prostatectomy

incontinence

Incontinence with

urgency / frequency

• Consider urodynamics and imaging of the urinary tract

• Urethrocystoscopy (if indicated)

Consider: 

• Urethrocystoscopy

• further imaging

•  Urodynamics

* At any stage of the patient’s care pathway, management may need to include continence products
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æ “Complicated” incontinence group.

Those with pain or haematuria, recurrent infections, suspected or

proven voiding problems, significant pelvic organ prolapse or who

have persistent incontinence or recurrent incontinence after pelvic

irradiation, radical pelvic surgery, previous incontinence surgery, or

who have a suspected fistula, should be refered to a specialist.

æ Three other main groups of patients should be identified by 
initial  assessment.

•  Women with stress incontinence on physical activity

•  Women with urgency, frequency with or without urgency 

incontinence 

•  Those women with mixed urgency and stress incontinence

Abdominal, pelvic and perineal examinations should be a routine part

of physical examination.  Women should be asked to perform a

“stress test” (cough and strain to detect leakage likely to be due to

sphincter incompetence). Any pelvic organ prolapse or urogenital

atrophy should be assessed. Vaginal or rectal examination allows

the assessment of voluntary pelvic floor muscle function, an important

step prior to the teaching of pelvic floor muscle training.  

æ For women with stress, urgency or mixed urinary incontinence,
initial treatment should include appropriate lifestyle advice, pelvic

floor muscle training, PFMT), scheduled voiding regimes,

behavioural therapies and medication. In particular:

•  Advice on caffeine reduction (Grade B) and weight reduction 

(Grade A)

•  Supervised pelvic floor muscle training (Grade A), supervised

vaginal cones training for women with stress incontinence (Grade B)

•  Supervised bladder training (Grade A) for OAB.

•  If oestrogen deficiency and/or UTI is found, the patient

should be treated at initial assessment and then reassessed

after a suitable interval using vaginal oestrogens. (Grade B).

•  Antimuscarinics for OAB symptoms with or without urgency

incontinence (Grade A); duloxetine* may be considered for

stress urinary incontinence (Grade B)

PFMT should be based on sound muscle training principles such as

specificity, overload progression, correct contraction confirmed prior

to training, and use of the Knack for 12 weeks before reassessment

and possible specialist referral.

Clinicians are likely to wish to treat the most bothersome symptom

first in women with symptoms of mixed incontinence. (Grade C). 

æ Some women with significant pelvic organ prolapse can be
treated by vaginal devices that treat both incontinence and prolapse

(incontinence rings and dishes).  

* Duloxetine is not approved for use in United States.  It is approved for use

in Europe for severe stress incontinence (see committee report on

pharmacological management for information regarding efficacy, adverse

events, and 'black box' warning by the Food and Drug Administration of the

United States).

2.  Treatment

1.  Initial assessment should identify  :

a. INITIal MaNagEMENT

III.�urInarY�InContInenCe�In�WoMen
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Incontinence

on physical

activity

Incontinence

with mixed

symptoms

Incontinence / 

frequency with

urgency 

Initial Management of Urinary Incontinence in Women

MIXED INCONTINENCE

Treat most bothersome

symptom first

Complicated incontinence

• Recurrent incontinence 

• Incontinence associated

with:

- Pain

- Haematuria

- Recurrent infection

- Significant voiding 

symptoms

- Pelvic irradiation

- Radical pelvic surgery

- Suspected fistula

SPECIalISED MaNagEMENT

• If other abnormality 

found  e.g. 

• Significant post 

void residual

• Significant pelvic 

organ prolapse 

• Pelvic mass

failure

STRESS INCONTINENCE

presumed due to  

sphincteric incompetence

OaB -with or without
URgENCY INCONTINENCE

presumed due to 
detrusor overactivity

• life style interventions.
• Pelvic floor muscle training for SUI, MUI, or OaB 
• Bladder retraining for OaB
• antimuscarinics (OaB ± urgency incontinence)  or Duloxetine** (SUI)

• Other adjuncts, such as electrical stimulation

• vaginal devices
** Subject to local 

regulatory approval (see  

black box warning).

HISTORY

ClINICal 

aSSESSMENT

PRESUMED

DIagNOSIS

TREaTMENT *

•  general assessment (see relevant chapter)
•  Urinary symptom assessment (including frequency-
volume chart and questionnaire)

•  assess quality of life and desire for treatment 
•  Physical examination: abdominal, pelvic and perineal
•  Cough test to demonstrate stress incontinence if appropriate
•  Urinalysis ± urine culture -> if infected, treat and reassess 

If appropriate
•  assess oestrogen status and treat as appropriate 
•  assess pelvic floor muscle function
•  assess post-void residual urine

* At any stage of the patient’s care pathway, management may need to include continence products
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B. SPECIalISED MaNagEMENT

III.�urInarY�InContInenCe�In�WoMen

Women who have “complicated” incontinence (see initial algorithm)

may need to have additional tests such as cytology, cystourethroscopy

or urinary tract imaging. If these tests are normal then they should

be treated for incontinence by the initial or specialised management

options as appropriate.

æ Those women who have failed initial management and whose
quality of life is impaired are likely to request further treatment.  If

initial management has been given an adequate trial then

interventional therapy may be desirable. Prior to intervention

urodynamic testing is highly recommended, when the results may

change management. It is used to diagnose the type of

incontinence and therefore inform the management plan. Within

the urodynamic investigation urethral function testing by urethral

pressure profile or leak point pressure is optional.  

æ Systematic assessment for pelvic organ prolapse is highly
recommended and it is suggested that the POP-Q method should

be used in research studies. Women with co-existing pelvic organ

prolapse should have their prolapse treated as appropriate

æ If urodynamic stress incontinence is confirmed then the
treatment options that are recommended for patients with some

degree of bladder-neck and urethral mobility include the full

range of non-surgical treatments, as well as retropubic suspension

procedures, (Grade A) and bladder neck/sub-urethral sling

operations:(Grade A). The correction of symptomatic pelvic

organ prolapse may be desirable at the same time.

For patients with limited bladder neck mobility, bladder neck sling

procedures, (Grade A) injectable bulking agents (Grade B) and the

artificial urinary sphincter (Grade B) can be considered.

æ Refractory urgency incontinence (overactive bladder) secondary
to idiopathic detrusor overactivity may be treated by botulinum toxin

A  (Grade C)*, neuromodulation (Grade A) or bladder augmentation

(Grade C).   

æ Those patients with voiding dysfunction leading to significant
post-void residual urine (for example, >30% of total bladder

capacity) may have bladder outlet obstruction or detrusor

underactivity. Prolapse is a common cause of voiding dysfunction.

*  At the time of writing, botulinum toxin is being used “off-label” and

with caution.

2.  Treatment1. assessement
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Specialised Management of Urinary Incontinence in Women

Bladder outlet

obstruction

Underactive

detrusor
Lower urinary

tract anomaly /

pathology

URODYNaMIC

STRESS

INCONTINENCE (USI)

MIXED

INCONTINENCE

USI/DOI 
Treat. most bother-

some symptom first

DETRUSOR

OvERaCTIvITY

INCONTINENCE

(DOI)

INCONTINENCE

associated with

poor bladder

emptying

Incontinence

on physical

activity

Incontinence

with mixed

symptoms

Incontinence

with urgency / 

frequency 

“Complicated” incontinence:

• Recurrent incontinence 

• Incontinence associated 

with:

- Pain

- Haematuria

- Recurrent infection

- voiding symptoms

- Pelvic irradiation

- Radical pelvic surgery

- Suspected fistula

If initial therapy fails :

• Stress incontinence  

surgery

- bulking agents

- tapes and slings

- colposuspension

If initial therapy fails :

• Botulinum toxin

• Neuromodulation

• Bladder augmentation

• Correct anatomic 

bladder outlet 

obstruction (e.g. 

genito-urinary 

prolapse)

• Intermittent

catheterization

• Correct anomaly
• Treat pathology

Consider: 

• Urethrocystoscopy

• further imaging

• Urodynamics

HISTORY/ 

SYMPTOM

aSSESSMENT

ClINICal 

aSSESSMENT

TREaTMENT *

DIagNOSIS

• assess for pelvic organ mobility / prolapse

• Consider imaging of the UT/ pelvic floor

• Urodynamics (see notes)

* At any stage of the patient’s care pathway, management may need to include continence products
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In the developing world fistulae are often a consequence of poor peri-natal

care. The epidemiology, aetiology, diagnosis, treatment and prevention have

been described in detail during the recent International Consultation on

Obstetric Fistula.

In contrast to the field of obstetrical fistulae where the numbers of patients are

high, the prevalence of non-obstetrical fistulae seems to be much lower. The

published series have small patient numbers, are usually retrospective and

have a low level of evidence. The published obstetrical series show impressive

numbers and demonstrate the level of skill that many of the fistula surgeons

have obtained while working in difficult and isolated situations. 

Both  committees are convinced that obstetric fistula surgeons in the develop-

ing world  and reconstructive pelvic surgeons in the developed countries can

learn a lot from each other.

INTRODUCTION

Epidemiological studies on obstetric fistulae are inadequate.

The incidence of fistulae is expressed per 1,000 deliveries and would appear

to be between 0.1% rising to 1.5 per 1,000 pregnancies in rural areas.

The major risk factors appear to be age at first marriage, short stature, preg-

nancy with a male child rather than a female child, failure to attend ante-natal

care, low socio-economic status, low social class, lack of employment and illit-

eracy.

The consequences of obstetric fistulae include divorce (16-92%), social isola-

tion, worsening poverty, malnutrition, sexual dysfunction and mental illness

(including anxiety/depression), insomnia, general ill health and thoughts of

worthlessness and suicide.

aSSESSMENT

Early detection of fistulae could improve by examining all women after their

delivery or Caesarian section who suffered prolonged labour and who are at

risk of developing an obstetric fistula. 

Associated pathologies should be actively searched for and should be taken

into account in the treatment plan: all components of the ‘obstructed labour

injury complex’ should be examined.

Classification of fistulae is recommended. Although many classification sys-

tems exist, the committee recommends the use of the Waaldijk classification,

since it is supported by the largest amount of data. It involves precise meas-

urements of the distances between the external urinary meatus and the distal

edge of the fistulae, together with the widest diameter of the fistulae.  Fistulae

are classified into types 1, 2 and 3. Type 3 fistulae are those fistulae other than

vesico-vaginal fistulae (VVF) and include recto-vaginal fistulae (VVF) and

uretero-vaginal fistulae. (grade C)

The formal classification of the fistulae should  be done under anaesthesia

when the patient is on the operation table, just before surgery. 

PaRT I: OBSTETRIC fISTUla

gENERal INTRODUCTION

IV.�FIstulae



MaNagEMENT Of NEW aND ESTaBlISHED vvfs

Management of VVF depends on whether the fistulae is diagnosed within two

or three months of its occurrence or whether the woman presents late with an

established fistula. (Algorithm 1)

Early fistulae (less than 75 days after obstructed labour). There is evidence that

early catheter care will result in the cure of a significant minority of VVFs.

(grade C)

Established fistulae ( >75 days after obstructed labour) and those that fail

catheter treatment should be treated surgically by a fistula surgeon. (grade C)

TREaTMENT

If catheter drainage fails, then fistula repair will be necessary. There are certain

principles behind fistula repair:

•  Necrotic tissue must be removed prior to fistula repair.

•  Fistula repair must only be undertaken by a properly trained surgeon.

•  Adequate post-operative care is essential.

•  Proper follow-up should be arranged.

A vaginal approach under spinal anaesthesia is preferred. 

A tension-free single layer closure of the bladder wall and closure of the vagi-

nal wall in a separate layer are advocated.  A Martius flap in primary obstetric

fistula repair is not recommended. 

In principle most fistulae can be dealt with by vaginal approach, but an abdom-

inal approach can be useful in some cases ( e.g. concomitant reconstructive

procedures). Advanced training and surgical skills are prerequisites for treating

this type of fistula. 

When reporting on outcome after fistula repair, authors should make a clear

distinction between fistula closure rates and post-operative stress incontinence

rates and the time at which the follow-up was organized.

Prevention of post-operative stress incontinence must be added to the surgical

procedure if the urethral closing mechanism is involved.  This can be done by

a good repair of the pubocervical fascia and refixation or by adding a sling pro-

cedure. 

MaNagEMENT Of THE COMPlICaTIONS Of vvf

The complications of vesico-vaginal fistulae are many but include:

•  Persistence or recurrence of urinary incontinence

•  Persistence of lower urinary tract symptoms  or occurrence of new lower

urinary tract symptoms, including overactive bladder

•  Urinary tract infections

•  Upper urinary tract  symptoms, including loin pain

•  Dyspareunia and sexual dysfunction

•  Infertility

•  Neurological symptoms

•  Psychological problems and mental illness

1
9
1
7
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MaNagEMENT Of OBSTETRIC vESICOvagINal fISTUlaE *

Catheter for 4 weeks

Early fistula (<75 days)

Established fistula (>75 days)

Surgeon with fistula knowledge available

fistula repair by fistula surgeon

noyes

Catheter

HealedExamine weekly

Healed Not Healed

* At any stage of the patient’s care pathway, management may need to include continence products
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INTRODUCTION

Iatrogenic urogenital fistulae are known complications of pelvic surgery and

oncological treatments such as radiotherapy, chemotherapy or a combination

of both.   In the oncological context, fistulae may also occur as a result of pri-

mary or recurrent malignancy.  The development of fistula following radiother-

apy for primary treatment should trigger a search for evidence of tumour recur-

rence (Grade D)

•  Urogenital fistulae are more frequent in women who have undergone

hysterectomy.

•  The risk of injury to the bowel or urinary tract and of subsequent fistula

formation is higher in women with malignant disease undergoing radical

surgery than in women with benign disease undergoing simple surgical

procedures     

•  Several modifications to conventional radical hysterectomy have been

described, although they have not consistently been shown to mitigate the

risk of urinary fistula postoperatively.

•  Data on exenterative surgery are inconsistent, although the risk of fistula

formation may be higher following exenteration for recurrent disease as

compared to that following radical hysterectomy for the primary treatment of

malignancy.

•  The rate of visceral injury and fistula formation is inconsistently reported

following laparoscopically assisted radical hysterectomy, but may be somewhat

higher than following open surgery.

•  Local ablative treatments applied in gynaecological oncology, whilst apparently

relatively low risk as single treatments, may carry considerable risk for fistula

formation when repeated.

•  The rate of fistula formation following radiotherapy for gynaecological cancer

appears to be of the same order as that following surgical treatment.

•  The risk of fistula formation following radiotherapy for locally recurrent

malignancy is higher than following its use in primary disease.

•  The use of neoadjuvant or adjuvant therapies is likely to be associated with

a greater risk of fistula development than the primary treatment alone.

•  The most common non-obstetric causes of fistulae involving the gastro-

intestinal tract are diverticular disease, Crohn’s disease, malignancy and

radiotherapy.

aSSESSMENT  Of fISTUlaE

•  Leakage of stool, urine, or possibly both is the hallmark sign of a fistulae.The

leakage is usually painless, may be intermittent if it is position dependent, or

may be constant.  Unfortunately, intraoperative diagnosis of a GU or GI injury

is made in only about half of the cases that result in fistulae. 

•  CT and cystoscopy appear more consistent in the confirmation and location

of possible intestino-vesical fistulae, than other investigations (Grade C)

•  Level 3 evidence indicates that the routine use of cystoscopy with dye testing

at gynaecological surgery has high sensitivity, specificity and negative predictive

value in the detection of ureteric injury, although false positive tests do occur.

The clinical and cost-effectiveness of routine cystoscopy remains to be

established. (Grade C)

•  Ureteric injury or fistulae may be suspected in patients following pelvic surgery

if a fluid leak or pelvi-calyceal dilatation occurs  postoperatively. (Grade D)

•  Uretero-arterial fistula may be suspected in patients presenting with haematuria

with a history of relevant pelvic surgery and indwelling ureteric stent. (Grade

D)

•  Elevated levels of creatinine in drainage fluid following pelvic surgery are

suggestive of a urinary tract injury. (Grade D)

MaNagEMENT Of vESICOvagINal fISTUlaE

The literature relating to surgical fistulae is extensive, but of limited quality.  

•  Spontaneous closure of surgical fistulae does occur, although it is not possible

to establish the rate with any certainty; if a vesicovaginal fistulae is diagnosed

within six weeks of surgery, indwelling catheterisation can be considered for

a period of up to  9 weeks (i.e. up to 12 weeks after the causative event). (Grade

C)

PaRT II: NON-OBSTETRIC fISTUlaE



1
9
2
0

•  Attention should be given as appropriate to skin care, nutrition, rehabilitation,

counselling and support prior to and following fistulae repair. (Grade D)

•  Perioperative antibiotic prophylaxis should follow local policies. (Grade D)

•  There is no benefit from mechanical or laxative bowel preparation prior to

colonic surgery; it is reasonable that this recommendation be extrapolated to

apply to fistulae surgery. (Grade B)

•  There is no proven benefit to delayed repair of vesicovaginal fistulae; the

timing of repair should be tailored to the individual patient and surgeon

requirements, but can be undertaken as soon as any oedema, inflammation,

tissue necrosis, infection are resolved. (Grade B)

•  There are no high quality data to indicate greater cure rates for any one

technique as compared to others ; level 3 evidence indicates similar success

rates for vaginal and abdominal, and for transvesical and transperitoneal

approaches. (Grade C)

•  Surgeons involved in fistulae surgery should have appropriate training, skills,

and experience to select an appropriate procedure for each patient. (Grade

D)

•  The majority of vesico-vaginal and all urethro-vaginal fistulae can be repaired

vaginally, regardless of aetiology. ( Grade C)

•  Where concurrent ureteric re-implantation or augmentation cystoplasty are

required, the abdominal approach is necessary.( Grade D)

•  A variety of interpositional grafts can be used in either abdominal or vaginal

procedures, although there is little evidence to support their use in any specific

setting. ( Grade C)

•  Conventional and robotically-assisted laparoscopic approaches have both

been shown to be feasible in selected cases; the indications for, or optimal

patient for  these techniques is not yet clear. ( Grade C)

•  A period of continuous bladder drainage is crucial to successful fistulae repair;

there are no high level data to support any particular type, route, or duration

of catheterisation; current practice suggests: 10-14 days for simple and/or

post-surgical fistulae; 14-21 days for complex and/or post-radiation fistulae.

(Grade D)

RaDIaTION fISTUlaE

•  Whilst diversion is used more widely in radiation-associated fistulae of all

types as compared to non-radiated fistulae, there is low level evidence that

repair procedures can achieve successful fistulae closure and continence in

appropriately selected cases. ( Grade C)

•  Where urinary and/or faecal diversions are required, attempts should be made

to avoid using irradiated tissues wherever possible, and to minimise the

potential for anastomotic complications. (Grade C)

•  There is low level evidence to support the use of interposition grafts when repair

of radiation-associated fistulae is undertaken.(Grade C)

•  In patients with intractable urinary incontinence from radiation-associated

fistulae, where life expectancy is very short, ureteric occlusion might be

considered; there is insufficient evidence to recommend any particular technique.

(Grade D)
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MaNagEMENT Of IaTROgENIC vESICOvagINal fISTUlaE

HISTORY

CLINICAL

ASSESSMENT

PRESUMED
DIAGNOGIS

MANAGEMENT *

Clinical examination

Urethro-cystoscopy

Imaging ( Xray/CT/ MRI, US)
Evaluate upper urinary tract

Leakage of urine from vagina/perineum

Primary  simple Recurrence Post-irradiation

Vaginal repair 

Consider timing

Martius flap 

optional

Vaginal repair or 

other approach

2-3 months 

Martius flap or

Interposition flaps

Vaginal repair or 

other approach

6-12 months 

Martius flap

Assess fistula closure & assess continence status

Primary

complex

Vaginal or 

other approach

Consider timing

Use interposition flaps

Consider

catheter 4-12w

If small, consider 

catheter 4-12w

VVF

HIS TOR YHIS TOR Y

* At any stage of the patient’s care pathway, management may need to include continence products
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MaNagEMENT Of fISTUlaE INvOlvINg BOWEl

•  There is limited evidence to support a non-surgical or conservative surgical

approach in colo-vesical fistulae where there are minimal symptoms or

evidence of limited bowel involvement. (Grade C)

•  There is only limited low level evidence to support a non-surgical approach

in colo-vesical fistulae associated with diverticular disease; nevertheless, in

the frail elderly, or in patients who have limited symptoms of urinary infection

or urinary diarrhoea it is reasonable to consider a trial of conservative

management. (Grade D)

•  A one-stage approach to surgery for intestino-vesical fistulae is appropriate

in many cases, but should be limited to those patients whose nutritional state

is good, and where there is no evidence of additional intra-abdominal pathology

(e.g. severe inflammation, radiation injury, advanced malignancy, intestinal

obstruction) or major co-morbidity. (Grade B)

•  A laparoscopic approach to one-stage management has been shown to be

feasible, although there is no high level evidence to allow comparison of

outcomes with open surgery. (Grade D)

MaNagEMENT Of URETERIC fISTUlaE

•  Surgeons undertaking complex pelvic surgery should be competent at

identifying, preserving and repairing the ureter. (Grade D)

•  Ureteric stents are not required as prophylaxis against injury during routine

gynaecological surgery, while their role in more extensive surgery remains to

be established. (Grade B)

•  Most upper urinary tract fistulae should be initially managed by conservative

or endoluminal techniques where such expertise and facilities exist. ( Grade

B)

•  Persistent ureterovaginal fistulae should be repaired by an abdominal approach

using open, laparoscopic or robotic techniques according to availability and

competence. (Grade D)

•  For patients with ureteric fistulae associated with advanced pelvic cancer

and poor performance status, palliation by nephrostomy tube diversion and

endoluminal distal ureteric occlusion is an option. (Grade C)

MaNagEMENT Of URETHRO-vagINal fISTUlaE

Recommendations

•  Urethrovaginal fistulae are preferably treated by a vaginal approach. (Grade

C)

•  A variety of autologous tissue interposition techniques have been described,

but their value remains uncertain. (Grade C)

•  Urethrovaginal fistulae repair may be complicated by stress incontinence,

urethral stricture and urethral shortening necessitating long-term follow-up.

(Grade C)
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MaNagEMENT Of IaTROgENIC URETERIC fISTUlaE   

HISTORY

CLINICAL

ASSESSMENT

PRESUMED

DIAGNOGIS

MANAGEMENT *

Endoluminal technique 

(stenting, nephrostomy) 

for at least 6 weeks

Re-evaluate for fistula closure, ureteric obstruction 

obstruction 

Persisting fistula 

or ureteric obstruction 

obstruction 

Healed

Unable to stent 
(initially)...

Extra-urethral vaginal urinary leakage and/or

signs of ureteric obstruction 

Clinical examination

Urethro-cystoscopy

Imaging ( Xray/CT/ MRI, US)

Evaluate upper urinary tract obstruction

Ureterovaginal fistula

Ureteric reimplantation (open, laparoscopic or robotic)

HISTORY
HIS TOR YHIS TOR Y

* At any stage of the patient’s care pathway, management may need to include continence products
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Pelvic organ prolapse includes urogenital and rectal prolapse. Treatment for

pelvic organ prolapse should be reserved for symptomatic women, except in

rare, selected, cases. 

Symptom enquiry may reveal a variety of symptoms. Symptom severity may not

correlate with the severity of the anatomical changes.

Physical examination should:

•  define the severity of maximum anatomical support defect, 

•  assess pelvic floor muscle function and 

•  determine if epithelial/mucosal ulceration is present. 

Post void residual should be measured; nearly all elevated post void residuals

resolve with treatment of urogenital prolapse. Imaging of the upper tract is

indicated when treatment of vaginal prolapse beyond the hymen is observation

only (i.e. no pessary or surgery). 

•  Observation is appropriate when medically safe and preferred by the patient

(Grade C).

•  Pelvic floor muscle training may:

-  reduce the symptoms of urogenital prolapse (Grade A), although

topographic change is not expected

-  prevent or slow deterioration of anterior urogenital prolapse (Grade B)

•  Pessaries, when successfully fitted, may improve protrusion symptoms

(Grade B). Regular follow up is mandatory. Support pessaries that concurrently

treat stress incontinence should be considered when appropriate. 

•  Local oestrogens may benefit hypoestrogenic women for the prevention

and/or treatment of vaginal epithelial ulceration (Grade C).

•  Reconstructive surgery should aim to optimise anatomy and function (see

full text for grades of recommendation for specific surgical techniques). Pre

and postoperative pelvic floor muscle training may promote quality of life and

fewer symptoms after surgery for urogenital prolapse (Grade C).

•  Obliterative surgery is reserved for selected women who agree to permanent

vaginal closure (Grade B).

2. MaNagEMENT

1. aSSESSMENT

I. INTRODUCTION

V.�PelVIC�organ�ProlaPse
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Management of Pelvic Organ Prolapse 

(including urogenital prolapse and rectal prolapse)

MaNagEMENT *

HISTORY

DIagNOSIS

ClINICal 

aSSESSMENT

• Observation 
• lifestyle interventions
• Pelvic floor muscle training
• Pessary
• Reconstructive surgery
• Obliterative surgery 

Specialist 

management

• Observation

• lifestyle interventions

• Transperineal surgery

• Transabdominal surgery

UROgENITal PROlaPSE

WITH OR WITHOUT OTHER

PElvIC SYMPTOMS

RECTal PROlaPSE WITH

OR WITHOUT OTHER

PElvIC SYMPTOMS

Symptoms Screening: assess bothersomeness, frequency

and severity of urinary, ano-rectal, genital and sexual

symptoms 

•  Urinary: PVR, cough stress test, urinalysis. 

•  Physical Examination: Sufficient to determine the site and

severity of prolapse and detect other significant findings

-  Selective use of urodynamics when results would alter

planned treatment

-  Selective use of upper tract imaging when observation

is planned

•  ano-Rectal: Endoscopy, lower GI tract imaging

Investigation by specialist

Complex or recurrent prolapseBothersome pelvic organ prolapse

* At any stage of the patient’s care pathway, management may need to include continence products
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•  Patients with known neurological disease often need evaluation to exclude

bladder dysfunction, not only if symptoms occur, but as a standard assessment

as neurogenic bladder has a high prevalence in this disease (for prevalence

figures see chapter)

•  A possible neurological cause of “ idiopathic “ incontinence should always

be considered. Diagnostic steps to evaluate this include basic assessments,

such as history and physical examination, urodynamics and specialised tests.

•  Incontinence in neurological patients does not necessarily relate to the

neurologic pathology. Other diseases such as prostate pathology, pelvic

organ prolapse, might have an influence. These have to be ruled out.

•  Extensive diagnostic evaluation is often useful and necessary  to tailor an

individual treatment based on complete neurofunctional data. This may not

be needed in every patient e.g. patients with suprapontine lesions or in

patients where treatment will consist merely of bladder drainage due to bad

medical condition or limited life expectancy.

•  There is often a need to manage bladder and bowel together

•  The management of neurological urinary incontinence depends on an

understanding of the likely mechanisms producing incontinence. This can

in turn depend on the site and extent of the nervous system abnormality.  

•  Therefore neurogenic incontinence patients can be divided into those having:

-  peripheral lesions (as after major pelvic surgery) including those with

lesions of the cauda equina (eg.lumbar disc prolapse); 

-  sacral spinal cord lesions involving the sacral micturition centre

-  suprasacral spinal cord lesions (suprasacral infrapontine spinal cord

lesions); 

-  central lesions of the brain or brain stem (stroke, Parkinson’s disease). 

•  History and physical examination are important in helping distinguish

these groups. 

æ Patients with peripheral nerve lesions ( e.g. denervation after pelvic surgery)

and patients with spinal cord lesions (e.g. traumatic spinal cord lesions)

should get specialised management (A)

æ Initial treatment for patients with incontinence due to suprapontine pathology,

like stroke; need to be assessed for degree of mobility and ability to cooperate.

Initial recommended treatments are behavioural therapy (C) and anti-muscarinic

drugs for presumed detrusor overactivity (A). Continence products (B) or

catheters (C) may be necessary for non-cooperative or less mobile patients.

III. INITIal TREaTMENT

II. INITIal aSSESSMENT

I. STRONg gENERal

RECOMMENDaTIONS 

a. INITIal MaNagEMENT

VI.�urInarY�InContInenCe�In�neurologICal�PatIents
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Initial Management of Neurogenic Urinary Incontinence

• further history

• general assessment including of home circumstances

• Urinary diary and symptom score

• assessment of functional ability, quality of life and desire for treatment

• Physical examination: assessment of sensation in lumbosacral dermatomes, anal 

tone and voluntary contraction of anal sphincter, bulbocavernosus and anal reflexes, gait,

mobility, contractures, hand fuction.

• Urine analysis + culture (if infected: treat as necessary)

• Urinary tract imaging, serum creatinine : if abnormal to specialised management

• Post void residual (PvR) assessment by abdominal examination or optional by ultrasound

Specialised management preferable for more " tailored " treatment 

Stress urinary incontinence
due to sphincter 
incompetence

with negligible PvR

Urinary incontinence due to detrusor overactivity

• Behavioural modification 

• External appliances

• Intermittent catheterisation **

with or without 

• antimuscarinics

Urinary incontinence associ-

ated with poor bladder 

emptying (significant PvR)

With negligible PvR

Depending on cooperation 

and mobility :

• Behavioural modification, 

• antimuscarinics, 

• Continence products,

• Indwelling catheter 

This assessment will give basic information, but does not yield precise neurourological diagnosis

HISTORY,

level of lesion

ClINICal 

aSSESSMENT

PRESUMED

DIagNOSIS

MaNagEMENT *

Suprapontine cerebral

lesion (e.g. Parkinson’s

disease, stroke, 

multiple sclerosis

Suprasacral infrapon-

tine and pontine lesions

e.g. trauma, multiple

system atrophy.

Peripheral nerve lesion 

(e.g. radical pelvic surgery). 

Sacral cord/cauda equina lesion

(e.g. lumbar disc prolapse)

failure failure
failure

** Some patients omit IC through personal choice or inability to self catheterise 

* At any stage of the patient’s care pathway, management may need to include continence products
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•  Most patients with neurogenic urinary incontinence require specialised

assessment : urodynamic studies should be used with videourodynamics

if available when surgical interventions are planned or when the “bladder

may be unsafe”.

•  Upper tract imaging is needed in some patients and more detailed renal

function studies will be desirable if the upper tract is considered in danger:

high bladder pressure, upper urinary tract dilatation, recurrent or chronic

upper tract infection, (major) stones, (major) reflux. 

•  In patients with peripheral lesions clinical neurophysiological testing may

be helpful for better definition of the lesion

Also for specialised management conservative treatment is the mainstay

(A). Management of neurogenic urinary incontinence has several therapeutic

options. The algorithm details the recommended options for different types of

neurological dysfunction of the lower urinary tract. The dysfunction does not

necessarily correspond to one type/level of neurological lesion but must

depend mostly on urodynamic findings. One should always ascertain that

the management is urodynamically safe (low pressure, complete emptying)

It is recommended to look at urinary and bowel function together if both sys-

tems are affected, as symptoms and treatment of one system can influence the

other and vice versa (A).

•  Intermittent catheterisation (A)

•  Behavioural treatment(C)

•  Timed voiding (C)

•  Continence products (B)

•  Antimuscarinics(A) 

•  Alpha 1 adrenergic blockers (C)

•  Intravesical electrical stimulation (C)

•  Bladder expression (B)

•  Triggered voiding (C) 

•  Indwelling catheter (C)

•  Artificial sphincter (A)

•  Bladder neck Sling (B)

•  Sub-urethral tapes (D)

•  Bulking agents (D)

•  Bladder neck closure (D)

•  Stents intraurethral (B)

•  TUI sphincter (B)

•  Botulinum toxin for : sphincter(C) detrusor (A)

•  Sacral deafferentation (B)

•  Sacral anterior root stimulator (B)

•  Enterocystoplasty (B)

•  Autoaugmentation (D)

æ Surgical treatment

æ Conservative

III. TREaTMENT MODalITIES 

(often in combination)

As therapeutic approaches can differ in various

neurological diseases, the most prevalent dis-

eases are discussed separately in the chapter

II. TREaTMENT

I. aSSESSMENT

B. SPECIalISED MaNagEMENT

VI.�urInarY�InContInenCe�In�neurologICal�PatIents
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lEvEl aND

EXTENT Of lESION,

HISTORY aND 

ClINICal 

aSSESSMENT

SPECIalISED

aSSESSMENT

Specialised Management of Neurogenic Urinary Incontinence

DIagNOSIS

Stress UI due to

sphincteric 

incompetence

Timed voiding 

Ext. appliances 
• IC 

• a-1 blockers 

• Straining 

 • Behavioural
• IC + aM 
• Triggered voiding  
• Indwelling cath. + aM 
• Continence products + aM
• Botulinum toxin to de  trusor 

aM  = antimuscarinics

SDaf =  sacral deafferentation

SaRS =  sacral anterior -roots stim

* Intravesical botulinum injections undertaken accord-
ing  to  national  licensing.  Sphincteric  botulinum
injections are not currently licensed.

IC     = intermittent catheterization

PvR = postvoid residual

TUI   = transurethral incision

DSD = Detrusor sphincter dyssynergia

IDC  = indueting catheter

Incontinence associated with

poor bladder emptying due to 

detrusor underactivity / 

sphincter overactivity

UI due to detrusor 

overactivity

• artificial sphincter 

• Bladder neck sling 

• antologous  sling

• Bulking agents  

• Bladder neck closure

• (Synthetic midurethral tapes)**

• Stents intraurethral 

• TUI sphincter 

• Botulinum toxin to  

sphincter *

• Enterocystoplasty 

• [autoaugmentation ]

• SDaf + IC 

• SDaf + SaRS 

CONSERvaTIvE

TREaTMENT

SURgICal

TREaTMENT *

Peripheral nerve lesion 

(e.g. radical pelvic surgery)

conus cauda equina lesion 

(e.g. lumbar disc prolapse)

Suprapontine cerebral lesion

(e.g. Parkinson’s disease,

stroke, multiple sclerosis)

Suprasacral infrapontine

and pontine lesion 

(e.g. trauma, multiple 

sclerosis)

• Urodynamic  testing (usually videourodynamics. 

• Urinary tract imaging 

• IC + aM  

• IDC + aM 

• Bot tox to

detrusor + IC

With DSD No DSD

Stoma/diversion may be an option in selected cases

** if  urethral  hypermobility  is  the
cause  of  SUI;  the  long-term
risks of tapes in the neurogenic
population are undefined

* At any stage of the patient’s care pathway, management may need to include continence products
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Bladder Pain Syndrome in the absence of a uni-

versally agreed definition, the European Society

for the Study of Interstitial Cystitis (ESSIC) defi-

nition  is  given  along with  the  definition  of  the

american Urological association

•  ESSIC : Chronic pelvic pain, pressure or discomfort

of greater than 6 months duration perceived to be

related to the urinary bladder accompanied by at

least one other urinary symptom like persistent

urge to void or urinary frequency.  Confusable

diseases as the cause of the symptoms must be

excluded.

•  american Urological association guideline

Definition: An unpleasant sensation (pain,

pressure, discomfort) perceived to be related to

the urinary bladder, associated with lower urinary

tract symptoms  of more than 6 weeks duration, in

the absence of infection or other identifiable causes.

The scientific committee of the International

Consultation voted to use the term “bladder pain

syndrome” for the disorder that has been common-

ly referred to as interstitial cystitis (IC). The term

painful bladder syndrome was dropped from the lex-

icon. The term IC implies an inflammation within the

wall of the urinary bladder, involving gaps or spaces

in the bladder tissue. This does not accurately

describe the majority of patients with this syndrome.

Painful Bladder Syndrome, as defined by the

International Continence Society, is too restrictive

for the clinical syndrome.  

Properly defined, the term Bladder Pain Syndrome

appears to fit in well with the taxonomy of the

International Association for the Study of Pain

(IASP) (see below), and focuses on the actual

symptom complex rather than what appears to be

long-held misconception of the underlying patholo-

gy.  

Bladder Pain Syndrome 

Bladder pain syndrome is the occurrence of persist-

ent or recurrent pain perceived in the urinary blad-

der region, accompanied by at least one other

symptom, such as pain worsening with bladder fill-

ing and day-time and/or night-time urinary frequen-

cy. There is no proven infection or other obvious

local pathology. Bladder pain syndrome is often

associated with negative cognitive, behavioural,

sexual, or emotional consequences as well as with

symptoms suggestive of lower urinary tract and sex-

ual dysfunction.

Males or females whose symptoms meet the

requirements of the definition of bladder pain syn-

drome should be evaluated.  The presence of com-

monly associated disorders including irritable bowel

syndrome, chronic fatigue syndrome, and fibromyal-

gia in the presence of the cardinal symptoms of

bladder pain syndrome also suggests the diagnosis.

Abnormal gynecological findings in women and

well-characterized confusable diseases that may

explain the symptoms must be ruled out.

æ The initial assessment consists of a

frequency/volume chart, focused physical

examination, urinalysis, and urine culture.

Urine cytology, cystoscopy, and urodynamic

evaluation are recommended if clinically indicat-

ed and/or the diagnosis is in doubt.  Patients

with urinary infection should be treated and

reassessed.  Those with recurrent urinary infec-

tion, abnormal urinary cytology, and microscop-

ic or gross haematuria are evaluated with

appropriate imaging and endoscopic proce-

dures, and only if findings are unable to explain

the symptoms, are they diagnosed with BPS.

grade of recommendation: C

2. HISTORY / INITIal aSSESSMENT 

1. NOMENClaTURE 

II. BlaDDER PaIN SYNDROME (BPS) 

I. DEfINITION

VII.�BlaDDer�PaIn sYnDroMe
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•  patient education,

•  dietary manipulation, 

•  non-prescription analgesics,  

•  stress reduction,

•  pelvic floor muscle relaxation techniques comprise

the initial treatment of BPS. In the patient with

findings suggesting pelvic floor dysfunction, pelvic

floor muscle physical therapy with myofascial trigger

point release and intravaginal Thiele massage is

often an effective therapeutic intervention.

The  treatment  of  pain needs to be addressed

directly, and in some instances referral to an anaes-

thesia/pain centre can be an appropriate early

step in conjunction with ongoing treatment of

the syndrome.

Treatment should be focused on the most

bothersome or distressing symptoms(s). 

æ When conservative therapy fails or symp-

toms are severe and conservative manage-

ment is unlikely to succeed,

•  oral medication, or

•  intravesical treatment can be prescribed. 

It is recommended to initiate a single form of ther-

apy and observe results, adding other modalities or

substituting other modalities as indicated by degree

of response or lack of response to treatment. grade

of recommendation: C

æ If  initial oral or  intravesical  therapy fails, or

before beginning such therapy based on clini-

cian judgment, it is reasonable to consider fur-

ther evaluation which can include urodynam-

ics, pelvic imaging, and cystoscopy with bladder

distention and possible bladder biopsy under

anaesthesia.

Findings of detrusor overactivity suggest a trial of

antimuscarinic therapy.  

The presence of a Hunner’s lesion suggests ther-

apy with transurethral resection, fulguration of the

lesion, or direct steroid injection into the lesion.

Distention itself can have therapeutic benefit in 30-

50% of patients, though benefits rarely persist for

longer than a few months.  grade of recommenda-

tion: C

æ Those patients with persistent, unacceptable

symptoms despite oral and/or intravesical ther-

apy are candidates for more aggressive

modalities. Many of these are best adminis-

tered within the context of a clinical trial if pos-

sible. These may include neuromodulation,

intradetrusor botulinum toxin, oral cyclosporine

A, or clinical trials of newly described pharma-

cologic management techniques.  At this point,

most patients will benefit from the expertise of

an anaesthesia pain clinic.

æ The last step in treatment is usually some

type of surgical intervention aimed at increas-

ing the functional capacity of the bladder or

diverting the urinary stream. 

•  Urinary diversion with or without cystectomy has

been used as a last resort with good results in

selected patients.

•  Augmentation or substitution cystoplasty seems

less effective and more prone to recurrence of

chronic pain in small reported series. grade of

recommendation: C

5. REfRaCTORY BPS 

4. SECONDaRY aSSESSMENT 

3. INITIal TREaTMENT 
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Bladder Pain Syndrome  

 

 

 

 

 

)

Pelvic floor muscle

relaxation 

History Symptom tools.

Frequency/ volume chart

Focused physical examination

Assess pelvic floor muscle function

Urinalysis, culture

Stress reduction

 

 

 

Pain management  is a primary consideration at every step of algorithm 

Patient enrollment in appropriate research trial is reasonable option at any point 

Evidence supporting neuromodulation, cyclosporin A, and botulinum toxin for BPS indication is 

limited.  These interventions are appropriate only for practitioners with experience treating BPS 

and willing to provide long-term care post-intervention  
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Patients with faecal incontinence present with a variety of symptom complex-

es. As many people are reluctant to admit to having faecal incontinence, it is

important to proactively enquire about it, especially in known high risk groups

(such as older community-living individuals, post partum women who might

have had an obstetric injury, and patients with loose stools).

•  History will include bowel symptoms including loose stools, severity and

types of incontinence, systemic disorders, neurological disorders, and

anorectal surgeries (e.g., haemorrhoidectomy), obstetrical history for women,

medications, diet, chronic straining, cognitive status, and effects of symptoms

on quality of life.

•  Types of incontinence: urgency faecal incontinence, often a symptom of

external anal sphincter dysfunction; flatus incontinence (leakage of rectal

gas) may indicate rectal sensory impairment and/or internal anal sphincter

dysfunction; and soiling after defaecation, typically related to a defect in the

internal sphincter or poor closure of external sphincter due to rectal prolapse

or stage III/IV haemorrhoids. 

•  Physical examination will include anal inspection, abdominal palpitation,

a brief neurological examination, digital rectal examination and usually

proctosigmoidoscopy or colonoscopy. 

•  Further diagnostic testing needs to be considered if the patient has

symptoms such as an unexplained change in bowel habit, weight loss,

anaemia, rectal bleeding, severe or nocturnal diarrhoea, or an abdominal

or pelvic mass and bowel pathology when organic conditions such as cancer,

inflammatory bowel disease (IBD), a recto-vaginal fistula, full thickness

rectal prolapse, or cloacal deformity are suspected. Condition specific

management is indicated for these patients.

Reversible factors (such as inadequate access to toilets and side effects of

medications resulting in loose stools) should be assessed and addressed at

the outset.

•  Discussion of options and goals of management with the patient

•  Provision of patient or caregiver information and education (Grade A)

•  Adjustment of diet and fluid advice, fibre intake (Grade A) 

•  Establishing a regular bowel habit (Grade C) or urgency training if

relevant (Grade C)

•  anti-diarrhoeal medication can help if stools are loose (Grade B)

•  Rectal Irrigation to achieve complete rectal evacuation of faeces (Grade B)

•  Use of continence products including various types and sizes of absorbent

pads, briefs, etc., to contain leaked faeces and prevent skin damage

æ Initial management can often be performed in primary care. After envi-

ronmental factors and local or systemic pathology have been excluded,

initial interventions include:

II. INITIal INTERvENTIONS

I. INITIal ClINICal aSSESSMENT

INITIal MaNagEMENT

VIII.�FaeCal�InContInenCe�In�non-neurologICal�PatIents
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•  If initial interventions fail to improve symptoms after 8-12 weeks, consideration

should be given to referral to an incontinence  specialist (e.g.,

gastroenterologist, continence nurse, advisor physiotherapist,  or colorectal

surgeon) for other interventions or further assessment.

•  Pelvic floor muscle training (PfMT) – contraction of pelvic floor muscles

multiple times per day to improve strength of contraction and increase

awareness of anorectal muscle function. (Grade C)

•  Biofeedback therapy – behavioural treatment designed to enhance the

strength of sphincter contraction and improve rectal sensation using specialised

equipment. Biofeedback therapy can be combined with PFMT to improve

strength. (Grade B)

•  A variety of anorectal investigations, including manometry, anal ultrasound,

and possibly  MRI,  defaecagraphy, and neuro-physiological testing can help

to define structural or functional abnormalities of anorectal function and guide

management if initial and/or secondary interventions are ineffective

•  faecal incontinence that fails to respond to initial and secondary management

requires specialised consultation by a gastroenterologist, colorectal surgeon,

urogynecologist, and/or a multi-disciplinary team.

•  Data should be collected on faecal incontinence whenever practical as part

of research on urinary incontinence.

•  Development of techniques for diagnosing FI and its severity using new and

available technologies

•  Well designed and adequately powered studies are needed to evaluate all

treatment modalities currently available including 

○ Effectiveness of lifestyle modifications including weight loss, exercise,

modifying diet and eating pattern and supplementing dietary fibre as

primary and adjuvant management strategies

○ Comparative effectiveness trial comparing instrumented biofeedback

training to neuromodulation for the treatment of FI

○ Effectiveness of tibial nerve stimulation

•  Studies are needed to develop interventions for supporting coping and self-

management of faecal incontinence, odour, and urgency and increasing care

seeking

Iv. SECONDaRY aSSESSMENT

v. TERTIaRY REfERRal, SURgICal OR MUlTI-DISCIPlINaRY CON-

SUlTaTION

III. SECONDaRY INTERvENTIONS RESEaRCH RECOMMENDaTIONS
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Initial Management of faecal Incontinence

Initia l Clinical

Assessment 

Initial Interventions

impact on 

Reversible

Factors 

Toilet access, 

stools, etc.

ment 

Management

consult

Assessment

etc.

Continence

as an anal plug

Active case 

patient  

presents 

incontinence
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The reader is referred to the relevant sections on

“Dynamic Testing” and “Conservative Treatment for

Faecal Incontinence.”  In general, patients referred

for surgical management of faecal incontinence

must either have failed conservative therapy or not

be candidates for conservative therapy due to

severe anatomic or neurological dysfunction.

Prior to surgical management of faecal inconti-

nence, the integrity of the anal sphincter complex

should be assessed.  This assessment is best per-

formed with endoanal ultrasound, though pelvic MRI

may also be useful.  Ancillary tests include anal

manometry, electromyography, and defaecography.

æ Patients with rectal prolapse, rectovaginal fistu-

lae, and cloacae often have associated faecal

incontinence.  Initial therapy should be directed

at correction of the anatomic abnormality (in the

case of rectovaginal fistula or cloaca, this surgi-

cal repair may include overlapping sphinctero-

plasty.)  If the patient has persisting faecal incon-

tinence, she should undergo repeat assessment,

including especially endoanal ultrasound.

The surgical approach to the incontinent patient is

influenced by the presence and magnitude of an

anatomic sphincter defect.  If no defect is present, or

if the sphincter defect is minimal, options include

SNS and injection therapy. 

æ For patients with moderate sphincter defects,

sphincteroplasty, SNS or injection therapy can

each be considered.  For patients with large

sphincter defects (>120 degrees), sphinctero-

plasty is likely the best option, though a PNE trial

for SNS can be considered.

æ Patients with sphincter defects of greater than

180° or major perineal tissue loss require individ-

ualised treatment. In some cases, initial recon-

struction can be performed.  Should incontinence

persist, alternatives include stimulated muscle

transposition, artificial anal sphincter implanta-

tion, or sacral nerve stimulation.

For patients who remain incontinent following

sphincteroplasty, repeat endoanal ultrasound

should be undertaken to reassess the status of the

repair.  If no defect is present, or if the sphincter

defect is minimal (<30 degrees), options include

SNS and injection therapy.  If there is a large per-

sisting sphincter defect, repeat sphincteroplasty can

be considered.  

Patients who have failed sacral nerve stimulation

can be considered for injection therapy  or sphinc-

teroplasty if a sphincter defect is present.  Other

alternatives include stimulated graciloplasty and

implantation of an artificial anal sphincter.

Patients who fail surgical therapy for faecal inconti-

nence, or who do not wish to undergo extensive

pelvic reconstruction, should consider placement of

an end sigmoid colostomy.  While this procedure

does not restore continence, it does restore sub-

stantial bowel control and appears to improve social

function and quality of life.  Novel therapies can also

be considered under protocol:  PTNS, the magnetic

anal sphincter and sling procedures.

Individuals with severe spinal cord dysfunction (due,

e.g., to injury or congenital abnormality) should be

considered for an Antegrade Continence Enema

(ACE) procedure or colostomy.

Iv. SPECIal SITUaTIONS

III. SalvagE MaNagEMENT

II. SPECIalISED MaNagEMENT

I. INITIal aSSESSMENT aND 

MaNagEMENT

SURgERY fOR faECal INCONTINENCE

VIII.�FaeCal�InContInenCe�
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EvalUaTION
EAUS ± other tests

RECTal PROlaPSE,

ClOaCa, 

RECTOvagINal fISTUla

Candidate 

for 

surgery for fI

Surgery 

for 

anatomical

abnormality

ACE

Colostomy

Persistent

SEvERE SPINal 

CORD IMPaIRMENT

Surgical Management of faecal Incontinence *

First
line

Novel therapies
PTNS
MAS
Puborectal sling

Second
line

EAUS: endoanal ultrasonography, ACE: antegrade continence enema,
SNS: sacral nerve stimulation, ABS: artificial bowel sphincter, 
DG: dynamic graciloplasty, PTNS: posterior tibial nerve stimulation, 
MAS magnetic anal sphincter

No Sphincter defect Sphincter defect

Biomaterial
injection

SNS

Sphincteroplasty

ACE

Colostomy

ABS

DG

* At any stage of the patient’s care pathway, management may need to include continence products
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æ Patients with known neurological disease may present with symptoms

related to neurologic bowel dysfunction – difficulty in defaecation, constipa-

tion and faecal incontinence which disturb their activities of daily living and

quality of life. Many have permanent impairments and functional limitations

and disabilities, which are due to neurological deficits and complications

•  Neurological diagnosis and functional level

•  Previous and present lower gastrointestinal (LGIT) function and disorders

•  Severity of neurogenic bowel dysfunction

•  Current bowel care and management including diet, fluid intake, medications

affecting bowel functions

•  Co-morbidity / complication e.g., urinary incontinence, autonomic dysreflexia,

pressure ulcers, sexual dysfunction

•  Patient’s satisfaction, needs, restrictions and quality of life

•  Environmental factors and barriers and facilitators to independent bowel

management.

•  Cognitive functions; motor, sensory and sacral reflexes – voluntary anal

sphincter contraction, deep perianal sensation, anal tone, anal and bulbo-

cavernosus reflexes

•  Spasticity of the lower limbs

•  Abdominal palpation for faecal loading and rectal examination

•  hand and arm use, fine hand use, mobility – maintaining body position,

transfer and walking ability.

•  toilet accessibility; devices for bowel  care and mobility; caregivers’ support

and attitude;  

Stool exam, plain abdomen XRay

•  Patient education and goals-setting - complete defaecation on a regular

basis and faecal continence based on right time, right place, right trigger

and right consistency 

•  Adequate fibre diet and fluid intake; appropriate trigger according to

preservation of sacral (anorectal) reflex – digital rectal stimulation; suppository

and enema; if no anorectal reflex, manual evacuation; abdominal massage

can also be helpful

•  Prescribe medications – stool softener, laxative, prokinetic agents,  anti-

diarrhoea drugs as neccessary

•  Assistive techniques may be necessary for 

-  defaecation – irrigation

-  for incontinence – anal plug

The diagram does not apply to management in acute neurological patients that

need  regular bowel emptying.

III. INITIal TREaTMENTS

II. BaSIC INvESTIgaTIONS: 

æ Environmental factors assessment:

æ Functional assessment: 

æ Physical examination: 

æ History taking: this includes

I. INITIal aSSESSMENT 

a. INITIal MaNagEMENT

IX.�FaeCal�InContInenCe�In�neurologICal�PatIents
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Initial Management of Neurogenic faecal Incontinence

Specialised management preferable for more " tailored " treatment 

Incontinence due to sphincter
incompetence

Incontinence due to lack of cogni-
tive function, sensory awareness
disorders, unable to control by vol-

untary anal contraction

" false incontinence "
due to faecal impaction

Manual evacuation 

assistive device – 

anal plug

mini-enema, 

transanal/transrectal

irrigation

Digital rectal stimulation 

Chemical stimulant: 

suppository, mini-enema, 

stool softener, laxative; 

given by patient/caregiver

faecal disimpaction

incl. enemas and

transanal/transrectal

irrigation

Patient education, adequate fibre diet and fluid intake; regular bowel care, preferably ± 3 times a week 

HISTORY,

level of lesion

ClINICal 

aSSESSMENT

PRESUMED

DIagNOSIS

TREaTMENT *

Necessary 

in all

Sacral cord/cauda equina lesion (e.g.

lumbar disc prolapse). Peripheral nerve

lesion  (e.g. radical pelvic surgery)

• History taking including diagnosis, pre-morbid bowel function and sensation and their disorders, 

current bowel and bladder programme, co-morbid diseases/disorders, QOl and needs

• Physical & neurological examination including cognitive function, voluntary anal contraction, sensation, 

sacral reflexes, digital rectal examination, abdominal palpation for faecal impaction 

• functional assessment including hand and arm use, fine hand use, balance, transfer and walking

• Environmental factors assessment including toilet accessibility, assistive device, caregivers’ support

and attitude 

• Basic investigation: stool exam, plain film abdomen in selected patients (diarrhoea, impaction  not felt 

on rectal examination)

This assessment will give basic information but does not permit a precise diagnosis of neurogenic bowel dysfunction

Suprasacral infrapontine and

pontine lesion (e.g. trauma, 

multiple sclerosis)

Suprapontine

lesions 

(e.g. Parkinson)

* At any stage of the patient’s care pathway, management may need to include continence products
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•  Some patients with neurogenic faecal incontinence will need specialised

assessment, especially if initial management is unsuccesful to look for

comorbidity and certainly before performing invasive treatment

•  Do not assume that all symptoms are due to neuropathy, e.g. women with

neurological pathology might have had childbirth injury to the sphincter

•  Special investigations: manometry, endoanal ultrasound, (dynamic) MRI,

(needle) EMG. These specific bowel functional tests and electro-diagnostic

tests must be considered optional as their value in neurological pathology

is not sufficiently demonstrated so far. 

æ Management of neurological incontinence does not include very exten-

sive treatment modalities and many conservative interventions are still

empirical. 

•  Transanal irrigation (C)

•  Electrical stimulation sphincter, (C)

•  Percutaneous neuromodulation : further research is required

æ   Surgical management of neurogenic faecal incontinence has different

options which need a very strict patient selection

•  Antegrade Continence Enema ACE (C)

•  Graciloplasty (C)

•  Artificial sphincter (C )

•  Sacral Anterior Root Stimulation SARS (C )

•  Botulinum Toxin (C )

•  Neuromodulation (C )

æ   It is recommended to look at urinary and bowel function together if both

systems are affected, as symptoms and treatment of one system can influ-

ence the other and vice versa (A).

æ   As therapeutic approach can differ in different neurological diseases, the

most prevalent diseases are discussed separately in the chapter. 

æ Also for specialised management, conservative treatment

for neurological faecal  incontinence is the mainstay

II. TREaTMENTS

I. aSSESSMENT 

B. SPECIalISED MaNagEMENT

IX.�FaeCal�InContInenCe�In�neurologICal�PatIents
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Specialised Management of Neurogenic faecal Incontinence *

Stoma/diversion may be an option in selected cases

faecal impaction

faecal 
disimpaction

faecal Incontinence through loss of bowel sensation, sphincter

deficiency or severe rectal prolapse  

SPECIalISED

aSSESSMENT

DIagNOSIS

CONSERvaTIvE

TREaTMENT

SURgICal 

TREaTMENT

Primary assess-

ment, history, level and

extent of lesion, 

clinical assessment

• functional bowel testing / functional imaging

• Consider neurophysiological testing and anorectal manometry.

• Transanal irrigation 

• Electrical stimulation of sphincter, 

• Percutaneous neuromodulation : further studies

• aCE 

• graciloplasty 

• artificial anal sphincter 

• SaRS 

• Botulinum Toxin for anal sphincter spasticity

• Neuromodulation 

failure consider

failure 

consider

aCE   =  antegrade Continence Enema

SaRS =  Sacral anterior Root Stimulation

Suprasacral infrapontine and

pontine lesion (e.g. trauma, 

multiple sclerosis)

Suprapontine

lesions 

(e.g. Parkinson)

Sacral cord/cauda equina lesion (e.g.

lumbar disc prolapse). Peripheral nerve

lesion  (e.g. radical pelvic surgery)

* At any stage of the patient’s care pathway, management may need to include continence products
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There is no reason to suspect why interventions which have proven efficacy in the

community dwelling elderly should not also be effective in frail older people.

Clinicians should, however, take due regard of the practicality, potential benefits and

dangers of employing any single intervention in this population. Frail older people

do require a different approach addressing the potential role of co-morbid disease,

current medications (prescribed, over the counter and/or naturopathic), and func-

tional and cognitive impairment in urinary and faecal incontinence.  The extent of the

investigation and management should take into account the degree of bother to the

older person and/or caregiver, the goals for care, the degree that the older person

is able to undertake any intervention and the overall prognosis and life expectancy.

Effective management to meet the goals of care should be possible for most frail

older people.

•  Active case finding for urinary and faecal incontinence should be done in all frail

older people (Grade A). History should include comorbid conditions and medications

that could cause or worsen incontinence. Physical examination should include a

rectal examination for faecal loading or impaction (Grade C), functional assessment

(mobility, transfers, manual dexterity, dressing and undressing ability, ability to

toilet) (Grade A), a screening test for depression (Grade B), and cognitive assessment

(to assist in planning and management, (Grade C)). The mnemonic DIPPERS

(see urinary and faecal incontinence algorithms) covers some of these comorbid

conditions. Note that urogenital atrophy does not, in itself, cause urinary incontinence

and should not be treated for this purpose (Grade B).  The patient and / or caregiver

should be asked about the degree of bother of urinary incontinence and/or faecal

incontinence(Grade B); goals for urinary and faecal incontinence care (dryness,

decrease in specific symptoms, quality of life, reduction of comorbidity, lesser care

burden) (Grade B); and likely cooperation with management (Grade C).

• Evaluation for bowel “alarm” symptoms (rectal bleeding, positive blood screening

from stool studies, obstructive symptoms, recent onset of constipation, weight

loss, and a change in stool calibre) will need more extensive evaluation (Grade

A)

•  Urinalysis is recommended for all patients, primarily to screen for haematuria

(Grade C). Treatment of otherwise asymptomatic bacteriuria/pyuria is not beneficial

(Grade C), and it may cause harm by increasing the risk of antibiotic resistance

and severe adverse effects. e.g., Clostridium difficile colitis (Grade C).

•  Stool studies may not be needed in all patients with faecal incontinence.  Patients

with diarrhoea, especially those with more acute onset diarrhoea, may need to be

tested for infectious causes of their diarrhoea.  Other stool studies could involve

testing for malabsorption syndromes.

•  The utility of the Clinical Stress test in this population is uncertain (Grade D).

•  Wet checks can assess urinary incontinence frequency in long-term care residents

(Grade C):  

A post voiding residual volume (PVR) test is impractical in many care settings

and there is no consensus for the definition of what constitutes a “high” PVR in

any population.  A PVR measurement is not recommended in the routine initial

assessment of frail older people with urinary incontinence.

•  However, there is compelling clinical experiential evidence for PVR testing in

selected frail older people with: diabetes mellitus (especially long standing); prior

urinary retention or high PVR; recurrent UTIs; medications that impair bladder

emptying (e.g., opiates); severe constipation; persistent or worsening urgency

urinary incontinence despite antimuscarinic treatment; or prior urodynamics showing

detrusor underactivity and/or bladder outlet obstruction (Grade C). Treatment of

contributing comorbidity may reduce PVR. Trial with catheter may be considered

for PVR > 200-500 ml if the PVR is felt to contribute to UI or urinary frequency (Grade

C). 

•  Nocturia Assessment of frail elders with bothersome nocturia should identify

potential underlying causes including nocturnal polyuria (by bladder diary/frequency-

volume chart or wet checks; oedema on examination) (Grade C),primary sleep

problems (e.g., sleep apnoea); and low voided volumes (e.g., from high PVR). 

•  Stool impaction/ loading.  If suspected on digital rectal examination, an abdominal

x-ray may be necessary to further evaluate the degree and location of impaction

/loading in frail older adults.

I. HISTORY aND SYMPTOM

aSSESSMENT

X.�urInarY�anD�FaeCal�InContInenCe�In

FraIl�olDer�Men�anD�WoMen
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The most common types of Urinary Incontinence in frail older people are urgency,
stress, and mixed urinary incontinence. Frail older people with urgency urinary
incontinence also may have detrusor underactivity and high PVR (without outlet
obstruction). There is no evidence that antimuscarnincs are less effective or cause
retention in this situation (Grade D).

The most common types of faecal incontinence in frail older people are related to
urgency and passive leakage.  Passive leakage can refer to leakage, seepage and
staining following bowel movements that are not associated with faecal urgency and
may also occur with faecal impaction. Because constipation and impaction often
contribute to faecal incontinence in older adults, these are considered separately in
the algorithm.

•  Initial treatment should be individualised and influenced by goals of care, treatment
preferences and estimated remaining life expectancy, as well as the most likely
clinical diagnosis (Grade C).  In some frail older persons the only possible outcome
may be containment; management with continence products, especially for people
with minimal mobility (require assistance of > 2 people to transfer), advanced
dementia (unable to state their name), and /or nocturnal urinary and faecal
incontinence.

•  Conservative and behavioural therapy for UI includes lifestyle changes (Grade C),
bladder training for more fit alert persons (Grade B), and prompted voiding for frailer,
more impaired older people (Grade A).

•  For the select cognitively intact older person with UI or FI, pelvic floor muscle
therapy can be considered, but there are few studies (Grade C). Antimuscarinics
may be added to conservative therapy of urgency UI (Grade A-C, depending on
agent).

•  For the select cognitively intact older with FI, biofeedback may be considered, but
few studies exist among frail older adults. 

• Alpha-blockers may be cautiously considered in frail men with suspected prostatic
outlet obstruction (Grade C). All drugs should be started at the lowest dose and
titrated with regular review until either care goals are met or adverse effects are
intolerable.

•  DDAVP (vasopressin) has a high risk of severe hyponatraemia in frail older persons
and should not be used outside specialist centres (Grade A).

•  Improving stool consistency can be done with dietary fibre and supplementary
fibre in older adults (Grade C).  In older adults with diarrhoea, loperamide may be
considered at low doses to improve stool consistency. However, close monitoring
for constipation and impaction is needed.

Optimal urinary and faecal incontinence management is usually possible with the
above approaches. If initial management fails to achieve the desired goals the next
steps are reassessment and treatment of contributing comorbidity and/or functional
impairment.

If frail older people have either other significant factors (e.g., pain, haematuria,
bowel “alarm” symptoms), UI or FI symptoms that cannot be classified as urgency,
stress, or mixed or overflow or other complicated comorbidity which the primary cli-
nician cannot address (e.g. dementia, functional impairment), then specialist refer-
ral should be considered.  Referral may also be appropriate when there is been
insufficient response to initial management. The type of specialist will depend on
local resources and the reason for referral: surgical specialists (urologists, gynecol-
ogists, colorectal surgeons), gastroenterologists, geriatricians or physical therapist
(functional and cognitive impairment); or continence nurse specialists (homebound
patients). Referral decisions should consider goals of care, patient/caregiver desire
for invasive therapy and estimated remaining life expectancy. 

Age per se is not a contraindication to UI or FI surgery (Grade C), but before sur-
gery is considered, all patients should have:

•  evaluation and treatment for any comorbidity, medications, and cognitive or
functional impairments contributing to UI that could compromise surgical outcome
(e.g., dementia that precludes patient ability to use artificial sphincter) (Grade C)

•  adequate trial of conservative therapy, including pharmacological therapies where
relevant (Grade C)

•  discussion (including the caregiver) to ensure that the anticipated surgical outcome
is consistent with goals of care in the context of the patient’s remaining life
expectancy (Grade C)

•  urodynamic testing or anorectal manometry, because clinical diagnosis may be
inaccurate (Grade B)

•  preoperative assessment and perioperative care to establish risk for and to minimize
common geriatric post-operative complications such as delirium and infection
(Grade A), dehydration and falls (Grade C).

II. ClINICal DIagNOSIS

III. INITIal MaNagEMENT

Iv. ONgOINg MaNagEMENT aND REaSSESSMENT

v. SPECIalISED MaNagEMENT
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HISTORY/SYMPTOM

aSSESSMENT

ClINICal 

aSSESSMENT

Management of Urinary Incontinence in frail Older Men & Women

ClINICal

DIagNOSIS

INITIal

MaNagEMENT *

ONgOINg

REaSSESSMENT

and MaNagEMENT  If continued insufficient improvement, or severe associated symptoms are present, consider

specialist referral as appropriate per patient preferences and comorbidity (see tex)

• assess, treat and reassess potentially treatable conditions,

including relevant comorbidities and aDls (see text)

• assess Qol, desire for Rx, goals for Rx, patient & caregiver prefer-

ences

• Targeted physical examination (cognition, mobility,  neurological

and digital rectal examination)

• Urinalysis

• Consider bladder diary or wet checks, especially if nocturia is

present. PvR in specific patients (see text)

• lifestyle interventions

• Behavioural therapies

• Consider trial of

antimuscarinic drugs

• lifestyle interventions

• Behavioural therapies

(See text)

URgENCY UI* SIgNIfICaNT PvR* STRESS UI*

UI associated with:

• Pain

• Haematuria

• Recurrent symptomatic 

UTI

• Pelvic mass

• Pelvic irradiation

• Pelvic / LUT surgery

• Prolapse beyond 

introitus  (women)

• Suspected fistula

• Delirium
• Infection
• Pharmaceuticals
• Psychological
• Excess urine output
• Reduced mobility
• Stool impaction

(and their factors)
avoid overtreatment of
asymptomatic bacteriura

* These diagnoses may 
overlap in various combinations,
e.g., Mixed UI, DHIC (see text)

(if Mixed UI, initially treat

most bothersome symptoms)

* Other

active Case finding in all frail Elderly people

If insufficient improvement, reassess for and treat contributing 

comorbidity ± functional impairment

• Treat constipation

• Review medications

• Consider trial of 

alpha-blocker (men)

• Catheter drainage if 

PvR 200-500 ml, then 

reassess (see text)

* At any stage of the patient’s care pathway, management may need to include continence products
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HISTORY/SYMPTOM

aSSESSMENT

ClINICal 

aSSESSMENT

Management o   f faecal Incontinence in frail Older Men & Women

ClINICal

DIagNOSIS

INITIal

MaNagEMENT *

ONgOINg

REaSSESSMENT

and MaNagEMENT  If continued insufficient improvement, or severe associated symptoms are present, consider

specialist referral as appropriate per patient preferences and comorbidity (see tex)

• assess, treat and reassess potentially treatable conditions,

including relevant comorbidities and aDls (see text)

• assess Qol, desire for Rx, goals for Rx, pt & caregiver prefer-

ences

• Targeted physical examination (cognition, mobility,  neurological

and digital rectal examination)

• Urinalysis

• Consider bowel diary and clean checks, especially if nocturia is

present. PvR is specific patients (see text)

• lifestyle interventions

• Behavioural therapies

• Biofeedback

• Improve stool consis-

tency

• lifestyle interventions

• Behavioural therapies 

• Biofeedback

• Improve stool consistency

Urgency fl** Constipation/ 

faecal Impaction*
Passive fl*

fl associated with:

• Pain

• Rectal bleeding

• Change in stool calibre

• Weight loss

• Chronic diarrhoea

• Faecal impaction

• Inflammatory bowel

disease

• Pelvic irradiation

• Malabsorption syn-

dromes

• Prolapse beyond introi-

tus  (women)

• Suspected fistula

Rx reversible causes:
• Delirium
• Infection
• Pharmaceuticals
• Psychological
• Excess stool output (diarrhoea)
• Reduced mobility
• Stool impaction

(and their factors)

** These diagnoses may 
overlap in various combinations, e.g.,
Urgency-related,passive/seepage, and
impaction (see text)

* Other

active Case finding in all frail Elderly people

If insufficient improvement, reassess for and treatment of contributing 

comorbidity ± functional impairment

• Treat constipation (osmotic
laxatives) If impacted,
glycerine or Bisacodyl sup-
positories. Phospate enemas
if severe.
• Review medications that may
contribute to constipation
• Consider biofeedback if
dyssynergic defaecation is
suspected

* At any stage of the patient’s care pathway, management may need to include continence products



4. Recommendations for further

Research in Epidemiology
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1.  Longitudinal study designs are needed to: (i)

estimate the incidence and remission rates of

urinary incontinence (UI) anal incontinence (AI)

and pelvic organ prolapse (POP) and to (ii) describe

the natural course of these conditions and (iii) to

investigate risk factors and possible protective

factors. In addition similar studies regarding other

lower urinary tract symptoms (LUTS) should be

initiated.

2.  Although there is today more information regarding

prevalence, incidence, and other epidemiological

data in developing countries further information is

still needed. It is recommended that fundamental

research regarding prevalence, incidence and

other epidemiological data in developing countries

should be encouraged, and tailored to the cultural,

economic and social environment of the population

under study.

3.  Some potential risk and protective factors deserve

more attention. For example, the role of pregnancy

and childbirth in the development of UI, AI and

POP must be studied in a fashion that links

population-based methods to clinical assessment

of pregnancy, delivery and birth trauma and follows

women over many years. Such a design is

necessary because the effect of pregnancy and

childbirth may become clear only years later when

the woman is older and because the woman will

not then be able to report the exact nature of the

tear, episiotomy, etc.

4. There should be more emphasis on the associations

between UI, AI and POP and specific diseases like

stroke, diabetes, and psychiatric diseases. 

5.  The variation of disease occurrence in groups of

different racial origin yet similar environmental

exposures, lend support to the presumed genetic

influence on the causation of UI, AI and POP.  This

again provides circumstantial evidence for a genetic

contribution to pelvic floor muscle disorders since

most of these studies have been unable to control

for heritability in relation to the complex interaction

of environmental factors. 

The aetiology of UI, AI and POP is widely

recognised to be multifactorial, yet the complex

interaction between genetic predisposition and

environmental influences is poorly understood.

Genetic components require further investigation.

Twin studies provide a possible means of studying

the relative importance of genetic predisposition and

environmental factors. By comparing monozygotic

female twins with identical genotype, and dizogytic

female twins who on average share 50 percent of

their segregating genes, the relative proportions of

phenotypic variance resulting from genetic and

environmental factors can be estimated.  A genetic

influence is suggested if monzygotic twins are

more concordant for the disease than dizygotic

twins whereas evidence for environmental effects

comes from monozygotic twins who are discordant

for the disease.  

1. Integrate data from reductionist experiments to

inform the formulation of better systems-based

approaches in the investigation of the pathology

of the lower urinary tract (LUT), the genital tract

(GT) and the gastro-intestinal tract (GIT).

2. Encourage greater emphasis on basic research

to characterise tissues receiving relatively little

attention: ie the lower gastrointestinal tract; the

bladder neck and urethra.

3 Generate improved experimental approaches to

investigate the pathophysiology of the LUT and

GIT by:

•    developing fully-characterised animal models

•    using human tissue from well-characterised

patient groups.

•   developing emerging areas such as: tissue

engineering; protein structure modelling

•    increasing collaborations between biological,

physical and mathematical sciences.

4. Use genome-wide bioinformatic surveys to

generate testable hypotheses regarding the

physiological and pathophysiological functions of

the LUT and GIT

5. Develop centres of excellence in LUT and GIT

research 

•    integrate expertise from university departments,

academic medical units and industry

•     encourage translational approaches to research.

•    develop inter-institutional research-training

programmes to allow new researchers the

opportunity to better interact and exchange

ideas

5. Recommendations for further Basic

Science Research
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6. Recommendations

Continence Promotion, Education and Primary

Prevention

Continence promotion, service delivery, education,

and primary prevention involves informing and

educating the public and health care professionals

that urinary and faecal incontinence are not inevitable,

but are treatable or at least manageable. In addition,

other bladder disorders such as bladder pain syndrome

and pelvic organ prolapse can be treated successfully.

Progress continues to be made in the promotion of

continence awareness through advocacy programmes

and public access to information on a worldwide basis.

Professional education of these conditions has

increased. However, screening and help-seeking

behaviour have not noticeably improved.  Published

studies focus on developing better models of existing

service provision and education, rather than testing

new strategies to increase screening. There have

been advances in primary prevention of urinary

incontinence.

•  Continence awareness should be part of

mainstream and on-going health education and

advocacy programmes with emphasis on

eliminating stigma, raising awareness of effective

treatments, promoting help-seeking behaviour and

improving QoL.   

•  Continence awareness programmes should include

education, health-care, and community service

providers. 

•  Research is needed to provide higher level of

evidence on the effectiveness of continence

promotion programmes to include:

º Identification and understanding of barriers to

help-seeking behaviours

º Translation of promotion research into improved

clinical practice and identification of methods by

which this occurs.

º Effectiveness and impact of consumer education

initiatives.

•  There is a need to move beyond the theory and

work on research about the practice of continence

care delivery and education. We recommend a

care delivery model based on a chronic disease

approach. 

•  There needs to be an increased emphasis on non-

physician models of care (nursing, nurse

practitioner, continence advisor, physiotherapy,

physician assistants, etc.).

•  Despite the proliferation of guidelines, there is

increasing evidence that they are not being followed

by practicing clinicians.  Implementation models

should be developed on how to translate guidelines

into practice. 

•  There still appears to be a shortage of physician

specialists in continence care (urology, gynaecology,

etc.) and this needs to be addressed. (grade D)

•  Research is needed on the activities or

effectiveness of organisations that target consumers

or the general public.

6.  Bring about a greater emphasis on the importance

of research to medical trainees through:

•  establishing research training as a core component

of medical training

•  increased access to support funds, especially

scholarships and personal awards

•  organisation of focused multidisciplinary research

meetings, either stand-alone or as dedicated

sessions during international conferences

•  greater interaction between medical centres and

Higher Education Institutions (HEIs)

•  allow researchers-in-training better access to

international meetings through reduced registration

charges and travel grants.

•  Lobby research-funding organisations about the

medical and social importance of LUT and GIT

disorders.

7. Increase emphasis on research into lower urinary

tract and gastro-intestinal tract in HEIs through:

•  greater representation on grant-funding agencies

•  encouragement of submission to high impact-factor

journals and recognition of research published in

specialty journals

•  more integrated teaching and training opportunities

CONTINENCE aWaRENESS aND

PROMOTION

CONTINENCE aDvOCaCY aND MODElS

Of SERvICE DElIvERY



•  There remains a need for rigorously evaluated

continence education programmes which adhere

to defined minimum standards for continence

specialists and generalists, utilising web-based

and distance learning techniques alongside audit

and feedback, train-the trainer models and

leadership models as well as traditional methods.  

•  Models of education content delivery (professional

and patient education) are changing with technology

with increased emphasis on internet, web modules,

etc. There needs to be ongoing quality control

that includes maintenance of accuracy, methods of

delivery, etc.

•  There is a need for research on the most effective

means to educate professional groups on

continence issues to include:

º The effectiveness of innovative teaching

methods in improving knowledge and practice.

º Translation of research into improved clinical

practice and identification of methods by which

this happens.

º Mechanisms for increasing professional

motivation to acquire education and improve

performance.

•  Primary prevention studies should not be limited to

individual interventions, but also test the impact of

population-based public health strategies (grade

C) 

•  More high quality randomised controlled trials are

needed to strengthen the effectiveness of

population-based primary prevention intervention.
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PROfESSIONal EDUCaTION

PRIMaRY PREvENTION:

The role of quality RCTs as providing the strongest

level of evidence in incontinence research should be

fully acknowledged by researchers, journal reviewers,

and editors. HIGH 

Careful attention to the planning and design of all

research, especially RCTs, is of the utmost importance.

HIGH 

Appropriate expertise in biostatistics and clinical trial

design should be employed at the design phase of a

RCT and thereafter on an ongoing basis. HIGH 

The design, conduct, analysis and presentation of

RCTs must be fully in accordance with the CONSORT

Statement. HIGH 

The design, conduct, analysis and presentation of

observational studies should follow STROBE

guidelines. HIGH

The design, conduct, analysis and presentation of

meta-analyses should follow QUORUM guidelines.

HIGH

Reporting studies of diagnostic tests, including

urodynamics, should follow the STARD state ment

guidelines. HIGH 

Use correct terminology to describe the intervention.

HIGH

Report details of ability to perform correct contraction,

dose-response issues and adherence. HIGH

Use recommended outcome measures with high

responsiveness, reliability and validity. HIGH

Compare new methods with the best available

intervention. HIGH

Use power calculation in planning of the study. Avoid

large sample sizes and weak (ineffective dosages)

interventions. HIGH

For long-term follow-up studies report cross-over, co-

interventions, recurrent and competing events,

adherence in the follow-up period and loss to follow-

up.

7. Recommendations for Clinical

Research Methodology

PaRT I: RECOMMENDaTIONS

ON STUDY CONDUCT aND
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CONSERvaTIvE TREaTMENT

TRIalS
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•  The safety and serious side effects of new

operations must be completely defined with

adequate follow-up so that risks can be weighed

against efficacy. At a minimum, this requires more

use of large scale, independent, prospective,

multicenter cohort studies when RCTs are not

practical. HIGH

•  Safety and serious side effects of incontinence

devices must be completely defined with adequate

follow-up, especially for use of implantable devices

and biologic materials, so that risks can be weighed

against efficacy.HIGH

•  Valid informed research consent is required in all

trials of surgical interventions, which is separate

from the consent to surgery. HIGH

•  We recommend ongoing research into the

usefulness of pre- and post-operative predictive

testing (such as urodynamics, ultrasound, MRI,

etc) in surgical trials. HIGH

•  Reports of successful treatment should be limited

to subjects with a minimum (not mean) of one

year follow-up and should include a patient

perspective measure. Specific assumptions about

subjects lost to follow-up should be stated.  HIGH

•  Randomisation for surgical trials should occur at

the time of surgery to minimize drop-outs and

switch of procedure HIGH

•  Long-term follow-up of RCT cohorts in an

observational cohort is recommended HIGH

•  Cost analysis should be incorporated into clinical

studies whenever possible (137). HIGH

•  Measurement of prostate size should be performed

before and after treatment (at the same time as

continence outcome measures where possible)

whenever prostate size is considered to be a

variable, or to change during the intervention and

follow up. HIGH

•  Maximum free flow rate and measurement of post-

void residual urine should be recorded pre-

treatment and the effect of therapy on these

parameters should be documented simultaneously

with assessment of the primary outcome variables.

HIGH

•  Participants should be stratified by prostate size

at randomization when size is considered to be a

potentially important determinant of treatment

outcome. LOW

•  Specific information about menopausal status,

hysterectomy, parity/obstetric history, and hormonal

status should be included in baseline clinical trial

data and controlled for in specified analyses in

the research protocol. HIGH

•  High quality, symptom and bother scores

(e.g.,ICIQ-FLUTS, ICIQ-SM, KHQ, PISQ, ICIQ-

FLUTSsex) validated in women should be

employed when assessing outcomes. HIGH

•  Standardized assessment of pelvic organ prolapse

should be performed before treatment and at the

time of other outcome assessments in all research

where prolapse and continence outcomes are

being assessed. HIGH

•  Criteria for cure/improvement/failure from

incontinence treatment should be defined in the

protocol based on patient perception as well as

objective and semi-objective instruments such as

validated questionnaires, diaries and pad tests.

HIGH

•  Assessment of the impact of treatment on sexual

function should be performed with other outcome

assessment when appropriate. MEDIUM

•  Long-term follow-up is of critical importance in

the paediatric population in order to ascertain the

effect of a treatment on normal growth and

development. HIGH

•  Research is needed to develop standardised

outcome measures including validated, age-

specific symptom and disease-specific quality of

life outcome measures. MEDIUM

•  Detailed urodynamic studies are recommended for

classification of neurogenic lower urinary tract
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disorders in research studies because the nature

of the lower tract dysfunction cannot be accurately

predicted from clinical data. Videourodynamic

studies are preferred but are not mandatory.  LOW

•  An area of high priority for research is the

development of a classification system to define

neurogenic disorders. Relevant features could

include the underlying diagnosis, the symptoms,

more precise documentation of the neuromuscular

lesion by clinical neurophysiologic testing, and

the nature of the urodynamic abnormality.  LOW

•  Broader entry criteria should be used to reflect

the full spectrum of the BPS/IC patient population.

MEDIUM

•  The primary endpoint of BPS/IC trials should be

patient driven and the Global Response

Assessment is recommended. A wide spectrum

of secondary endpoints will be useful in defining

the effect of treatments. MEDIUM

•  A validated standardised assessment of prolapse

(eg POP-Q) should be used for baseline and

outcome assessments. HIGH

•  Complete reporting of outcomes including a

validated assessment of anatomy, functional

status, and complications is essential.  HIGH 

•  Complications/adverse events (especially for

mesh) must be explicitly and completely reported

in any research. HIGH 

•  Long term outcomes (> 2 years) of intervention

studies are needed. HIGH

Continuity in clinical direction from design through

authorship is mandatory. Investigators should be

involved in the planning stage and a publications

committee should be named at the beginning of the

clinical trial. The Uniform Requirements for Manuscripts

Submitted to Biomedical Journals, from the

International Committee of Medical Journal Editors

should be followed. Authorship requires:

•  Substantial contributions to conception and design

or acquisition of data or analysis and interpretation

of data,

-  Drafting the article or revising it critically for

important intellectual content,

- Final approval of the version to be published

•  Authors should provide a description of what each

contributed and editors should publish that

information.

•  Authors should have access to all raw data from

clinical trials, not simply selected tables

Clinical trial results should be published regardless

of outcome. The sponsor should have the right to

review manuscripts for a limited period of time prior

to publication but the manuscript is the intellectual

property of its authors, not the sponsor.

-   All authors should be able to accept responsibility

for the published work and all potential conflicts

of interest should be fully disclosed
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The scientific committee which met at

the end of the 1st ICI in 1998 supported

the idea that a universally applicable

questionnaire should be developed, that

could be widely applied both in clinical

practice and research.

The hope was expressed that such a

questionnaire would be used in different

settings and studies and would allow

cross-comparisons, for example, between

a drug and an operation used for the

same condition, in the same way that

the IPSS (International Prostate

Symptoms Score) has been used.

An ICIQ Advisory Board was formed to

steer the development of the ICIQ, and

met for the first time in 1999. The project’s

early progress was discussed with the

Board and a decision made to extend the

concept further and to develop the ICIQ

Modular Questionnaire to include

assessment of urinary, bowel and vaginal

symptoms. The first module to be

developed was the ICIQ Short Form

Questionnaire for urinary incontinence:

the ICIQ-UI Short Form. The ICIQ-UI

Short Form has now been fully validated

and published [2].

Given the intention to produce an inter -

nationally applicable questionnaire,

requests were made for translations of

the ICIQ-UI Short Form at an early

stage, for which the Advisory Board

developed a protocol for the production

of translations of its modules. The ICIQ-

UI Short Form has been translated into

30 languages to date. Two further,

newly developed and fully validated,

modules have been finalised since the

third consultation and are now being

incorporated into clinical practice and

research, and translated accordingly for

international use. The ICIQ-VS[7] pro-

vides evaluation of vaginal symptoms

and the ICIQ-B [3] can be used to

assess bowel symptoms including incon-

tinence. Both questionnaires also provide

assessment of the impact of these symp-

toms on quality of life (Table 1).

Where high quality questionnaires

already existed within the published lit-

erature, permission was sought to

include these within the ICIQ in order to

recommend them for use. Eleven high

quality modules have been adopted into

the ICIQ which are direct (unchanged)

derivations of published questionnaires

(Table 1).

www.ICIQ.net provides details of the

validation status of the modules under

development for urinary symptoms,

bowel symptoms and vaginal symptoms

and provides information regarding the

content of existing modules. Information

regarding production of translations and

the ICIQ development protocol is also

available for those interested in poten-

tial collaborations to continue develop-

ment of the project.

International Consultation on Incontinence

Modular Questionnaire (ICIQ)
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ICIQ-UI on Urinary Incontinence Questionnaire (short form)

ICIQ-UI Short Form

       rebmun laitinI CONFIDENTIAL                  DAY          MONTH         YEAR

               Today’s date

Many people leak urine some of the time. We are trying to find out how many people leak urine, and how
much this bothers them. We would be grateful if you could answer the following questions, thinking about
how you have been, on average, over the PAST FOUR WEEKS.

1   Please write in your date of birth:

DAY          MONTH         YEAR

2   Are you (tick one): Female Male

3   How often do you leak urine? (Tick one box)

never 0

about once a week or less often 1

two or three times a week 2

about once a day 3

several times a day 4

all the time 5

4   We would like to know how much urine you think leaks.

     How much urine do you usually leak (whether you wear protection or not)?
     (Tick one box)

none 0

a small amount 2

a moderate amount 4

a large amount 6

5   Overall, how much does leaking urine interfere with your everyday life?

     Please ring a number between 0 (not at all) and 10 (a great deal)

0      1      2      3      4      5      6      7      8      9      10

laed taerg alla ta ton

ICIQ score: sum scores 3+4+5

6   When does urine leak? (Please tick all that apply to you)

never – urine does not leak

leaks before you can get to the toilet

leaks when you cough or sneeze

leaks when you are asleep

leaks when you are physically active/exercising

leaks when you have finished urinating and are dressed

leaks for no obvious reason

leaks all the time

Thank you very much for answering these questions.

recomm.2009.qxd  18/02/09  14:00  Page 1816
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Table 1. Fully validated ICIQ modules and derivation

MODUlES avaIlaBlE fOR USE

ICIQ – MlUTS Urinary symptoms (male)

(ICSmale Short Form [4])

ICIQ – flUTS Urinary symptoms (male)

(BFLUTS Short Form [5])

ICIQ-vS [2] Vaginal symptoms

ICIQ-B [3] Bowel symptoms

ICIQ - UI Short form [1] Urinary incontinence short form

ICIQ – N Nocturia

(ICSmale [6]/ BFLUTS [7])

ICIQ – OaB Overactive bladder

(ICSmale [6]/ BFLUTS [7])

ICIQ – MlUTS long form Urinary symptoms long form (male)

(ICSmale [6])

ICIQ – flUTS long form Urinary symptoms long form (female)

(BFLUTS [7])

ICIQ – lUTSqol Urinary symptoms quality of life

(KHQ [8])

ICIQ – Nqol Nocturia quality of life

(N-QOL [9])

ICIQ – OaBqol Overactive bladder quality of life

(OABq [10])

ICIQ – MlUTSsex Sexual matters related to urinary symptoms

(ICSmale [6]) (male)

ICIQ – flU7]) (female)

1. Avery K, Donovan J, Peters TJ, Shaw C, Gotoh M, et al. ICIQ:

a brief and robust measure for evaluating symptoms and

impact of urinary incontinence. Neurourology and

urodynamics 2004. 23: 322-330.
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L, et al. The bristol female lower urinary tract symptoms
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International 1996. 77: 805-812.
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and health-related quality of life questionnaire the OAB-q.
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   The ICS defines three types of Bladder Charts and

Diaries which can be used to collect data:

MICTURITION TIME CHaRT

• times of voiding and 

• incontinence episodes

fREQUENCY vOlUME CHaRT

• times of voiding with voided volumes measured, 

• incontinence episodes and number of changes of

incontinence pads or clothing.

BlaDDER DIaRIES

• the information above, but also 

• assessments of urgency, 

• degree of leakage (slight, moderate or large) and

descriptions of factors leading to symptoms such as

stress leakage, eg. running to catch a bus

It is important to assess the individual’s fluid intake,

remembering that fluid intake includes fluids drunk plus

the water content of foods eaten. It is often necessary to

explain to a patient with LUTS that it may be important

to change the timing of a meal and the type of food eaten,

particularly in the evenings, in order to avoid troublesome

nocturia.

The micturition time and frequency volumes charts can

be collected on a single sheet of paper (Fig. 1). In each

chart/diary, the time the individual got out of bed in the

morning and the time they went to bed at night should

be clearly indicated.

Each chart/diary must be accompanied by clear

instructions for the individual who will complete the

chart/diary: the language used must be simple as in the

suggestions given for patient instructions. There are a

variety of designs of charts and diaries and examples of

a detailed bladder diary are given. The number of days

will vary from a single day up to one week.

This chart helps you and us to understand why you get

trouble with your bladder. The diary is a very important

part of the tests we do, so that we can try to improve your

symptoms. On the chart you need to record:

1. When you get out of bed in the morning, show this on

the diary by writing ‘GOT OUT OF BED’.

2. The time, eg. 7.30am, when you pass your urine. Do

this every time you pass urine throughout the day

and also at night if you have to get up to pass urine.

3. If you leak urine, show this by writing a ‘W’ (wet) on

the diary at the time you leaked

4. When you go to bed at the end of the day show it on

the diary - write ‘WENT TO BED’.

This chart helps you and us to understand why you get

trouble with your bladder. The diary is a very important

part of the tests we do, so that we can try to improve your

symptoms. On the chart you need to record:

1. When you get out of bed in the morning, show this on

the chart by writing ‘Got out of bed’.

2. The time, eg. 7.30am when you pass your urine. Do

this every time you pass urine throughout the day

and also at night if you have to get up to pass urine.

3. Each time you pass urine, collect the urine in a

measuring jug and record the amount (in mls or fluid

ozs) next to the time you passed the urine, eg. 1.30pm

- 320 mls.

4. If you leak urine, show this by writing ‘W’ (wet) on the

diary at the time.

5. If you have a leak, please add ‘P’ if you have to change

a pad and ‘C’ if you have to change your underclothes

or even outer clothes. So, if you leak and need to

change a pad, please write ‘WP’ at the time you

leaked.

6.  At the end of each day please write in the column on

the right the number of pads you have used, or the

number of times you have changed clothes.

When you go to bed at the end of the day show it on the

diary - write ‘Went to Bed’

This diary helps you and us to understand why you get

trouble with your bladder. The diary is a very important

part of the tests we do, so that we can try to improve your

symptoms. On the chart you need to record:

1. When you get out of bed in the morning, show this on

the diary by writing ‘GOT OUT OF BED’.

2. During the day please enter at the correct time the

drinks you have during the day, eg. 8.00am - two

cups of coffee (total 400 ml).

3. The time you pass your urine, eg. 7.30am. Do this

every time you pass urine throughout the day and

night.

4. Each time you pass urine, collect the urine in a

measuring jug and record the amount (in mls or fluid

ozs) next to the time you passed the urine, eg.

1.30pm/320ml.

5. Each time you pass your urine, please write down

how urgent was the need to pass urine:

‘O’ means it was not urgent.

+ means I had to go within 10 minutes.

++ means I had to stop what I was doing and go to the

toilet.

6. If you leak urine, show this by writing an ‘W’ on the diary

at the time you leaked.

7. If you have a leak, please add ‘P’ if you have to change

a pad and ‘C’ if you have to change your underclothes

or even outer clothes. So if you leak and need to

change a pad, please write ‘WP’ at the time you

leaked.

8.  If you have a leakage please write in the column

called ‘Comments’ whether you leaked a small amount

or a large amount and what you were doing when

you leaked, eg. ‘leaked small amount when I sneezed

three times’.

9.  Each time you change a pad or change clothes, please

write in the ‘Comments’ column.

10. When you go to bed at the end of the day show it on

the diary - write ‘Went to Bed’.

INSTRUCTIONS fOR USINg THE

BlaDDER DIaRY

INSTRUCTIONS fOR USINg THE

fREQUENCY vOlUME CHaRT

INSTRUCTIONS fOR COMPlETINg THE

MICTURITION TIME CHaRT

annex 1 : Bladder Charts and Diaries
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